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In the present work, detonation stabilization in the supersonic flow is numerically investigated in the straight

channel with suction boundaries. The two-dimensional reactive Navier–Stokes equations, together with a one-step

reaction model, are solved using a second-order-accurate finite volume method solver based on the Structured

AdaptiveMesh Refinement (SAMR) framework. The results show that, compared with one jet initiation, detonation

initiation can be achieved in a shorter distance using two hot jets subject to the equal total width of the jets. When the

suction slots are turned on, the overdriven detonation undergoes a gradual attenuation along with the weakening of

the transversewaves, hence leading to dynamic detonation stabilization in the supersonic flow.When the suction slots

are closer to the detonation front, the forward propagation of the detonation in the supersonic flow can be more

effectively prohibited, implying that the suction slots should be distributed as close as possible to the detonation front

in order to realize the maximal suction effect using the minimal suction slots.

Nomenclature

f = overdrive degree
SW = width of the suction slot, cm
VCJ = Chapman–Jouguet velocity, m∕s
X1 = length of the straight channel, cm
X2 = distance from the hot jet edge to the outflow boundary, cm
X3 = width of the hot jet, cm
Y1 = height of the channel, cm

I. Introduction

T HANKS to the superior performance at high Mach numbers
(Ma ≥ 5.0), scramjets have become one of the first choices for

hypersonic air-breathing propulsion systems. Because of the inherent
theoretical advantage over deflagrative combustion adopted in
scramjet combustors [1,2], it is believed that the performance of the
scramjet might be improved significantly if continuous detonation-
driven combustion is realized effectively in scramjet combustors, that
is, the detonation-driven scramjet (DDS) [3].
Lu and Braun [4] have pointed out that it is an important problem

for practical detonation-driven engines to be able to sustain a deto-
nation wave for a long duration and control it in some fashion when
bringing the concept to reality. To put the DDS into practice, the first
and foremost problem to be solved is the question of how to com-
pletely realize or at least dynamically control detonation stabilization

in supersonic flows. However, detonation is a supersonic shockwave
coupled with reaction zone that propagates normally at an average

Chapman–Jouguet (CJ) velocity. It is therefore a great challenge to

stabilize a detonation propagating at CJ state in supersonic combus-

tors with limited length, if the incoming velocity is not close to the

corresponding CJ velocity. When the incoming velocity is signifi-

cantly larger or lower than the CJ velocity, the detonation will

propagate forward or backward continuously, and cannot be effec-

tively stabilized in the combustor.
Based on the idea of the DDS, in order to address detonation

stabilization in supersonic flows the first approach is to use cavities,

usually used as flame holders in supersonic combustors [5–7], which

have been adopted for dynamic detonation stabilization in supersonic

flows [8,9]. It is reported that the cavity can accelerate detonation

propagation in supersonic combustible mixtures, thus finally result-

ing in overdriven detonation due to the enhancement of pressure

oscillations caused by subsonic combustion in the cavity [8], and

especially owing to the detonation wave interaction with the cavity, a

periodical process that consists of forward propagation, detonation

attenuation, and detonation self-sustainment is generated to avoid

detonation failure [9].Overall, it is suggested that the use of the cavity

can contribute to the realization of detonation stabilization especially

when the incoming velocity is larger than the CJ velocity. The second

promising approach for sustained detonation stabilizationwith hot jet

initiation is the use of expanding channels, which are usually adopted

in actual propulsion combustors for maximizing thrust [10]. It is

found that detonation can be maintained almost in the same position

after the shutdown of the hot jet due to both the Prandtl–Meyer

expansion and the rapid heat release of unburned jets through the

turbulent mixing and diffusion [10]. The use of the expanding wall

can help to realize detonation stabilization when the incoming veloc-

ity is lower than the CJ velocity especially for a relatively small

expansion angle. Nevertheless, there are still some limitations that

restrict the use of both the cavity and expanding wall into the actual

control applications of detonation stabilization in supersonic flows.

