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Abstract: A simulation study of a rectangular hypersonic inlet in different gas model has been proposed to
enrich the understanding of the real-gas effect on the inlet flow pattern while the high speed scramjet flies at the
Mach 10. The results show that the air dissociation reaction can only be found in the boundary layer while the main-
stream temperature is not high enough to trigger the chemical reaction. Because the low reaction degree in the
boundary layer is far from the chemical equilibrium state, the flow pattern and characteristics of the inlet with chem-
ical non—equilibrium gas model are basically identical with the results of the thermally perfect gas model which rep-
resents the frozen flow, except the temperature and heat load in the boundary layer. Besides, the endothermic reac-
tion in the boundary layer makes the inlet restarting Mach number decrease from 9.8 to 9.4 by inhibiting the en-
trance separation bubble and increasing the entrance Mach number. Furthermore, a study of real gas effect on the
inlet wide speed range characteristics, such as the leading—edge bluntness flow pattern, is carried out. And it is
found that the real-gas effect has no significant effect on the pressure distribution and inlet characteristics with the

leading—edge bluntness. However, the bluntness can decrease the heat load distribution of the inlet, while the heat
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load around the leading edge and in the inlet duct decreases by IMW/m” and 0.1MW/m®, respectively.

Key words: Real-gas effect; High Mach number inlet; Chemical non—equilibrium gas model; Thermal-

ly perfect gas model; Leading—edge bluntness; Restart capability
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Fig. 1 Rectangular hypersonic inlet model (mm)

Fig. 2 Grid topology of the inlet

22 HEFZE

A S XA [a] R AR AR B T R 3 B X L, A U
T IS L B AR AR R | B S AR R DL R A
7 A TR P BT T BRAE CRD++ 34T 05 BT, SR 4k
Iiti 71t Navier—Stokes J7 2 3K fif #% , i i B AU 3k H h- o
SST A HY | i 45 U Jfe B k—e 1R F k- 1381 P 25 1940
BT R b A E YR 43 B RN R R B U B
FLAT B ) WO BB 3 2 B B B K e )R AT
LI RV N i A VAR < o TP - A 5
AT 1A by 248 FARE THT

K FH Park 28 M4 41 43 i I A5E A8 A8 40 25 SO 4y
AL 2E N, AR S B 2R 1R o Iz R AL
TR TSR AN 2% S8 B R 1Y A RO i g
T4 (N2, 02, N, 0 FINO) o Horfr Rjif =4~ S I
Kot = ARBE N P S5 2 2 s .

i — 25 % Ak 22 IO I S, AR SO T R T 4R
SV SRR Y A B, I A S R P R AT
XFEE o P L BEE R TN B R AR - A
i, Ak 2 B R 8K R G R G S AL 2 T Al



1044 it

20194F

Table 1  Air dissociation reaction model

n=1

No. Reaction Frequency factor/(s™ (m*/kmol)"™") Temperature exponent Activation energy/(J/kmol)
1 N,+M <—> 2N+M 7.0x10" -1.6 9.411448%10°
2 0,+M <——> 20+M 2.0x10" -1.5 4.94683x10°
3 NO+M <——> N+0+M 5.0x10" 0.0 6.27707x10°
4 NO+0O <——> N+0, 8.4x10° 0.0 1.617073x%10*
5 N,+O <—> N+NO 6.4x10" -1.0 3.192576x10*

PLIK BB AL 2 P AR S R H . it b,
A T A W B A4S T R Ak 25 1T B 4 DR S
W ST

Table 2 The third-body efficiency
Reaction N 0, NO 0 N,
1 4.29 1.0 1.0 4.29 1.0
2 5.00 1.0 1.0 5.00 1.0
3 22.0 1.0 22.0 22.0 1.0
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Table 3 Test freestream condition

Property Value Specie Mole number
Ma, 8.78 N, 0.73555
p./Pa 687 0, 0.1340
T./K 694 NO 0.05090

u,/(m/s) 4776 N 1.0x107°

p./(g/m?) 3.26 0 0.07955
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Fig. 3 Experimental and numerical schlieren images of the

cylinder model
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Fig. 4 Experimental and numerical surface pressure

distributions of the cylinder model

Table 4 Freestream condition for simulation

H/km Ma, T/K po/Pa

Property

Value 34 10.0

H T 5 AT DL D foft AP A BT S T Y 3L 3 25 A
FERARRL, S CE R IE R RS R IEW EAL . Wil
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HoATHE T BN R T — A B B AU RS
(ISR 2 N o =R 1B AR T 0 o S o [ A G B = |
[F] B 70 e 26 0 B A B R RS EL R IR IRV L Y
I

233.7 663.4




5540 & 45 510

B ASEON X Ma 10 Sk 38 i 3h (5 1 1045

00 25 50 75100

Ma

(a) Mal0-CPG

Il I .
Ma 00 25 50 75100
/

(b) Mal0-TPG
m o on -
Ma 00 25 50 7.5 10.0 PR

(¢) Mal0-CNEG

Ma 00 25 50 7.5V

R

(d) Mal0-CEG
Fig. 5 Inlet flow patterns at Mach 10 in different gas
models
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Fig. 7 Flow field parameter distributions along the height
direction of the entrance section at Mach 10 in different gas
models
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Table 5 Inlet performance at Mach 10 in different gas

models
Gas model P ratio T o Ma, o
CPG 60.79 4.91 4.22 0.3614
TPG 54.56 4.40 4.57 0.3825
CNEG 54.51 4.40 4.57 0.3826
CEG 54.32 4.37 4.57 0.3788
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Fig. 10 Inlet flow pattern with the ramp leading edge
bluntness ratio R=3mm and the cowl leading edge bluntness
ratio R=2mm in different gas models
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Fig. 11 Surface flow field parameter of the rampside with

the ramp and cowl leading edges bluntness at Mach 10 in
different gas models
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Fig. 12 Surface heat flow distributions of the rampside
with the ramp and cowl leading edges bluntness at Mach 10
with different first layer grid heighs
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Table 6 Inlet performance with leading edge bluntness in different gas models
Research object Ma, Pt T o n
None bluntness—CNEG 4.573 54.104 4.404 0.3828 1.0
None bluntness—=TPG 4.571 54.155 4.409 0.3827 1.0
Ramp and cowl blunted~CNEG 4.377 59.016 4.714 0.3679 0.97
Ramp and cowl blunted-TPG 4.373 59.101 4.726 0.3671 0.97
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Fig. 13 Surface heat flow distributions of the rampside
with the ramp and cowl leading edges bluntness at Mach 10
in different gas models of different wall temperatures
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