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Table 1.  Main types of reactions in high temperature air and control temperature of forward and reverse reactions®?,
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Table 2.  Flow field parameters of high enthalpy ball

head experiment.

28 s {8
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IR /K T 345

G/ (MI kg ) Ho 32
K /(kgm ™) Do 1.77x104

BT IR A Bk JBE A B e S B (R 1R S 3 S R 1
Fig. 1. Comparison between high enthalpy expansion tube

experimental images and calculated results of ball head de-

tached shock wave.
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Fig. 2. Comparison between calculated heat flux under dif-

ferent catalytic wall conditions and experimental results.
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Table 3. Flow conditions for the OREX simulation/.
Bl CATHIR] H/km  poo /(kgm®) Ma Teo /K
C1 7441.5 71.73  6.489x10°  23.89 214.98
C2 7451.5 67.66 1.143x10*  22.22 225.99
C3 7461.5 63.60 1.960x10*  20.09 237.14
C4 7471.5 59.60  3.255x10* 17.55 248.12
Ch 7481.5 55.74  5203x10* 14.71 258.74
C6 7491.5 51.99  8.065x10* 11.80 268.20
c7 7501.5 48.40 1.253x10°3 9.06  270.65
3.2 MIETXRMESH
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Table 4. Computational grid for OREX vehicle.

[k An /(10 6 m) Rean,co
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Case_ M4 25.00 2
Case_M5 7.20 0.6
Case_ M6 3.60 0.3
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75 28 U AR, BT R R A SR AR, KRR R T
iz g B BE A R AL RN MR SE 2 A, AR
RINIE S Z A R R R AT

0.7 0.6 0.40
P —a— Case_M1 —=— Case_M1 —a— Case_M1
0.6 F X ¥ -4 Case_M2 05k $oE $- -4 Case_M2 0.35 F o -4 Case_M2
. AL TR -» - Case M3 P N -» Case M3 R X0 ¥ A —»- Case_M3
& o05F > ~+ Case M4 T os s ~+ Case M4 & 030 RS ~+ Case M4
g Case_M5 g v Case_M5 g AR Case_M5
0.4} 0.25
£ 0. Case_M6 = 2 Case_M6
g \: ‘ g 03f 2 020
E 0.3} ‘k:-ih:::{\: \g \3 \3\,’;;‘
TAL_TEIPR
e 02k ;. S 0.2F “ < 0.15 A “AA;
FCW " PCW 9 0.10 NCW b
0.1F(a) Ma=20.09, H=63.6 km 0-1F(by Ma=20.09, H=63.6 km ¥ (c) Ma=20.09, H=63.6km ¥
1 1 1 1 1 1 1 1 005 1 1 1 1 a
0 0.5 1.0 1.5 0 0.5 1.0 1.5 0 0.5 1.0 1.5
r/L r/L r/L
B3 OR[EIBE R AL S5 TR () 582k (b) T AL (o) AEffL

Fig. 3. Heat flux distribution under different wall catalytic conditions: (a) Full catalysis; (b) partially catalysis: (c¢) non-catalysis.
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. 0.51 ® Flight data
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Fig. 4. Comparison of computed stagnation point heat flux
with OREX experimental results under different wall cata-

lytic models.
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Fig. 5. Variation of stagnation point heat flux along wall
catalytic recombination coefficient under various OREX

conditions.
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Table 5.  Effective recombination coefficient at

stagnation point in accordance with experimental

data under various OREX conditions.

TR H fkm BE R SRS SRR
‘ Quoenp/(MW-m™2)  fRILRH
7/10 3
C1 71.73 0.354 7.7
C2 67.66 0.401 6.3
C3 63.60 0.410 5.5
C4 59.60 0.369 4.2
Ch 55.74 0.275 5.5
C6 51.99 0.179 9.6
c7 48.40 0.093 36.0

Bl6 SN 3% %8 i 3 19 A8 26 01 B S8 v 3aE 23 A1 19 52 1)
(FCW)

Fig. 6. Lorentz force and annular electric current distribu-
tion with an external magnetic field applied (FCW).
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Fig. 7. Vibrational Joule heat energy source term distribu-

tion with an external magnetic field applied (FCW).
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Fig. 8. Temperature contour distribution under fully catalytic wall conditions with an external magnetic field applied.
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Fig. 9. Temperature distribution along stagnation point line under different wall catalytic conditions with an external magnetic field

applied: (a) Translational temperature; (b) vibrational temperature.
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(a) (b)
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Bl 10 RE#E 58 AR T 4705 5 8o 1 = B (FCW)
Fig. 10. Species contour structure under different imposed magnetic field strengths (FCW).
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Fig. 11. Mass fraction of the species along stagnation point line under different imposed magnetic field strengths (FCW).