For instance, the cavity size plays an important role in detonation

propagation, which has a significant influence on detonation stabili-

zation [8]. However, it is difficult to dynamically change the cavity

size for detonation stabilization control in actual experiments. For

the expanding wall, detonation stabilization is not likely to be

achieved in supersonic flows when the expansion angle is relatively
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large; furthermore, dynamically changing the expansion angle is a
challenge in actual applications.
In addition to the cavity and expandingwall, an alternativemethod

is the use of suction boundaries. The wall suction is among the first
techniques applied to control the structure of the boundary layer.
Most suction investigations concentrate on pure flow subject to active
control by applying homogeneous suction boundaries [11–16]. Only
a few studies are carried out concerning detonation combustion.
Detonation experiments have been carried out in tubes with porous
walls to investigate the dependence of detonability limits on the
physical processes controlling the reaction rate in the detonation
structure itself [17,18]. When the detonation propagates through
the porous walls, the permeability of the walls due to the suction
effect can lead to mass leakage. The porous walls weaken the trans-
verse waves, which further attenuate upon the wave reflection. The
attenuation of transverse waves can largely result in the detonation
failure for most detonation investigations in porous tubes, resulting
from the suction effects of porous walls. It is reported that the porous
walls act as an ideal loss boundary that simultaneously renders the
wave one-dimensional by suppressing the multidimensional trans-
versewave structure, which can introduce the lateral mass divergence
mechanism of failure [17]. Furthermore, the dependence of detona-
tion propagation velocity on the diameter of porous tubes is inves-
tigated experimentally for two different mixtures with significantly
different reaction zone structures, and the quenching of the detona-
tion below a certain critical value of the tube diameter is illustrated
[18]. Recently, a series of experiments have been conducted to
investigate the failure mechanism of detonations in a porous tube
[19]. It is reported that the successful transmission heavily relies on
the frontal instability to generate local explosion centers for unstable
turbulent detonations, whereas the failure is observed by the excessive
global curvature for stable laminar detonations. The propagation of
gaseous detonations in a channel with porous walls is investigated
experimentally and numerically to determine the role of diffusive
turbulent mixing and transverse waves in controlling the detonation
limits in channelswith porouswalls [20]. It is found that due to themass
divergence into the damping section, resulting from the suction effect as
the detonation propagates though the porous wall, the frontal wave
curvature increases, whereas the number of transverse waves decreases
in the porous section, which is caused by detonation attenuation.
All of the suction investigations concerning detonation combus-

tion are carried out in quiescent reactive mixtures. To clarify the
effects of suction boundaries on detonation propagation in supersonic
flows, especially on the dynamic control of detonation stabilization,
in the present work the robust second-order-accurate monotone
upstream-centered schemes for conservation laws–total variation
diminishing (MUSCL-TVD) scheme is applied based on an efficient
structured adaptive mesh refinement (SAMR) framework [21,22].
Viscous detonation simulations with suction boundaries in super-
sonic flows are performed solving the reactive Navier–Stokes (NS)
equations combined with a simple one-step reaction model. This
work is part of an ongoing research program, aiming at providing
information to help improve the overall understanding of dynamic
stabilization of detonation in supersonic flows.
This paper is organized as follows: Sec. II introduces the computa-

tional model, including governing equations, numerical methods, and
computational setup. Results and discussions are presented in Sec. III,
where the initiation using two hot jets, dynamic detonation stabiliza-
tion with suction boundaries, and the effects of suction positions are
further investigated. Finally, Sec. IV concludes the paper.

