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Figure 1 (Color online) Diagram of the Sivells method.
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Figure 2 Comparison of Mach number distributions at cross section
of nozzle exit.
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Figure 3 Specific heat ratio distribution along Ma17 nozzle axial line.
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Figure 4 The relationship between the Mach number and the area
ratio.
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Table 1 Throat and exit parameters of Ma6, ®1.5 m nozzle
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Figure 6 (Color online) Distribution of velocity and streamline.
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Figure 9 Comparison of Mach number distributions at cross section
of nozzle exit.
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Figure 11 Comparison of Mach number distributions at cross section
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Nozzle design for a large-scale high-enthalpy shock tunnel

TANG Bei'’, WANG YunPeng"*" & JIANG ZongLin"?

! State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China;
* School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

The shock tunnels are the important ground-test facilities to perform high-speed aerodynamic experiments, and the
nozzle is the key component to generate uniform flow in the shock tunnel test. In this paper, the design method for the
axisymmetric contoured nozzles is studied for a large-scale high-enthalpy shock tunnel. The design method includes the
design of inviscid contour line and the correction of viscous boundary-layer. Once the inviscid nozzle lines are
determined, the corrections for the displacement thickness of boundary layer are performed. The traditional design
methods for the hypersonic nozzle ignore the displacement thickness at the throat section, which is small compared to the
characteristic length (radial distance at the throat section). This assumption has been applied successfully to many
supersonic and hypersonic nozzles. However, the correction of displacement thickness at the throat should be taken into
consideration for the large-scale nozzles at the high Mach number. In the high-enthalpy shock tunnels, the real-gas effects
and the chemical non-equilibrium are obvious and cannot be ignored. In this study, the necessary corrections for the high-
temperature effects and the viscous boundary-layer were carried out using the Navier-Stokes solver, where the effects of
chemical non-equilibrium are considered in the simulations. Based on the method of characteristics (MOC), the
parameters of characteristic grid region, such as the specific-heat-ratio y, are determined by results of CFD simulations.
Specific-heat-ratio can be calculated by NASA’s fitting method using the present numerical gas individual species. Then,
the boundary-layer corrections are performed by using the calculated displacement-thickness iteratively. In this paper, a
nozzle for Mach 17 was designed using the improved Sivells’s method and was analyzed based on the computational
fluid dynamics (CFD) simulations. The diameter at the nozzle exit is 2.5 m, the total temperature and total pressure are
7400 K and 30 MPa, respectively.

high-enthalpy hypervelocity shock tunnel, nozzle design, boundary-layer correction, real-gas effects, CFD
PACS: 47.11.4j, 47.40.-x, 47.27.-1, 47.70-n
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