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Research on Transition Criterion of Diamond
Forced-Transition Trip for Hypersonic Inlet
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Abstract: As for an air—breathing hypersonic forebody/inlet model, the onset positions of Boundary Layer
Transition (BLT) and their decisive parameters were studied based on the experiments of BLT from ®600mm
pulse combustion tunnel and @0.5m hypersonic tunnel, as well as the flow field data of Computational Fluid Dy-
namics (CFD). A transition criterion was devised through the regression analysis method. The transition criterion
can be predicted by the onset position of the natural BLT and the forced BLT of diamond—shaped elements for con-
ventional hypersonic wind tunnels and pulse combustion tunnels. The transition criterion considered the main de-
cisive factors of BLT, including the Mach number at the edge of the boundary layer, the Reynolds number, the
ratio between total temperature and wall temperature, the average molecular weight of the gas flow, and the
height of roughness element. When the height of roughness element was declined to 0, the forced transition crite-
rion was degraded into the natural transition criterion. The transition criterion was successfully generalized to the
BLT predictions of X—43A inlet test in wind tunnel and the domestic flight test with the maximum prediction error
of about 13% of the entire length of the inlet. The transition criterion can be applied to the BLT prediction of engi-
neering project.
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Fig.1 Forebody/inlet and forced-transition trip
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Fig.2 Sketch of forecast method for natural-transition
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Fig.3 Sketch of forecast method for forced-transition
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Fig. 4 Sketch of parameters in forced-transition correlation
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