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Fig.1 Molar fractions of nitrogen ingredients under dissociation and ionization
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Fig.2 Molar fraction curves of nitrogen ingredients
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Fig.3 Thermodynamic properties of nitrogen under dissociation and ionization
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Fig.4 Thermodynamic property curves of nitrogen ingredients at 80 kPa
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Fig.5 Transport property curves of nitrogen ingredients at 80 kPa
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Fig.7 Transport properties of nitrogen under dissociation and ionization
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Fig.8 Transport property curves of nitrogen under dissociation and ionization
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Fig.9 Diffusion coefficient curves of nitrogen ingredients
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Fig.10 Electromagnetic characteristic curves of nitrogen under dissociation and ionization

4 SRERBEHRDZFFFERDRSERYITE

BIFRTERE AR BN T A AR A RER N T MR, X ERT
o B T AR P R P SR B AT £ i, o FRER A TR TR (S . BT HSMAN
AHNERTFHSAARM A B BT FHRRAR 2 HAE. BAR KRS & HRTREN
vib%—mz:‘—/\e Zﬁ 2 ph Vi )
Ko, Ao HERTF PSRRI WD FRREG AW RA SRR ETFHEE SRR,
HAMBTFERAMGT, T, Tafl T FHHTH-HHRE RHRE AT HESBENSFRE,
R E IR R L S, RF 1 TR R YRS, ST A X, AR K 3%
it BTV RAM. B AT THSRRMURFRGRALE MK S R
TEMEE KPR AT LRE S AT HES) F 0RO R I TR 0 i R 6 %35
KT HR. X TFH R TR FHNRDETHO RN F T HA S, LT RTRARA LR TE

. aT
¢'=-(As +2u)75 -2
X



¥4l MBS mERERIYETE 361

A 913 R E B T AR R R A ).
5 &XRIB

XX RERB RN ENNFIR BAEER HEE MR EEHT TR, S8R
SR TEERIE TN, Z£3.0x10°~2.0x 10* K IBEM 0.1 Pa~1MPa ERTEENNBEAS AN
SR RSB B, MR BRI ENSENERE EREE. AXHARNNERT &#
AAZREERXM TR, MEEET AR FEALZERASEMNIEMERNEBUREANERNES
ERMEH, M TERETEIIMHEISETERANSESECTHENSERRDIIMEFTEE
BEX.

&% 30k :

[1] MEGLI T W, KRIER H, BURTON R L. Plasmadynamics model for nonequilibrium processes in N,/H, arcjets[J]. Journal
of Thermophysics and Heat Transfer, 1996, 10(4): 554-562.

[2] MEGLI T W, KRIER H, BURTON R L. Two-temperature plasma modeling of nitrogen/hydrogen arcjets[J]. Journal of
Propulsion and Power, 1996, 12(6): 1062-1069.

[3] SANTOVINCENZO A, DEININGER W D, LORENZO G D. Numerical simulation of a low power arcjet thruster[C] /
IEPC-97-011. Cleveland, Ohio: Electric Rocket Propulsion Society, 1997.

[4] ROBERTSON D, MARTINEZ-SANCHEZ M. Two dimensional numerical simulations of a cesium seeded hydrogen arcjet
[R]// AIAA-98-4036. Cambridge, MA: MIT, 1998.

[5] CARLSON L A, GALLY T A. Effect of electron temperature and impact ionization on martian return AOTV flowfields[J].
Journal of Thermophysics and Heat Transfer, 1991, 5(1): 9-19.

[6] CARLSON L A, GALLY T A. Nonequilibrium chemical and radiation coupling, Part I: theory and models[J]. Journal of
Thermophysics and Heat Transfer, 1992, 6(3): 385-391.

[7] GALLY T A, CARLSON L A, GREEN D. Flowfields coupled excitation and radiation model for nonequilibrium reacting
flows[J]. Journal of Thermophysics and Heat Transfer, 1993, 7(2): 285-293.

[8] GUPTARN, YOS J M, THOMPSON R A. A review of reaction rates and thermodynamic and transport properties for the
11-species air model for chemical and thermal nonequilibrium calculations to 30 000 K[R]// NASA-TM-101528. Washington
DC: NASA, 1989.

Calculations of Thermophysical Properties of High Energy Flow
With Dissociation and Ionization

XIAO Ying-chao, LIU Yu, ZHANG Guo-zhou, ZHANG Zhen-peng
( Astronautics School, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: To achieve exact analysis of non-equilibrium flow within arcjet, numerical calculations of chemical
kinetics, thermodynamic properties, transport properties, and electromagnetic characteristics of high energy
flow with dissociation and ionization were carried out. A finite rate chemical kinetic model was adopted to
compute the components under dissociation and ionization. The curve fits based on partition function approach
and virial coefficient method were used to calculate the thermodynamic properties, and the mixing laws from
the classical Chapman-Enskog procedure were introduced to obtain the transport properties of multicomponent
gas mixtures. The electrical conductivity and electronic mobility were estimated by formulas derived from the
motion equation of electrons and the statistical mechanics. The thermophysical properties of nitrogen under
dissociation and ionization are presented by the calculations in the range of 3.0X 10°t0 2.0 % 10* K and 0.1 Pa
to 1 MPa.
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