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Abstract: In order to obtain the influence rule of the extremely rough inner wall on the flow characteristics
of the shock train, the flow structure of the shock train in the ablated C-SiC isolator under Mach number 2 flow
was measured by nanoparticle-tracer planar laser scattering technology and dynamic pressure measurement tech-
nology, the initial shock wave shape of the shock train, the development pattern of the boundary layer after shock
wave and dynamic characteristics of the shock train were obtained. The results show that the flow structure of the
shock train in the ablated C-SiC isolator is similar to the isolator with stainless steel materials. But the extremely
rough inner wall profoundly affects the flow in the near wall area, and the thickening effect of the boundary layer
is very obvious.The former’s boundary layer in the shock train is about 50% thicker than the latter, and the for-
mer’ s shock bifurcation point is 30% closer to the lip than the latter. The extremely rough inner wall also increas-
es the the fractal dimension of the boundary layer, and exacerbates the fragmentation of the pseudo—sequence

structure. The fractal dimension of the boundary layer in the ablated C-SiC isolator is 1.548~1.649, and is
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6.7%~8.9% higher than that of the stainless steel isolator. Extremely rough walls of the ablated C-SiC isolator

have almost no effect on the oscillation frequency of the shock train. The oscillation frequency is about 20Hz when

the shock train travels forward.
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(a) Isolator installed in the wind tunnel
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Fig.3 Mach number isolines on the symmetry plane

NPLS ( Nanoparticle-tracer planar laser scattering)
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Fig. 6 NPLS images of the ablated isolator’s flow field
(flow field direction from right to left, p,/p,,=3.40)
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Fig. 7 NPLS images of the flow field of the isolator with
stainless steel materials (flow field direction from right to
left)
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Fig. 8 NPLS images of the flow field of the isolator with
stainless steel materials under different pressure (flow field

direction from right to left)
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Fig. 9 Schlieren picture of the ablated C-SiC isolator (flow
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Fig. 10 Schlieren picture of the isolator with stainless steel

materials (flow field direction from right to left)
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Table 1 Measurement results of boundary layer thickness and the height of the shock bifurcation point

Isolator Measuring section /P O/mm M /% S,/ mm /%  Sy/mm 1, /% h/mm &
F1 3.40 1488 372 11.28 282 6.64 16.6 26.64 66.6
F2 3.40 9.72 243 7.72 19.3 4.88 12.2 24.60 61.5
Ablated C-SiC isolator
F3 3.40 10.52  26.3 6.40 16.0 5.36 13.4 26.72 66.8
F4 3.40 12.76 ~ 31.9 8.36 20.9 5.12 12.8 26.96 67.4
N1 3.69 7.96 19.9 6.16 15.4 3.36 8.4 20.76 51.9
N2 3.60 8.96 22.4 5.36 13.4 4.88 12.2 22.00 55.0
Isolator with stainless steel materials
N3 3.60 7.40 18.5 5.76 14.4 3.84 9.6 18.60 46.5
N4 3.60 7.36 18.4 5.12 12.8 2.88 7.2 19.48 48.7

3 segment

2 segment

1 segment

ey

A

Y
A

(a) Ablated C-SiC isolator (p/p,=3.40)

3 segment |

2 segment [ 1 segment

A

(b) Stainless steel isolator (p,/p, =3.69)
Fig. 12 NPLS images of the isolator’s boundary layer
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Fig. 13  Fractal dimension of the isolator’s boundary layer
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Fig. 17 Dynamic pressure of the isolator
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