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Abstract: The results of the third stage of numerical simulation of the ONERA LAPCAT II experiment on
high-speed hydrogen combustion in a model duct are described. At this stage, the calculations are carried out taking
into account the duct wall roughness and the presence of glass on the side walls. A synthetic turbulence generator
is also added at the duct entrance and the initial field is obtained in a preliminary RANS (Reynolds-averaged
Navier–Stokes) simulation using the nonlinear shear stress transport (SST-NL) model causing the emergence
of secondary flows in channel corners. The simulation results obtained using the SST-based improved delayed
detached eddy simulation (SST-IDDES) approach are presented. It is shown that the account for glasses affects the
structure of separation regions but has little effect on average flow parameters and pressure distribution along the
duct. The nonlinear model and the synthetic turbulence generation have a significant impact on all flow parameters.
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Figure Captions
Figure 1 Model duct of the experimental setup ONERA LAERTE

Figure 2 Streamlines and isosurface of the zero longitudinal velocity component, RANS simulations: (a) without taking into
account glass windows; and (b) taking into account glass windows

Figure 3 Structure of separation zones (flow is directed from left to right): (a) RANS simulation using the SST model; and
(b) RANS simulation using the SST-NL model

Figure 4 Pressure distribution along the duct: ONERA experiments (1) and RANS simulations using the SST (roughness height
(equivalent sand grain size) hs = 65 µm) (2) and SST-NL models: 3 — hs = 65 µm; 4 — 80; and 5 — hs = 85 µm

Figure 5 The field of Mach number in the plane of symmetry in the vicinity of hydrogen jet: (a) IDDES simulation without
STG from [6]; and (b) IDDES simulation with STG

Figure 6 The field of Mach number in the symmetry plane at successive time instants of the IDDES simulation: (a) t = 0 ms
(initial field); (b) t = 0.5ms; (c) 0.96; (d) 2.05; (e) 2.88; (f ) 4; and (g) t = 4.88ms

Figure 7 Pressure distribution along the duct: 1 — ONERA experiments; 2 — RANS simulation using the SST-NL model
(initial field, hs = 80 µm); and 3 and 4 — IDDES simulations (hs = 65 µm) at two consecutive points in time (3 — 2.88 ms
and 4 – 4.88 ms)
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