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Abstract: In order to solve the nonphysical phenomenon when the unstructured finite volume solver based
on cell-vertex scheme is employed for fully catalytic surface, the ‘relaxation’ method for implicit matrix on
boundary is developed. Thus, the unstructured finite volume solver based on cell-vertex scheme can be used to
predict aero—heating for hypersonic nonequilibrium. The strong implicit scheme with ‘relaxation’ considering ful-
ly catalytic surface under isothermal and radiative equilibrium wall is developed and the implicit matrix for the
control volume on boundary is given. This scheme based on unstructured grid is implemented for the simulation of
hypersonic chemical nonequilibrium flows around a cylinder and a sphere. Numerical results are obtained and
compared with that of structured grid solver. It indicates that the ‘relaxation’ scheme for strong boundary condi-
tion can simulate fully catalytic surface accurately. Furthermore, the simulation for different mass fraction compo-
sitions of freestream is performed and the mass fraction and heat flux on the wall are analyzed. The results show
that the residual order of mass conservation equation for the ‘relaxation’ species can reach 10 and the mass frac-
tion on the wall is the same to that of freestream even if the mass fraction of two species both equal to 50%. It

shows that the developed method is still effective when the maximum mass fraction species does not dominate.
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Table 1 Mass fraction of species for freestream

Species name Mass fraction

N 6.217x107
0 7.758x10”
N, 0.766
0, 0.233
NO 4.981x107

e FH AR ST 4 A it o s 5 % A 1 O 1 R AT
SRR RS DL IR S i s o A ZE Ui BT 02, JE 45
JI SR FH 68 0 A% 5 45 g T At 1) DXl AL A2 T s 26 AN
[, A 45 Ae) O A% A X BR 5 o) AT — 2 ROA% AR 5 4 )
A B Sy DU AR, Y S A B R e e — Y . S5
FE 454 6 R AT I B R B WA 6 B
No B4, “Unstructured, 1-T” F 7~ Y 2 AF 25 #9172
J¥ UNFLOW R AR i CHL IR 50 9 25 2R I IET
ATLLE L BR T AE o= 0 4b i R0 0 (B AT B8N 22 311 A
Ho Al 2% b i PR 1 15 25 40 A% T B 2 R 2 A Y A
o AR SCRE 58 4 A Ak 0 5 55 0 2R AT 9 R I, R T AY
T3 JE S H R U Y b B B R 4 1 O e
A3 Mt " b B, X T SUR Y 25 3L, BE T AL 1 2H O3
[ o3 BOR R 5 A ok R — B3 IR T4
BRI N, 7 25 3 7 BE T B N, /Y BT 43 % LA &2 N,
JITAE 20 53 97 HEO7 T2 1 ke 22 0 BETET A9 20 A o AT LAVE A&
Hu 7, BE TRAR N, B Jo g3 K00 R R 2 ) R L N,

‘M\ 2
ERRNR
ERURALVIMRCRLAARAN

by,
y L
S
VAP TA IS s e tes

Structured grid for cylinder (symmetry plane)

45

40
35
30

25
20

Heat flux/(W/cm?)

Structured, 1-T
v Structured, 2-T
®  Unstructured, 1-T

-1.0 -0.5 0.0 0.5 1.0
x/m

Fig. 4 Heat flux results for isothermal wall

JITAE 20 50 7 B R B R 22 AR S BB AL 2 23 IR A i
il 0, H A5G, Bk 22 Wik ® 1 107 &
P, UM Tz RIS T

(a) Mesh on symmetry plane

RO AR AR AR

(b) Mesh on the wall
Fig.5 Unstructured grid for cylinder

/

/
| Unstructured Structured
\ grid grid

[ [ I I I D B B |
Temprature/K 500 1500 2500 3500 4500

Fig. 6 Temperature contour for isothermal wall

2.0x107 - 71.0
———— Mass fraction of N, ]

—&— Residual _;

