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A method to calculate 1D Flow in veins with varying section needs corrections or it can otherwise produce unphysical results.

Entropy Corrections

An entropy condition identifies the physically correct solutions among all the solutions
produced by a numerical method.
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Source term correction

Fluid flow is solved with conservation laws (1), an integral over a control volume
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Integrating U and F is “easy”, but S needs to be approximated by a constant value s in
each timestep. There are different choices

S) dtdx = 0 (1)

* Differential: Using the hydrostatic force on the walls at each cell.

S = _—gAAz (2)

* Integral: The pressure exerted by the wall discontinuity is integrated on the section.
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* Energetic: The weighted average of the Differential and Integral formulations is taken
according to energy conservation arguments.

Numerical results
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Conclusions Future work

The differential and integral formulations of the e Better source term
source term are insufficient when dealing with integration.
large discontinuities. e Extension to vessel

Formulating the source term based on energy
conservation arguments often produces better
results, except when dissipation

junctions.

e (Calculations of stress on
venous walls.

Addition of dissipation.

References

LIANG, F. and LIU, H. Simulation of Hemodynamic Responses to de Valsalva Maneuver: An Integrative Computational
model of the Cardiovascular System and the Autonomic Nervous System. Journal of Physiologycal Sciences, 2006, 56, 45-
65.

[2]. BROOK, B., FALLE, S. and PEDLEY, T. Numerical solutions for unsteady gravity-driven flows in collapsible tubes:
evolution and roll-wave instability of a steady state. Journal of Fluid Mechanics. 1999, 396, 223-256.

[3]. MURILLO, J., NAVAS-MONTILLA, A. and GARCIA-NAVARRO, P. Formulation of exactly balanced solvers for blood flow in
elastic vessels and their application to collapsed states. Computers & Fluids. 2019, 186, 74-98.

[4]. HARTEN, A. and HYMAN, J.M., Self-adjusting grid methods for one-dimensional hyperbolic conservation laws Journal
of Computational Physics 1983, 50, 2, 235-269.




