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Questions for MSM PI’s

PI Name: Ching-Long Lin
PI Project Title: Multiscale Simulation of Gas Flow Distribution in the Human Lung
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

Scientific Progress

We have

(a) investigated the effect of turbulent laryngeal jet on airflow patterns in the MDCT-based central airway model (manuscript in review);
(b) studied the airflow in MDCT-based monopodial sheep tracheobronchical tree (article in press, 16 November 2006, Journal of Applied Physiology http://jap.physiology.org/cgi/reprint/01219.2005v1);

(c) studied the airway resistance and pressure drop in the human lungs (manuscript in preparation);

(d) assessed the effect of boundary conditions on the air flow in the central airways;

(e) studied the airflow in alveolated airways using a multi-stage approach;

(f) established a method to construct CFD meshes from a combination of CT imaging and a volume-filling branching algorithm (in progress);

(g) developed the computational framework for driving a simplified flow model through the entire conducting airway tree via soft tissue deformation of the lung;

(h) developed a coupled solver for fluid-structure interaction.

During year 2, we plan to simulate airflow in a more sophisticated conducting airway tree model (up to about 16 generations) and compare it with experimental data in terms of washin/washout time constant difference.
2. What challenges did you experience?

There are four major challenges: mesh generation, parallel computing, post processing, and experimental validation. We have successfully created a volume mesh for a 11-generation airway tree manually. For studying a population of human subjects and including more generations of airways in the model, we need to develop an automatic mesh generator. The generator needs to be coupled with 1D airway tree information to extract useful information from numerical solutions. Due to increasing mesh size, we need to rely on clusters for parallel computing. The increasing demand on compute nodes, hard drive space, and mass storage is becoming an issue. Post-processing and display of huge data sets on local workstations is also a challenge. Quantitative comparison between numerical solution and experimental data is not trivial because of limitations on both approaches.
3. What unexpected outcomes did you encounter?

Inclusion of the oropharynx geometry in the simulation of airflow in the intra-thoracic airways is important, making computation and post-processing extremely intensive and time consuming.
4. What are the major advances that have occurred in your field this year?

We have studied the effect of turbulent laryngeal jet in the trachea (high Reynolds number flow) and explored the concept of chaotic mixing deep in the alveolar sacs (low Reynolds number flow), and developed a method to construct CFD meshes from CT and volume-filling branching algorithm and a solver for fluid-structure interaction.

5. How successful were your proposed tools, and did you adopt new tools?

Our proposed tools are overall adequate. In our original proposal, we proposed to use Arbitrary Lagrangian-Eulerian approach with a priori prescribed wall motion. But we are examining a new method that couples fluid and solid solvers to achieve a more realistic interaction between them. Furthermore, instead of a multi-stage approach that divides the conducting airways into three regions for simulation, we have been trying to build a model that would include all conducting airways and might utilize a large number of compute nodes on clusters to achieve more realistic interactions across scales.
6. Please share your individual experiences of collaborating with the broader community.

One of the major steps to achieving collaboration with the broader community is to make our work known publicly. Therefore, we have presented papers at major conferences, given invited talks and seminars, and invited speakers to our campus for seminars. For examples,
(a) The PI (Lin) and co-PI (Hoffman) gave a talk at the NSF-sponsored Mathematical Bioscience Institute Workshop on The Lung and the Respiratory (Structure, Oxygen Transport) (http://www.mbi.osu.edu/2006/ws3schedule.html).
(b) The PI (Lin) has given 10 seminars to academic institutions in U.S., Korea, and Taiwan, and a local company since October 2005.
(c) We have presented about 11 conference papers since September 2005, such as American Thoracic Society Conference, World Congress of Biomechanics, Annual Meeting of Biomedical Engineering Society, and Annual Meeting of Division of Fluid Dynamics. 
(d) We have participated in preparation of proposals for UI center grant for Environmental Health Sciences Research and Shared Instrumentation Grant.
(e) To encourage participation of undergraduate students in our research, the PI (Lin) has applied for the internal grant “Iowa Research Experiences for Undergraduate” (IREU) to support an undergraduate student for a year. The undergraduate student has presented two posters at the UI undergraduate research conferences in 2006.
7. Please highlight your plans for year 2.

(a) Perform simulation using a more sophisticated breathing airway tree model.
(b) Conduct animal experiments for model validation.

8. What is your primary MSM Working Group?

(a) Active participant (Lin):

Working Group #3

Cardiovascular and Pulmonary – hemodynamics and fluid dynamics

Working Group #5

High-Performance Computing Group, computational issues and algorithms

(b) Observer (Lin): 

Working Group #6

Tissue Mechanics (Dr. Merryn Tawhai is the active participant)
Working Group #7

Multiscale Imaging and Geometric Modeling (Dr. Hoffman is the active participant)
9. Please comment on your MSM Working Group(s), and what needs to be improved?

Thanks to Dr. Rob Kunz that WG3 has successfully used Adobe Breeze for teleconferencing.  Dr. Michela Taufer (WG5 leader) has organized two phone meetings with Dr. Charlie Catlett and Dr. Kelly Gaither to learn about TeraGrid, visualization and data analysis. Thanks, Michela, for your effort. 
10. How do you foresee logical linking of models with others in the MSM?

Need to learn more about others’ work.
11. Are you writing grants?

Yes.

12. Are you finding new collaborations?

Yes. 
