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1 Introduction

A substantial amount of numerical work has been devoted to studying the propagation of detonation
waves in narrow channels (for example [1–7]). In the present study, numerical simulations are con-
ducted to investigate detonation propagation from a wider channel into a very narrow channel, both with
and without wall heat losses. The width of the narrow channel is roughly 50 times smaller than the
average detonation cell size of stoichiometric ethylene-air mixture [8]. To capture flow and detonation
features, an adequate level of grid resolution must be used. Coarser grids are known to produce overly
diffusive numerical solutions, obscuring critical detonation features such as cellular structures [4]. In-
sufficient refinement can give misleading results, with respect to predictions of capturing processes such
as detonation propagation and quenching. This study addresses the question of how much grid resolu-
tion is required for a typical narrow channel computation, particularly focusing on accurately capturing
detonation front and shock-flame decoupling inherent to narrow channel configurations.

2 Numerical Model

H
ig

h
 t

e
m

p
e
ra

tu
re

a
n

d
 p

re
s
s
u

re

Stoichiometric

Ethylene-air mixture

(300 K, 1 atm)

Narrow channel

wall

Narrow channel

wall

No-slip wall

No-slip wall

S
li
p
 w

a
ll O

u
tflo

w

y

x

H
 =

 2
5

L = 1200

w =

All measurements in mm

l = 7.62 or 400

Figure 1: Computational domain with initial and boundary conditions

The numerical simulations were performed using a multidimensional, reactive-flow code AMRFCT,
which has been extensively tested in multiple detonation problems [8, 9]. AMRFCT solves the unsteady,
fully-compressible, reactive, Navier-Stokes equations using a fourth-order Flux Corrected Transport
(FCT) algorithm. The time integration is performed explicitly using a second-order Runge-Kutta scheme
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with the timestep limited by the CFL condition. Chemical heat-release of the reactive mixture is modeled
using the Chemical-Diffusive Model (CDM) [8, 10, 11]. Adaptive Mesh Refinement (AMR) is used to
obtain accurate solutions at the shock and reaction fronts.

Figure 1 shows the computational domain used for this study. The size of the domain is 90 x 2.5 cm (L×
H). The entire domain is initialized with stoichiometric ethylene-air mixture at 300 K and atmospheric
pressure. The detonation is initiated by hot reactants at von Neumann pressure and temperature. The
detonation in the wider channel propagates steadily at nearly the CJ speed until it reaches the narrow
channel. The wider channel has a no-slip wall on the top and bottom, and an outflow boundary condition
at the right end. The dimensions of the narrow channel is 100 x 0.38 mm (l × w).

Multiple sets of computations are performed with the narrow channel walls that are either adiabatic or
have heat loss. The wall heat loss model is based on conjugate heat transfer problem described in [12].
At the interface of the solid wall and gas, the heat flux must become identical, so that,

kfluid

(
Tfluid − Twall

∆x

)
= ksolid

(
Twall − Tsolid

∆x

)
=⇒ Twall =

Tfluidkfluid + Tsolidksolid
kfluid + ksolid

(1)

Here, (kfluid, Tfluid) and (ksolid, Tsolid) refers to the thermal conductivity and core temperature of the
fluid and solid respectively. For the purpose of this study, ksolid = 16.2 W/m-K and Tsolid = 300 K,
corresponding to 304 stainless steel. The wall temperature (Twall) is updated at each step of the compu-
tation.

Table 1: Grid resolution relative to heat-release zone distance (Lhr)

Grid resolution Finest grid size (µm)
Lhr/8 17.8
Lhr/16 8
Lhr/32 4
Lhr/64 2

The base grid of the domain consists of 4608 x 128 cells in the x- and y- directions, respectively. For
the larger domain, the finest grid size of 28.5 µm (3 AMR levels) is used. This corresponds to 5 cells
per heat-release zone distance (Lhr) of the ZND profile of this mixture, based on recommendations
from [13]. Once the detonation wave reaches the narrow channel, computations are repeated for the
four different grid resolutions shown in Table 1. The effect of grid resolution on the solutions of narrow
channel detonations with and without wall-heat losses is studied. These computations were performed
on the GPU nodes of the GRACE cluster. The maximum wall time for the simulation at the highest
resolution was approximately 20 hours.

