Modeling of mucus draining from the lungs.
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The questions.

Chest physiotherapy is a common treatment,
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Modelling!
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- 4% | What are the biologica] morphological medical properties of the organ(s)
(2 involvedin CP?
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Physics
What physicalprocessesre relevantand are driving the problemwe want to
study?

Mathematics
. How do the interactions between physiologyand physicscan be translated
j into mathematicalanguageand studied?




Physiology - geometry.

FromMerryn H. Tawhaiet al, J. AppPhysiol 2004



Hypotheses.
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Physiology - geometry.
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Physics - Airflow

Airisflowinginsidethe bronchiand checkghe incompressible Naviestokessquations
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Simplification of Navier-Stokes equations.
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Properties of Navier-Stokes equations.
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Developed -> air velocityisindependenton z
Galdishowedthat the velocityprofile on a section of a senmfinite tube converges
exponentiallytoward the Poiseuille profil@alongthe tube axis



Properties of Navier-Stokes equations: Poiseuille’s law
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Properties of Navier-Stokes equations: Poiseuille’s law
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Properties of Navier-Stokes equations: Poiseuille’s law
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Properties of Navier-Stokes equations.
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Properties of Navier-Stokes equations.
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We have here aimple model for studying theairflow in the lungs:
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More complex models exist, for example if the bronchi are mokturcating symetrically, this
involves a large symmetric positive definite matrix calledrtiséstance matrix with remarkable
properties (introduced bysrandmont Maury,Meunier).
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Physiology - mucus.
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Physics - mucus.

We wi | | muaustsbehave as a Bingham fluid:
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Model for mucus distribution.

We assume mucus to be distribut@dmogeneously on the bronchus wall,
in alayer whose thickness is constant.

The problem is still assumedi-symmetric.
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Mucus properties.
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If mucus is both solid and liquid then the liquid mucudeser to the wall.



Extending the model to the whole tree (quasi-static).
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Full quasi-static model.
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We can s ihthedimit of curtmodel,

-lmucuulso sio lainidi qgtuhi édihliquid mucus layer is the layer closer to the wall

- T h eexists a time asymptotic “maximal” distribution of mucust hagae qui | wb &
gl vaemr f h oter e e

- T h time asymptotic “maximal” distribution of mucus has a fractal distributionc o r r etl ¢
t hat hter ¢ edisa meteedru ¢ micio® r (QAg)

-Un de o nsep e ipfhiycs i hoyl poogtilea)sma s me t ihas for effect to decrease
the hydrodynamic resistanceo t hleu n g
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Asymptotic distribution of mucus, equations.
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There isnot a unique solution to the stationary problem,
but
we can define and characterizeunique “maximal” solution.
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Ref:Towards the modeling of mucus draining from human lung: role of the geometry of the dneeass.
Mauroy, C.FausserD.Pelca J. Merckx and Plaud PhysBiol. 8(5):056006, 2011
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But let us go back to the approximations made
and t hi n kffedatbewneahiing@fythese results?

-l s the hypothesis of developed fl ow
-What about the effect of the Dbifurc.
-ls the |ung really fractal?

-Are the bronchi e®a@ally rigid, cylin

-What about the role of i1 nspiratory

The resul ts prteesirethetingtodf the @dda,r e ar e

a n ldind extrapolation is dangerous!



But let us go back to the approximations made
and t hi n kffedatbewneahiing@fythese results?

- Is the hypothesis of developed flow regime valid? .:)

- What about the effect of the bifurcations on the flow?
- Is the lung really fractal?

- Are the bronchi really rigid, cylindricaitc?

- What about the role of inspiratory flow?

The results presented before ataue in the limit of the model,

andblind extrapolation is dangerous!



But let us go back to the approximations made
and think how theyaffect the meaning of these results?

-l s the hypothesis of developed fl ow
-What about the effect of the Dbifurc
-ls the |ung really fractal?

rdd, cylin

Il nspiratory

_Are the bronchi e®allX

-Wh a 't about t he rol e

The resul ts prteesirethetingtodf the @dda,r e ar e

a n ldind extrapolation is dangerous!






Adding bronchi deformations and the ventilation cycle.
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Normalized bronchi surface
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T h dtameter of a bronchusd e p ean thefluid mechanicsi n t he Dbr onchus
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|l n this model , ailrfl ow I s controll e:q

Ref: Towardsthe modeling of mucus draining from human lunq : role of airways deformation enwus
iInteraction. B Mauroy, P.Flaud D.Pelca C.Fausserd. Merckx, B. R. Mitchefirontiersin Physiology, 6:214
2015.
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Bi-fluid modelling using VOF method (OpenFoam, from Ubbink 1997)
with H. Kumar, ABI, Auckland University.
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