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Abstract: A series of isolines combining total compression ratio with starting Mach number were acquired
by the shock conditions and the continuity equation, based on studies of two—dimensional hypersonic inlet start-
ing mechanism and Kantrowize criterion. These isolines have the following characteristics: The isolines provide a
connection between internal compression ratio and total compression ratio. Each isoline has equivalent value of to-
tal pressure recovery and mass flow. The isolines can be easily gained by using isentropic criteria equation times
the reciprocal of critical starting total pressure recovery of internal duct. The isolines move rightwards because of
the incident shock wave and walk leftwards owing to the mass spillage. The isolines provide a mechanism for asso-
ciating Kantrowitz with isentropic criterion. Conclusively, using these isolines rapidly estimates the inviscid start-
ing Mach number of a two—dimensional mixed—compression multi-wedge hypersonic inlet. The prediction results
are in good agreement with the CFD results. The errors are less than 2%, demonstrating the feasibility of this
method.

Key words: Inlet starts; Internal contraction ratio; Total contraction ratio; Kantrowitz; Isentropic; Iso-

line

* IFAHT: 2016-01-11; {EITHHEA: 2016-03-18,
EE&TE.: EEARRFES (512761515 91441128); [FEFHARHT (B1420133058);
ok R AR 55 9% (20720140540) .
EEET: W, B, witA, TR, SF58auEch @ st R0 B 515 . E-mail: odin_pan@163.com
BIREE . Juaeat, B, W, 2R, RS mE A EEE RS T, E-mail: yancheng.you@xmu.edu.cn



2040 e Pt

20164

1 35

=
I S W e R e TR K sl P G B R
Sz —  HOR 3 5 & B4 5 e sl e e R
Gy REEAKATARMMER . X THERBE AR,
Van Wie 25t T — > LA AR 5E SC 2 2 #E<UTE N R
B HR o3 B Sl B AS B O #Y S0 A AR R
B iz B AL TR SRS, RZ AR IPRE
AR Bl BECE R AR RO, SR AR R T A A
K, B 8 by Ak T —Fh AR G IR A, 3300 e A R
TRV BB A Y., 2011 4FE £ E X-51A % R
TIE AT R A R R R Bl TS BRI

SRS TEAR A HRK L, Van Wie X I AE
T RGER BT, s B R T R A A Bl G B
FE T AGE IR B R s o Sk, Y AR AT
TR B BEAE A ER W ST, S AN H Z2AS T i 4
EREE AN, Hip, Isentropic 5 Kantrowitz #2
Sl BRI A 20 72 AR B AR A R R
JC Kl AT TR 46 19— 4 o 5 U 3h e, B0 o4 A R
PEAT ST, A5 W4 B LA Wi 4 e 5 E 1 2h g Y
KR

Van Wie R 45 K i LR BB E T — KL Wil
LT PR A KA T AR E R RS R .
Maolder % T Kantrowitz F §i& , 45 T & 4k #F <18 i 9
PERE R 22X, IR A8 7 IR IR =S oo i R Y R
ZERE™ . Veillard il Timofeev 2% JH 5 Molder 250117
T #E— B WEOE T RGO o0 i A R Bl 1 IR 4
AR BT WF 2 5 & 1R H Kantrowitz 38 X}
HEAE R B In) BT R TR B R T A J Ak B
YT RE TR B AR A %) R A R ) 5 ) 5 AL
Xof e R R CIE R g R AL R AT E Y R A
B RS T A S e R P S T R 3 1 R e O
X e R P R R TE PR B R AT T A AT £
Xof HE A RS B o R P A T TR TR AT B o3 A A S
BT . WA BT i SGE LRI A AT
Ty Xof b TE RS Bl PR B R A R X RILAL A
LT 7 S IR A I 57 8 R R R gl /R 3 T Y
N

18 N BRAS F i | Isentropic A1 Kantrowitz 23 2 JC £%
Shy e R P AR ACE S 3 1 RE T 4 i TR . B
T FURE T T S0 A5 AR 1 4 B/ T A I 4 Bk B
LA, To Ik g TR S T 5Ok T B
Bz M) Y SCHE o AR 2 PR AR b i O S5 R 46
B/ PN Wi A B T 1 D o 50 R E DL S, 4% IS T Ts-

entropic 1 Kantrowitz F| 4§ #F 17 i 2l 75000 A 50 5 A A
HBATHEIZHNE. FE LT REZHNIMNEE
2 e P R RS A R B n) A TR R G B
RS BESE B L Z R B OC R . W R RR
o R 7 A HE S N SR L A B T R ASORT
WAz 4 L /oK i B bk BB A R R, D) 7 ik B 9 A B
PERE A B HAR 5 5

A SCR B 43 M 1Y 07 v L i — 2B AR T Isen-
tropic 5 Kantrowitz 22 L Z Al A &R o £ X N AME &
W= R S S W E AV S A S VAN TS
F R AT WA TGN W g Bk T gl R R W e
P /R Bt o 500 A 2 Bl 2, I 0z it 2 ) B
Ji R R SCHEAT T AT

