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Abstract Realizing the rapid mixing of supersonic incoming flow and fuel jet in the combustion chamber
is one of the key problems to be solved for improving the performance of scramjet. In order to effectively
improve the mixing effect of air inflow and fuel jet in the combustion chamber, a ramp shock generator
was added to the upper wall of the combustion chamber through numerical simulation on the premise of
supersonic inflow and strut injection, and the structural parameters of the ramp shock generator are

changed, including angles (15°, 20°, 25°, 30°) ,dimensions (5, 10, 15, 20 mm) and location (100,
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110, 120, 130 mm) to explore the influence of different structural parameters on the mixing effect. The

results show that the introduction of the ramp shock generator can effectively enhance the mixing effect,

and different structural parameters have different effects on the mixing effect. The size of the ramp shock

generator has more influence on the mixing effect than the angle, and the angle of the ramp shock genera-

tor has more influence on the mixing effect than the position. At the same time, the mixing efficiency and

the total pressure recovery coefficient are negatively correlated.
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Fig.1 Schematic diagram of numerical
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Fig.2 Overall and partial enlargement of grid division

of the model
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Fig.7 Combustion chamber model used in simulation

calculation ( unit : mm)
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Tab.1 Parameters of ramp type shock wave generator

corresponding to different working conditions

s TH P/mm L/'mm  §/(°)
popilEkE| case 1 - _ _
case 2 110 10 15
e ey case 3 110 10 20
RSl case 4 110 10 25
case 5 110 10 30
case 6 110 5 20
s R case 7 110 15 20
case 8 110 20 20
case 9 100 10 20
MAENE case 10 120 10 20
case 11 130 10 20
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X 11 (a) ~ &1 11 (e) AT, BEE B0 R R
i A PG O, U D e | DI B A )
g% ER 1 (a)H , fEx=0.15 m,y =0 m ZbAYE
KA. 8 Aoy, AERI 11 (d) FIE 11 (e) 72
x=0.15 m,y =0 m b A AP FREARKZE 0.5 &£
A2 B o T DA A B S R
U A s £ B AN BTG D, HL 7 A R 1) i
JETEZ AR T, S 3 7E AR [ FE 25 ) R B AR,
REHBA —ERT,

TR A R TR R E N RIR AR



5549 & 2 3 1] AT, 45 P TP SO R 5 0 i A 41

RAERE RBCRGRIESSH PRy SHST VIR A7 B s e g 11, 7 ) 1

B AR AR 4 A i 0 B X TR G RCR 52 3 1 RS L v e 2

HAETHE T AR AU MRG0, ik 3 i 0.45¢
No MAFE3 R P LA L A 3 Fh T80 CRBE A 0.40f —=—casel
H15°.20°.25°) Z R A ROHRME 3 % A7, HE— joul|
SR 6 I (K ) 30°) 3B AR 4R T A o
X H AL, case 4 37144 8 %, T 0.0}

NI 12 7T LA 7 Y, FEAR R PR A ol
SR e B R A R THIR A AR 2 12 w0l
ke BT AT DA B, JLA TOLRTR A R it 2L 0.00 - - - - ;

100 150 200 250 300 350

SPoR A, 3K R WIAE T BT, A3 A 0 R x/mm
Wil ARANE RIS 85 U2, bt &3 B B3 K, E12 FEfAENEHEEEEE £ B MRA N EE
ANTA] T X 7 4 i 28 5 % BR A case 1 X iz 26 14 2 Fig. 12 Mixing efficiency diagram for ramp shock
AR X UAEH Al A G, RO IR generators with different angles

®3 FAEREIRNEHRENE

Tab.3 Mixing efficiency corresponding to different angle operating conditions

S8 case 1 case 2 case 3 case 4 case 5
BAERCER 0.342 6 0.3552 0.364 8 0.376 0 0.403 6
RAMCRIE R/ % - 3.69 6.48 9.75 17. 81

AR T AT SRR E R BN, 15 3 (1)8(5) [ —a—casel
Fd4, DRATLEWL, BRI A EEREIR S 0.90
BRI [R] Ity ok — o B 2%, M RH A 0.85F
FEHAR S 30° BT, BFEARAL R AT F W3 52.45 %, |
FHXT T XF BREH case 1 S I Zb T 26. 33 %, AHE 0.70
JE XS 38 I TR I, 5 H 458 28 o 2t A G A 3415 8:3
BN 5° R KLU 5% ~ 7%, ol
MIEN 13 s i DEEDU A H, BEE RSO B RY 050 e 200 250 300 3%0
Hahn  BRBEE N Y SRR R AR —E TR, B /mm
AR TR T B 42 E13 AEAENREEHKEE ESRENEERE RE
ME 14 al UFE W IR G K S REE B kA2 Fig.13 Total pressure recovery factor for ramp
B BB I/, 1% U0 BH 80 & A 2% A0 8 I B shock generators with different angles

A TGRSO .
®4 FEAELRIENSERERY

Tab.4 Total pressure recovery coefficient at different angle conditions

S8 case 1 case 2 case 3 case 4 case 5
BEME ZA 0.712 0 0.651 0 0.604 5 0.559 0 0.524 5

BRI E R BUR D E % - 8.56 15. 10 21.49 26. 33
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Tab.5 Mixing efficiency corresponding to working conditions of different sizes

S8 case 1 case 6 case 3 case 7 case 8
RERHR 0.342 6 0.353 2 0.364 8 0.382 1 0.437 8
BEMRIEEE/ % - 3.11 6.48 11. 54 27.78
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Tab. 6 Total pressure recovery coefficient corresponding to different size conditions

250 case 1 case 6 case 3 case 7 case 8
BEMKE 2B 0.712 0 0.657 3 0.604 5 0.548 5 0.500 3
BEMRE 2B 0 % - 7.68 15.10 22.96 29.72
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Tab.7 Mixing efficiency corresponding to working conditions at different positions

B34 case 1 case 9 case 3 case 10 case 11
Aiﬁlﬁ 0.342 6 0.364 1 0.364 8 0.373 6 0.389 8
ERRIEEE/ % - 6.28 6.48 9.07 12.77
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Tab.8 Total pressure recovery coefficient corresponding to different position conditions
ZH case 1 case 9 case 3 case 10 case 11
BB F B 0.712 0 0.612 1 0.604 5 0.585 3 0.577 1
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Fig. 23 Figure of total pressure recovery coefficient
corresponding to ramp shock generators

of different positions
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