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Abstract
Blood flow plays a key role in the initiation and progression of thrombosis. Being able to understand blood flow, hemodynamic loading, and flow-induced transport around a thrombus enables a better understanding of the disease and its
treatment. The goal of this study is to characterize blood flow and transport in the neighborhood of a thrombus having realistic, and arbitrary, geometry and microstructure. We performed computational fluid dynamic simulations using
experimentally derived clot geometries and characterized the interaction of unsteady pulsatile flow with the clot. Thereafter, we extracted local transport features as Lagrangian Coherent Structures obtained from computation of Finite Time
Lyapunov Exponents for the flow. Finally, we employed tracer particle dynamics to characterize mixing in the thrombus vicinity. Three sets of thrombus geometries – an idealized sphere, and two thrombus models obtained from microfluidic
channel experiments – were tested. The results provide valuable insights regarding the transport of proteins, biochemical agents, or thrombolytic drug in the neighborhood of realistic macro-scale blood clots.
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FTLE Fields

• High peaks occur on top of each clot (max. 
occlusion)

• Clot 1 & 2: extensive vorticity behind the clot 
• Clot 3: extensive vorticity behind the peak
• Vortex creation and interaction - local transport

Tracer Dynamics

• Clot 1 and 2: some mixing of particles behind the clots
• Clot 3: there is no mixing between the flow (green) 

and the distal (red) particles
• Vortices and recirculating flow features cause mixing 

which is captured by tracking tracers from various 
locations.

Visual representation of mixing using tracer dynamics.Seeded tracers on Cartesian grid spanning the channel.

Resulting simulation data visualized using Paraview and VTK
(typical methods shown below)

Introduction

Designed 
Pipeline

• Thrombosis can affect up to 900,000 Americans 
each year [1]

• A thrombus interacts with several components
• Important to understand thrombosis and its 

treatment

Goals

• The broad goal: to create computational tools to characterize 
the flow and transport around realistic clots.

• This project: to create a computational pipeline for 
investigating flow-induced transport around realistic clots. 

Analysis

Discussion

• Realistic clot geometries are arbitrary (e.g. not sphere etc.)
• Blood clots interact with pulsatile flow leading to complex 

flow structures
• This can create local barriers and pockets for flow-induced 

transport
• Local transport of platelets, clotting factors, drug –

implications for disease progression and treatment.

Conclusion

• Computational models for flow and transport 
around arbitrary and realistic clots

• Identify transport features- high and lows of the 
FTLE field

• Interaction and mixing between flow, clot, and 
tracers
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a. Fluid Flow Around The Clot: 

Inlet boundary 
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Embedded clot geometry: macroscopic clots 
reconstructed from experiments using particles

A set of custom computational codes developed 
and combined to create the overall pipeline.
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Results
Green: upstream flow; Blue: clot boundary; Red: distal to clot

Computational 
tools & codes

CFD Solver 
(FEniCS)

FlowVC (C code 
for FTLE)

Tracer dynamics 
(Python)

Computational Tools
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