0.4}

0.3

Mass fraction
=)
o
T

0.1F

Mass fraction

—0.10 —0.08 —0.06 —0.04 —0.02 0
/L

12 IR RS0 BE AR F R 3 M 2 2 o0 it 0 B Al (PCW, v = 7.7x10°3)
Fig. 12. Mass fraction of the species along stagnation point line under different imposed magnetic field strengths (PCW, v = 7.7x10°%).
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Fig. 13. MHD flow field pressure profiles under different
wall catalytic conditions.
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Fig. 14. Variation of heat flux at stagnation point along magnetic field strength under different wall catalysis conditions: (a) Total

heat flux; (b) conductive heat flux; (c) diffusion heat flux.

024701-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 024701

2) £1%F OREX R [MAESME, b T Kl
I 22 5 0 A ) AT 2R Bl R R A 5 i R
. ARPUE SR IE AT, R R
B ARG N B AR B I A, BT R A
%, FEATRAT ARG AT S B IS R AR

3) FEARATE R MHD 1 IR 5 BE
T HEAL N B UIAR DG, LGV 17 RE T AR B/ MK
YOt el A R | AR BRI Z0E i
PEPE IR ROR, 0% JERE TR R A FRAE AL s
P, S55 RHA IR 22 1 XN S IR Ay
P HOR IR AL, JLRIBEA] AT A% S PRI R
T

S7% 30k

[1] Luo S C, Zhang Z G, Liu J, Gong H M, Hu S C, Wu L Y,
Chang Y, Zhuang Y, Li X, Huang C Y 2023 Chin. J. Theor.
Appl. Mech. 55 2439 (in Chinese) [F 8, 5k &R, MIZE, Z8L0
W, WP, R, R, ET, A%, B 2023 T4
55 2439]

[2] Cui Z L, Zhao J, Yao J 2022 Chin. J Aeronaut. 35 56

[3] Bonelli F, Pascazio G, Colonna G 2021 Phys. Rev. Fluids 6
033201

[4] Davide N, Francesco B, Gianpiero C 2022 Acta Astronaut.
201 247

[5] YuM H, Qiu Z Y, Takahashi Y 2023 Phys. Fluids 35 056106

[6] Zhou K, Peng J, Ou D B 2020 Sci. Sin. Technol. 50 1095 (in
Chinese) [JH L, R, B 2020 H EE 2 H AR 50
1095]

[7] Ding M S, Dong W Z, Gao T S, Jiang T, Liu Q Z 2018 Acta
Aeronaut. Astronaut. Sin. 39 121588 (in Chinese) [T HI#S, &
Y, EERAE, YTV, RIRSE 2018 fizs 24T 39 121588

[8] Miao W B, Cheng X L, Ai B C 2011 Acta Aerodyn. Sin. 29
476 (in Chinese) [Hi3CH, BEBEMN, SUFPAL 2011 25 sh Ji2¢
i 29 476]

[9] Miao W B, Cheng X L, Ai B C, Sheng Q 2013 J. Astronaut.
34 422 (in Chinese) [Hj3CIH, FRIBER, AL, LI 2013 S
24 34 442)

[10] Mo F, Wang T Z, Gao Z X 2021 Phys. Gases 6 1 (in Chinese)
B, EBE, SR 2021 SAAYH 6 1]

(11] Liang H, Jing H, Meng S H 2021 J. Astronaut. 42 409 (in
Chinese) [, &40, WANEY, Ham, & IREF, ViR 2021 501
24412 42 409)

(12]

(13]
(14]

(15]

[16]
(17]

[26]

27]

(28]
(29]
30]
(31]

(32]

(33]
(34]

024701-10

Luo K, Wang Q, Li J Y, Li J P, Zhao W 2024 Chin. J.
Theor. Appl. Mech. 53 1515 (in Chinese) [F'8l, TEER, =i F,
2R, B 2021 J12E243) 53 1515]

