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Effectiveness analysis of opposing jet thermal

protection generating with solid fuel

SHEN Binxian, LIU Weigiang, YIN Liang
(Science and Technology on Scramjet Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract; In order to reduce the size of coolant supply system of opposing jet in hypersonic vehicles, the fuel gas generating with solid fuel was

adopted as an opposing jet. The RANS (reynolds-average navier-stokes) equations coupled with the Menter’s SST ( shear stress transport) model

was employed to solve the opposing jet flow field of hypersonic hemisphere model. The typical results have been validated with experiments

performed in the literature. The influence of the high temperature fuel gas on the hemisphere model thermal protection characteristics was analyzed

with different flying condition. Results show that the high temperature fuel gas weakens the heat flux reduction of opposing jet, but the peak heat

flux exhibits a prominent reduction in contrast to that without injection. The cooling efficiency can be strengthened by increasing the jet pressure.

With a reasonable jet pressure, the similar cooling efficiency can be obtained compared with that of the normal coolant and it does not result in

additional mass flux. Moreover, the three solid fuel and its combustion temperature are listed. For high Mach flying which is higher than 6, the

solid fuel can provide required jet temperature for opposing jet thermal protection system.
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Fig. 1 Schematic of fuel gas opposing jet

thermal protection system

1.2 hHR&EH

BRI IR R B AT R AT, RAT &
P IR 25 km (1975 BE SR B, AT SR
BCE N 6Ma 5 8Ma K 5 F1 70 2549 Pa, SRR
9 221 Ko A AR 9 530 4] 64 AN ) A5 T 22
A, T S AL BN 1 Ma, 5 ) 50 R
MRIGIRTE W TR T4 BT AL A . BE B E AR A
BET, BE I O 295 Ko H DR A 1,
H R i 2 PEAMIERT ], 1 503 A1 DL IR 2, 39
A R 2R A B RR R B

AR IKZERS ARG S, SR AURRE
IRAVEAY R4 0.050 2, 0.635 6, 0.314 2" 0 4
T [ M AR 118 0 B v, 3 eSS T — > EE
IS EL, T R L e SCH
P,
PR = % (1)
Horp, P Syt [a) B S, Po. R BV

K2 ks Sh R
Fig.2 Geometry and boundary conditions
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Fig.3 Comparisons of Ma for the centerline of

opposing jet with different grids
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Tab.1 Thermal protection efficiency of identical mass

flux on the 25 km, 6Ma condition

A PR Ty/K my/(kg/s) ¢4,
1 0.1 300  0.01078  0.45
w2 0.15 675 0.010 7 0.46
B3 0.2 1200  0.0106  0.561

F2 25 km8Ma XTLREREMSABIPHR
Tab.2 Thermal protection efficiency of identical mass

flux on the 25 km, 8 Ma condition

G PR T/K  my/(kg/s) 4’4,
4 0.025 300 0.016 7 0.571
S5 0.05 1200 0.016 3 0.526
w6 0.06 1728 0.016 2 0.574
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Tab.3  List of solid fuels and its combustion temperature

5 IR 24 73 WRBEIRL I
1 GAP/ R R s 1413 K
2 PAK/ TSR 4ER/ b4 1310 K
3 TR ML/ B A R B/ DHG T 1278 K
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