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Dynamic Characteristics of Medical Heat and Moisture Exchanger with Filter

Thesis Summary

A medical heat and moisture exchanger with filter (HMEF) is used to keep the smooth respiration of
patients during operations and emergency medical care. The dynamic characteristics of HMEF are
investigated experimentally and numerically. Temperature and humidity at both ends of HMEF are
measured in three patterns in the HMEF, with no sponge, with a sponge, and with a sponge partly
impregnated with the calcium chloride, supplying the 37 °C exhalation air with 100 % relative humidity
and the 26 °C inhalation dried air alternately from opposite sides. One-dimensional numerical analysis
was performed to discuss the motion inside the HMEF.
Chapter 1 provides a background, previous studies, purpose, and the outline of this dissertation.
Chapter 2 provides methods of experiments and numerical analysis. The experimental setup,
measurement methods, and experimental procedures are mentioned as well as governing equations,
boundary conditions, and computational methods for the one-dimensional numerical analysis.
Chapter 3 analyses the transient response to the 180 s exhalation air supply and the 180 s inhalation air
supply followed by the step change after the exhalation phase experimentally. Results reveal that
calcium chloride plays a significant role in water's condensation and evaporation. Results of
one-dimensional numerical analysis support experimental ones.
Chapter 4 analyses periodic response by changing the period of exhalation/inhalation air supply from
256 s to 4 s. The period of 4 s corresponds to that of normal respiration. Results elucidated that the
amplitude of temperature and humidity variations reduces to the level which accommodates human use
conditions by decreasing the period of exhalation/inhalation air supply for nonstationary effect increased.
Results of the one-dimensional numerical analysis support the experimental ones.
Chapter 5 discusses the basic characteristics of HMEF based on the results of one-dimensional
numerical analysis. When the width of the sponge impregnated with the calcium chloride increases, the
amount of water absorbed by the sponge per unit width of the sponge decreases monotonically. When
the length of HMEF is increased, the variation in humidity and temperature decreases because the
amount of air that does not reach the sponge increases.
Chapter 6 discusses the influences of the initial condition of calcium chloride and the dead space which
are the open space in the HMEF and the connecting tubes. The numerical results show that not only
qualitatively but also quantitatively closer profiles of humidity and temperature to experimental ones. It
suggests that these influences play important roles in the characteristics of HMEF.

Chapter 7 summarizes the conclusions and future research topics.
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