Peng S, Jin K, Zheng X 2022 ATAA J. 60 6536

Chen G, Zhang J B, Li C X 2008 Chin. J. Theor. Appl. Mech.
40 752 (in Chinese) [N, SKZNH1, 2267 2008 J1242¢:3)7 40
752]

Ding M S, Jiang T, Liu Q Z, Dong W Z, Gao T S, Fuyang O
X 2019 Acta Aeronaut. Astronaut. Sin. 40 123009 (in
Chinese) [T HAMS, YLV, XIRSS, B4t makal, (i B
2019 %4 40 123009]

Heather A M, Nikos N 2021 Phys. Fluids 34 107114

Teng Z A, Zhou Z F, Zhang Z C, Xu K, Gao Z X 2024
Aerodynamic Research & Experiment 2 86 (in Chinese) [+
B, JH AR, SRR, VIBT, SR 2024 SEWFSE S 2 86)
Gupta R N, Yos J M, Thompson R, Lee K P 1990 NASA RP-
1232

Shang J J S, Yan H 2020 Adv. Aerodyn. 2 19

Candler G V 2019 Annu. Rev. Fluid Mech. 51 379

Zhang W, Zhang Z, Wang X 2022 Adv. Aerodyn. 4 38

Jiang H, Che X K, Zhang T T, Gong Z Y, Chai Z X, Liu J
2023 Aerosp. Technol. 3 45 (in Chinese) [#ifi, 4-2#F}, kK
K, ZBISIH, SR, MIZE 2023 25 KA 3 40]

Park C, Griffith W 1991 Phys. Today 44 98

Gnoffo P A, Gupta R N, Shinn J L 1989 NASA /TP-2867

Li P, Cheng J Q, Ding M S, Mei J, He X Y, Dong W Z 2021
Acta Aeronaut. Astronaut. Sin. 42 726400 (in Chinese) [Z%/f,
WRUR S, T IR, MEAS, M7 s, #E4E b 2021 s 4k 42
726400]

MacLean M, Marineau E, Parker R, Dufrene A, Holden M,
DesJardin P 2013 J. Spacecraft Rockets 50 470

Mo F, Gao Z X, Jiang C W, Li C X 2021 Sci. Sin. Phys.
Mech. Astron. 51 104703 (in Chinese) [% L, MR, #523C,
2 2021 HERR: PIBE 12 RICE 51104703

Luo S C, Wu L Y, Chang Y 2023 Aerosp. Sci. Technol. 132
108041

Li K 2017 Ph. D. Dissertation (Changsha: National
University of Defense Technology) (in Chinese) [2F 2017 f#
TEAR I (K EBRHCR )]

Doihara R, Nishida M 2002 Shock Waves 11 331

Luo S C, Wu L' Y, Chang Y 2022 Acta Phys. Sin. 71 214702
(in Chinese) [BHLHE, R EAR, HHT 2022 Y2l 71 214702)
Luo S C,Hu S C, Liu J, Wu L Y, Kong X P, Chang Y, Lii M
L 2024 Sci. Sin. Phys. Mech. Astron. 54 274711 (in Chinese)
(P, §1<rE, W4, R, LN, W, BB 2024 |
Rl P )2 R 54 274711)

Fujino T, Shimosawa Y 2016 J. Spacecraft Rockets 53 1
Zhang Z C, Gao Z X, Jiang C W. Li C X 2015 J. Beijing
Univ. Aeronaut. Astronaut. 41 594 (in Chinese) [k #, MR
B, AT, ZHEE 2015 L RUIAS IR R aEdR] 41 594]


