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Exhaust Plume Behavior Study of MMH-NTO Bipropellant Thruster
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ABSTRACT

A spacecraft obtains a reaction momentum required for an orbit correction and an
attitude control by exhausting a combustion gas through a small thruster in space. If the
exhaust plume collides with spacecraft surfaces, it is very important to predict the exhaust
plume behavior of the thruster when designing a satellite, because a generated disturbance
force/torque, a heat load and a surface contamination can yield a life shortening and a
reduction of the spacecraft function. The purpose of the present study is to ensure the
core technology required for the spacecraft design by analyzing numerically the exhaust
gas behavior of the 10 N class bipropellant thruster for an attitude control of the
spacecraft. To do this, calculation results of chemical equilibrium reaction between a MMH
for fuel and a NTO for oxidizer, and continuum region of the nozzle inside are
implemented as inlet conditions of the DSMC method for the exhaust plume analysis.
From these results, it is possible to predict a nonequilibrium expansion such as a species
separation and a backflow in the vicinity of the bipropellant thruster nozzle.
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Table 1. Specification of 10 N bipropellant
thruster[11]

Specification Data
Thrust 10 N
Specific Impulse 291 s
Flow Rate 3.50 gfs
Mixture Ratio 1.65
Chamber Pressure
(gauge pressure) 9 bar
Inlet Pressure 10 ~ 23 bar
Fuel MMH
Oxidizer N2Oy4
Configuration
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Table 3. Major mole fraction result of
MMH-NTO gas products for 10

N thruster
Mole Fraction

Gas Relative
Product Present CEA Error
Result Result (%)
co, 0.0362 0.0361 0.28
H,0 0.3242 0.3236 0.19
N, 0.3041 0.3041 0.00
co 0.1310 0.1311 0.08
H, 0.1561 0.1564 0.19

Table 4. Adiabatic flame temperature
results for 10 N thruster

Present Result 3056.1 K
CEA Result 30514 K
Relative Error (%) 0.15
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Fig. 2. Internal flow results of 10 N thruster
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(FAHME : NRF-2013M1A3A3A02042426).

References
1) Jang, Y. H., and Lee, K H., "A
Development Trend Study of Bipropellant

Rocket Engine for Orbit Transfer and Attitude
Control of Satellite," KSPE Journal, Vol. 19,
2015, pp.50~60.

2) Li, Y, and Li, X, “Analyses and
Simulations of Exhaust Plume Effects on
Satellite ~ Appendages,” The  International



B 45 4 2B 4 9k, 2017. 4.

MMH-NTO o] 953 #8719 wW7)7ke A 4 97 309

Conference on Computer Science & Education,
Vol. 5, 2010, pp.184~188.

3) Sutton, G. P, and Biblarz, O., “Rocket
Propulsion Elements,” John Wiley & Sons Inc.,
8th ed, 2010.

4) Lee, K. H,, and Lee, S. N, "Study on
Small Thruster Plume Using Preconditioned
Continuum Scheme and DSMC Method in
Vaccum Area," KSAS jJournal, Vol. 37, No. 9,
2009, pp.906~915.

5) Theroude, C., Scremin, G., and Wartelski,
M., “Astium Approach for Plume Flow and
Impingement of 10 N Bipropellant Thruster,”
Proceedings of the 7th European Symposium on
Aerothermodynamics, 2011, pp.141.

6) Woronowicz, M., “Development of a
Novel Free Molecule Rocket Plume Model,”
AIP conference 2001.

7) Stewart, B. D., and Lumpkin III, F. E., “
Axisymmetric Plume Simulations with NASA’s
DSMC Analysis Code,” 33rd Exhaust Plume and
Signatures (EPSS), 2012.

8) Park, J. H, Kang, S. ], Kim, J. S., Baek,

S. W, and Yu, M. ], “DSMC Analysis of
Satellite Thruster Plume,” KSAS Journal, Vol
29, No. 8, 2001, pp.111~118.

9) Kim, J. G.,, Kwon, O. ], Lee, K. H., Kim,
S. K, and Yu, M. ], “Detailed Analysis of
Thrust Plume and Satellite Base
Interaction,” KSAS Journal, Vol. 36,
2008, pp.1056~1062.

10) Lee, K. H., and Choi, S. W., “Interaction
Effect Analysis of Thruster Plume on LEO
Satellite Surface Using Parallel DSMC Method,”

Region
No. 11,

Computers & Fluids Journal, Vol. 80, 2013,
pp. 333~341.

11) Airbus Defence & Space, “Bipropellant
Thruster,” World Wide Web location

http:/ /csastrium.eads.net/sp/, 2014.

12) Jang, Y. H., and Lee, K. H., "Numerical
Study of Chemical Reaction for Liquid Rocket
Propellant Using Equilibrium Constant,” KSAS
Journal, Vol. 44, No. 4, 2016, pp.333~342.

13) BIRD, G. A., “Molecular Gas Dynamics
and The
Oxford University Press Inc.,

Direct Simulation of Gas Flows,”
1994.



