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Abstract  

The aero thermodynamic characteristics of blunt body in a supersonic flow are 
studied by two methods of Direct Simulation Monte Carlo (DSMC) and Navier-
Stocks equations. The numerical calculations were carried out in the transitional 
regime at Knudsen number of 0.02. The specular-reflection condition for DSMC 
method and the slip boundary condition for CFD method are applied in all 
calculations; also the inlet condition is similar in two methods. The distributions of 
temperatures, Mach number and coefficient pressure along the blunt surface have 
been obtained. The numerical results for two methods are compared together and 
these results indicate that the obvious difference is not in between DSMC method and 
CFD method at this same condition.  
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1. Introduction 
A gas flow may be simulated at either the macroscopic or the microscopic level. The 
macroscopic model attends the gas as a continuous medium and in this case the  
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Navier-stocks equations can be used as the mathematical model for the gas. Also the 
microscopic or molecular model is based on position, velocity and condition of 
molecule at all times [1]. 
In the high atmosphere layer, condition of air continuity for flight of mass such as 
rockets and spacecraft is not authentic; therefore in such condition, Navier-stocks 
equations can not be accepted. In this condition the mean free path of gas molecules 
is larger than similar value at near the earth surface and the gas flow can be assumed 
as free-molecular [2- 4]. 
In 1963, G.Bird demonstrated a new subject in physic of fluid and at that work a 
specific method was illustrated for simulation of gas in molecular model [5, 6]. 
Nowadays, this method is identified to Direct Simulation Mont Carlo (DSMC) 
method. The DSMC method is a particle simulation method based on Kinetic theory 
[7]. The real gas is modeled by simulated particles that each particle represents an 
enormous number of real molecules. Consequently the variation of the flow is 
pursued by calculating the motion of the simulated particles and their collisions 
amongst themselves and with another boundary [8- 10]. 
Nowadays, the DSMC method is a practical tool to predict the demeanor of flow at 
either the hypersonic or the supersonic condition [11, 13]. The hypersonic rarefied 
gas over blunt body with the diffuse reflection condition was studied by Sharipov 
[14], which in this work the variation of Mach number and Reynolds number was 
compared together. Also Boyed and his research group applied the Hybrid simulation 
by the DSMC method coupled with the Navier-Stocks solver for hypersonic flows 
[15] which in this work the results of the DSMC, CFD and hybrid DSMC solutions 
are obtained. 
In this work the DSMC method is used to calculate the aero thermodynamic 
characterizes of a simple blunt cone. This study has shown the variation of 
temperature, Mach number and pressure coefficient along the blunt surface. 
Meanwhile, to calculate these parameters at the same condition by Navier-Stocks 
equations is obtained and compared with DSMC method. The transitional regime at 
the Knudsen number 0.02 is studied in this research also the specular reflection 
boundary condition is used for DSMC method and in CFD method at this regime we 
use the slip boundary condition along the surface.       
 
 
2. Fundamental equations  
The solution of problems is specified by main parameters: 
 
(1) The Mach number is defined as 
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C
UM ∞=  (1)

                                                                                                     
Where C is the sound speed of the gas given as 
 

m
KTC ∞=
ν   (2)

 
Where K is the Boltzman constant, m is the molecular mass and υ is the specific heat 
ratio. 
(2) The Knudsen number allow to expressed the degree of rarefaction of a gas so this 
parameter is defined as  
 

L
Kn λ

=  (3)

 
Where λ is the mean free path of molecule and L is characteristic dimension, on the 
other hand, λ is given as 
 

22 cP
KT
σπ

λ =  (4)

 
Where T is the temperature, P is the pressure, and cσ  is cross-section of molecule. 
(3) The Reynolds number is defined as 
 

μ
ρ∞∞=

RURe  (5)

Where R is the largest blunt radius as shown in Fig.1. 

 
 
 

 
Fig 1: Shape of blunt cone 
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Also we can define the Knudsen number with help of Eqs. 1 to 3 that this parameter 
is obtained of Re and M: 
 

Re2
MKn νπ

=  
(6) 

 
(4) Pressure to the blunt surface is defined by pressure coefficient to the blunt surface 
is defined: 
 

2

2
1

∞∞

∞−
=

U
PPCp ρ

 
(7) 

 
Where, P is the normal pressure of the blunt body. P∞, T∞ and ρ∞ are gas pressure, 
temperature and density of free stream respectively.  
 
 
3. DSMC and CFD Methods 
Direct Simulation Monte Carlo is a simulation technique for low density hypersonic 
and supersonic gas flows. In this method is considered the gas is as rare gas also 
region of the gas flow is simulated by a large number of molecules. All of the 
molecules alternation such as movements and collisions is computed. Consequently, 
the position and the velocity of the particle in a new status are saved in computer 
memory. Then, the molecule motion and their collisions are obtained in next period 
time (ΔT), so the new coordinates of molecule is calculated via this formula as: 
 

X new= x old + v ΔT 
Y new= y old + v ΔT 

 

(8) 

The dimension of cell and time step has a considerable role on the accuracy of result. 
So this value must be such that particles in a step time move less than the mean free 
path molecules (λ). Hence the size of cell must be near third of the mean free path. 
Molecular collisions are modeled using the variable hard sphere (VHS) molecular 
model. The interactions of gas-surface are supposed to be specula reflection in this 
study. The Knudsen number is 0.2 in all calculation and we know when 
0.001<Kn<0.2, the flow regime is slip and in this case the Navier-Stocks equations 
are indefeasible.  
After calculation of molecule location in domain and particles velocity, the average 
macroscopic characteristics for cells are obtained, the main characteristics are 
calculated as: 
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Where Np is the number of molecules in a cell during the time Δt. u, T and ρ are 
velocity, temperature and density respectively.   
 
