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Abstract: To study the influence of shock motion on the asymmetric nozzle performance during the ground
starting process of scramjet nozzle, the unsteady numerical simulation method is used to simulate the starting pro-
cess of the scramjet nozzle designed by the maximum thrust theory. During the nozzle starting process, the prima-
ry shock is formed and moves downstream due to the high—pressure radio of the airflow in the inlet to the airflow
in the nozzle. In order to match the high—pressure region swept by the primary shock and the low—pressure region
formed by the expansion of the inlet flow, a left—running secondary shock is formed. The nozzle starting process
can be divided into two stages. In the first stage, the primary shock wave and the secondary shock sweep together.
The primary shock is generated at the nozzle inlet and moves downstream, and the thrust increases significantly.
When the primary shock sweeps the end of the upper wall, the lift increases substantially. The second stage is the
sweep stage of the secondary shock. The secondary left—running shock moves downstream with the core flow. The
thrust decreases slightly and tends to be stable, and the lift decrease significantly and tends to be stable. Then,

the evolution mechanism of moving shock in the starting process is further studied, the change of shock velocity is
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analyzed. The results show that the velocity of the primary shock continues to decrease, and the lefi—hand veloci-

ty of the secondary shock wave relative to the core flow increases in the nozzle and decreases after leaving the noz-

zle. Furthermore, the shock velocity derived from one—dimensional moving shock wave theory and the numerical

simulation shock velocity are compared, it is found that the starting time can be predicted by one—dimensional

moving shock theory, but the influence of the expansion wave at the bottom of the nozzle should be considered.
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Fig. 3 Pressure distribution on ramp of nozzle DQ1
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Table 1 Boundary conditions
Boundary Ma p/kPa TIK
Pressure far field 0.6044 248.29 396.06
Pressure outlet - 101.00 300.00
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Table 2 Design conditions

Hlkm Ma, —p, /kPa T, /K M, Cp/(.l/(kg-l()) H, /mm
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Fig. 8 Pressure distribution on ramp of nozzle obtained

from the different scale grids
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