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An Inverse Method for Supersonic Flowfield with Given
Downstream Boundary
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Abstract: For the controllable design of exit parameters in supersonic flowfield, a new method of solving
the inverse Cauchy problem, referring to the Method of Characteristics applied in the Goursat and Cauchy prob-
lems, is proposed to calculate the domain of dependence according to known downstream condition. On this ba-
sis, an inverse method for supersonic flowfield with the uniform flow condition is further developed. The valida-
tion of three typical cases (axisymmeltric internal compression flowfield, two—dimensional planar flowfield and
external conical flowfield) shows that results obtained by the inverse method agree well with those obtained by
forward MOC, which verifies the feasibility of the inverse method and expands the thought of supersonic flow-
field design effectively.
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Fig. 1 Solution of Goursat problem by MOC
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Fig. 2 Goursat problem in axisymmetric internal cone
flowfield

Fig. 3 Mach number contours obtained by MOC in
Goursat problem
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Fig. 4 Solution of Cauchy problem by MOC
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Fig. 5 Cauchy problem in axisymmetric internal cone
flowfield
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Fig. 6 Solving process of cauchy problem in axisymmetric
internal cone flowfield
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Fig. 7 Unit process schematic of Cauchy problem
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Fig. 8 Mach number contours obtained by MOC in
Cauchy problem
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Fig. 9 Solution of inverse Cauchy problem by MOC
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Fig. 10 Inverse Cauchy problem in axisymmetric internal
cone flowfield
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(a) Flowfield obtained by forward design

(b) Flowfield obtained by inverse design

(¢) Pressure distribution along the same streamlines
Fig. 11 Comparison of forward design and inverse design
flowfields in inverse Cauchy problem

Fig. 12 Design idea of inverse solution method in the
axisymmetric internal cone flowfield
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(a) Mach number contours of flowfield obtained by forward design

(b) Mach number contours of flowfield obtained by inverse design

(c) Pressure distribution along the same streamlines
Fig. 13 Comparison of forward design and inverse design
axisymmetric internal cone flowfields
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(a) Mach number contours of flowfield obtained by forward design

(b) Mach number contours of flowfield obtained by inverse design

(c) Pressure distribution along the same streamlines
Fig. 14 Comparison of forward design and inverse design
two-dimensional planar flowfields
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Fig. 15 Axisymmetric external cone flowfield

(a) Mach number contours of flowfield obtained by forward design

(b) Mach number contours of flowfield obtained by inverse design

(c) Pressure distribution along the same streamlines
Fig. 16 Comparison of forward design and inverse design
axisymmetric external cone flowfields
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