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Performance Evaluation of Micro-nozzle Using Cold Gas
Propulsion System

Sungchul Jung* -+ Younho Kim* - Hwayoung Oh** - Hwanil Huh*** - Rhoshin Myong***

ABSTRACT

In this study, we analyzed flow characteristics of micro-nozzles for basic research to develop
micro propulsion system. Cold gas propulsion system was used, and micro-nozzles having nozzle
throat diameters of 1.0, 0.5, 0.25 mm were fabricated with EDM method. Thrust was measured
through the use of plate-spring and strain gage based thrust measurement system, and flow
characteristics of micro-nozzles were analyzed under ambient condition and vacuum condition.
We used argon and nitrogen gases as propellant, and compared experimental results with CFD
analysis. From the result, we verified the flow losses of viscosity and back-pressure caused by

minimization of nozzle.
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Table 1. Classification of satellite according to mass

Large satellite >1000 kg
Medium sized satellite 500-1000 kg
Mini satellite 100-500 k

Nano satellite 1-10 kg
Pico satellite 0.1-1 kg
Femto satellite <100 g
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Fig. 1 Micro—satellites and mission
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Table 2. Conditions for analysis

gz
=EE Afo]2 | 1.0, 05, 025 (mm)
Rl 2, 4
A4 4 ~ 20 (bar)
A Ls 295.15 (K)

Fig. 2 Grid configuration(cell no. = 70,000)
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Fig. 3 Boundary conditions
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¢) Mach number at the nozzle exit

Fig. 4 CFD analysis results in micro-nozzle
(Charmber pressure = 8bar, expansion ratic=2,
D= 025mm, N
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a) Square nozzle

b) Circular nozzle
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Fig. 5 Mach number distribution
(square nozze vs circular nozzie)
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Fig. 8 Micro—thrust measurement system[5]
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Table 3. Difference of dimension between designed
nozzle and fabricated nozzle

design | fabricated | design | fabricated fabricated
1.0 | 1.0728 {1.414| 1.37 1.631
0.5 0416 10.707| 0.622 2 2.236
025 | 029 |0.354| 0.414 1.956
1.0 1.025 2.0 191 3.472
05 | 0499 | 1.0 | 0976 4 3.826
0.25 | 0.256 0.5 0.520 4.126

a) Converging part(50X)

b) Diverging part(100X)

Fig. 9 Manufactured micro nozzle
(nozzle throat diameter : 0.25 mm, expansion ratio : 2)
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Fig. 10 Schematic diagram of experimental setup
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Fig. 11 Experimental set up in Low-vacuum condition
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Fig. 12 Thrust measurement results under anmbient condition
(nozzle expansion ratio : 4)
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