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Abstract

This report describes numerical simulations of CUBRC HIFiRE-1 ground test experiment
Run 34 produced by SPARC.
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Chapter 1

Summary

Ground test experiments of the HIFiRE-1 vehicle were carried out at Calspan University
of Buffalo Research Center (CUBRC) and were described in [2]. In this report the focus
is on the experiment labeled Run 34, which corresponds to “Condition B” in [2]. The
freestream conditions are My, = 7.092, uy, = 2168.7m/s, T, = 231.91K, p,, = 4.069kPa,
and po, = 0.070215kg/m?®. The wall temperature was T,, = 296.6K, and the model is
mounted in the tunnel at 2° angle of attack.

The Run 34 experiment was simulated with SPARC [1]. A sequence of 3D, half-symmetry
meshes were generated in the commercial software Pointwise, with the coarsest mesh have
around 2 million elements. The mesh itself is symmetric about x-z plane, and the angle of
attack is expressed by adjusting the inflow velocity direction. Simulations on these meshes
use a perfect gas model for air, Sutherland model for viscosity, and Menter Shear Stress
Transport (SST) model for turbulence. From an initial condition defined by the freestream
conditions, the steady state solution is obtained by through an iterative approach.

The simulations produce output including the flowfield variables (density, temperature,
pressure, velocity, turbulent viscosity) and data on the body surface, such as heat flux, skin
friction, etc. The results also include diagnostics of the simulation, such as information on
the time step, convergence rate, and solution residuals.

The following figures show several flowfield variables on slices of the domain. Figures 1.1,
1.2, 1.3, 1.4, and 1.5, present the Mach number, density, pressure, temperature, and turbulent
viscosity, respectively, in the symmetry (z, y, z = 0) plane. At 2 degrees AoA, flow is
from left to right from just below the centerline. While very similar, the shock structure
and strength are visibly different on the windward and leeward sides of the body. The
largest visible differences are near the cylinder-flare intersection, where flow separation occurs
further upstream on the leeward side which significantly affects the local shock structure and
impingement on the body.

A close up of the flow near the nose is shown in Figs. 1.6(a), 1.6(b), 1.7(a), and 1.7(b).
The strong bow shock leads to the highest densities, pressures, and temperatures in the
flowfield.

Figures 1.8, 1.9, 1.10, 1.11, and 1.12, present the Mach number, density, pressure, tem-
perature, and turbulent viscosity, respectively, in several cross-sectional planes. The first
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Figure 1.1. Mach number in the symmetry plane.

plane is in a laminar region, just upstream of where the flow is tripped in the simulation.
The third plane is at the boundary of the forecone and the cylinder, and the second plane
is midway between the first and third planes. Finally, the fourth plane is at the cylinder-
flare intersection. These figures illustrate that significant 3D effects in the flow near the
cylinder-flare intersection.

Figure 1.13 shows the density (log scale) in the y-z plane at the end of the flare, and
the wall heat flux on the cylinder and flare on a wireframe mesh. On the windward side of
the body (lower side in the figure), the separation region is smaller and the separation shock
and its interactions with the shock from the flare are closer to the body; the transmitted
shock impinges on the flare leading to large localized heating. Going around the body to the
leeward side, flow separation moves upstream, the separation bubble gets bigger, and the
shock impingement moves off the flare.



Figure 1.2. Density (log scale) in the symmetry plane.

Figure 1.3. Pressure (log scale) in the symmetry plane.
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Figure 1.4. Temperature in the symmetry plane.
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Figure 1.5. Turbulent viscosity in the symmetry plane.
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(a) Mach number (b) Density (log scale)

Figure 1.6. Mach number and density near the nose.
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(a) Pressure (log scale) (b) Temperature

Figure 1.7. Pressure (log scale) and temperature near the
nose.
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Figure 1.8. Mach number in several z-z planes.
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Figure 1.9. Density (log scale) in several z-z planes.
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Figure 1.10. Pressure (log scale) in several z-z planes.
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Figure 1.11. Temperature in several z-z planes.
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Figure 1.12. Turbulent viscosity in several z-z planes.
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Figure 1.13. Localized heating on the flare.
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