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Contour design of super/hypersonic dual-inflection nozzle

GUO Shan-guang, WANG Zhen-guo, ZHAO Yuxin., LIU Jun

(Science and Technique on Scramjet Laboratory,

National University of Defense Technology, Changsha 410073, China)

Abstract: In order to achieve multi-Mach number run for the direct-connected test bench
and high temperature wind tunnel, a straightforward technique has been developed to quick-
ly determine a design of the super/hypersonic dualinflection nozzle. The nozzle was divided
into two sections to be designed, and the first was shared for different test Mach number.
B-Spline functions were used to describe the Mach number distribution along the axial line of
the nozzle. The preliminary nozzle contour was generated by a new computer program that
solved the axisymmetric Euler equations using the method of characteristics. The final noz-
zle design was obtained by adding the boundary-layer thickness which was solved with the
reference temperature method. An example of a dual-inflection supersonic nozzle design was
employed to illustrate the technique with a computational fluid dynamics calculation. The
simulation results indicate that desired Mach numbers are obtained at the nozzle exit, and
the good flow quality is attained for different nozzles within Mach number error less than
1. 2% in the test rhombus region. The present technique improves the design precision of the
converging-diverging nozzle, cancels waves completely, and achieves the nozzles with different

exiting Mach numbers which shares subsonic section and a portion of supersonic section.
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Fig. 2 Tllustrating schematic of the duakinflection nozzle
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Fig. 3 TIllustrating schematic of design process of dualinflection nozzles
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Table 1 Geometric characteristic of three nozzles
Shared section General parameters
Nozzle
R./mm  L,,/mm Ry/mm  Ry/mm Lg./ mm  Ma, L/mm  R.,./mm Ma
Ma=4.0 1089.9 69.3 4.0
Ma=4.5 60.0 100. 0 20.0 41.8 255.9 3.0 1089.9 86.0 4.5
Ma=5.0 1089.9 105.6 5.0
6 Ma=5.0 8 3

Fig. 6 Computational grid of Ma=5. 0 nozzle
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Fig. 7 Mach number contours inside three nozzles
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