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Abstract. In this study, we propose a blend of the average of THINC-EM and MUSCL
(ATM) methods based on the AUSMD scheme for solving detonation wave problems.
It is well known that the simulation of the detonation problems can produce incorrect
shock information or strong spurious due to the stiff source term. Accurate simulation
of detonation problems plays a crucial role in the design of detonation engines. The
proposed ATM method combines the MUSCL and THINC-EM methods with different
weighting functions, the optimized parameters of which are determined by the Q-
learning method in order to accurately capture detonation waves, shock waves, and
expansion fans. To validate the proposed numerical method, one and two-dimensional
shock tube and the detonation tube and nozzles are chosen as benchmark test cases.
Our numerical results show that the proposed the ATM type AUSMD scheme has
great potential for handling more complex detonation problems and pulse detonation
engine flow problems.
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Nomenclature

U: Conservation term

E: Convection term of x axis

F: Convection term of y axis

ψ: Source term
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u: Velocity of x axis

v: Velocity of y axis

et: Energy

q0: Chemical heat release

ρ: Density

p: Pressure

R: Gas constant

ε: Reaction time

r: Specific heat ratio

z: Fraction of unreacted fluid

T: Temperature

T0: Ignition temperature

ṁ: Mass flow

h: Enthalpy per unit mass

Q: Q value

sτ : Current state

aτ : Current action

sτ+1: New state

aτ+1: All possible actions at that new stat

η: Learning rate

γ: Discount rate

r: Reward for taking that action at that state

τ: Time period

1 Introduction

As demonstrated by numerous studies, the thermodynamic cycle of the engine driven by
a detonation wave is highly efficient [1–3]. During operation of detonation engines, the
detonation wave, which propagates at supersonic speed, typically transforms reactants
into products and releases energy, resulting in sudden and sharp jumps of the thermody-
namic states. It is noted that under certain conditions, the detonation wave propagates at
or near the Chapman-Jouguet (CJ) velocity, which is induced by the reactions associated
with shock waves and expansion fans within ducts or nozzles. There is a wide spectrum
of length scales and times in the collision of transverse waves caused by high pressure re-
gions and intensive reactions. However, it is not easy to observe the process of detonation
and understand the relevant scientific theories inside the internal reactive flows. Numeri-
cal simulation is often the most economical and effective way to study internal detonation
flows. The hyperbolic conservation laws are generally used in conjunction with the stiff
source terms to model the discontinuity fronts of the chemical reactive flows. However,
traditional schemes may produce spurious or incorrect wave information due to inho-