3 Results

3.1 Comparison of reaction front speeds

Figure 2 shows the normalized reaction front speed (S/DCJ) as a function of the distance along the nar-
row channel. For a narrow channel with adiabatic walls, the detonation persists throughout the channel
length. Upon exiting the channel, the shock and reaction front decouple, resulting in detonation quench-
ing (Figure 2a). In contrast, for a narrow channel with wall heat losses, the detonation is quenched
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(a) Narrow channel with adiabatic walls
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(b) Narrow channel with wall-heat losses

Figure 2: Effect of grid resolution on reaction front speed
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Figure 3: Time series of temperature slices as the detonation propagates in the narrow channel with adi-
abatic walls at different grid resolution. These snapshots show: (i) CJ detonation before entry, (ii) after
the detonation enters the narrow channel, (iii) detonation has propagated to the center of the channel,
(iv) detonation about to exit the narrow channel, (v) after the decoupled shock and reaction waves exit
the narrow channel.
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within the channel, as indicated by the decrease in flame front speed (Figure 2b). With increased grid
resolution, the location of this dip becomes stochastic. However, after the decoupling of the shock and
reaction front, the reaction front speed stabilizes at nearly half the CJ detonation speed.

3.2 Computations of narrow channels with and without wall-heat loss

The converged solution of detonation propagating in the narrow channel with adiabatic walls and walls
with heat loss are illustrated in Figure 3 and 4 respectively.

Detonation propagates in a wider channel with a near-CJ speed. Figure 3(i) shows the zoomed region
close to the narrow channel without wall-heat loss, as the CJ detonation enters it. The detonation propa-
gates with a CJ speed and does not quench throughout the length of the channel. As the detonation exits
the narrow channel into a wider channel, it decouples into a turbulent flame and shock wave. Thus, the
detonation is quenched at the exit.

Figure 4 shows the snapshots of temperature field for the computations of narrow channel with wall-
heat losses. Similar to the previous case, a CJ detonation enters the narrow channel (Figure 4(i)). As
the detonation propagates downstream, the temperature of the burned mixture near the wall decreases.
Over time, the detonation weakens further, eventually leading to the decoupling of the flame front and
the leading shock wave. The leading shock moves faster than the trailing flame front, widening the
gap between them. The shock exits the channel first, followed by the trailing turbulent flame, which is
released into the post-shock environment created by the leading shock wave.

4 Conclusions and Discussions

Increasing the grid resolution does not change the physical processes occurring inside the channel,
although the locations where these processes take place become stochastic. The resolution also impacts
the structure of the shock-flame complex during decoupling. Increasing the resolution from Lhr/8
to Lhr/32, more unreacted pockets of reactive mixture are resolved. Further increasing to Lhr/64
however, does not improve the detonation structure. Additionally, as the trailing flame front propagates
in the narrow channel, it becomes increasingly smoother and curved with higher grid resolution.

The results presented in this work indicate that the grid resolution used outside the narrow channel is
insufficient to capture salient flow and detonation features within it. For narrow channels with adiabatic
walls, a resolution of 16 to 32 cells per heat-release-zone length is sufficient to resolve the detonation
structure. However, resolution becomes more critical for narrow channels with wall heat losses. For
these computations, a resolution of 32 to 64 cells per heat-release-zone length is necessary to resolve
the structure of the shock-flame complex as the detonation gets quenched inside the channel.

Based on this work, preliminary 3D calculations of these channels have been performed using the lowest
grid resolution. In these calculations, whether the walls are adiabatic or have heat loss, the detonation is
quenched upon entry into the narrow channel. Detailed investigation of the 3D results will be discussed
in the future.
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Figure 4: Time series of temperature slices as the detonation propagates in the narrow channel with
wall-heat loss at different grid resolution. These snapshots show: (i) CJ detonation before entry, (ii)
after the detonation enters the narrow channel, (iii) detonation propagating in the channel, (iv) onset
of the decoupling of shock wave and reaction wave, (v) & (vi) flame front trailing behind a decoupled
shock wave, (vi) flame front exiting to a shocked region, (viii) after the decoupled shock and turbulent
flame exit the narrow channel.
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