II. Computational Model

A. Governing Equations

The presentwork uses theNS equationswith the one-step chemistry
model as governing equations [23]. Currently, it is very expensive to
conduct high-resolution multidimensional detonation simulations
solving the NS equations with detailed chemistry. The Arrhenius law
that relates chemical reaction rates to temperature variation is widely
used as the simplestmode for detonation simulations [24–26].Here the
reaction model is selected and fitted to the physical parameters of a

H2∕O2 detonation initially atT � 300 K andP � 6.67 kPa, to define
a marginally stable detonation [27].
For the two species, the calorically perfect model

γ � γ1 � γ2; p � ρRT; R � R1 � R2 (1)

is used. The mass fraction production rates are given as follows:

w1 � −w2 � ρY1A exp

�
−
Ea

RT

�
(2)

The thermodynamic parameters are shown in Table 1 and yield a

CJ velocity of VCJ � 1587.84 m∕s.
At the end of the Zel’dovich–von Neumann-Döring (ZND) reaction

zone, the temperature is about 2500 K and the pressure is approxi-

mately 101.325 kPa, which gives the following transport parameters

for the one-step model: Tref � 2500 K, μref � 1.07 × 10−4 Pa ⋅ s,
kref � 0.148 W∕�m ⋅ K�, D1ref � 5.5 × 10−4 m2∕s, D2ref � 6.4×
10−4 m2∕s. By matching the general trends and values at the end of

the ZND reaction zone between the one-step and detailed reaction

model, the viscosity and conductivity are given by the Sutherland

model, whereas the mass diffusion is given by a simple expression,

which includes the inverse dependence on pressure.
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B. Numerical Methods

Dimensional splitting is employed for the two-dimensional simu-

lations. For the reactive simulations, a time-splitting method is used

due to the large difference in time scales between the fluid dynamics

and reactive source term.
The second-order-accurateMUSCL-TVD finite volumemethod is

adopted for discretization of the convective part of the NS equations,

whereas the second-order-accurate centered difference (CD) scheme

is used for the diffusive term. This has been effectively validated for

multidimensional detonations [27]. Unlike shock-capturing meth-

ods, no numerical viscosity is introduced for schemes based on

centered stencils, thus being able to accurately describe the physical

diffusion. As for the reactive source term, a semi-implicit, A-stable

generalized Runge–Kutta method of fourth order (GRK4A) is used

for the integration, avoiding a globally coupled implicit problem.
Additional restrictions are imposed on the time integration by the

CD scheme. It is relatively easy to use explicit multistage time inte-

gration methods for the implementation with SAMR. Because of the

stability properties of the explicit integration schemes, the preferred

practical methods with the ability of inexpensive time adaption in

SAMR are Runge–Kutta methods. Here, the optimal second-order-

accurate strong stability preservingRunge–Kutta scheme is usedwith a

CFL parameter of 0.98.

Table 1 Thermodynamic
parameters of the mixture

Parameter Value Unit

T∞ 300 K

p∞ 6.67 kPa

ρ∞ 0.077552 kg∕m3

γ 1.29499

W 0.029 kg∕mol

q 54,000 J∕mol

Ea 30,000 J∕mol

A 6 × 105 s−1
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C. Computational Setup

The computations are carried out in two-dimensional straight
channels, as depicted in Fig. 1. Reflecting boundaries with slip wall
conditions are used on the upper and lower walls. In the viscid case, a
turbulent boundary layer would develop along the inflow channel
wall and its thickness will strongly depend on the length of the
channel. This can accurately be described only by either simulating
the entire combustion chamber or employing an analytic boundary-
layer profile as a nontrivial inflow condition. To eliminate this com-
plexity and to be able to focus the present study just on the effects of
suction boundaries on detonation propagation and the subsequent
stabilization control in the supersonic flow, the viscid model with slip
boundary conditions is opted for not having to deal with boundary
layers produced otherwise in the inflow section. An inflow condition
is set up tomodel a hot jet, which is symmetrically located on both the
upper and the lower walls. Throughout the channel the supersonic
reactive flow enters from right to left at the correspondingCJ velocity.
The right boundary adopts the inflow condition and an ideal outflow
condition is imposed on the left boundary.
The suction holes are uniformly distributed symmetrically on