https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1016/j.cja.2021.11.025
https://doi.org/10.1103/PhysRevFluids.6.033201
https://doi.org/10.1103/PhysRevFluids.6.033201
https://doi.org/10.1103/PhysRevFluids.6.033201
https://doi.org/10.1103/PhysRevFluids.6.033201
https://doi.org/10.1103/PhysRevFluids.6.033201
https://doi.org/10.1103/PhysRevFluids.6.033201
https://doi.org/10.1016/j.actaastro.2022.09.017
https://doi.org/10.1016/j.actaastro.2022.09.017
https://doi.org/10.1016/j.actaastro.2022.09.017
https://doi.org/10.1016/j.actaastro.2022.09.017
https://doi.org/10.1016/j.actaastro.2022.09.017
https://doi.org/10.1016/j.actaastro.2022.09.017
https://doi.org/10.1063/5.0149660
https://doi.org/10.1063/5.0149660
https://doi.org/10.1063/5.0149660
https://doi.org/10.1063/5.0149660
https://doi.org/10.1063/5.0149660
https://doi.org/10.1063/5.0149660
https://doi.org/10.1063/5.0149660
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.1360/SST-2019-0396
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3969/j.issn.0258-1825.2011.04.013
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.3873/j.issn.1000-1328.2021.04.002
https://doi.org/10.2514/1.J061968
https://doi.org/10.2514/1.J061968
https://doi.org/10.2514/1.J061968
https://doi.org/10.2514/1.J061968
https://doi.org/10.2514/1.J061968
https://doi.org/10.2514/1.J061968
https://doi.org/10.2514/1.J061968
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1186/s42774-020-00041-y
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1146/annurev-fluid-010518-040258
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.1186/s42774-022-00125-x
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.7527/S1000-6893.2021.25718
https://doi.org/10.2514/1.A32327
https://doi.org/10.2514/1.A32327
https://doi.org/10.2514/1.A32327
https://doi.org/10.2514/1.A32327
https://doi.org/10.2514/1.A32327
https://doi.org/10.2514/1.A32327
https://doi.org/10.2514/1.A32327
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1360/SSPMA-2021-0110
https://doi.org/10.1016/j.ast.2022.108041
https://doi.org/10.1016/j.ast.2022.108041
https://doi.org/10.1016/j.ast.2022.108041
https://doi.org/10.1016/j.ast.2022.108041
https://doi.org/10.1016/j.ast.2022.108041
https://doi.org/10.1016/j.ast.2022.108041
https://doi.org/10.1007/s001930200119
https://doi.org/10.1007/s001930200119
https://doi.org/10.1007/s001930200119
https://doi.org/10.1007/s001930200119
https://doi.org/10.1007/s001930200119
https://doi.org/10.1007/s001930200119
https://doi.org/10.1007/s001930200119
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.1360/SSPMA-2023-0356
https://doi.org/10.2514/1.A33545
https://doi.org/10.2514/1.A33545
https://doi.org/10.2514/1.A33545
https://doi.org/10.2514/1.A33545
https://doi.org/10.2514/1.A33545
https://doi.org/10.2514/1.A33545
https://doi.org/10.2514/1.A33545
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 024701

Analysis of wall catalytic effects on magnetohydrodynamic
control of high-temperature non-quilibrium flow field”

LUO Shichao?? WU Liyin??  HU Shouchao? GONG Hongming ?
LYU MingleiV?  KONG Xiaoping D21
1) (Hypervelocity Aerodymamics Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)
2) (National Key Laboratory of Aerospace Physics in Fluids, Mianyang 621000, China)

( Received 18 September 2024; revised manuscript received 25 November 2024 )

Abstract

In the re-entry process of the vehicle into the atmosphere, the high-temperature environment, induced by
the compression of the strong shock wave and viscous retardation, is created around the head of a vehicle.
These generate a conductive plasma flow field, which provides a direct working environment for the application
of magnetohydrodynaimic (MHD) control technology. Numerical simulations based on thermochemical non-
equilibrium MHD model are adopted to analyze the surface heat flux of an orbital reentry experiment (OREX)
vehicle. The influences of wall catalytic conditions on the aerothermal environment under different flight
conditions are discussed. In addition, the control mechanism of an external magnetic field on high-temperature
thermochemical non-equilibrium flow field is analyzed. The results show that the distribution of surface heat
flux monotonically increases with the catalytic recombination coefficient increasing, and the surface heat flux
rises and then drops with the flight altitude decreasing. Moreover, the wall catalytic properties significantly
affect the efficiency of MHD control technology, and the total heat flux is closely related to the accumulation of
atomic components, diffusion gradient and temperature gradient near the wall region. With an external
magnetic field applied, the accumulation of oxygen atoms and nitrogen atoms near the wall can be reduced.
Moreover, the Lorentz force can increase the shock standoff distance, and then reduce the component diffusion
gradient and wall temperature gradient. Under three different wall catalytic conditions, the ability to control
the surface heat flux MHD is ranked from strong to weak as fully catalyzed, partially catalyzed and non-
catalyzed.

Keywords: thermochemical non-equilibrium, magnetohydrodynamic, catalytic effect, numerical simulation
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