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Abstract: In order to preliminarily study the working characteristics of the high Machnumber inward turn-
ing inlet under real gas effect, firstly the hypersonic inward turning inletwith rated working state Ma=12 was de-
signed, then it was numerically simulated with different gas models. The results show that the chemical non-equi-
librium gas is similar in flow field structure, performance and aerodynamic heating to thermally perfect gas, and
there is a certain difference from thermochemical non—equilibrium gas. The dissociation reaction occurs in the
boundary layer and the low—speed vortex region, and the degree of dissociation reaction of the thermochemical
non—equilibrium gas is larger than that of the chemical non—equilibrium gas. At the shock reflection region in the
isolator, the static temperature of the chemical reaction gas decreases by about 2000~2500K compared with that
of the perfect gas. The high heat flux region is close to the location of the throat on up—wall and the reflection
point of the shock wave on low—wall. The higher temperature isothermal wall and thermochemical non-equilibri-

um gas can reduce the wall heat flux. Different wall conditions have obvious influence on performance parameters
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of isolator outlet. The effects of real gas effects and wall temperature on the vortex zone of isolator are complex and

need further study.
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Real gas effect; High Mach number inward turning inlet; Numerical simulation; Thermo-

chemical non—equilibrium gas; Wall temperature; Inlet characteristics
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Table 1 Park air dissociation chemical reaction model

Reaction A, B, E, /R,
N,#M <> 2N+M | 7.0x 10 -1.6 9.411448 x 108
0,4M <> 20+M | 2.0x 10 -15 4.94683 x 10

NO+M <> N+O+M | 5.0 x 10" 0.0 6.27707 x 10
NO+0 <> N+0, | 8.4x10° 0.0 1.617073 x 10°
N,+0 <> N+NO | 6.4 x 10! -1.0 3.1292576 x 108
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Fig.3 Comparison of numerical calculation of flow field

with experimental schlieren
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Fig. 10 Flow field distribution at the exit of isolator in
different gas models (Ma=12)
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Table 2 Performance parameters of isolator exit

Parameter  CPG TPG CEG CNEG  TNEG
Ma 4.94 53 5.26 5.29 5.33
plp, 69.42 6545 66.01 65.80 64.72
1/T, 5.5 4.99 5.02 4.95 4.9

o 03281 03219 0315 03173 03189

32 EBEEESHIHSERENRID
3.2.1 Rk b

IS ISR R, CAT R sl ik i S R
T 1) R 4% R O, R T L Y T A T B 2 R 4y
GO U S N i 2O TS B 3 T2 N = R M W N
BN K AT RSN AR LI 3 6 A B T AR M R Y R
Wi, 43 591 % FH T, =1000K , T, =2000K £ 5 B¥ 17 11 AL 5%
PR R 2 58 2 A ) B TR, e R O ik S A
SCPRFE— BT LA [F] SRS A7 BB A

P13 25 A 27 A 1 Al SRS TR A A (] B T 340
TSR X Bk A 9 B SR R (8 R ) L Ty =
1000K i, i 38 T0 A BT 320 50 )2 IR O R, Lk o
BETHT 48 44, Ty, =2000K e /1N , AN ] 3143 5 J2 V6 38 44 52 T i

Adiabatic

T,,=2000K

Fig. 13 Numerical schlieren of different wall conditions at

symmetry plane (thermochemical non-equilibrium gas)

] 14 25 10 1 AN ) BE THT 2% 1 T e 38 48K T 5 Pl 5 B
B R 5 A S o A, AT AL R RE T 2% 1 AN ()
Xof W T A7 B ) I 40 AT R M T L AN L 1 ) B
BEH T B B0 SR T AR X 40 0 oy A . AE R 14(e)
O b 1 45 A7 B BRI 3 X bR S, R S A X
I35t .

