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perpendicular to the airway centerline, and exported to a file.  For each 
cross-section, an elliptical approximation was computed using least-
squared error fitting in the plane of the cross-section.  The sequence of 
ellipses was used to generate an approximate 3D model, using 
commercial software (Gambit 2, Fluent, Inc).  The elliptical model 
was used to evaluate additional resistance due to airway curvature and 
cross-section aspect ratio.  
 
Velocity, pressure, and turbulence fields were calculated for steady 
flow at peak inspiration, using a commercial software package (Fluent 
6/Gambit 2, Fluent, Inc).  A two-equation turbulence model, the low-
Reynolds number k-ω model, was used since Reynolds number was 
sufficient to generate post-stenotic turbulence at peak flow].  Uniform 
velocity was imposed at the inlet, with 5% turbulence intensity and 
low dissipation rate.  Grid convergence was verified, and 
independence of turbulence boundary conditions was demonstrated.  
Model endpoints were maximum pressure drop through the upper 
airway, and flow resistance.   
 
RESULTS 
OSAS airways were significantly narrower than control airways near 
the tonsils and adenoids, leading to larger and more concentrated 
pressure drop (figure 1).  OSAS subject models had approximately 10-
fold higher pressure drop than area profiles from controls, and 
concomitant 10-fold increase in resistance.  Segment pressure drop in 
OSAS subjects was comparable to critical airway closure pressures 
reported in the literature.   
 
Pressure drop in the axisymmetric models could be almost completely 
predicted by centerline velocity using Bernoulli’s equation.  Boundary 
layer displacement of the core flow caused significant increase in 
centerline velocity, compared to average velocity 
 
The elliptical airway model showed additional resistance, leading to 
approximately 20% higher pressure drop than the axisymmetric model 
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(figure 3) when cross-section aspect ratio and airway curvatures were 
added.   
 
CONCLUSIONS 
Anatomical differences between upper airways lead to significantly 
higher airway resistance in OSAS children compared to children with 
normal airway anatomy.  Models based on airway area variation alone 
predicted pressure drop to first order, while effects of aspect ratio and 
curvature significant increases in pressure drop.  Future work will 
include more accurate representations of cross-section geometry for 
comparison to ellipse-based 3D models. 
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Figure 1.  Axisymmetric airway models (centerline to 

radius) with pressure contours. 
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Figure 2.  Comparison of pressure drop from the 

nasopharynx through epiglottis for average control airways 
vs. average OSAS airways. 
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Figure 3.  Comparison of pressure drop in axisymmetric vs. 

3D elliptical models.   
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