both the lower and the upper walls. Suction can be applied by some
mechanical means; however, passive suction is usually preferred
because of its simplicity. Passive suction does not require any energy
expenditure, which can be achieved by using the pressure differential
between locations. In the present study, passive suction is adopted by
using the suction slots. Six suction slots (S1, S2, S3, S4, S5, S6) with
the same width are uniformly distributed symmetrically on both the
lower and the upper walls, where a constant pressure is prescribed at
the holes. The velocity and momentum are still allowed to reflect as
usual, whereas the remaining state variables are implemented by
constant-value extrapolation of the interior data into the ghost cells.
The given pressure of the slots is relatively lowwith respect to that in
the supersonic flow. Therefore, the fluid in the channel could be
removed through the slots without additional power requirements.
The inflow parameters of the hot jet are set to the values of the CJ

state of aH2∕O2 detonation under the condition of pressure 6.67 kPa
and temperature 300K.The injectionvelocity is specified as the sonic
speed to make it a choked hot jet. The details of the hot jet are shown
in Table 2.

D. Convergence Analysis

As shown in Fig. 1, the length and height of the channel are X1 �
75 mm andY1 � 25 mm, respectively. The distance between the hot jet
and the head wall is X2 � 25 mm, and the width of the hot jet is
X3 � 2 mm. The slots with the same width of SW � 2 mm and the
initial pressure 5 kPa are uniformly placed with the interval of 5 mm
symmetrically on both the lower and the upperwalls. The first slot (S1) is
2.9 mm away from the hot jet. The initial mesh has 600 × 200 cells,

whichgives an initial grid resolutionof1.25 × 10−4 m in bothdirections.
Three different cases of SAMR implementation are carried out to

investigate the effect of grid resolution. The detailed information of
the three cases is shown in Table 3.
After the injection of the two impinging hot jets into the supersonic

flow, two symmetrical bow shocks are first induced and eventually a
Mach stem is generated after the collision of the bow shock waves.
Figure 2 shows three different distributions of mesh refinement for
the typical structure of the Mach stem induced by the injection of the
two symmetrical jets. The overall pattern associated with the triple
points resulting from the Mach stem, incident shocks, and slip lines

emitting from the triple points is qualitatively similar in the three
cases with different grid resolutions. Note that these characteristic
structures are all captured by the highest refinement levels, indicating
that the refinement strategy established in the simulations can satisfy
the requirements. As a compromise between computational cost and
resolved resolution, the four-level mesh refinement of case 2 is
adopted in the following simulations.
The highest grid resolution in case 2 of Δmin � 7.8 × 10−6 m

corresponds to approximate 275 Pts∕Lhr (points per half reaction
length). This has been effectively verified in the recent work [10],
which shows that at least about 10 cells can be placed within the
viscous scale, hence indicating that these diffusive scales can be fully
resolved in the present simulations except for shock waves whose
thicknesses are only several mean free path lengths.

III. Results and Analysis

A. Initiation Using Two Hot Jets

Detonation initiation using one hot jet in the supersonic flow has
been fully investigated in the previous work [10]. Different from the
sole jet initiation, in the presentwork two symmetrical hot jets are used
to avoid the potential unsymmetrical disturbance on the suction boun-
daries. To obtain an overall understanding of this issue, detonation
initiation in the supersonic flow using two jets is illustrated in Fig. 3.
After the injection of the two hot jets into the supersonic flow, two

symmetrical bow shock waves are generated and further collide with
each other in the middle of the channel, as shown in Fig. 3a. Sub-
sequently, as the strength of the reflected shock waves increases,
Mach reflections are produced on both the upper and the lower walls.
As shown in Fig. 3b, the two Mach reflections begin to interact with
each other, resulting in the generation of interacting expansion and
shockwaves inside the hydrodynamic channel formed by the two slip
lines emitting from the triple points. The Mach reflections propagate
forward further, and eventually the two triple points collide to gen-
erate a new Mach stem, as shown in Fig. 3c.
Figure 4 visualizes the detailed structure of the local Mach stem

using the contour of the productmass fraction. As shown in Fig. 4a, it
is observed between the two primary triple points that the Mach stem
is coupled tightlywith the reaction front, indicating the formation of a
Mach detonation (Mach-stem-induced detonation) [28]. In addition
to the primary triple points, the secondary ones are also resolved
associated with the expansion waves resulting from the shock reflec-
tions on the slip lines emitting from the primary triple points, sug-
gesting adequate resolution in the present work. Compared with that
in Fig. 4a, the Mach detonation in Fig. 4b has propagated forward.
The slip lines developed to highly unstable shear layers can be
considered as free boundaries, hence forming a convergent channel
behind the Mach detonation. It is reported that highly unstable shear
layers are able to enhance the diffusion andmixing effects [29],which
can significantly contribute to the consumption and subsequent heatFig. 1 Schematic of the calculation model.

