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The Limit of the Continuum Assumption Based on
Compressible Flow Structures in an Axisymmetric
Micro-Thruster Used for a Satellite

Soon Duk Kwon* - Sungcho Kim** - Jeong Soo Kim** - Jongwook Choi** - Kee Man Lee**

ABSTRACT

The flow characteristics in the thruster should be analyzed considering its geometry and the
pressure ratio to estimate its performance and etc. This paper suggests the computational result
of an axisymmetric real nozzle for the altitude control of a satellite to find out the application
limit that the assumption of continuum mechanics holds. The steady non-reacted compressible
flow field in the unstructured grid system is computed and analyzed with varying the
environmental pressure (or the degree of vacuum) under the fixed pressure ratio in a real
thruster of which the area ratio of exit to throat is 56. The assumption of the continuum

mechanics is not approved when the environmental pressure is reduced less than 10° atm
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Fig. 1 Static pressure distribution on the inside wall
(lines : computation, symbols : experiment(3])
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Fig. 2 Grid system around the nozzle
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Fig. 3 Mach number contours according to the
environment  pressure at  NPR=300 (P,=0.3,

0.01, 0,001, and 0.0001 atm from the top)
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Fig. 4 Mach number distributions along the nozzle
centerline when the environmental pressure
changes at NPR=300
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Fig. 5 Normalized pressure distributions along the
nozzle centerine when the environmental
pressure changes at NPR=300
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