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Simulation of Micro-Nozzle Flow by DSMC Method

YIN Le CHEN Wei-fang SHI Yu-zhong
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073  China
Abstract At present micro-spacecrafts are being developed. Micro-nozzles are very important in propulsion systems of micro-
spacecrafts. So further study on micro-nozzles is essential. DSMC direct simulation Monte-Carlo calculations for the flow in axisymmetric
micro-nozzles are conducted on molecular-based models. The influence of the mass flow rate and dimension on the flow and performance
in the nozzle are also discussed. The study indicates that the mass flow rate and dimension of the nozzle have different degrees of influ-
ence on the flow and performance.
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Fig.1 The computing domain girds and boundary conditions for simulation
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Tab.1 The influence of mass flow rate on nozzle performance

" K, R: ' 5 F/ P | 1/ L

x1073g/s kg m/s? m/s
1 1.2 0.021 48.9 [ 1.045x1073| 1472.037 0.520 0.879
2 2.4 0.012 86.6  [2.293x107| 1507.937 0.571 0.901
3 4.8 0.0064 167.9 [4.916x 1073 | 1540.972 0.612 0.920
4 9.6 0.0035 307.3 | 1.033x107*| 1572.179 0.643 0.939
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Fig.2 M, at different mass flow rate
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Fig.3 Wall press at different mass flow rate Fig.4 Wall shear stress at different mass flow rate
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Tab.2 The influence of dimension on nozzle performance
, F I8
Kn R; F/F ideal Ic/ Isidea]
m kg m/s m/s

1.7x1073 0.0556 19.663 | 2.11x10°* 1435.872 0.302 0.858
3.4x1073 0.0297 35.834 1.56x 1073 1459.501 0.558 0.872

~N N W

8.5%x 1073 | 0.00968 111.915 | 1.66x 1072 1514.838 0.950 0.905
8 1.7x 1072 | 0.00515 218.219 | 6.94x 1072 1534.367 0.992 0.917
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Fig.5 Wall press at different dimension Fig.6  Wall shear stress at different dimension
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