Multiscale Simulation of Gas Flow in the Human Lung
Ching-Long Lina,b (PI), Eric A. Hoffmanc,d,e (co-PI), and Geoffrey McLennanc,d,e (co-I) 
aDepartment of Mechanical and Industrial Engineering,

bIIHR-Hydroscience & Engineering, cBiomedical Engineering, dMedicine and eRadiology

The University of Iowa, Iowa City, Iowa 52242 
Dr. Merryn H. Tawhai (co-I)
fBioengineering Institute, The University of Auckland,

Auckland, NZ 

This poster will demonstrate the progress in developing a comprehensive computational fluid dynamic (CFD) model for pulmonary air flow which utilizes subject-specific airway geometries and employs a Computed Tomography (CT) data-driven, multi-stage approach to provide accurate predictions of regional ventilation and gas transport through the entire moving airway tree. The model is based up an in-house parallelized characteristic Galerkin fractional four-step method. Both direct numerical simulation (DNS) and large-eddy simulation (LES) techniques have been employed to simulate turbulent laryngeal jet and study its effect on the air flow patterns in the human proximal airways. A three-stage approach has been adopted to simulate air flow in the acinar airways. Due to the large mesh size, some CFD simulations have been carried on TeraGrid clusters. The transient air flow in a CT-based monopodial sheep (ovine) tracheobronchial tree of up to 13 generations has also been investigated. The progress in developing an in-house mesh generation software which aims to create CFD mesh from the trachea to the terminal bronchioles will be illustrated. Toward modeling a breathing lung, the host-mesh technique in conjunction with 4D dynamic imaging and the fluid-structure interaction (FSI) technique used in this project will be discussed as well.

