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ABSTRACT: In this paper, the development of the direct simulation Monte Carlo algorithm has been
carried out for flow analysis around axial symmetric complex geometries in rarefied conditions with
consideration of reduction in computational cost compared to a full three-dimensional state, appropriate
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accuracy of the results compared to related available references, as well as the proper selection of  Accepted: 14/04/2019

particles. In this paper, the algorithm is presented that involves studying different modes of motion and
collision of particles with each other or the wall for axial symmetric complex geometries in such a way
that the least computations are applied for achieving a high-efficiency solution. In the results section,
various geometries such as simple geometry for first case and complex geometry for second case study
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is investigated and the results are compared with the validated results. The results show the proper

accuracy of the proposed algorithm compared to the three-dimensional solvers. Also, the selection of
the smallest number of suitable particles is one of the issues that has been studied for selecting the
appropriate number of particles. It has been shown that in the first and second test cases, the 30000 and

algorithm
Asymmetric

Complex geometry

500000 particles are at least number of particles with consideration of accuracy of results.

1. INTRODUCTION

Direct Simulation Monte Carlo (DSMC) method [1], due
to the accuracy of solution in dilute environments in various
industries, such as turbomachinery and discharge pumps
design and construction of reentry vehicles in the aerospace
industry, design and construction of mechanical-electrical
micro-systems, the nuclear industry has been widely used.
One of the most important applications of the DSMC in the
aerospace industry is the investigation of gas properties at
high velocities, which will be examined in this paper. Due
to the high accuracy of this method, several research centers
have been tried to develop this technique and produce
software applications such as SMILE [2], DAC [3], DS2V
/3V [1], MONACO [4].

2. DEVELOPMENT OF THE DSMC METHOD

The DSMC algorithm is based on the motion and
collision which is presented in reference [1]. In order to
develop this method, general grid generation is required
which is extracted by GAMBIT software as input files as
well as other input parameters. Then all input information
is analyzed and all the required information, such as cells,
angles of elements, area (two dimensions) or cell volume
(for axis symmetry) is calculated and stored. In the next
step, each particle must be placed in a suitable cell and
stored in the cell and sub cellular position. In the further
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development of the DSMC code number, the code has been
promoted to symmetric-domain mode. Simulation of flow
in symmetric geometries has many applications in the flow
analysis around reentry bodies with zero-angle In general,
the coefficients of axis symmetry have been extracted by
Maple software in general mode and have been implemented
in code for the first time.

3. RESULTS AND DISCUSSION

The first problem, which is considered as a precise
example of validation in the field of simulation of axial
flow, is to study the changes in gas flow properties over
the cylindrical geometry. The geometry data and the initial
properties of the flow are given in Table 1. The geometry of
the cylinders is due to horizontal and vertical lines as simple
geometries, and the aim is to examine the accuracy of the
code developed compare to available Bird code, which is
usable only for simple geometries.

Table 1: Setting parameter of the cylindrical problem

Parameter Time Density Temp.
Step (s) | Number (m) X)
value 10°¢ 107! 100
Velocity Length Diameter
Parameter
(m/s) (m) (m)
value 1000 1 0.005
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Table 2: Setting parameter of double cones problem

arameter Time Mach number | Temp.
P Step (s) (K)
value 10 15.6 42.61
Velocity angle ]
parameter (m/s)
value 2076 25 &55 ° -
0.6

04

Y (m)

0.2

0.6

02 0.
X (m)

06 08 1

Vel. (m/s)

994.319
990.244
— 989.475

Fig. 1. The velocity contours of the cylindrical problem
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Fig. 2. Heat flux distribution on the cylindrical problem
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Fig. 5. Proper particle numbers for the double cones problem

The desired problem is to study the properties of nitrogen
gas flow in passing through double cone geometries with
angles of 25 and 55 [5]. The geometry is based on the Ref.
[5], including complex geometries, due to the existence of
incline line in geometry and interaction of the shock and
boundary layer and this geometry are examined by various
researchers for the validation of numerical codes. The setting
condition is presented in Table 2.