Temperature 
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Where m is the molecule mass, FN is the number of real gaseous molecules and VC is 
the cell volume. When the molecules are assumed that not exist in computational 
region therefore these molecules are removed from the program memory and then the 
new molecules are entered from inlet boundary of computational region with initial 
value of inlet gas. 
In CFD calculation, the Navier-Stocks equations are solved using the TVD method 
with second-order accuracy in place and time. Thus the Navier-Stocks equations are 
divided into two parts. The hyperbolic section is solved by von-Leer method and the 
elliptic section by ADI method with second-order accuracy in place.  
 
 
4. Condition of solution   
 
The flow over the blunt body is considered as ax symmetric. The fluid is pure helium 
and the property of helium is exerted in all computations. The direction of gas 
velocity U∞ far from blunt coincides with its x axis also the temperature of inlet gas is 
T∞. The free stream conditions are listed in table.1 for DSMC solution. In DSMC 
method we have used more than 2.9 millions simulation particles to increase accuracy 
of solution. The number of time step in this program is 100000 that the answers get 
steady state in 30000 times steps. 
 The shape of blunt is given in Fig.1. The radius of blunt nose is considered 6 mm 
with 25 half angel cones. The body fitted mesh is used over blunt and structured grid 
includes 150 cells along the body by 300 cells normal to body in all computations. 
Also each cell is divided to 4 sub-cells. 
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Free stream temperature and pressure are, Tin=144.4 K and Pin=0.4 Mpa. The prandtl 
number is considered constant and this value is Pr=0.9. 
 
 

Table 1: Free stream condition of the blunt body 
 

M∞ ρ ∞ (Kg/m3)  T∞(K) U∞(m/s) 

3.99 1.33×10-6 144.4 2764.5 

 
 

 

5. Results of comparisons 
 
In Fig.2, the temperature contours for the DSMC and CFD solutions are shown over 
blunt body. Despite the place of shock in each two methods is near at each other, 
nevertheless the temperature contours in the DSMC method have more curvature than 
the CFD method. A similar comparison between the DSMC and CFD solutions for 
the Mach number contours are shown in Fig.3. It is shown in this figure that the Mach 
number contours by the DSMC method are in fair agreement with the CFD solution. 
 
 
 

 
 

Fig 2: Comparison of DSMC and CFD solutions of temperature contours 
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Fig 3: Comparison of DSMC and CFD solutions of Mach contours 
 
 
In Fig.4, the density contours is displayed for these methods. The thickness of shock 
is similar for both of them but the DSMC solution has been predicted higher density 
number than the CFD solution around the nose of blunt. The pressure contours are 
shown in Fig.5. In this case, the DSMC method points to more pressure around the 
nose of blunt as compared to the CFD method.  
 
 
 
 

 
 

Fig 4: Comparison of DSMC and CFD solutions of density contours 
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Fig 5: Comparison of DSMC and CFD solutions of pressure contours 
 
 
 
The maximum temperature is obtained near the blunt nose in the DSMC method that 
this value is approximately 850K but in the CFD solution this value is 800K at this 
location. 
 
In the following figures, comparisons of flow properties along the surface of body are 
given. In Fig.6, the pressure coefficient for the DSMC and CFD solutions are 
compared together along the surface of body. In the DSMC method is shown more 
pressure than the CFD solution that this pressure is the maximum value on the blunt 
nose. The similar comparison between the DSMC and CFD solutions for temperature 
along the surface of blunt body is displayed in Fig.7. According this figure, the 
temperature predicated by the DSMC method is 65K more than the CFD method at 
the nose of cone but in other locations, the DSMC result is in fair agreement with the 
CFD solution. In Fig.8, the Mach number along the surface of blunt body in two 
methods is compared. The predicted Mach number by the DSMC approach is rather 
higher than the CFD solution that this nuance with increase distance from blunt nose 
along the surface of body becomes more. 
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Fig 6: Comparison of pressure coefficient 
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CFD solution. In Fig.8, the Mach number along the surface of blunt body in two 
methods is compared. The predicted Mach number by the DSMC approach is rather 
higher than the CFD solution that this nuance with increase distance from blunt nose 
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Fig 6: Comparison of pressure coefficient 
 
 
  

 
 
 

Fig 7: Comparison of temperature
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Fig 8: Comparison of Mach number  

 
 
 
6. Conclusion 
 
The main purpose of this work is comparison of the DSMC results with the CFD 
solution for the slip regime. Thus for reach to this objective, two numerical solutions 
are carried out using the direct simulation Monte Carlo (DSMC) and CFD methods 
for simulation of supersonic flow of helium over the blunt body. Comparison of the 
density contour is made between DSMC and CFD methods shows that the shock 
thickness is equivalent in two methods also position of shocks near together with this 
difference that DSMC method has been forecasted higher density number than CFD 
around the nose of blunt. Maximum temperature has been occurred front of blunt 
nose that this value is 850K in DSMC but CFD method shows 804K at same position. 
DSMC method shows higher pressure value than CFD method around the surface of 
rocket. Comparison of the temperature along the cone surface shows that in the top of 
cone, DSMC method show higher temperature within 65K than CFD.  
Thus these results indicate that between of two methods is not much discrepancy and 
rejoinders are proximate together and Nervier-Stokes can be used with variation less 
than %10 at same condition. 
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