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1 Background & Introduction

To realize oblique detonation wave (ODW) usage in propulsion devices, ODW structure and stability
must be further understood. In particular, the behavior of triple points and fluid instabilities in the
flow field are studied here through numerical simulation of an ODW. ODWs are an alternative form
of combustion for application in air-breathing hypersonic vehicles utilizing oblique detonation wave
engines (ODWEs) [1, 2]. In practical applications, there are many advantages to ODWs as there are no
moving components as well as the potential for thrust production at higher efficiencies than comparable
deflagration based engines. ODWs can occur when a reactive gas mixture impinges on a wedge surface
and a shock-to-detonation transition is made. Depending on wedge angle and post-shock conditions, the
inflow reactants will detonate and form an ODW structure that will either have a smooth transition or an
abrupt transition from OSW to detonation wave through a multi-wave point connecting the two.

Previous numerical [3–7] and experimental [8–11] studies have looked at the oblique detonation wave
structure and initiation. Li et al. [3] conducted the first ODW numerical simulation looking at struc-
ture and stability. Further numerical simulations have investigated flow features related to shock wave,
deflagration, and transverse wave interactions [5–7]. However, studies often ignore the effects of vis-
cosity, use simple chemical kinetics mechanisms, and simulate with coarse spatial resolution. As the
study of ODWs develops it is critical that viscosity, complicated chemistry, and fine spatial resolution
is accounted for to better understand the structure and stability of ODWs. With sufficient chemical
complexity and spatial refinement, triple point instabilities are observed in numerical simulation on the
detonation surface. Therefore, this work represents some of the first two-dimensional numerical stud-
ies of oblique detonation waves at extremely high-resolution with complex chemical kinetics and is a
critical step to elucidating the dynamic behavior of ODWs.

2 Flow Configuration

A schematic of a wedge-induced oblique detonation wave in a combustible mixture is shown in Fig. 1.
With the x-direction aligned along the wedge, computationally the inflow is directed to impact the lower
boundary at an angle to simulate flow impinging upon a wedge as shown in Fig. 1. The domain di-
mensions are x = 4 cm and y = 1 cm. The lower boundary contains a section ahead of the wedge for
supersonic outflow with a zero-gradient boundary condition, while the wedge utilizes a no-slip bound-
ary condition for velocity. Supersonic inflow is present in the left and top boundaries while the right
boundary is a zero-gradient supersonic outflow. The ODW is formed with OSW combustion coupling
when the post-shock conditions has reached a sufficiently high temperature to initiate detonation. The
inflow reactants are a hydrogen-air mixture at an equivalence ratio of ϕ = 1. The inflow parameters are
M = 5, T = 500 K, and p = 1 atm with a wedge angle of θ = 30°.
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Figure 1: Left: Schematic of wedge-induced oblique detonation waves, Right: Schematic of wedge-
induced oblique detonation waves with 3.125 µm resolution simulation results overlaid.

3 Numerical Approach

A high fidelity numerical simulation approach is utilized to study ODW behavior. The governing equa-
tions include mass, momentum, and energy conservation equations augmented with species conserva-
tion equations, integrating chemical reactions. The ideal gas equation of state is used to close the sys-
tem of equations. The Navier-Stokes equations for compressible, reacting fluid flows is utilized within
UMdetFOAM for numerical simulation [12]. The MUSCL (Monotonic Upwind Scheme for Conser-
vation Laws)-based HLLC (Harten- Lax-van Leer-Contact) and HLLE (Harten-Lax-van Leer-Einfeldt)
schemes are utilized in separate simulations for spatial discretization of convective flux. A second-order
Runge-Kutta multi-stage method is used for temporal discretization. Diffusion terms are discretized
through the Kurganov, Noelle, and Petrova (KNP) method and chemical reactions are computed using
Cantera [13] [14].

The solver is parallelized utilizing MPI-based domain decomposition and is executed on approximately
3000 cores in the current study. The detailed chemistry is modeled for hydrogen-oxygen combustion
with a nitrogen diluter using a 9-species 19-reaction chemical mechanism derived from Mueller et al.
using Cantera-based subroutines [15]. Capturing complex chemistry has been shown to be critical to
study formation of instabilities in the oblique detonation wave flow field [16]. Adiabatic and no-slip
boundary conditions are applied at the wedge surface. The finest resolutions in the ODW simulations
utilizing HLLC and HLLE are 3.125 µm and 781.125 nm respectively. With the utilization of HLLC
flux in the 3.125 µm case, there may be issues with carbuncles in HLLC’s treatment of shock waves
due to the lack of diffusion normal to the shock and therefore generation of spurious oscillations in the
simulation that may have impact on acoustic wave formation. Therefore, a more dissipative HLLE flux
is utilized in the subsequent 781 nm case with higher resolution to compensate for its more diffusive
effects and to more accurately simulate the flow-field. In the 3.125 µm case , there are approximately
200 cells across the detonation induction length to resolve this feature of the detonation. With adaptive
mesh refinement (AMR) the case with HLLC flux contains approximately 8 million cells while the case
with HLLE flux contains approximately 50 million cells.

4 Results and Discussion

At the simulated conditions, an ODW presents in an abrupt shock-to-detonation transition with a primary
and secondary transverse wave present, along with a train of left running transverse waves that later
encounter right running transverse waves that form a separate cellular detonation region. Utilizing AMR
the finest resolution in this case is 3.125 µm.

In Fig. 2 and Fig. 3 Kelvin-Helmholtz (KH) instabilities can be seen in the flow-field behind the deto-
nation emanating from the triple points at the detonation surface. The KH instabilities are most clearly
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