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An exploration on the unusual self-starting behaviors of a

hypersonic inlet under low Reynolds number condition
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Abstract: With the help of combined experimental observation and numerical analysis, an in-
vestigation is carried out on the unusual self-starting behaviors of a 2-D hypersonic inlet under
low Reynolds number condition. Based on a series of repeated shock tunnel experiments, it is
found that with a continuous decrease of the unit Reynolds number, an unexpected inlet self-
starting configuration reappears after the unstarting process. The observation of the flow field a-
grees fairly well with the results of the laminar simulation, but differs remarkably from the com-
putational results obtained with turbulent model. The numerical simulations demonstrate that for
laminar flow, a separation zone spreads out extensively to nearly entire forebody compression
surface, which releases the high adverse pressure gradient and results in forming a supersonic
path at the inlet throat. However, for turbulent flow, the separation can hardly reach far up-
stream and consequently generates a strong concentrated separation bubble near the throat,
which appears as an obviously choked and unstarting configuration. It needs to be emphasized
that although the laminar inlet flow behaves with starting-like characteristics, the captured flow
ratio is evidently lower than that of the choked turbulent flow under the same incoming flow con-
dition. Therefore the so-called “unusual self-starting” inlet flow observed in the present study is
not a true self-starting flow in reality.
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Fig. 1 Photo of the 2D hypersonic inlet model
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Fig. 2 Schlieren photographs of self-starting process under
the reference unit Reynolds number condition

SR o 24 B Uy 30k — A (R 30 e o B 07 7 044
By 1/3 wF S FEIE PO BRI - A Y BE A SCE T ST
A P R AL I A IR A5 A BT 3(b)) W X
— L 4 R A W L R RTE B S B R Bl A
fiE o 3X 5 135 1 Jc ) T CRI AR 75 1 500 1% AN BE B
RS WA B A R a RIYEE T Bk
SRR BG  LASEME AL W B R R RE
B R B85 2R (& 2) g 2 I 0 FU AR 78 v 0T B9 5
&S (B 3(b)) P R ZERIEA U8, U2
3(b) B3 AR 5T BE Y SO XA — 2 1 4
Fo » & W12 A0 77 70 AF 68 05 1) Jag 08 ARG 3 3l [X 385 o5

1+0ms

e ——

1+0.8ms

e

f+13.5ms

7+19.2ms
(a) 1/2Reye

+0ms

+1ms

7+19.6ms

(b) 1/3Re.e
Kl s RFEEECT ARBOE R
Fig. 3 Schlieren photographs of self-starting process under
low Reynolds number condition
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Reynolds number condition

UL BB 25 SRR S AT T BRI 3 1 /3
BF 6 Tt O I A T E ACIE R B AN R Sl R T A
FZ A SRR R ASCIE S 2 B R SR A i
HRHEMMELB IR A ERENY AR, X—
45 HL T AR A4 R ) B 1 A T R e I
3.2 ERHIRHIRLINER

Rt — L R AR 5 )2 WO G R R TR
A Sy B E P T VA Y 1/3 58 3k B i A
HEAT 58 ) A 4% PR R A TR R E ST 1Y) R B SR B
gL, FEPAT R R R — MR A E R D A b
T CRIVER — 25 s 45 0D A [\ A7 8 78 B AR 5 3mm X
3mm, J& Bk 1. Smm (1 1E J7 JE 0 3 45 41 % 19 5% 4
AR HE S T i T AR T, A
Aoy e AR 10mm @B (A B BE Smm #) 2 X 10
Peumas eV . 5 g5 1 B 4o s oy s =
» R ARAT AN [ 9 i ) RO TEBR AT 2% 10mm 1Y
LE AR 4G B A 10mm 19 T 3E ] 4 5l 2 EH — A 8k
[Fi) o <22 i T 2 2 A ly A 2% 4 ) i A S 3 1 52

Bl 6 R J i Sc g g5 . bl 6(a)
R AR S 5 v A st kR B 1) T i TR I 2 R B
TGS . MWIZBOE B AT LA 1, B B RS TE AR

(1882 WE ) I Ol i = B 7 3 Sl N N K s D
S(OMEIMEERAMELIN, “H MG EREE,
KU HT & R AR SRE . D) — i 245
R DU 2 I S 9 3 485 4 (TR 6 Ca) ) 5 0 ) SR W7 4% A2k
T B i AR (A UL 2 AR (4 (D) HIE E AL Z AL
A0 2 T SR I T A TR 1 R ) AR S L BT A )
B4 T 0 235 K 5 s I ) B30T S ADUAH — B0, 38 3R W g <
T RRE BRI IRE .

‘ Downstream spoiler

Tl e

Upstream spoiler
‘ P POrE N s

o
PP
o

Bl S BN & e 0k R

Fig.5 The inlet model with vortex generators (trips)

6 (b) ~ (o) BT 7~ 52 56 45 S J2 A6 AH X 48 3l 42 59
B L I — 5 ) e A B SR R AR B A L &
6 (b)) 1 (o) 3 e o7 A FE 55 — 2% 1 46 T 191 3 R
MR AR RO, AR E M R T LR A
1) 22 AN HL HIE T 45 1) 7 AR AN [m]  HL 5 22 5% g
RS E A R SRR BT B o b m AR AL
FAEE A 2 R4S S N R B A R B Ry
it #5FZ HEEEEOR N — AR k8T
T Uit [ B <2 T 2 A A 2 A RACR CULIEL 6 (b)

B, o

7+9.9ms

1+19.25ms

Ca) BT B[R] I Jon e 4 e



54 B R AR T ECT U R S LR LR i R R R 13

(o) U e 4 e
P 6 AN TR e R X HE A 1 R Bl e D Y

Fig. 6 Self-starting behaviors of inlet with various trips
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