Table 2 Equilibrium CJ state of the hot jet

Parameter Value Unit

Pressure 86,376 Pa
Temperature 1,943.8 K
Density 0.155 kg∕m3

Velocity 850 m∕s
Total energy 349,280 J∕mol

Y1 (reactant mass fraction) 0.0088

Y2 (product mass fraction) 0.9912

Table 3 Mesh refinement parameters

Case 1 Case 2 Case 3

Refinement
parameters

3 levels 4 levels 5 levels
(2, 4) (2, 2, 4) (2, 2, 2, 4)
Δmin �

1.56 × 10−5 m

Δmin �
7.8 × 10−6 m

Δmin �
3.9 × 10−6 m
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release of the unburned jets behind the Mach detonation. This can
facilitate the forward propagation of the Mach detonation, resulting in

an overdriven detonation in the supersonic flow. It can be calculated that
the relative velocity is approximately v � 200 m∕s with the corre-

sponding overdrive degree of f � 1.268 (f � �fVCJ � vg∕VCJ�2).
The generation of the local Mach detonation finally can lead to the full
detonation in the whole channel.
A similar setup is conducted for comparison to investigate the

initiation characteristic directly using two hot jets. The new setup

uses only one hot jet on the lower wall with the width X3� 4 mm,
ensuring an identical total width of the hot jets, whereas the other
conditions remain unaltered.
As shown in Fig. 5, it is found that detonation initiation is success-

fully realized at approximately the same time of t � 165 μs, and
after the successful initiation the front trajectories are almost parallel
using the two initiationmethods, indicating the same relativevelocity of
forward propagating. The difference is that, when using two jets,

detonation initiation can be achieved within a distance 8 mm shorter
than that using one jet initiation, which is useful for actual applications.

B. Stationary Propagation with Suction Boundaries

Figure 6 shows the propagation of the detonation after the trigger-

ing of the suction slots. After the initiation, the overdriven detonation

Fig. 2 Three refinement cases: a) case 1, b) case 2, c) case 3.

Fig. 3 Detonation initiation using two hot jets: a) t � 100 μs, b) t � 150 μs, c) t � 200 μs.

Fig. 4 The detailed structure of Mach detonation: a) t � 185 μs, b) t � 190 μs.

Fig. 5 The trajectories of the detonation fronts using both the two
initiation methods.
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continues the forward propagation. At t � 315 μs, the suction boun-
dary is triggered to open the six suction slots (S1,S2,S3,S4,S5,S6), as
shown in Fig. 6a. At this time, it is ensured that the six suction slots

are all located behind the detonation front. After the triggering, it is

observed that the expansion waves are immediately generated on the

upper and lower walls near the slots as shown in Fig. 6b, which

further will result in numerous pressure oscillations associated with

the formation of pressure waves behind the detonation front, as

shown in Fig. 6c. In addition, in Fig. 6d, it can be observed that the

transverse waves are interacting with the suction slots. Because of

the mass divergence resulting from the suction slots that generate the

expansion waves, the transverse waves might be further weakened.

Figure 7 shows the detailed structures of detonation propagation

with open suction slots. Because of the symmetry of the flowfield,

only the upper half part is illustrated.

In Fig. 7a, it is observed that a doubleMach reflectionwith a strong

transverse wave is generated. Subsequently, this double Mach refec-

tion turns to propagate upward after the collision with another triple

Fig. 6 Pressure isolines depicting detonation propagation immediately after triggering of the suction slots: a) t � 315 μs, b) t � 320 μs, c) t � 325 μs,
d) t � 330 μs.

