IMAG Working Group 3. May 2006 Minutes.
Working Group 3: Cardiovascular and Pulmonary – Hemodynamics and Fluid Dynamics

New active vs. observer team breakout:

Kunz: 

Active member project 1
Lin: 

Active member project 2
Karniadakis: 
Active member project 3
Brasseur: 
Active member project 4
Cabrera: 
Active member project 5
McCulloch: 
Active member project 6

Hunter: 
Active member project 7

Hoffman, Tawhai : Observer members project 2

Represented IMAG projects:

Project 1) Multiscale Human Respiratory System Simulations To Study The Health Effects Of Aging, Disease And Inhaled Substances
Project 2) Multiscale Simulation Of Gas Flow Distribution In The Human Lung
Project 3) A Stochastic Molecular Dynamics Method For Multiscale Modeling Of Blood Platelet Phenomena
Project 4) Micro-Scale Transport As A Critical Link Between Molecular-Scale Absorption And Macro-Scale Mixing In Gut Physiology And Function

Project 5) Time Course Of Metabolic Adaptations During Loading And Unloading

Project 6) Multi-Scale Modeling Of The Mouse Heart: From Genotype To Phenotype

Project 7) Multiscale Modeling of the Heart in Metabolic Syndrome and Cardiovascular Disease
Minutes reported by WG3 lead Robert Kunz:
1) We have agreed to a bimonthly telecom amongst active team members.

2) WG3 team room and web site is up – most team members have accounts and have logged in 

3) List of models has been augmented by several active team members as included here. Goal is to complete a first draft by June 23 (next WG3 telecon) and flush out a strategy for model sharing and collaboration based on this document.
Model list: Cardiovascular and Pulmonary – Hemodynamics and Fluid Dynamics
Black 

= Kunz inputs
Blue 

= Brasseur inputs

Red 

= Cabrera inputs

Green 

= Lin inputs

Maroon 
= Karniadakis inputs
Turquoise 
= McCulloch inputs
Magenta
= Hunter inputs
Model list: Cardiovascular and Pulmonary – Hemodynamics and Fluid Dynamics
	#
	Model Requirement
	Approaches, Collaborative Interfaces
	Importance /  priority
	Feasibility
	Longer-term goals

	1) 
	How to define the skeleton (segments+nodes) of branching bronchi or blood vessel system based on medical imaging data. Needed for geometry quantification (generation number, nominal diameters, lengths, etc…)
	( Lin’s group has been using the in-house software developed by Dr. Hoffman to perform skeletonization, segmentation, and labeling. This is not an important issue for our group because the technique has been developed prior to the project.
	( Low
	( Done
	

	2) 
	How to define the terminus geometry of a bronchiole or blood vessel at the resolved-subresolved interface.
	( If I understand the question correctly, this is an issue of boundary condition, and has little to do with terminus geometry.
	( Low
	( It depends upon the boundary condition, e.g., pressure, velocity, among others.
	

	3) 
	How to define a standard digital representation of lung and blood vessel medical imaging data. Iowa and Drexel (at least) have a “standard” but different modalities render standardization difficult.
	( Lin’s group follows the standard established by Dr. Hoffman through a NIH BRP grant.
	( Low
	( Done
	

	4) 
	How to average flux transport variables (momentum, species mass fraction, particulate/droplet mass/volume fraction) at bronchiole/blood vessel terminus. Averaging from 3D+time to 1D+time.
	( Averaging can be performed on mass/momentum fluxes and pressure at the interface.
	( Low
	( Doable
	

	5) 
	For non-equilibrium 2-phase physics in lung (slip between constituent and air-stream), how to model drag.
	( First, it is necessary to prove whether slip really occurs. If it indeed occurs, we can use (1) ad hoc slip BC (boundary condition) at macroscopic level, (2) mesoscopic lattice Boltzmann method without ad hoc BC (Lee and Lee, PRE, E71, pp 1-10, 2005)
	( Low
	( Doable
	

	6) 
	For non-equilibrium 2-phase physics in lung, small intestine (blood flow?)  how to model dispersion.
	( For small intestines will use macro-micro coupled simulations with passive scalar and molecular dynamics.
( Use species transport equations.
	( Very important in small intestines
( Low
	(  yes, feasible
( Done (Lin & Hoffman, SPIE Medical Imaging, 2005)
	

	7) 
	For non-equilibrium 2-phase physics in lung how to convective impaction transport to wall (sedimentation and convection).
	