1.5x1077 E
409

1.0x1077
0.766
i

5.0x10%

LI
1

Residual

0

Mass fraction of N,

-5.0x10"%

-1.0x1077

-1.0 -0.5 0.0

Fig. 7 Distribution of mass fraction of N; and residual

along solid wall

42 EEFEEHTEERREE

AT RS T R RA% T AN TR
Z A TE T RE T AN 2 S R RE T, T O SR AT i BE T
A3 A 435 K 0 4 B2 AHEAT F1IE 25 #g R0 4% 2 )
UNFLOW #E473H5 . 4514 B #% 2 ¥ AHEAT 43 51 5%
FH A7 (il ) 5 A P 0L D TH58 . fE & 8 th
AT LAE A8 b, RE TR S AR TR BRI S B0 %
PR RS RIE — 30, B AR T T 3T 2 2 7



398 2l

ARG oA Ak A RE T Y e U 5 vk 257

i, AT AR B gl A7 AR AU R BR B

AE 25 1 A% T SR R 04 2 R AT TR S5 A
WA 15 A 25 A8 A T 545 2 19 IR = RN 9 s
M AT RLUE Y AR 250 R0 A% T 5 A B AR g S
S5 K WOAR BT A B B S5 R W) B ARG o 5 AR RS T 5
o 2 0 BE 10 A AR BE BEAT HE B, IAIET 8 R RT UR
WA AR ARG, U AR SO 4 07 9k T RAAS 2 Ak
AR I P A BE TR A9 58 4 AR BE TR o TR RE
AT LA M RETET b N B R 2 BOR AT N 203 5 R Y 5k
ZE £, W 10 F 7R .

45 = 7 1600
40 E
BE 1 1400
T 30F 1
5k ER
= 25F 15
ERIN: , N 1200 E
= 20F N ] S
= E —— Structured, 1-T, g, - g
2 15 — Structured, 1-T, T, 3 =
10§ A Structured, 2-T, g, 2 1000
$ v Structured, 2-T, T,
518 m Unstructured, 1-T, g,
. > Unstructured, 1-T, T ]
0 P T T SN N TN N T T N TN MY Y S A N TN N | 800
-1.0 -0.5 0.0 0.5 1.0

x/m

Fig. 8 Heat flux results for radiative equilibrium wall

/
| Unstructured

( Structured
\ .
\  grid

\  grid

1
Temprature/K 500 1500 2500 3500 4500

Fig. 9 Temperature contour for radiative equilibrium wall

5 1.0

— Mass fraction of N,
—+&—— Residual

F 309
_1x107 F 3 »
L 3 <

= C ' 408
E E A E =
_-5 -2x107 E T W _; %
g C ] g
#~ L 0.766 307 3
-3x107 - ] 2]
[ 3 s

—4x107 | 306

T o ST R B - 05

-1.0 -0.5 0.0 0.5 1.0

x/m
Fig. 10 Distribution of mass fraction of N, and residual

along solid wall for radiative equilibrium wall

43 FREMH TERLIMITE B

AR GRS R AT AR T M B A ——
Bk AT VR ER N R=1m o Ok Wi B
V.=5km/s , % % N p.=0.00lkg/m’ , & ¥ T,=200K ,
Yoo, a8 ERSY R, e nd
43 (N, N,, 0,0,, NO ) HEAT 15, B 1 3 5 45 0 45 iR
BE T =500K , 56 b BE . H iR 4 A~ 410
JoT R AT RO 3R 1R .

pr = D OW AN IR T g - N e e
Xt R A E 5% 4.5° )5 45 BT F 5T H A% . AHEAT B4
FH I 25 K6 POAS A ] 11 77, 32 DA A6 1) D 4% £ 64,
e BT RETH J7 1) (9 A% 2R 100, 3 BT Rl AR O )
[ A% 12 15 UNFLOW JIF fift T /) 4% 2 K AHEAT
et T 6 P S0 kg DU TR A, A L 12 TR

Fig. 11 Structured grid for sphere (symmetry plane)

Fig. 12 Unstructured grid for sphere (symmetry plane)
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Fig. 16 Distribution of mass fraction and residual along

solid wall for different cases
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