Friedrich-Alexander-Universitat
Naturwissenschaftliche Fakultat

<
Department /

MATHEMATIK

LI/ aaa\\

Micro-macro models for reactive transport in elastically

deformable biological tissue
Jonas Knoch, Markus Gahn, Nicolas Neuf3, Maria Neuss-Radu

An Efficient Computational Framework

Motivation

Describe reactive transport of nutrients, drugs, respiratory gases ot " mactoscope displacemen|  software library: deal.ll
or waste products through deformable tissues such as lung tissue, e 1 pi i o @ gpatial discretization:
heart tissue or vessel walls. b rapeyd I o Lagrangian FE
® Cellular structure leads to multi-scale _ R [ij ottt i * temporal discretization:
character of biological tissue Crank-Nicolson method
* Diseases like Cancer, Covid-19 or ——(usm) S % of total wall time
Sepsis lead to impairment of cellular =
reaction networks (e.g. energy @ ) ; g g
metabolism) Challenge: large number of diffusion * %2 = 2
* Lung-on-a-chip: a microdevice illustrates =~~~ ~~ i cell problems (see bar graph) 3z g
effect of cyclic stretching on transport — —1L— — Use feed-forward neural network f
processes in deforming bio-engineered g re: Lung-On-A-Chip, [1] to compute effective coefficients G- :
lung tissue 700 times faster °
Multi-Scale Modeling Numerical Justification of the Effective Model
e System of linear elasticity and reactive transport in mixed Is the effective micro-macro model a good approximation of the
Eulerian/Lagrangian framework on the periodic microscopic microscopic model?
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Oic. +V - (Vgcg — DmVQ:) = [fq'(Cc) in Upeor) {t} x £22(1), . T
with unknown deformation S.: ) s
sl _‘qa; 0.4 - 0.85
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* Pull-back of the transport problem using the deformation S. to Simulation Results
Ot_)tﬁ'n a microscopic model in unified Lagrangian framework Time-evolution of concentration while domain is under cyclic elas-
wit R tic deformation, mimicking e.g. the breathing movement:
Cs(ta .’]3) = C&‘(t7 S&‘(ta CC)) 0 t=0 0 t=0.25 t=0.5
¢ Upscale transformed problem using the method of two-scale 1
asymptotic expansions to obtain an effective micro-macro 0 0
model in the homogeneous domain {2; | |
—V - (A'e(uy)) = |Y°|f. in (0,7) x {2, 1 0° 3
O (J*cy) — V- (D*Ve¢y) = J* fa(cp) in (0,7 x 2. . t=0.75 . =1 . t=1.25 %
. . . : . . E— EE— i
® The system is nonlinearly coupled via effective coefficients N | | 198 &
A*, J* and D*, which are obtained by means of auxiliary cell = =
: )
problems on the fixed reference cell Y'°, e.g. 05| MMM ;| . st =
_ ) 05 0 05 05 0 05 05 0 05 1% &
—V, - [Do(t. 2. y) (e; + Vynilt, 2, 9) =0 in (0,7) x 2% Y*, . o
—Dy(t,z,y) (e + Vyni(t,z,y)) -mpr=0 on (0,T) x 2 x I O'5'— 051 — 051
n; is Y °-periodic in y, / n;dy = 0, 0| 0| 0|
fore =1,....n. 050 | __ 05t | _ o5t . |
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