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Introduction 
 
The aim of the current work is to create simulation 

model for fluid dynamics. Application of the method is for 
visualization of the movements of the molecules of the 
fluids in order to give physicians better understanding of 
the processes taking place in the human body. 

 
Model 
 

As a first step we will simulate thermodynamically 
state of the pure water. 

Mathematical model that is used to model mutual 
influence of the molecules of water is taken from the [1]. It 
is called Lennard-Jones potential and is mathematical 
approximation that describes intermolecular interactions. 
The expression of the Lennard-Jones potential is given by 
the following equation: 
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where ε  – the depth of the potential well; σ  – the 
distance at which the inter-particle potential is minimal; r  
– current distance between the two particles. The given 
equation follows closely the empirical measurements. 

The term with the power of 12 describes 
intermolecular repulsion in short range due to overlapping 
of the electronic clouds. Its physical meaning comes from 
the Pauli principle which says that overlapping of the 
electronic clouds of the atoms increases the energy of the 
system abruptly. 

The term with the power 6 describes the weak 
intermolecular forces between molecules as described in 
[2].  This is an attraction component and it has several 
sources. In our case for the water molecules it consists at 
least of electrostatic interaction between the water dipoles, 
the dispersion attraction also called London dispersion 
forces. 

The graphical representation of the potential, 
according to the equation (1) is given on the Fig. 1.  
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Fig. 1. Lennard-Jones potential 

 
The actual resultant forces are obtained by 

differentiation of the equation (1) as follows: 
 

 ( ) ( ) ( )71366 6124 −− +−== rrrV
dr
drF σεσ . (2) 

 

Their graphical representation as a function of 
distance is given on the Fig. 2. 

 

Intemolecular forces

-6E-21

-5E-21

-4E-21

-3E-21

-2E-21

-1E-21

0

1E-21

0.0 5.0 10.0 15.0

Distance, Å

In
te

rm
ol

ec
ul

ar
 fo

rc
es

, N

 
 
Fig. 2. Intermolecular forces 
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Simulation model 
 

To ease modeling and visualization we start with 
some simplifications. All of the simulated molecules have 
same propitiates. In the case of the actual fluid of the 
human body there are many other chemical elements. 
However their number is much (about two orders of 
magnitude) smaller than those of the water and we will 
ignore them. 

In order to make numerical simulation we need to 
have estimation of the values ε  and σ .  

It is known that Avogadro number (number of 
particles in 1 mol) is 6.022e23.  

The  mass of one Hidrogen atom is 
 

 kg101,6700794,1 -27⋅== molgmH . (3) 
 

The mass of the Oxigen atom is 
 

 kg102,669994,15 -26⋅== molgmO . (4) 
 

Thus the mass of one molecule of water ( OH2 ) is 

kg102,99 -26
02 ⋅=Hm . 

Density of the water at °20 is 32,998 mkg=ρ . 

So number of water molecules in 1 3m is 
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Then number of molecules is a linear meter should be 
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Finally average distance between water molecules is 
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In order to calculate distance at which inter-particular 
potential is zeroσ , we can use average distance we just 
calculated r  substituting them in (2), when (2) is equal to 
zero 

 

 ( ) 06124 71366 =+− −− rrσεσ , (8) 
 

or even simpler: 
 

 0612 7136 =+− −− rrσ . (9) 
 

After substitutions we get 
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For rough estimation of the depth of the potential 
well ε  we will consider thermal kinetic energy as it is 
given in [3] 
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where T – temperature measured in Kelvins; k – the 
Boltzmann constant KJ-23101,3806504 ⋅ . 

From the classical physics is known that kinetic 
energy is 

 

 

2

2mv
kE = . (12) 

 

Substituting (5) in (6) and solving for v  we get 
average speed of a single particle 
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This gives us some estimated average speed of a 
molecule at 300K of 645 m/s. This will be used to set 
initial conditions of our system. 