Fig. 7 Detailed detonation structures with suction boundaries: a) t � 350 μs, b) t � 360 μs, c) t � 370 μs, d) t � 380 μs.

CAI ETAL. 5



point in the middle. As shown in Fig. 7b, two transverse waves are
clearly distinguished from the double Mach reflection, which even-
tually leads to reflections on the upper wall. It is observed in Fig. 7c
that the lower transversewave just swept from the slotS5, whereas the
upper transversewave is interactingwith the slotS6. In addition to the
transverse wave interactions with suction slots, the slip lines can also
interact with the slots, as shown in Fig. 7d. As a consequence of the
suction, the transversewaves weakenwhen interacting with the slots.
Comparedwith that in Fig. 7a, themaximal pressure in Fig. 7b behind
the transverse wave decreases about 20%, resulting in a reduction
16% of the transverse wave strength. This also has a significant
influence on the Mach reflection pattern. It is found that the strong
double Mach reflection structure in Fig. 7a is gradually replaced by
weaker ones and even transitional Mach reflection in Fig. 7d.
Figure 8a illustrates the trajectories of the detonation fronts both

with and without the suction boundaries. It is found that when there is
no suction boundary the detonation wave continues its forward propa-
gation with an overdrive degree of f � 1.29with an oscillating period
of T � 31.26 μs. However, when the suction slots are opened the
detonation wave gradually changes from the forward propagation to
dynamically stationary propagation with an oscillating period of
T � 35.2 μs, which is 12.6% larger than thatwith no suction.Through
this comparison, it is indicated that using the suction boundaries it is
likely to realize the dynamic stabilization of detonation in the super-
sonic flow.
Figure 8b shows the pressure variations at a fixed point in themiddle

of the channel behind the detonation front both with and without the
suction. It is found that,when there is no suction boundary, the pressure
behind the detonation front presents a periodic oscillation with a
relative constant period of ΔT � 7.68 μs and oscillating amplitude
Δp � 17.4 kPa. The oscillating period results from the periodic
movement of the two transverse waves behind the detonation front
as shown in Fig. 6. This also can evaluate the detonation oscillation
period as T � 4 × ΔT � 30.72 μs, which is very close to that in
Fig. 8a. However, when the suction boundary is opened, the pressure
first undergoes a sharp decrease and then turns to an irregular oscil-
lationwithout anobvious period andoscillating amplitude.Overall, the
pressure after the suction triggering is approximately30kPa lower than
that with no suction. The suction effect results in a decline of the
pressure behind the detonation wave. The pressure oscillation behind
the detonation is a representation of the transverse wave movement.

This can further lead to the chemical reaction slowdown and the

subsequent heat release. Detonation propagation requires the support

of the energy released from the reaction behind the wave, yet it is not

possible at this point for the chemical reaction to continuously support

the propagation of an overdriven detonation wave. Therefore, during

the propagation, the overdriven detonation undergoes an attenuation

along with the weakening of the transverse waves, hence leading to

dynamically stationary propagation of detonation in the supersonic

flow associated with irregular pressure oscillations.

C. Effect of Suction Position

To provide a comprehensive understanding of the suction effects

on detonation propagation in supersonic flows, a systematic study

should be carried out. Except for the strength of the suction slots

whose effects are very straightforward, the suction position is the

Fig. 8 Comparison between suction and no suction boundaries: a) trajectories of the detonation front both with and without the suction boundary;
b) pressures behind the detonation front both with and without the suction boundary at X � 35 mm, Y � 12.5 mm.

Table 4 Setups for the three cases

S1 S2 S3 S4 S5 S6

Case 1
p p

× × × ×
Case 2 × ×

p p
× ×

Case 3 × × × ×
p p

p
, opening of the suction slot; ×, shutdown.

Fig. 9 Trajectories of the detonation fronts for different positions of
suction slots.

