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Abstract: In order to obtain the influence mechanism and law of the precooler on the internal flow charac-
teristics of the hypersonic inlet, a hypersonic axisymmetric inlet with a stepped precooler is designed in the ex-
pansion section, and a simulation model was established by using a hybrid grid, further, the numerical simula-
tion results of the inlet with precooler and the prototype inlet in the throttling states under the condition of Ma6.0

free flow are obtained. The results show that after the introduction of the precooler, the critical back pressure ca-
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pability of the inlet decreases slightly. And when 1.0<p,/p,<150, the performance parameters of the inlet outlet

decrease significantly. There is always throttling at the upstream of the precooler, and the throttling state at the

upstream is determined by the blockage of the precooler and the back pressure at the outlet. When p,/p,<20, the

upstream flow field structure is completely determined by the blockage of the precooler, and when p,/p,>20, it

is determined by both. When 20<p,/p,<275, the precooler has a negative effect on upstream flow field, and

when 20<p,/p,<200, the introduction of precooler can effectively improve the quality of downstream flow field.

Through the coupling effect of upstream and downstream, the outlet performance parameters tend to be consis-

tent with the prototype inlet when p,/p,>150. When p,/p, 2275, the suction of the low energy flow at the root of

the shock train by the bleeding slot on the side of the lip makes the precooler almost have no influence on the

upstream.

Key words: Hypersonic; Pre—cooler; Axisymmetric inlet; Flow field structure; Numerical simulation
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Fig.1 Model of prototype inlet and the pre-cooler inlet

ZRCRHE oA R = AT AE T 1) TR) BE X 40mm,
55 A~ 14 2R IR A8 T 1) TB) BE 358 26.5mm, 55 15 S50
BEA U HE TS R R A RS 0 1K e D 2 8
bt ARCHE A TE T RN AE M E IR 6 AR
SEE BT 4 SRUCREE L M (A FE 19mm , 5 2 450 <48 Uik
] 6] BE 29mm i< 4% 4% 58 3 O Smm. 38 2 203 R
HERIZR B TV #5 5l A PSR B, 2B AE 8.956H i i,
454 5 SABRE (19 v #8 JE 20250, 2R FH B B bR A
O3 R A AR H P S ST RO AR I B B Ol 16 47 X100
H1|, v Ja] S BBl 16 47 x140 51, fix SM AR B oy 21
Tx64 3 I3t 3712 R A E R . B E R E4E D=
0.9mm , & FHEF Jr Xk SCHEHES , 45 o) 5 S0 U 8
D5 ) A 2 BT R, T S A AR HEAR B = A
T 767 1) 77 1] 45 () BE S,=5D . A SO Fv g8 51 AHT
Jei B R o s S A3 S0 R Sy i R S R Y TS g
KiH

Fig.2 Model of cross arrangement pre-cooler tube
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Fig. 3 Meshing of the inlet
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Fig. 4 Calculation domain and boundary conditions of the inlet
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Table 1 Flight altitude and standard atmospheric

parameters

Ma Altitude/km
6.0 30.22

Static pressure/Pa

1158.34

Static temperature/K

226.727
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Fig. 5 NASA axisymmetric adjustable inlet
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Fig. 7 Meshing and pressure drop of the precooler
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Fig. 8 Comparison of the performance between the two inlets
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Fig. 9 Mach number and total pressure recovery coefficient contour of the prototype inlet

g00 02 04 06 08 10

(a) p/p,~1.0

B N

1.1 21 31 41

___ IR N,

Ma 0.1 1.1 21 3.1

g00 02 04 06 08 1.0

(b) p/p,;=20

Ma 0.1 1.1 21 31 41 51 6.1

g 00 02 04

06 08 1.0
(¢) p/p,=150

g00 02 04 06 08 1.0

(d) p/p,;=315

Fig. 10 Mach number and total pressure recovery coefficient contour of the pre-cooler inlet

2203001-6



Fadt  H10W

TV A5 e A P 0 Bk i OE B RS S TR RE R

oY

L] 2023 4

S

150 Ji5 79 Ffr 2 <008 5 o e M it 2 T — B B2
HLEE

DA 32 A 1% P il ) B 0 HE SR 8.956 H I IR A
1T A, R TV 4 1000 2 25 1m0 CAn il 1R 7R ), B 11 45 i
T LA E I ER T p, WS H LI AT SR
WG RBORM S RE I & . nTLLE 2, 51 A
TV A% 5 L A, TR P RE 2 805 I A i AUTE Y 22 BE K
IH AT Loy W6 A B Be o 7245 — B Be, B p, /p,<278.7
B TV 2 E AT AT R BORT B R K B2 R BORR
WY S AR T 5 A S DT e ER R 5T A B
e ok T W R By B R s Bk . TESE Y
B B p, pe>278.7 BF PR Rk SO 1 g 2 50 A R 2
FEBINT 1%, W 25 JL-F AR XF E 0 5 7 A= 5
5B R ERE M A 8] Y 2, A RIS TE pu/pe=
150 MR 25, T J2: p, /p,=278.7 IR 2, XiF i 7 3 <3 Hh 1
T pu/po 916 275 Fe A o VLW TLV% 2% (4 51 AT 3

0.225

—— Prototype
0.200 | —— Pre-cooler
0.175
0.150

S
0.125 /
0100f N
0075 ////

0.050 - . : .
50 100 150 200 250 300

PP,
(a) Total pressure recovery coefficient

WO T WO AR R p/p,=150 B 1 ik S
P fig 2 50 O R R B P D i S A A LY
IR S I S WAR - O I Rt S Wl N o 1| v o
WIS
3.2 T4 BRI EHRIRKFED T

R BE 5T TR A 6 R ASGE b E R 5 e AL B SR
A SO A i SIE 2500 A, RERE p, AH T 1Y
REANT R LA 58 2 2% 0 LU 09 33 3 45 1 JA fo]
Selal o FEAS SCrh Y B R i SE p, /p, TE B T 25 /N
T U RN Ry p AHAR o SRR T p, /p, 200 156,
254,279 F1 318 Bif i) 7 ik < TE HEATHR 5E

B2 25 1T JLAS A, T F R 7 AH 0 s 75 o 3 A< i
SRR o 3 A 5 | QS S0 7 T N | o
A A A AR AR R R I BARTH R B S AR
T R R N TSR A A5 T YT
WS DTSR . nT L& B, R A HESCTE AR

1.4

%

\\ —+—Prototype

121 —x—Pre-cooler
1.0}
§& 08
06
04t

021

0.0 — : : - : '
50 100 150 200 250 300
PPy
(b) Mach number

Fig. 11 Comparison of the performance in 4, surface between the two inlets
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