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Abstract:

To realize the mechanism and characteristic of the flow within Microwave Plasma Thruster( MPT) nozzle, numerical

simulation and analysis were achieved by developing both frozen and norr equilibrium flow models for it. The factors of decomposition,

ionization and composition, which affect the flow, were taken into account in norr equilibrium flow model. Fowr- ingredient and four-step

finiterate chemical reaction model was adopted in the chemical kinetics model. Norroscillatory and Norr free- parameters Dissipative

finite difference scheme with two order accuracy was used to solve Navier Stokes equations numerically. The results of numerical sim-

ulation display the flow distribution, decomposition and ionization within the nozzle, and predict the thrust and specific impulse of the

thruster. Analyses of the resulis demonstrate that the numerical method is effective, the results are reasonable, and the conclusions are

helpful to work concerned.
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Fig.1 Geometry of nozzle
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Fig.3 Mach number contours for frozen flow
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Fig. 5 Mach number contours for nom equilibrium flow
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Fig. 6 Mass fraction distribution of N,
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Fig. 7 Mass fraction distribution of N
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Fig. 8 Mass fraction distribution of N
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Fig. 9 Mass fraction distribution of ¢
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Fig. 10  Electron number density distribution
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Fig. 11 Electron pressure distribution

(4) T B0E 1 i A 5 BT 2 18] 19 25 ik,
B T BT B S A S SRR DL S A — e E (W
2 MK 4), HESH B2 5L
fAAE— 2277, (H B AR A SO AL FURL & 2, fERS
HEA MPT W& i) I % «

5 & it

(1) AR SCR R 25 AN 1B 0 R 2 MPT
W% ) ek A AT B0 E BB 4D, o3 #r, BE R HE )

AT N BV EE A, IR T A AN L s

(2) FEASC iR BEVE Bl A, ARSI MPT
I R T 2 A RS 9 T B SR LA B e
R EZA AP AR, RS S AETHE
ZEMAK, B s HE AR 4, OF HEBAN s
e AR 55 AU

(3) ASCR AT R IR R4 R & =i M
T, AR RHE I LR R S5 .

S35 3k

[ 1] Chiravalle V P, Miles R B, Choueiri £ Y. Numerical simulation
of microwave sustained supersonic plasmas for application to
space propulsion] R]. AI44 01-0962.

[2] Chiravalle V P, Miles R B, Choueiri E Y. Norr equilibrium nu-
merical study of a two stage microwave electrothermal thruster
[ C]. IEPC 01-194.

[3] Venkateswaran S, Merkle C L. Numerical investigation of bluff
body stabilized microwave plasmas[ J]. Journal  Propulsion
and Power, 1995, 11(2) .

[ 4] Balaam Philip, Micci Michael M. Investigation of stabilized res
onant cavity microwave plasma for propulsion| J]. Journal
Propulsion and Power, 1995, 11(5) .

[5] Gupta Roop N, Yos Jerrold M, Thompson Richard A. A review
ol reaction rates and themodynamic and transport properties for
the 11-species air model for chemical and thermal nonequilibri-
um calculations to 30000K[ R]. NASA Technical Memorandum
101528, 1989.

[6] FRACHE, REHE, £, BV ROSORE  37 1 Ul
AR D). HE#E R, 1998, 19(5). ( ZHANG Hua zhao, LI
ANG Guor zhu, WANG Huf yu. Numerical simulation of reacting
viscous flow in nozzle[ J]. Journal o Propulsion Technology,
1998, 19(5) .)

(AT 570 - I 7 R ) O [ T 2 1 B =
1999,

[8] iy, A SN ms o 4k ) 4% BOE B 5 LR B AL D). b
5 B AL AR K5, 2001,

(44 £EA3F)



