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A COMPUTATIONAL STUDY ON THE CHARACTERISTICS OF FLOWFIELDS IN MICRONOZZLES

JH. Seo, HG. Cho? DH. Lee? S.C. Jung] R.S. Myong* and H.I. Huh’

Owing to the rapid progress in manufacturing technology of microscale devices, there are active research
works in developing microscale propulsion systems. In this study, gas flows in nozzles with size of milli and
sub-millimeter are investigated by using a CFD code based on the Navier-Stokes equations. The prediction resulls
were compared with theoretical results of quasi-one-dimensional nozzle flow and experiment data. In general,
theoretical values agree very well with the CFD results. However, theoretical values begin to deviate from the CFD
and experimental data for relatively small Reynolds numbers and the nozzle shape with rectangular cross section.

The primary reason for this discrepancy is due to the existence of the thick boundary layer at the wall in low
Reynolds flows.
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Fig. 1 Grid configuration (D=1 mm, cell no. = 70,000)
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Fig. 2 Mach number contours in the nozzle flow (chamber
pressure 8 bar, diameter 0.25 mm, expansion ratio 4)

Fig. 3 Mach number contours at the nozzle exit
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Fig. 4 Variation of mass flow rate with chamber pressure
(ambient ex_tema] pressure; diameter 1.0 mm,
expansion ratio 2)
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Fig. 5 Variation of thrust with chamber pressure (ambient
external pressure)
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Fig. 6 Variation of specific impulse with chamber pressure
(ambient external pressure)
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Fig. 7 Variation of thrust and specific impulse with chamber
pressure (throat diameter 0.25 mm; expansion ratio 4;
vacuum and ambient expansion; nitrogen)
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Fig. 8 Mach number contour in the nozzle exit with rectangular
cross sectional shape (chamber pressure 8 bar; throat
diameter 1.0 mm; expansion ratio 2; nitrogen)
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Fig. 9 Nozzle shape effect on specific impulse (throat diameter
1.0 mm; expansion ratio 2; nitrogen)
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Fig. 10 Mach number contours (vacuum expansion; chamber
pressure 10 bar; throat diameter .25 mm)
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