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1 Introduction

For our project, we are simulating how blood flows through the human circulatory system.
Simulations of this natural flow can give us information on how medicine is distributed
through the body. This can help researchers to design specific treatments that will improve
upon patient care. We plan to accomplish this using mathematical analyses such as the finite
difference method and the transient Navier-Stokes equation. From this research project, we
are hoping to be able to recreate the research that has already been done and create 1D and
2D simulations of the circulatory system through the use of MATLAB.

After we have modeled 2D simulations of blood flow, we will apply our calculations and
simulations to a specific example where we will try and calculate how a body will react to
specific medicine. Our goal is to write a paper on this subject and be able to present some
interesting findings. Also if more detail is needed, creating possible 3D simulations would
be the next logical step after the 2D simulations are completed.

2 The Circulatory System

Before we get into any mathematical equations, it is important to know how the human
circulatory system works in order to simulate the flow using math. Blood is made up of
two components, cells and plasma. The blood cells float in the plasma which is the liquid
portion of the blood. Components such as nutrients, hormones and proteins lie within the
plasma. The plasma disperses these substances as it circulates throughout the body. The
cell portion of the blood contains white and red blood cells as well as platelets. White blood
cells fight infection and red blood cells carry oxygen while platelets help with clotting.

The circulatory system is made up of arteries, arterioles, capillaries, veins, and the heart.
Blood will travel from the aorta through a progression of blood vessels until it reaches
the capillaries. However, before the blood can reach the capillaries, it travels through the
arterioles where the speed and pressure is constantly changing due to different conditions in
the body. By the time the blood reaches the capillaries it is no longer pulsing but flowing
continuously. As the blood passes through the capillaries, it acquires waste and the supply is
oxygen is thus reduced. From there, the blood enters venules and then the veins and travels
back to the heart to restart the process.

3 Techniques

The mathematical analyses we will be using to help create these 1D, 2D and 3D simulations
include using the Finite Difference Method along with the Navier-Stokes Equation.

In order to accurately model blood flow, we will use finite difference methods and the
Navier-Stokes equations. Finite difference methods are used in mathematical analysis to
accurately approximate the solutions to differential equations. The Navier-Stokes equations
will provide us with a system of nonlinear partial differential equations for blood flow and
the cross-sectional area of an artery. We then will use the finite difference method to solve
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the equations numerically. Using these results we will be able to accurately monitor the
finite changes in blood flow.
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