36 % H4 M
2014 4E 8 J

Vol.36 No.4
Aug. 2014

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

doi:10. 11887/j. en. 201404008 http : //journal. nudt. edu. cn

ik - BEMAERAENBANRZHFERWHBETE

kR WL HETR

(BEAHE KT MRAFE TR, #d Ky 410073)

B BB TERR - YRR RGR I Y 5 75 P AR, 20 W bR ik R B X S Pl 2 5
THRCEBE A AR o SR 19 TR BE A I AR R 5 I A P15 Navier-Stokes J7 i 21 58
ok BE AT 30 SR 2, AT R e T U 37K e 5 38 5 o B JC e et A A R - 457 B U 2% 1R 893 8 23 B e ek
HORANA ; E T BEMIAL G — B IEA R ™ My A LSRG 8 5 T %, WF9E T S TR A R B2 . L RAM-C
ERHER ISR RAT A5 0F GEBE 7. 65kmy/s (R 61km H1 71km) Sy AU AT 5T R - B 32 29 B o 24 A = 1)
JE CO|H, | H, By My Anbe b 4 52 1 24 Jas BR300 52 N 5 Bt G55 R 7410 & 1 TR, 28 T 4n o it
e (L MY BIAE 120 5V AN o et P~ 5 T D (LT o 5 A e 23 8 T o 52 Wi e JEE 98 5, B T A i B X2 i)
IR TSk B DX, il g B S B ik i Y L

SR SREAAD < e P R AR AL 5 SCELAEOL s BR e v 2 5 B — R

FE45SHES:V211.3 MRS A NEHHS 1001 —2486(2014)04 - 0041 - 08

Numerical study for the effects of ablation and pyrolysis
on the hypersonic reentry flow

ZHANG Wei, ZENG Ming, XIAO Lingfei, XU Dan
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract ; Through numerically simulating the hypersonic reentry flow with ablation of carbon-phenolic heat-shield, the effects of ablation and
pyrolysis on the thermochemical properties and electron densities of the flowfield were analyzed. 19 chemical species were considered and a two-
temperature model was taken to describe the thermal nonequilibrium. The Navier-Stokes equations of thermochemical nonequilibrium flow coupled
with the ablating boundary condition were solved to obtain the steady-state solution of the flowfiled. The effects of ablation were shown in comparison
with the non-ablating baseline case, which has a non-reacting, non-catalytic wall and equilibrium radiation wall temperature. The method to
determine surface chemical composition of the pyrolysis gas was discussed, and the effects of the pyrolysis ratio were investigated. The simulation
and analysis performed on RAM-C model at flight speed of 7. 65km/s and altitude of 61km or 71km show that, the dominant ablation and pyrolysis
species are CO, H, and H, and both the ablation species and the effects of ablation are limited to the boundary layer. The mass fractions of atoms
and ions decline as a result of ablation and this may result in the decrease of the peak values of electron density when they appear in the boundary
layer. Furthermore, the ablation effects become more pronounced as the pyrolysis ratio rises, and the effects extend further into the flowfield with
increasing distance from the stagnation point or with higher flight altitude.
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Fig. 11  Peak electron number density distribution
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