Flow Visualization of the Air Moving Through a Model of the Larynx
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The nature of the airflow through the glottis and supraglottal region of the larynx plays a large part in the conversion of the airflow into sound. Seeing this airflow is important in determining at least qualitative aspects of flow regimes and patterns, interactions and dependencies with the surface structures of the airway, probable sound sources, and appropriate modeling approaches. 

In this study, flow-visualization observations were obtained using smoke through dynamically similar 7.5x scale models of the human larynx. The model had symmetric and oblique glottal orientations.  The divergence angle and minimum glottal diameter were held constant at 10 degrees and 0.04 cm, respectively.  The oblique glottis model had an oblique angle of  15 degrees.  Flow patterns were recorded for cases with and without the presence of the false vocal folds. A continuous, Argon-ion laser was used to create a plane of view, and a CCD camera was used to acquire the images. 

For the symmetric glottis without the false folds, the flow visualization pictures illustrate a laminar, skewed, and oscillating jet which tends to maintain its identity at the lowest pressure drop (0.7 cm H2O).  For higher pressures, the separation point locations on the glottal walls remained fixed.  The skewed and oscillating jet exiting the glottis formed a laminar vortex street that grew in size with axial distance and eventually became highly transitional/turbulent flow.  This was followed by dissipation as no false folds were present.  The vortex street occured further downstream with increasing pressure drop. The frequency or Strouhal number increased with the pressure drop (Reynolds number), as expected.  The overall flow was transient, transitory, and complex. 

Measurements were also performed with the added presence of either of two sets of false vocal folds. For a narrow configuration downstream of the glottis, the jet was observed to stabilize at Re < 1100.  Jet breakup occurred upstream of the entrance to the false fold gap at higher Reynolds numbers.  In the wider configuration, the presence of the false folds caused large symmetric vortices to form between the exit of the glottis and the entrance to the false fold gap.  Effects on jet stability were unobservable in the wider false fold configuration.

The accompanying figures (Fig. 3B1) show some results of this experiment. The first figure (sorry about the overlay on the caption) shows flow skewed within the symmetric divergent glottis. Figures b and c show the vortical structure past the glottis, and d shows the flow favoring the right upper surface of the false vocal fold when the false folds are rather close together. These types of figures will be presented and discussed in terms of flow behavior. The methodologies used will also be discussed in some detail. 

[image: image1..pict]