PO R R R o | E T NI L S B o T R OR v T
Bl TR A BE T 4 R S /N B B RE T IR B Y 3 AR
Ko Ty=1000K BF K JE B8 0t X 1,4, 5, 11 B TH 48 $4
H1 Ty =2000K I} 355 A5 I8 1 o 48 F0ORE THT 1) 2K I 1l i
X3, F P04 IR RE T A IR U X3 B TR B 7 SR ]
Tw=2000K F) i 7 X 3 Lt Ty =1000K K H. 07 & i |- 5 %

e 2 SR AL AR SUAA , T, =1000K B T BE i
BB R X L B ik = A SRR F, R
A TS0 A 38 T B — B Y 4 AR I A3 A 4R 6
B 5 B B B Wl 5 T A 22 6 &, Ty, =1000K i
SR P W S S R TR S U A N TR AN TR SR A
e T 4y R B R b AN (R BE T A% 1R A E 4
AR BB F U 3 B s e 5 Ak 2E R T A SR SR AR
— %,

115 FIEL 16 25 1 B A8 BE T A B 2% B 4
A1, fe PR DX B BEAR A A TR S B L RE TR T
7855 T BE TR S S a5 7 BRI o TR R PR
— R 9 S e 4 I R A DA R I % 2 o o )
2% 1 b R TR ST I R A T v, DA T AR R B 2
ThEr o SRR SR 1T BRARH it ol A T I U R AR A R
LU v [ W T A N 2



1480 e

(¢) T,=2000K

Fig. 14 Static temperature and streamline distribution of throat section (left) and outlet section (right) of different wall

conditions

B LU b U O e R B B B A R T
DX &R F AN T RE T 455 AR A BT RE T B R I
Tt DX T B LA B AR 3 A M R A5 PG %% B 43 A
Wil = A B

Ty=1000K F , $4 Ak, 2 35 - i 4K 14 35 08 BE 1]
P B B L R AR A2 AR AR B
WA B IR BE A AT DL R AR T . Ty =2000K K,
Ak 2 ST i AR 0 BRI B AT B G, BRI
F14) B TET AR D B R L A A ST A R e BE TR X
PP B o A B K, Ty, =1000K A BE 17 4437 2
e T, =2000K H 1R £ .
3.2.2 SRR BT

17 45 7 AS [ BE T Uik B T 45 MRS 78 7 % AR
T 7 TOUR PR 2 14 Z: 85055 A, 1] 17 (b)) S B4 % B 43
A, Bk Ty=1000K B $ Ak 27 45 57 i A S0 e 45 B &
Az G AR Ab  FE BE AR T 45 SR 22 58N iEA
PN 46 BE e 22 ) 328 AR

R 4R BLIM &, 6 T AR AR Y RE T I
R, AR RV TOURR 43 A7 R IK L Ty, =1000K 11 #1725
JBE 53 A Fb T, =2000K 1) 75 29 0.2MW/m?, 4k 2% JF - i
N 2 o TR 2t o W N 2 1 R 2 e o
AP R SR AR KR ZEN . mTRHE
W N R 4 B T AR i B2 HE K R AR, BR Ty=
1000K B 4 Ak 27 S i 01 0 #4025 B2 78 T8 10 Ar

O/MW/m?) 0 1.615385 3.230769

e
e

TPG

(a) Thermally perfect gas

I
[(MW/m?) 0 1.615385 3.230769
—

e

(b) Chemical non-equilibrium gas

N
/(MW/m?) 0 1.615385 3.230769

TNEG

(¢) Thermochemical non-equilibrium gas
Fig. 15 T7,=1000K inlet wall heat flux distribution
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Fig. 16 T,=2000K inlet wall heat flux distribution
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Fig. 17 Parameter distribution of flow field on the top of

symmetry plane under different wall conditions
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Table 3 Performance parameters of isolator exit in

different wall conditions

Item Ma plp, TIT, o

Adiabatic 5.3 65.45 4.99 0.3219

" 1000K 4.98 68.87 5.16 0.2461
2000K 5.27 64.71 4.84 0.3027

Adiabatic 5.29 65.80 4.95 0.3173

CNEG 1000K 4.98 68.78 5.15 0.2464
2000K 5.28 64.39 4.81 0.3036

Adiabatic 5.33 64.72 4.9 0.3189

TNEG 1000K 4.99 68.24 5.16 0.2514
2000K 5.29 64 4.82 0.3053
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Fig. 18 Mach number distribution of each gas in front of

the lip under different wall conditions
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