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THE DEVELOPING LUNG
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RESEARCH MOTIVATION

Applications to lung regeneration
and disease research:

Congenital Diaphragmatic Hernias
(CDH) causes hypoplastic lung
development in the fetus. There is
currently no treatment to
encourage continued branching
growth postpartum.

Figure: Left-sided CDH in infant
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REACTION-DIFFUSION EQUATIONS
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REACTION-DIFFUSION EQUATIONS

Auto-catalytic Reaction Model

X = | 9F+S -5, 3F y Ky g
+

Laplace-Beltrami Operator

Aru=Vr-Vru with Viu=Vu—(Vu-i)i

Schnakenberg Equations on Surface
F=ArF+7(a—F+FS)
S=0ArS+ (8- FS)
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STABILITY WITHOUT DIFFUSION
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ANALYTIC SOLUTION

F = ArFy (o — F+ F2S)
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INSTABILITY WITH DIFFUSION
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(e) Delta regions for o and 3 constraints to induce instability
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EIGENVALUE SOLUTIONS

Isolate single k2 such that k2 < RZ =n(n+1) < k%
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EIGENVALUE SOLUTIONS

Isolate single k2 such that k2 < RZ =n(n+1) < k%
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SPACIAL DISCRETIZATION
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SPACIAL DISCRETIZATION

F— ArF =~ (o — F+ F?S)

Multiply by test

function, put .
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TIME DISCRETIZATION

Mf + Af = v [aC — Mf + Mf2s]
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TIME DISCRETIZATION

Mf + Af = v [aC — Mf + Mf2s]

IMEX scheme,
first order M _
backward Euler: (fn+tfn) + Afpi1 = 7 (a€ — Mfpiq + Mfisp)

Solve the linear
system Ax=b: (1+~At)M + AtA] fni1 = YAt (aC + Mf,fSn>
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FUTURE WORK
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FUTURE WORK

m Code mode isolation
algorithm

m Use second order temporal
discretization scheme

m Examine model on the
mesh of a human lung

m Solve on growing domain of

- developing lung
(1) 3D model of left lung
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