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Abstract.  In this work the gas flow in micro/nano-channels was investigated. We used the direct 
simulation method based on the approaches of Molecular Dynamics. The distributions of density, velocity 
and temperature in the channel were obtained and analyzed with different Knudsen numbers. With an 
increase Knudsen number velocity distribution differs significantly from the classical Navier-Stokes 
parabolic profile. Therefore for studying flows in micro- and nano- channels it is necessary to use 
microscopic approach of the molecular dynamics. 
 

 
1. The quantity of energy scattered by the cooling systems of electronic components 
steadily increases1.  Microelectronic components are decreasing in dimension and 
devices power consumption is increasing, therefore question about their cooling 
becomes very important.  
It is assumed that the cooling systems will consist of the micro- or nano- channels 
applied on (or penetrate) electronic component. Prototypes of such devices have already 
appeared in the research institutes of the USA. 
In the majority of cases gas and fluid flow is investigated on the basis of  macroscopic 
approach2,3.  This description is correct when volume contains sufficient number of 
molecules and gas can be considered as continuous. However, in such cases as flow in 
the micro- or nano- channels, the simulation of physical chemistry processes in gas and 
on surface it is necessary to use the microscopic approach based on the molecular 
dynamics4-8. In this approach the corpuscular structure of gas is considered. Positions 
and velocities of molecules at each moment of time are determined. Macroscopic values 
are computed through the distributions of the corresponding molecular values. 
 
2. Flow in the micro- and nano- channels was investigated in this work. We used the 
direct simulation method based on the approaches of molecular dynamics: real flow 
simulation by large quantity of simulating particles5. The coordinates, velocities and 
properties of the molecules are stored in the memory. Their changing is caused by 



intermolecular interaction and interaction with the boundaries of physical space. 
Channel was represented as two plates located at a distance yL . Gas at the channel inlet 
had a temperature 09.0 TTg = , plates had a temperature 0TTw = .  
Motion equations were  
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determined by the selected model of molecular interaction.   
 Physical space was divided into the cells – small volumes 3

00 )(LV =  with fixed 
boundaries. There 0L  is linear cell dimension. Time changing was discrete with step 

St∆ . 
Molecular motion calculation, checking conditions on boundaries of physical space and 
redistribution of molecules into new cells was realizing every step.  
Molecules were represented as hard elastic spheres (hard sphere model) with diameter 

101078.3 −⋅=d m. Velocity of  molecules after collision was calculating using energy 
and impulse conservation law.  Initially the particles were distributed evenly in the 
physical space, their velocities were distributed according with the equilibrium 
Maxwellian distribution function. 
 
To reduce the computational burden we used probabilistic approach5. The simulation of 
collisions was separately in each cell. The number of collisions N in the unit of volume 
and time is 
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where rc  - average relative velocity of two particles, 2dπ=σ , d – diameter of 
molecule, n  - concentration, rcnv σ=  - collision rate of test particle. 

Let’s note that in this approach disturbances can move with speed 
St

L
a

∆
≅ 0~ . Therefore 

to prevent this negative effect we provided condition aa ≤~ , where a  - sonic speed in 
current region. 
For describing gas-surface interaction diffuse model was used: velocities of molecules 
after reflection are distributed according to the equilibrium Maxwellian distribution 
function corresponded with temperature of surface. 
 
3. The plan of simulation region is demonstrated at Figure 1. Flow was supposed 
symmetrical, therefore we simulated one half of the channel. At the plane of symmetry 
we used the condition of mirror reflection.  
The flow was organized in the region A: gas was cooled to the temperature 09.0 TTg =  
and accelerated to the initial velocity 0υ . The plate had the temperature 09.0 TTT gw ==  
in this region. The region B was studied: plate had the temperature 0TTw =  here. The 
endless flow was simulated. After region B the gas came region A and was cooled and 
accelerated to initial velocity. 
Flow was considered as stationary, results were averaged on time to avoid fluctuations.  



 
Figure 1.  The plan of simulation region 

 
 
We investigated the nitrogen flow ( 28=m  1−⋅molg ). The free path length λ  and the 
molecular diameter d had the same order of magnitude. The stagnation temperature 

KT 770 = . 

The dimensionless velocity 
aυ
υ  distribution is presented at the Figure 2 ( aυ  - section 

average velocity). Different lines correspond with different Knudsen numbers 
yLKn λ= . With small Knudsen numbers the parabolic velocity profile is obtained and 

calculations coincided with the solution of  Navier-Stokes equations. With an increase 
Kn the velocity profile is equalized practically. 
 

 
Figure 2.  The dimensionless velocity distribution 

 

plane of symmetry  

0.5 Ly A B

Tw Tg 

T       Tg  
Studied
region 

Mirror 
reflection 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

0,025 0,125 0,225 0,325 0,425

аналитическое решение; Kn = 0.0003; Kn = 0.012; Kn = 0.03; Kn = 0.06;

aυ
υ

yL
y



 
Figure 3. The dimensionless temperature distribution 

 

The dimensionless temperature 
wT

T  distribution in several sectors is presented at the 

Figure 3. This distribution was obtained with 0TTw = , 09.0 TTg = , 006.0=Kn  and 
03.0=Kn . The dimensionless temperature gradient is 0.222 and 0.133 for 006.0=Kn  

и 03.0=Kn  respectively. But in dimensions coordinates the temperature gradient  for 
03.0=Kn   is three times as much than for 006.0=Kn . 

The typical distribution of density, velocity and temperature for 006.0=Kn  are 
presented at the Figure 4.  
 

0.9 Tw

1.0 Tw

0

1.5 V0

1.0

0.8

density

velocity

temperature

0ρ

0ρ

0.9 Tw

1.0 Tw

0

1.5 V0

1.0

0.8

density

velocity

temperature

0ρ

0ρ

 
Figure 4.  The typical distribution of density, velocity and temperature 
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With an increase the Kn the distribution of main parameters differs significantly from 
the results of continuum mechanics, therefore for studying flows in micro- and nano- 
channels it is necessary to use microscopic approach of the molecular dynamics. 
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