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Joint work with: 



Some applications 

• Reduction of side effects 
induced by the Cava-filter 
implantation 

• Prediction of postsurgical 
conditions of patients with 
atherosclerotic plaques 



Technology 



• Modification of the state equation 
(description of  elastic properties of the 
vessel wall) 

 

 

 

 

 

 

 

   Fiber model of elastic vessel wall 

(Peskin, Rosar) 

Modelling of blood flow in the vessel 
network with implants or pathologies 

• Consider a part of  1D vessel 
with implant or pathology as a 
3D domain 

 

 

 

 

 

 

 

 

3D Model of the fluid flow 

 (Navier-Stokes equations) 

Ani3D Package 

 



Model of 
global blood 
circulation 



1. Mass conservation law 
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2. Momentum conservation law 
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3. The state equation 
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System of equations 



Boundary conditions 
 

1. Mass balance condition: 

 

2. Poiseuille’s pressure drop conditions: 

 

3. Compatibility conditions 
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The state equation 

𝑝 =  𝜌𝑐2𝑓 𝑆  
 

An example of analytical function 𝑓 𝑆 : 
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The state equation for atherosclerotic 
artery 



3D Model of 
Fluid Flow 



• Navier-Stokes equations: 

    
𝜕𝐮

𝜕𝑡
− ν∆𝐮 + 𝐮 ∙ 𝛻 𝐮 + 𝛻𝑝 = f in Ω ⨯ [0, 𝑇], 

    𝑑𝑖𝑣 𝐮 = 0 in Ω ⨯ 0, 𝑇  

• Boundary conditions: 

    𝐮 = 𝐠 on Г𝑖𝑛 ⨯ 0, 𝑇 , 

    𝐮 = 𝟎 on Г𝑊 ⨯ 0, 𝑇 , 

    −ν
𝜕𝐮

𝜕𝐧
+ 𝑝𝐧 = h on Г𝑜𝑢𝑡 ⨯ 0, 𝑇  

• Not assumed: 𝐮 • 𝐧 < 0 on Гin , 𝐮 • 𝐧 > 0 on Гout 

 

 

3D Model of Fluid Flow 



 
1D: Compatibility condition. 
•  𝐮 • 𝐧
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•  𝐮 • 𝐧
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Energy equality for 1D-3D model: 

Downstream Coupling Boundary 
Conditions (x=b) 

T. Dobroserdova, M. Olshanskii. A finite element solver and energy stable coupling for 3D 
and 1D fluid models. Computer Methods in Applied Mechanics and Engineering.  



The ratio of largest and 
smallest element diameters 

was  1.1𝑒 + 2 
 

Ani3D Package 
http://sourceforge.net/projects/ani3d 

The visualization of the adaptive mesh for 
the flow over a model IVC filter problem 



Calculation of haemodynamics in the 
simple vessel network with cava-filtr 
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The visualization of the velocity x-component 
in several cutplanes orthogonal to x-axis 
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The evolution of the drag force for the IVC 
filter 



Conclusions 

• Modification of the state equation by the fiber or 
fiber-spring model of elastic vessel wall to model 
the blood flow in the vessel network with 
vascular pathologies or implants through 

• New boundary condition for the 3D–1D coupling: 
– It ensures the energy balance for 1D-3D model 
– The inequalities 𝐮 • 𝐧 < 0 on Гin , 𝐮 • 𝐧 > 0 on Гout are 

not assumed. 
– It can be easy decoupled with splitting methods into 

the separate 1D problems and the 3D problem with 
usual inflow-outflow boundary conditions on every 
time step. 



Thank you for your attention! 


