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Abstract: In order to quantitatively study the possible impact of stochastic uncertainty on the performance
evaluation and optimization design of the scramjet engine, based on the Gaussian process, the stochastic errors of
control parameters such as the engine operating conditions and the freestream flow parameters has been described
in this paper, and the uncertainty of the engine’s input boundary consisting of freestream flow conditions, the in-

take initial compression system, and combustion heating has been established. Coupled with global sensitivity
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analysis, sparse grid technology, probabilistic collocation method, and isobaric combustion thermodynamic anal-
ysis model, a high—dimensional uncertainty quantification method for the scramjet is proposed, and the transfer
characteristics of the above stochastic uncertainties input as well as their impact on scramjet performance are
quantified for typical scramjet. The results show that the specific impulse of the engine is most sensitive to the
compression process of the intake, accounting for 65% to 70%, and the least sensitive to combustion heating un-
der a cruise condition of Mach 6.0, and the uncertainties coming from the initial compression shock and incoming
Mach number of the high Mach number inlet compression system are significantly higher than the other input fac-
tors for the specific thrust sensitivity of the entire scramjet. As the combustor entrance Mach number increased
from 2.0 to 3.0, the uncertainty of the specific impulse performance evaluation of the engine induced by a single
factor of 5% will quickly increase from a minimum of 5.5% to 7.63%, indicating an unstable developing direc-
tion, and there is a certain coupling effect in the transmission of engine performance uncertainty under the combi-
nation of multiple stochastic uncertainties. The ratio of the kinetic energy of the air that needs to be processed to
the high—speed intake to the heat energy of the externally injected fuel exhibits an exponential growth of approxi-
mately square power as the freestream Mach number increases, further analysis and research utilizing an energy

and exergy analysis tool will be very helpful for a deeper understanding on the transfer behavior of the perfor-
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mance uncertainty of the scramjet engine.

Key words: Scramjet engine; High—dimensional uncertainty quantification; Stochastic collocation meth-
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Table 1 Baseline state flow conditions

Parameter Value
Altitude/km 30
Dynamic pressure/kPa 30
Ma,, 6.0
P_/Pa 1197.03
T./K 226.509
Fuel Kerosene
q/(MJ/kg) 43.2
C/(J/(kg-K)) 1140

" Critical ¢ value under the thermal
critical

choking condition
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Table 2 Inlet total pressure recovery coefficient comparison

to variable combustor entrance Mach numbers

Ma, 2.0 22 2.4 2.6 2.8
Ist shock 0.523 0.513 0.500 0.487 0.472
2nd shock 0.638 0.646 0.654 0.662 0.670
3rd shock 0.928 0.927 0.927 0.927 0.927
4th shock 0.928 0.930 0.932 0.935 0.938
5th shock 0.996 0.995 0.994 0.994 0.993
6th shock 0.982 0.984 0.986 0.988 0.990
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