
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/290567054

Numerical simulation of blood flow

Poster · June 2014

DOI: 10.13140/RG.2.1.4934.2483

CITATIONS

0
READS

51

1 author:

Hammou El-Otmany

Université de Pau et des Pays de l'Adour

7 PUBLICATIONS   19 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Hammou El-Otmany on 16 January 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/290567054_Numerical_simulation_of_blood_flow?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/290567054_Numerical_simulation_of_blood_flow?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hammou_El-Otmany?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hammou_El-Otmany?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite_de_Pau_et_des_Pays_de_lAdour?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hammou_El-Otmany?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hammou_El-Otmany?enrichId=rgreq-6e417471dd026d8821913ce751da5fbe-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU2NzA1NDtBUzozMTg0NDgyNTU2MDI2ODhAMTQ1MjkzNTM4OTA5OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Numerical simulation of blood flow
Hammou El-Otmany

LMAP & UMR CNRS 5142, University of Pau, Pau, France
Supervisors : D. Capatina (LMAP), D. Graebling (IPREM)

Motivation and goals

Study of the behavior of human red blood cells
• Physical modeling of the membrane’s deformability due to its viscoelasticity
• Mathematical modeling of the thin membrane
• Numerical modeling of interfaces between different fluids
• Numerical simulations

Our approach
• Membrane treated as a non-Newtonian viscoelastic fluid of Giesekus
• Asymptotic modeling of the membrane as the thickness tends to 0
• Extension of NXFEM method for interfaces to:
I Nonconforming finite elements for elliptic and Stokes equations
I Non-standard transmission conditions

• Implementation in Concha library

1. Physical modeling of human red blood cells

Dimensions:
• Cell’s diameter D0 = 7,82 µm

• Membrane’s thickness e0 = 7,5 nm
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Equation of the surface at equilibrium (Fedosov - Evans):
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Membrane: composite material
(lipid bilayer+spectrin elastic network)

 classically, the membrane is a
hyper-elastic solid

Membrane: viscoelastic properties in our approach, it is a
viscoelastic non-Newtonian liquid

Realistic constitutive law of Giesekus:
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u the velocity, τ the viscous stress tensor, λ the relaxation time, η the viscosity

2. Mathematical modeling of the small thickness

ε := e0

D0
≈ 10−3  problem to mesh the thin membrane !

We consider the limit weak problem as ε tends to 0

Non-standard transmission conditions

Stokes
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Mathematical analysis in the case of:
• Rectilinear interface
• Stokes equations in the membrane

Extension to smooth curved interface and to Giesekus law

3.1. Numerical modeling of interfaces: NXFEM

Nitsche’s Extended Finite Element Method (NXFEM):
• introduced for conforming approx. of elliptic problems (Hansbo & Hansbo ’02)
• designed to take into account discontinuities on non-aligned meshes by:

I standard FE spaces enriched on cut cells
(doubled d.o.f. : Vh = V in

h × V ex
h )

I interface conditions treated by Nitsche’s
method (additional terms in the weak form)
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with γ a stabilization parameter

3.2. Numerical modeling of interfaces: our contributions

Development of two variants of NXFEM method for:
• Crouzeix-Raviart nonconforming finite elements
• Elliptic and Stokes equations

Main difficulties:
• Nonconforming approximations: estimate the consistency error on cut edges
• Stokes equations: inf-sup condition

Proposed solutions
1 Modification of the classical basis functions on the cut triangles
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2 Addition of stabilization terms to the bilinear form Ah(·, ·)
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Obtained results for elliptic and Stokes equations:
• Existence and uniqueness of the discrete solution
• Interpolation and a priori error estimates

(optimal and robust w.r.t. geometry and coefficients)
• Convergence of the second method towards the first one when γk −→ +∞

4. Implementation in Concha library and numerical tests

Implementation of the second method for elliptic equations

Reference test (Hansbo & Hansbo ’02)

• exact solution with highly discontinuous
coefficients

• optimal convergence rates

• similar results to conforming f.e.
(a) Computed solution (b)L2 and energy errors

5. Ongoing and future works

Ongoing works:
• Implementation in the library Concha (first method, Stokes equations ...)
• Development of NXFEM for non-standard interface conditions
• Paper on NXFEM with nonconforming f.e.

Future works:
• Giesekus model for a thin membrane (development and implementation)
• Validation for realistic test-cases (two-phase flow, red blood cell...)
• Paper on asymptotic modeling of membrane
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