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BGK

BL

CFD

CLL

DSMC

EHE

GHE

GHS

GSS

HASDM

HS

ISS

LEO

LTE

MD

MEMS

MH

NASA

NC

)R

Bhatnagar, Gross, and Krook
Borgnakke — Larsen
Computational Fluid Dynamics
Cercignani-Lampis-Lord
Direct Simulation Monte Carlo
extended hydrodynamic equations
generalised hydrodynamic equations
General Hard Sphere
General Soft Sphere
High accuracy satellite drag model
Hard Sphere
International Space Station
Low Earth Orbit
local thermodynamic equilibrium
Molecular Dynamic
Micro Electro Mechanical Systems
Instantaneous Hierarchy
National Aeronautics and Space Administration

Null-Collision



NTC

PDSC

PWT

SBT

SWPM

TC

VHS

VSS

No Time Counter
parallel direct simulation code
Plusma Wind Tunnel
Simplified Bernoulli-Trial
stochastic weighted particle method
Time-Counter
Variable Hard Sphere

Variable Soft Sphere
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Populate mesh with particles
and initialise boundary conditions

I
== - Move particles with At;
»| compute boundary interactions

I
Update particles indexing
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Abstract

Abstract

High-altitude research, concering the characteristics of free molecular flow in aerospace,
has become more prominent in recent years, from the return of the biocapsule to the
placement of the satellite in orbit. Rarefied gas, due to the conditions of fluid discontinuity
and its non-equilibrium in the atmosphere, it is not possible to use conventional methods
of computational fluid dynamics because of assumption of continuity prevails over
computational fluid dynamics (CFD) equations. For this reason, the computational
method of discontinuous fluid in rarefied gas flow has been developed similar to the
DSMC method. In this dissertation, the aim is to calculate the drag force on the satellite.
Initially, the ultrasonic flow on a flat plate in the free molecular flow regime is
investigated by direct Monte Carlo simulation using Fortran numerical code and
OpenFoam software. In this regard, using the developed two-dimensional numerical code
DMSC, a flat plate and aerodynamic force calculations are studied and simulated. The
developed numerical code with an error of about 10% is shown to be a reliable tool for
calculations related to dilute gas regime in high Nudson numbers. Due to the difficulty of
entering any type of geometry in the numeric code, OpenFoam software has been used
and the results of a flat page have been reviewed and re-validated. It has been shown that
the software is capable of predicting dilute gas flow at a speed of 1412.5 m / s at a density
of 3e19 kg / m3 with an error of less than 15%. In order to develop the results, the vertical
plane in front of the current has been simulated by the software and the aerodynamic
forces on such a plane have been calculated in the presence of a satellite in Leo orbit. It
has been shown that in the conditions of very rarefied gas at an altitude of 150 km, the
density is 2.074e-9 kg / m3 and the flow velocity is 2500 m/ s. Then, in order to innovate
in the results, the aerodynamic coefficients entered on the screen at different angles are
investigated. The developed software can be implemented for any type of geometry to

calculate the drag force on the satellite and can be used for research in this field.

Keywords: Rarefied gas flow- Direct simulation monte carlo- Flat plate- Drag

coefficient satellite-Openfoam
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