	
	
	

	8) 
	For non-equilibrium 2-phase physics in lung how to model diffusive transport to wall.
	( This is a BC-related issue.
	( Low
	( doable
	

	9) 
	For non-equilibrium 2-phase physics in lung how to model wall properties (non-smooth, moist)
	( BC issue
	( Low
	( doable
	

	10) 
	In blood vessels, how to accommodate compliance of vessel wall.
	( Implement tissue mechanics to determine wall motion.
	( Medium
	( doable
	

	11) 
	 In blood flows, at what scale is blood modeled as Newtonian mixture.
	
	
	
	

	12) 
	 In blood flows, at what scale is blood modeled as non-Newtonian mixture.
	
	
	
	

	13) 
	 In blood flows, at what scale is blood modeled with individual blood cells explicitly modeled.
	
	
	
	

	14) 
	How to define “available volume” downstream of a terminus bronchiole or blood vessel. This is volume available for subresolved statistical modeling.
	
	
	
	

	15) 
	 How to model impact of aging on subresolved statistical representation of respiratory units.
	( Need experiments.
	
	
	

	16) 
	 How to model volume variation at resolved (if at all) and subresolved scales within breathing cycle.
	 ( Need experiments.
	
	
	

	17) 
	 How to model upper respiratory system (oro-nasal-pharyngeal cavities).
	( The same approach as (1)
	( Medium
	( Done
	

	18) 
	 How to model/simulate turbulence in cardiovascular and pulmonary systems.
	( Comment from JB: I expect that this is more nonsteady laminar flow than it is turbulent. Perhaps some transitional flow 
( Same as (1)
	( Medium
	( Done
	

	19) 
	 How to couple vascular system in respiratory units.
	
	
	
	

	20) 
	 How to model turbulent-laminar transition in cardiovascular and pulmonary systems.
	 ( How to model turbulent-laminar transition in cardiovascular and pulmonary systems.
	( Same as (17), (18)
	( Medium
	

	21) 
	 How to build CFD meshes at walls (prisms, Cartesian) such that boundary layer physics are adequately resolved.
	( How to build CFD meshes at walls (prisms, Cartesian) such that boundary layer physics are adequately resolved.
	( Need to know the truth (physics) first and then determine what you need.
	( High
	

	22) 1
	How to define the geometric, boundary condition and governing equation modifications required to accommodate various disease states and injuries in cardiovascular and pulmonary systems.
	( Also relevant to GI ( will use models based on MRI data.

( Need experiments and advices from medical doctors
	( Low
	( Doable
	

	23) 
	How to model stressors on CV&P systems – increased breathing rate, lung volume, blood flow rate, heart rate
	
	
	
	

	24) 
	Modeling of blood abnormalities (say anemia) at macro and micro scales
	
	
	
	

	25) 
	How to model gas exchange at resolved (if necessary) and subresolved scales.
	
	
	
	

	26) a
	How to model blood flow distribution to tissues with distinct metabolic demand
	
	
	
	

	27) 
	How to model blood flow distribution to same tissue but with distinct structural and metabolic characteristics.
	
	
	
	

	28) 
	
	
	
	
	

	29) 
	
	
	
	
	

	30) 
	
	
	
	
	

	31) 
	
	
	
	
	

	32) 
	
	
	
	
	

	33) 
	
	
	
	
	

	34) 
	
	
	
	
	