2 Isentropic 5 Kantrowitz £ 31 ¥ #F Z E
B&R

Isentropic 5 Kantrowitz $] #f5 & 1iE A% #B 52 I 45 [
5 Bk A X e AR . Hh, RS GE
W%Mﬁij]jﬂ%hﬁfﬁfj],lsemropic i £k TT LA ok B e
HESUTE AR L R T i R ) A I SR Bl 0% & 5
Kantrowitz [l 2k W] J& % ] 5t % 21 P Wi 45 38 38, 2 By
& N4 L5 A W i Bt 10T D R R (8] Y i B 3
2.1 ZFi#HSIE Isentropic EENFITE

A TR AT T 46 ) — 4 1 E W Sh B, R
FIH R R S B S e 4 0 TE I A T E
Qb 3R B T O I 22 080 4 A P R JE I Y I O
BV B 2 2K P g G 1 RS R E A H AR
Ll R R

1

Ea
i) 2 +(y - 1)Ma,;

K Ma, Jy A R TR S5, A, D iE AGE D
T AR, A, W T AR, T3 R e i O i SCIE ) E T AR
({2 5 M T T AR E SO R TR — ) 5 1T R
Zl, AT H Isentropic LA M Kantrowitz [ 2¢ & #) 3
AR AL —FRHB RS #EOmMRZ
e A, A, 75 5 S0 U L

MBS EYF, 4 A ORI Ma, B, HA 1048 L
KT (A A) HETEA N M BLEEIE B (A /A), J&
R BECR Ma, I E <8 BE % 2l 1 i S04 L
2.2 HY4E1EE Kantrowitz EE BN 17

5 Isentropic H i A [A] , Kantrowitz X 2 P YK 4 i
B AR 3 RE Ty HEAT BESE A B 5L A W 4 B I it 3L



$3TE F11

i P R ) A B A B AR 2041

— B IE B, B AR Ma, 233 TF 800k )5 R T
T Ma, , 005 P2 A5 N 38 00 50 A I 38 1) 78 1R
Kantrowitz i 2l F 45 ) 2 3k 00

y+1 Y

(AJ { y+1 }MWFy—uMaﬂuﬁr'
T =Ma, 2 2
iy 2+(y - DMa; (v + DMa;

1
2yMa; ~(y -1
v+1

(2)

AP A S N A Bt AR, Al e GE TR,
Ma, 2y W45 Be it 1R I Bk 5. 4 A WAL 4 4 18 I
A HE KT (A /A, TP AT 4 BT A9 IE 0D 2 B Ay
AN aEESC B RS, 5 2, (A A SRR
Ll B Ma, 25 8T, U4 3 3 BE 0% 52 B A A 3 /Y
B KW e o W] AL, Ma, 52 N UCAE L (A, A)g
F149 PAY WA 4 e 3 52 B S Bl 19 e/ N E 1T T AR

mE 1w, Isentropic i ¢ 5 Kantrowitz il & %
Woe 246 LU /5 b R A A AR K g = X AT — 2RI W A
Fb /2 B H 5 5040 A 45 7 7E Kantrowitz 4 L7, iF R
15 BE W S B AL 8l 75 7F Tsentropic B2k T J5 1)
W b, K R S BOE R Tk g . A&
(i) 14 DX 3 e R Ay LA X7 32 DX B P <R 3
AR B AR T BEAFEAE o M Kantrowitz #h 26 I 7 #E A%
Ehﬁ,LE\iﬁ%g&T#@iﬂ%ﬁ;MIsentropic Wil
HEAZ D, AR AR 5

Fig. 1 Compression ratio vs. start Mach number for
hypersonic inlets

2.3 Isentropic 5 Kantrowitz ¥ ¥& 2 [B] B BX &

ML AT L A ) 2k B A 1 B0 R il i
) I 2590 HESCE B9 UCAR L (AL ) A, G /N T AR B
(ol S 4E b (A JA) o FFSE b, T Z AR TR R
DB (2), 7T 75 )

(Ae/Ai)ls _ {(‘y - )Ma: + 2}'77{2‘}/Maf —(y- l)}117 (3)
(Ae/A;) (y + hMa? y+1

Ty FEAT 30 R o i Ak AR Ma, J9T 58 0L A T 0% D%
R R EWE ZE . Wi RU, Isentropic il £& A1 Kan-
trowitz [l 2 I AN SR AR B N7 9 o XS TR E 1Y R S
o 80, A5 E A A4 i SR Sl T AR T (A, /AL, BR
VLAH 7] K 38 5 6 501 50 14 4l P9 i 4 B I i R
SR (A,/A) » AT AT 332 Tk BT B9 1E 3 S
K . WK 2 Fr s, Isentropic il £k 5 Kantrowitz [if]
28 Z [Al 7 7E Bk & B Isentropic [l 28 (4% 28) Bk DL & —
KU B R R RY OE O SR R R R R, B ) A 3
Kantrowitz [t 4k (£1.4k) .

Fig. 2 Transformation between Isentropic and Kantrowitz
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Fig. 3 Sketch of a Prandtl-Meyer inlet
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Fig. 4 Inlet model with equivalent flow character
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Fig. 8 Hypersonic inlet with incident shock wave
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Fig. 9 Isolines with incident shock wave
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Fig. 10 Hypersonic inlet with mass spillage
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Fig. 11 Isolines with mass spillage
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mass spillage
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Fig. 13 Isolines of the first inlet

Fig. 14 Mach number distribution of the first inlet
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Fig. 15 Isolines of the second inlet

Fig. 16 Mach number distribution of the second inlet
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