
Setup and Methodology
For this project, ANSYS Fluent is chosen as the most suitable solver. The 
software is coupled with a computing cluster to run simulations quickly 
and reliably. To simulate the isolator, a rectangular geometry with 
adiabatic walls and prescribed inlet/outlet conditions is used.  The tube 
dimensions are 24 in by 2.5 in [3].  The mesh (below) features 33,413 
faces, with cell each square element with side lengths of 0.0865 in, 
except those nearest the wall, which have lengths of 0.0433 in, to help 
better resolve the boundary layers.

To generate a Mach 1.8 inlet flow, the total temperature ss set to 
288.89K, with a gauge pressure of 29,271 Pa and total pressure of 
168,185 Pa. The test section outlet total temperature remains 288.89K, 
with a piecewise backpressure value: 80,000 Pa increasing to 90,000 Pa 
when the elapsed time exceeds 5ms.

Results
To demonstrate the motion of the shock, the time derivative of 
pressure is plotted at two times, one before the pressure and increase 
and one immediately after. The largest magnitude peak of the plot 
shows the location of the leading edge of the pseudoshock, which 
moved foreword from 0.48m downstream from the inlet to 0.39m 
downstream from the inlet. This shows that a rise in pressure induces a 
large displacement in position.

The simulation gives results consistent with those expected from a 
pseudoshock system. To the right, see the plots comparing the 
computed density contours and dx-velocity/dx contours against 
Schlieren photography, which shows the experimental shock structure 
of the pseudoshock system. Future simulation will include further 
analysis of the steady-state behavior of shock system under each 
pressure condition along with responses as a function of the magnitude 
of pressure increase and oscillation frequencies.
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Background
In scramjet flight conditions, one key design consideration is to avoid 
shock disgorgement from the engine inlet, which leads to a condition 
known as “unstart”. Unstart is dangerous because it leads to loss of 
thrust and instability in the air-vehicle. In scramjet applications, a 
system of shocks, known as “pseudoshock” or “shock train” forms in 
the region aft of the isolator, prior to the combustor (Figure 1) as a 
result of intense shock-boundary layer interactions.

The combustion process in the combustor generates a time varying 
pressure in the region touching the isolator. This variation causes the 
pseudoshock system to oscillate, which is what this project seeks to 
characterize using the computational fluid dynamics (CFD) solver 
Fluent.

Models
Pseudoshock is an inherently viscous phenomenon, and a choice of 
turbulence model is critical. Two commonly used variants are the k-
epsilon and the k-omega formulations. For this project, the Spalart-
Allmaras formulation is initially attempted, though superior results 
come from the k-omega shear-stress transport model, which is 
particularly versatile and designed to handle the viscous properties in 
the near-wall region [2].

The flow is resolved using a combination of first and second order 
upwind formulations, along with first order implicit advancement of 
the transient terms.
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