One of the issues that should be considered in the DSMC
approach is to select the correct number of particles. Since the
DSMC method is based on a particle-based method, provided
that the size of the cell is smaller than the size of a third of the
free particle size, the results are not affected by the grid type,
while the correct selection of particles affects the accuracy
of the results [6]. To properly simulate the DSMC, enough
particles should be placed in all cells [6]. This value depends
on the type of problem which is analyzed, but in general, it
should not be less than 5 particles in each cell. In the two
preceding problems, the cylinder of the two convex cones of
this study has been carried out.
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4. CONCLUSION

This paper studies the development of numerical software
for the axial symmetry conditions for complex geometries.
The new DSMC algorithm has been developed for using the
complex geometries, taking into account computational cost
reduction in axial symmetry mode. The algorithm involves
tracking particle and applying boundary conditions as well as
applying the axial symmetry condition for any geometry. To
evaluate and validate the developed software, the supersonic
gas flow was investigated around cylindrical and two cone
geometries and the results were compared with existing
valid data. The accuracy of the results of the present method
compared to other references (intermediate error Less than
10%) in both cases. Also, studying the number of suitable
particles (30,000 particles for the first one and 500,000 for
the second case) for proper simulation by the DSMC method
has been carried out.
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Table 1. Setting parameters in cylindrical problem
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Fig. 4. Grid generation of the cylindrical problem
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Table 2. Setting parameters in double cones problem
2agl | Fee La
! 29 'y 59 3 c Bl o ) S PP
T | (ay) n ®)
e (m/s) (K)
00 5 YO JReR
Y-VY/# Y2 YIYY \o/F \YYEPY yav yo
az)o
Sl Hlogad VO S50 i anlie sl sl ylo YL Fle slael jo 1, r
0.2
ol bgoad ool (i 55 paer mhaw (59, L8 5 (5> !
Sogods ¥ Jadz g e85 de e 4 A8 b Lailoads aslie [VF] 0.15F
by abads 0 oy b doye Ve sgus (o Lk hugis E I
>. -
N o s - 0.1
YY DS Jols> mls ule WS (5,08 ()l Lo g jLas i
50 Smle Oyl Jl o gauo 0 Ve ST Hlid o gows 0 005:
Ombe s S| iz gz e plod & 4z b o)l g2y (oS i
LSM)Q\Nf05&)5;9)'{0‘)‘(6“)“5:545;555“).vsll.lbuuj)).’l.m O’l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\
) ) 0 0.05 0.1 0.15 0.2 0.25
3925 (85 90 ywole &)l JLl jo (gaus o FF O 4 Lid o X (m)

1 ONERA
2 CUBRC

Fig. 10. Grid generation on double cones geometry in 25

w

a0 00 g VO g 5o 90 dwaid Joo dwasd 4ol 1) S

and 55 degrees



0.2

WYY B WOV Slxis VYRR Jlo &V 0)lous @Y 0553 S ol Sl puoigo 4y

Vel. (m/s) 0.25
2000
1800
1600
1400
1200 0.2
1000
800
600
400
200 0.5
0.1
0.05
I - I -
0.1 0.15 0.2 . 0.3 0
X (m)
(0l behs g s o) (Flo sue)
Velocity and streamline Mach

b3y 93 dwsin s> Flo 3us 5 ol bhas (as pus jlyied bghs ) JSC
Fig. 11. Stream line and velocity and Mach number contours on the double-cone geometry
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Fig. 13. Pressure and density contours on the double-cone geometry
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Fig. 16. Pressure and heat flux distribution on the
cylindrical surface to the number of simulator particles

Fig. 17. Pressure and heat flux distribution on the double
cones surface to the number of simulator particles
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Table 4. Comparison of number of particles and run times
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