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Enhancement Effect of Fuel Preheating on Supersonic Shear Mixing
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(1. Xi'an Aerospace Power Technology Research Institute, The Fourth Research Institute of China Aerospace Science and
Technology Corporation, Xi'an 710025, China; 2. School of Energy Science and Engineering, Harbin Institute of Technology,
Harbin 150001, China)

Abstract: With the continuous development of hypersonic aircraft towards high Mach and wide speed
domains, the propulsion system faces low dynamic pressure working conditions, leading to a huge challenge
to the flow mixing in the combustion chamber. The influence mechanism of hydrocarbon fuel preheating on
supersonic shear mixing characteristics in the scramjet combustor was studied, and the influence of
temperature and hydrocarbon fuel pyrolysis on mixing characteristics was analyzed. It is found that the
preheating of non-cracking hydrocarbon fuel will enhance the viscous dissipation of the jet and reduce the
mixing efficiency. When the fuel temperature increases from 750 K to 900 K, the mixing efficiency of the
combustion chamber will decrease by nearly 5%, and the total pressure loss will increase by about 20%.
However, the thermal cracking reaction of hydrocarbon fuel has a dual effect on the shear mixing. The
expansion performance of the cracked hydrocarbon fuel is improved, and the mixing efficiency near the nozzle
is increased by about 18% ; However, due to the decrease in turbulent kinetic energy of the fluid in the shear
layer, the mixing efficiency decreases by about 6% at a position far from the nozzle.
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Mixing efficiency and the total pressure loss ratio in combustion chamber at different fluid preheat temperatures



%5

Bt R, 45 APORHBUIN R A A O 45 TR A 38 i AR

835

SR TR FEAIRRE T A L R T S S 30 K 2
TR A B2, 15 50k 7R g S il AC7AE 9 15 00 T g 5
UE AR B2 B R A, T 1O 265 11 1 R[] 5 S5 903 2 T Mg
WA RS AT o AT 538 3%, i 6 W S 3L 8 T 85, o
WA ST AR AR b 258 P9 TR AR AE A I AN K, A R ol ik

/N3 S R TR L T e A AR B FE B L R AR T AR
[ EF, WL 1T 10(b) Hh AN ] M 5 321 s i o a0 T
R AT DL B WS it T R e A b A R AR
R A R 14 52 M) T AR P SR AL Y S5 B TR X
Sl WS i FEE 2 el i X R AR

0.105 0.115 0.125 0.135 0.145
x/m
(bl) 750K
E 0.025
B
0.115 0.125 0.135 0.145
x/m
(b2) 800 K
E 0.025
=
0.105 0.115 0.125 0.135 0.145
x/m
(b3) 900 K
(b) Mixing rate

AN T AR BE T JR e A W W R S 1 b A S B TR AR =

Fig.10 Local Mach number and mix rate near the injector at different fluid preheat temperatures
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Fig.11 Mass fraction of n-Decane in combustion chamber at different fluid preheat temperatures
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Fig.12 Mixing efficiency and the total pressure loss ratio in combustion chamber at different fuel conversion rates
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