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Questions for MSM PI’s

PI Name: Kunz
PI Project Title: “Multiscale Human Respiratory System Simulations To Study The Health Effects Of Aging, Disease And Inhaled Substances”
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

In the first year, this project has made progress in three specific areas: 1) Global modular software infrastructure for a clinical-image-through-CFD-assessment toolkit for multiscale modeling of respiratory fluid mechanics, 2) Software development, automation and integration of macro-scale (parenchyma and nominally generations 0-6) geometric modeling of the lung, 3) Software development, automation and integration of micro-scale (nominally generations 5-20) geometric modeling of the lung.


We have in place several modular codes (C/C++/FORTRAN) driven by a master python script to execute in a “nearly” automatic fashion a CFD simulation of a living subject. Home grown modules include volume filling, macroscale geometry “conditioning”, subgrid scale diffusion and uptake models. Additionally several commercially available tools are integrated (AMIRA for medical image analysis, HARPOON for CFD grid generation), by accommodating their inherent batch capabilities through the mater script driver.

We are nearly complete with CFD simulation of an unsteady respiratory simulation of a 100,000 branch model (trachea through entire convective regime), including sub-grid scale respiratory unit modeling of lass and gas uptake.
2. What challenges did you experience?

a) Geometry manipulation in an automated and robust fashion.
b) Automation of medical image processing

c) Data structure retention and inheritance (bronchi generation, lobe, proximity data)
3. What unexpected outcomes did you encounter?

a) Losses in braches and bronchi are fairly accurately modeled using Q1D assumption w/o significant spurious physics associated with resolved ( unresolved interface, non-smooth curvature changes.
b) Hybrid domain-decomposition of 3D meshes with many-element Q1D modeling does not scale as well as expected (so far!)
4. What are the major advances that have occurred in your field this year?
Depends on what is meant by “my field”.  None that I would characterize as “major advances” in regards to respiratory flow modeling.
5. How successful were your proposed tools, and did you adopt new tools?
We were successful in developing all of the modeling and multi-scale interfacing we set out for. We adopted two new (to us) tools, AMIRA and HARPOON.
6. Please share your individual experiences of collaborating with the broader community.

I collaborated with the broader respiratory CFD community only through the Iowa IMAG group, in the context of WG3. We agreed on some elements of model sharing philosophy (shared in WG3 minutes) but did not collaborate per se.
7. Please highlight your plans for year 2.

a) Focus on integration of mico-scale geometry.
b) Improved automation of end-to-end process

c) Integration of oropharyngeal cavity

d) Development, adaptation and integration of improved subgrid uptake, diffusion, loss modeling

e) Begin to perform disease, aging, damage assessment modeling. 

8. What is your primary MSM Working Group?

WG3

9. Please comment on your MSM Working Group(s), and what needs to be improved?

a) Two distinct communities exist within WG3 and these should be separate.
b) Now that we are using Breeze most earlier criticisms are gone – Breeze seems to work quite well.
c) We find ourselves having difficulty finding things to talk about in the specific context of model sharing, since opportunities in this regard are inherently limited in our view. Accordingly we end up discussing and sharing what we are doing rather than how to share what we are doing.

10. How do you foresee logical linking of models with others in the MSM?

I remain to be convinced of the viability of an HTML based infrastructure for model sharing in the context of macro-CFD modeling of biological branching flow systems. I believe that the key to successful modularity in this context is object-oriented programming practices and well documented interfaces.
11. Are you writing grants?

Yes, albeit not in the specific area of respiration modeling.
12. Are you finding new collaborations?


Yes, albeit not in the specific area of respiration modeling.
