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Numerical simulation of characteristic of hypersonic ablation flow

field containing alkali-metal impurities
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Abstract: As for the\ ablation of “hypersonic-vehicles, the parabolized Navier-Stokes
(PNS) equations'of chemical non-equilibrium were calculated numerically based on a kind of
Newton-type iteration method, The chemical model of 18 species 33 reactions containing al-
kali-metal impuritie§ was, established on the basis of a carbon-phenolic ablative material.
Firstly, the wall-tempefature of small blunt cone was computed and the numerical results
were validated\ by-comparing with those in a reference. Then, the hypersonic ablation flow
field containing alkali-metal impurities were simulated and the effects of ablation reactions on
the flow parameters were deeply analyzed. The results show that compared with non-abla-
tion condition, the temperature of flow field increases by 10% to 15% in ablation reactions.
And the electron number densities increase by 1 to 2 orders of magnitude after taking alkali-

metal Na into consideration.
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Table 1 Chemical recations of ablation flow field

P FREN b

1 0, +M=0+0+M, | 18

AN

CO+C,=0+C;

2 0, +0=0+0+0 19 C+M;=C+C+M;
3 0;+0;=0+0+0; | 20 Ci+M;=C,+C+Ms
4 Oy +N=O+0+N; | 21 CH+GC=C:+C
5 Ny+M,=N+N+M, | 22 O0+CO=0,+C
6 N, +N=N-+N+N 23 N+CO=NO+C

7 Ny +N;=N+N+N; | 24 CN+M;=N+C+M;
8 NO+M;==N+O+M;| 25 N; +C=N-+CN
9 O+N,;=N+NO 26 N+CO=0+CN

10 O-+NO=N+0, 27 N-+CO,=0,+CN

11 O-+FN=NO" +e 28 Np+CO<*NO+CN
12 CO, =M=COF+0O+M| 29 €CO+CO=CO,+C
137 CO; +0=CO+ 0, 30 O+CN=NO+C

14 CO+M;=0+C+M; | 31 Hy+My=H+H+M;

15 COENO=CO, +N 32" C;H+H=C,+H;

16 CO+CO=0, #C, 33 Na+M; =

17 CO+E=0+C, Na™ +M; +e

RE - 17 6 45 By 42 5 00 57 A DXl AR
TETH A e i i A b O R AL B, R B B IR
Ui 22 18] 4% b B 2 e e 5| R 80 B ok b £ J
O 2Zms R T LR T 0 R R B ) 45 ) o
VR R 5 1R A Jo A 48 2 220 W% O 0 P S ) 4 A
PR 0 e fod BE THT 1 5T &5 - fiiF AR 1 OF 45 5
T2

d w; .
oD; ’ +m; = (pv)yw;
In |
i=1,,N, (2)

Jd'T & %)
I d w; .
)\ﬂ W—f—ZiHlPDian W—Q—mHs =

(pv)y Hy +edT! + ¢ (€D

KA o WEE, D NI« MY BRE, w A4
g3 i BB g R BERIINE R 10 284K s
Y173 @ WY BRI A o Dy ERE L N O 42 HOhE A
IR H, W @ BYRS  mAR R B B R
i H O JEUR 8REY 2E RS, HL, R BE TR, e
RS R B o TR SRS AE B WA ¢
HRLEE , AR w RN BE T

J5 R (2) O B P 7 i ZE S R R S 1 Bl



1964 T

oM AR W T SR RO G A i ik
ZNER R S it SR Y BT L 5 B R I B ik
S ARH OG5 PRI o, XF -5 ol 7 ) S TEARL L X TR
b 3 R T AR Y A AL AL 0 Ol B

T3 B (3) O R V-5 75 B 70 3 TSR R U BE
T Y AR A 35 UL & T ORI R s 37 AR Y
o s A T R s U R T Y B 0 A R TR
ot 3R TR S R0 R R A 2

R THT S8 A Jo I

m= (pv), = 2 m;

TE T Ja 8 AL 27 P A R 5T L 3t T DL 3 e
BT A1 EL w R RN BE T 5T AT X7 R (2)
A A SR A B B ITR k1Y BT 7 7

J

4

+ mw,, = mwy
w

k:l’...’Nel (5)
Ut HALSY P R A TG I TR A
SR BRI A TE 2 0 TR AN R
5 kAN TE I R AR, N 25 0 O
1 B T R R 58 T 1 b 90 S S PR R
R 94 FE 2

wu=0"9="=2 62
©
By )
(T]w

b Jo V-l M BE YA O B AT B AU O S
T 77 B WS B AR A

2 HEERSSH

A/ ING A Ay Yo G o vy 2 L AT AR AR 1A
KR 3. 6m R EAAN 1. 6 m. I H AW L
AN LA R H=40km, D5 Ma=
8, F i BL Re= 500 000, i ¥ ik 0 # K p. =
105Pa, #F O # i T, =216 K, Wiz O % N
Pou =95 Pa. THEWIA% R HTHE 4514 PA% L % /)N il 4
A JE] Bl 2 D s Jp 308 o %88 D A 2 346 582 .
FEE o AN R R N R TR AP S = o ]
SCHRLI0JERAE, W&l 1 BoR , 020 B Uk T S 455 78
J7 Wk AT S

M T s LU ), A SO B A R SOk
L10J3H3 45 3R — B0, % pE Al 2 bR ph 75 3] 1 BE T
T AR e bl (2l 23 50 251 T A5 2 A B T IR
1o s K N TE AL 2R R T L 2B T RE T Y
A RN A AR SR AR B COL CO, 55779

Ji % 528 &
24001 —a— JER A M A THE I (A 30)
bo—e— A S A T e Dk (AR )
2000 —e— el (42 30)

—o— JCEA I 2 T el
(JC#R10])

=

S 16003s=5—0ns 4
1200+ —— FHg: o A Tbehl
| (3CHik[10])
—o— AEFEn (3Cik(10])
800
0 0.8 1.6 24 3.2
x/m
&1 BETH IR B 53 A
Fig. 1 Temperature distribution on wall
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