Table 5 Corresponding parameters for the four cases

T (μs) v (m∕s) f

Case 1 31.99 174.6 1.23
Case 2 32.48 161.5 1.21
Case 3 32.97 112.8 1.15
No suction 31.26 220 1.29

6 CAI ETAL.



most important for detonation propagation in supersonic flows.
A proper suction position can realize the maximal suction effect
using the least slots. Therefore, the following investigation concen-
trates on the distribution of the suction slots.
To investigate the effect of the suction position, three cases are

carried out,which are listed inTable 4. For case 1, only slotsS1 andS2
are opened, whereas the other slots are all shut down; for case 2, only
slots S3 and S4 are opened, whereas the other slots are all shut down;
for case 3, only slots S5 and S6 are opened, whereas the other slots are
all shut down.
Figure 9 shows the trajectories of the detonation fronts for the three

cases. It is observed that all the trajectories undergo a downward
deviation after the suction slots are opened. Subsequently, the slopes
of the trajectories gradually become relatively stable associated with
periodical oscillations. However, due to the different locations of the
suction slots, the slopes of the three curves that indicate the relative
propagation velocities are different.
The corresponding oscillating periods, relative velocities, and over-

drive degrees for the four cases are listed in details in Table 5. It is
shown that from case 1 to case 3, the oscillating period presents an
increasing trend, whereas the relative velocity and overdrive degree
decrease slightly. Compared with the case of no suction, the period
increases about 2.28, 3.9, and 5.47%, which is also an indication of the
weakening of the transverse waves, whereas the overdrive degree
decreases about 4.65, 6.2, and 10.85%, respectively. It is found that
although the equal two suction slots areused in the three cases, different
distribution positions lead to quite different suction effects. When the
suction slots are closer to the detonation front, the forward propagation
of the detonation in the supersonic flow can be more effectively
prohibited, indicating the more obvious suction effects.
A sonic line is produced between the hot jet and the detonation

front in supersonic flows [30,31]. Hence, a subsonic area exits
between the sonic line and the detonation front. If the suction slots
are distributed in the subsonic area, the suction effect can effectively
play a significant role in the detonation front crossing through the
subsonic area. Otherwise, the suction effect cannot effectively influ-
ence the detonation propagation in the supersonic region downstream
in the subsonic area.
As indicated in Table 4, the suction effect becomes more signifi-

cant when the suction slot is getting closer to the detonation front. As
shown in Fig. 10, the sonic lines of case 3, where the suction effect is
the most significant, are illustrated by the red lines. This implies that,
when using the suction boundary for the control of detonation
propagation in supersonic flows, the suction slots should be distrib-
uted as close as possible to the detonation front in order to realize the
maximal effect using the minimal suction slots.

IV. Conclusions

In the present work, detonation stabilization in the supersonic flow
is investigated in the straight channel with suction boundaries. Two
symmetrical hot jets are used for the initiation in the supersonic flow.
The reactive NS equations are solved together with a one-step
reaction model based on an SAMR framework. Under the given
circumstance the main results are as follows:

1) After the reflections of bow shock waves induced from the
injection of two symmetrical hot jets into the supersonic flow, aMach
stem is generated, which is actually a local Mach detonation indicat-
ing the successful initiation. Compared with one jet initiation, the
initiation is successfully realized in a shorter distance subject to the
equal total width of the jets when using two hot jets.
2) When triggering the suction slots, the overdriven detonation

gradually undergoes an attenuation associated with theweakening of
the transverse waves due to the suction effects. Eventually, dynami-
cally stationary propagation of detonation is generated in the super-
sonic flow together with irregular pressure oscillations.
3) Different distribution positions of suction slots can lead to quite

different suction effects. When the suction slots are closer to the
detonation front, the forward propagation of detonation in the super-
sonic flow can bemore effectively prohibited. This implies that,when
using the suction boundary for the control of detonation propagation
in supersonic flows, the suction slots should be distributed as close as
possible to the detonation front in order to realize the maximal effect
using the minimal number of suction slots.
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