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This 2024 Special Issue of Aerospace, an open-access journal from MDPI, is entitled
“Shock-Dominated Flow” and was guest-edited by Dr. He-xia Huang, Professor Hui-jun
Tan, and Professor Ye Tian. It comprises 10 articles, primarily focusing on the fluid mechan-
ics and associated flow control methods of shock-dominated flows. These contributions
offer new insights into this academic research field.

For high-speed aircraft [1,2], engines [3,4], or missiles [5], the external and internal
flow is characterized by shock-dominated flow [6], which determines the aerodynamic
performance, practical envelope, and flight range. Specifically utilizing the compression
effect of shocks, high-speed engines can decelerate the incoming supersonic/hypersonic
flow to a suitable range to match the ramjet or scramjet combustion [7,8]. However, the
shock also induces unfavorable drag [9], pressure/thermal load [10], flameout, and even
structural failure [11]. Therefore, an efficient flow control method for shock-dominated
flow is required [12]. With the development of the aerospace field towards higher speeds,
better performance, and more intelligent control [13,14], there is an urgent need to propose
related theories, reveal the flow mechanism of shock-dominated flow, and develop some
flow control methods to eliminate the accompanying hazard.

This Special Issue publishes recent advances in shock-dominated flow features and
flow control methods related to aerospace. The hypersonic inlet is an aerodynamic interface
between the aircraft and the engine, which utilizes a series of shocks to compress the
incoming flow [8]. Due to the existence of a surface boundary layer, it faces severe shock–
boundary layer interactions [15]. Gao et al. [16] numerically studied the transient flow
evolution in a hypersonic inlet/isolator under incoming wind shear and found that the
cowl-shock-induced separation bubble moved downstream and upstream, with the total
pressure recovery coefficients increasing by approximately 10%. Moreover, the wind shear
had substantial impacts on the downstream shock train. While the shock train was located
near the throat initially, the wind shear may force it to move upstream, resulting in an
inlet unstart. Therefore, the operation of a hypersonic inlet/isolator should consider the
wind shear effect. When the hypersonic nozzle operated at a low nozzle pressure ratio
state, the flow was over-expanded, which induced a shock within the nozzle [17]. Yu
et al. [18] numerically analyzed the effect of external flow on the shock-induced separation
in a single-expansion ramp nozzle. As the external flow Mach number increased, the
internal flow separation experienced a transition from restricted shock separation (RSS) to
free shock separation (FSS) and was finally converted to a fully unseparated state. As the
separation induced by the shock behaved with some unsteadiness, Wang et al. [19] proposed
a dynamic mode decomposition criterion for the spiked-blunt body flow at Ma = 2.2. The
results showed that using the energy sorting criterion, the dynamic mode decomposition
(DMD) method had an advantage in identifying the dominated flow structures of such an
unsteady flow. Moreover, they observed that the spiked-blunt flow appeared with multiple
dominated frequencies, among which, the primary frequency was 3.3 kHz, originating
from the periodic motion of the aftershock.

To control the shock–boundary layer interaction well, several flow control methods
have been put forward [12]. Wang et al. [20] proposed a vortex generator with high-
frequency oscillation to control the shock wave–boundary layer interaction (SWBLI) in
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the inlet. The “extrusion” and “suction” effects during the oscillation process charged the
airflow, which enhanced the momentum exchange. The unsteady numerical results demon-
strated that this method effectively suppressed the shock-induced separation, with the
separation bubble reduced by 31.76% and the total pressure recovery coefficient increased
by 6.4%. Yu et al. [21] proposed a passive flow control method based on micro-serrations;
the height of the hair of serration was lower than the thickness of the boundary layer δ. The
separation length was able to be shortened by 9.13%, with a leading stair of 0.1δ, a depth of
the subsequent serrations of 0.2δ, and a width of 0.05δ. Compared to a vortex generator
or a micro-serration, the plasma-based flow control method, as an active flow control
method, had a shorter response time, an ability to regulate the control intensity, high levels
of injected momentum, and no additional mass loss [22], which has become a hot research
topic in recent years [23,24]. Yang et al. [25] utilized surface arc plasma actuators to control
the two-stage compression corner shocks–boundary layer interaction. A wind tunnel exper-
iment under Mach number 6.0 was conducted. The experimental results showed that this
method could weaken the shock intensity to a certain extent. As the discharging voltage
increased from 0.5 kV to 1 kV, the influence range of the hot plume was able to extend
from 65 mm to 85 mm. Furthermore, Yang et al. [26] used a 30-channel discharge array to
control the shock–boundary layer interaction and shock–shock interaction in a hypersonic
double-wedge to reduce the wave drag, thermal load, and pressure load. The Edney V-type
shock–shock interaction was effectively controlled, and such an interaction disappeared
or was intermittent when the jet plume emerged. Cai et al. [27] used a dielectric barrier
discharge plasma actuator to lower the noise level in a Mach 4.0 cavity flow. The delayed
detached eddy simulation (DDES) and plasma phenomenological model were built as
described in the paper. The results demonstrated that the dielectric barrier discharge (DBD)
plasma actuator effectively suppressed the supersonic cavity flow noise by 2.27 dB. The
movement of a dominating vortex was changed to affect the maximum noise level.

For the muzzle launch system, owing to the high levels of kinetic energy at the muzzle,
a significant shock diffraction phenomenon occurs when the muzzle expels out of the
tubes [28,29]. Li et al. [30,31] experimentally and numerically studied transient shock
evolution during muzzle jets and their interaction with the confined boundaries. The
initial shock–shock collisions were formed, which delayed the evolution of the shocks and
multiple reflected shocks. As the adjacent boundaries confined the expansion of the jet,
the jet exhibited a circumferential asymmetric shape and induced transverse flow, forming
a complex vortical flow. Once the jet approached the ground, the shock and the vortices
were intensified, yielding a reflected shock, which increased the flight Mach number of the
moving body from 1.4 to 1.6.
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