On the other hand calculating kinetic energy from (5) 
at temperature of CΟ100  or 373K (boiling point of water) 
gives us an estimation for ε , the depth of the potential 
well since that it would be a temperature at which those 
intermolecular forces are overcome. It is calculated to be 

J211072,7 −⋅  in those conditions. 
For easier visual presentation the model we use is 

done in 2-dimensional space. Thus we will be able to 
perceive qualitative characteristics of the process without 
precise quantitive requirements from the results of the 
simulations. 

 
Algorithmic implementation 

 
Algorithm of the simulation if linear and consists of 

execution in an infinite loop of the following steps: 
1. Initial setup of the particle properties like position 

and initial speed which is randomly distributed. 
2. Visualizing current state of the system. 
3. For each particle calculate new state from the 

current one and the intermolecular influences. 
4. Check for the user interaction and go back to step 

2. 
Most of the processing concerning simulation is done 

in the step 3. It can be split into following sub steps: 
a. Pick next (or first) particle for processing. 
b. Compute intermolecular force between current 

particle and all other with formula (2). Add all 
those forces together into resultant force RF


. 

c. Compute acceleration that will be created by that 
force: 
 

 mFa R


= . (14) 
 

d. Compute the new speed of the particle from its 
old speed and the current acceleration: 
 

 dtavv ⋅+=


0 . (15) 
 

e. Compute the new position of the particle from its 
old position and its new speed: 
 

 dtvxx o ⋅+=


. (16) 
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f. If this is not the last particle, go back to step a. 
 
Simulation results 

 
As initial configuration of the molecules we use 2D 

grid with all the particles forming squares among 
themselves. To all of them will assign some random initial 
speed 0v  in the range of the values calculated by (7). It is 
worthy to note that the actual speed of the molecules is 
smaller than the given above. Reason for this is that part of 
thermal energy is manifested in rotation and vibration of 
the water molecules themselves. As stated earlier the 
mentioned calculation (7) will be used as a rough estimate 
of the actual speed.  

The initial configuration of our simulation is given in 
the Fig. 3. 

 
 
Fig. 3. Initial configuration of the simulation. 

 
This initial configuration very fast is changed as 

shown on the Fig. 4. 
 

 
 

Fig. 4. Configuration of the particles after some simulation 
steps. 

It is visible that all the particles are clustered as it 
would be natural for a liquid state. Moreover, baring some 
of the edge particles, it dissembles a close packaging in a 
2D space, requiring lower energy. This effect was not 
engineered but came as a result of the mere application of 

the formula (1). Thus, it gave initial credibility to the 
proposed model. 

Next experiment is to observe development of the 
total energy of the system. The simulation recorded value 
of the total kinetic energy for each step of the algorithm. 
The chart is given at the Fig. 5. 

It is visible that the kinetic energy at first starts low 
but then increases around certain value and afterwards 
fluctuates around it. It can be explained by the fact that 
initial configuration is not in stable state, but having larger 
amount of potential energy, part of which is later 
transformed into kinetic energy. Somewhere around step 
100 of the simulation, dynamic equilibrium is achieved. 
After that point approximate levels of both energies are 
stable further on. 
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Fig. 5. Kinetic energy of the system 

 
This is another effect coming directly from the model 

which confirms the stability of the algorithm and its 
correctness. 

 
Further directions 
 

Additional speedup of the algorithm for bigger sets of 
data can be achieved with additional data structures and 
optimized search of the relevant neighboring particles and 
ignoring those whose influence is so small that it can be 
neglected.  

Additional properties of the model can be added in 
order to make simulation closer to reality. This includes 
more precise physical model and execution of the whole 
simulation in 3D space. 
 
Conclusions 
 

The proposed model for simulation of the physical 
world reassembles very closely some of the main 
characteristics of the modeled system. 

The achieved results are visually plausible and a give 
qualitative representation of the system behavior. 
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