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An Assessment of the Effects of Laser Energy Deposition
for Cavity Flows

Ibrahim Yilmaz and Selin Aradag

Abstract—Laser energy deposition method is a new and
promising method as a flow control technique. In this study,
this method is applied to three dimensional, turbulent,
supersonic cavity flow which is a critical flow control problem.
The application of the laser energy deposition is modeled by
using a Gaussian temperature profile assuming the density
within the spot is initially uniform. The effects of frequency,
location and amount of the laser energy are investigated. At
low frequency values, negligible reductions for sound pressure
levels (SPL) are obtained. As the frequency is increased, SPL
reductions up to 3 dB occur.

Index Terms—Active flow control, open cavity, supersonic
flow, laser energy deposition.

I. INTRODUCTION

The cavity flow mechanism includes complex and
unsteady flow fields. Due to these complex flow fields,
dangerous interactions may occur in the cavity flow which
can cause harmful incidents in their application. Especially
in aeronautics applications, the cavity flow configurations
are used for the design of interior storages of air vehicles
which provides some advantages such as, increase in the lift
or decrease in the drag. However, they can decrease the
chance of success of aircrafts in their mission because of the
hazardous structural interactions in the flow field [1].To
eliminate the undesirable impacts, several cavity flow
control studies are performed including the suppression of
the high sound pressure values and the pressure oscillations
in the cavities .

Various flow control techniques are developed as
reported in literature. As a result of these studies, it is
concluded that active control techniques are more
advantageous than the passive ones. They can adapt to
different flow conditions and in contrast to the passive ones,
they include a small control mechanism which is an
important specification for local flow control problems [2].
These techniques are mainly applied by providing an
external energy to the system. There are many types of
active control techniques such as, mass injection,
mechanical excitation, acoustics driving and microjets [3]. A
decrease may occur in the efficiency of these techniques due
to the installation difficulties and the problems about the
reliability of systems, which makes the researchers intend to
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study different control techniques such as energy deposition
methods. Energy deposition is provided by energy sources
such as plasma arcs, microwaves and lasers. The advantages
of these techniques are that they can be controlled
electronically and they can adapt to different conditions
rapidly [4].

Since the discovery of the laser induced spark in 1963,
laser beam has been used as an energy deposition method
[5]. Schdelin et al. [6], studied laser energy deposition as a
flow control technique. The impact of laser energy
deposition on the shock wave transformation is investigated.
With the increase in the amount of energy, the interactions
increase. In the study of Zaidi et al. [7], the impacts of laser
energy deposition on shock waves in supersonic flow are
examined by using a small scale wind tunnel. By using the
results of the interactions between the hot region and the
model shock obtained from a small scale wind tunnel, a
numerical model is validated for which the energy
deposition for practical applications can be optimized.
Adelgren et al. [8] studied two standard supersonic flows
with laser energy deposition; a sonic transverse injected wall
jet and shock waves in a dual domain interactive space in a
supersonic turbulent boundary layer. The purpose is to
obtain useful changes on the flow properties with laser
energy deposition for both cases. Yan et al. [9] studied the
effects of laser energy deposition on quiescent air and
intersecting shocks experimentally and numerically. The
effect of the laser pulse in quiescent air is a formation of an
age drop. After a suitable amount of time, this formation
turns to a spherical form. This formation triggered the idea
of occurrence of a spherically symmetric temperature profile
which depends on laser energy deposition with constant
volume and they produced a mathematical model of the
laser pulse.

In the study of Aradag et al. [10], laser energy deposition
is used to control cavity flow oscillations. An open cavity
with an L/D ratio of 5.07 and Mach number of 1.5 is
investigated. The results indicated that about 5-6 dB
reduction in SPL values are observed. Lazar et al. [3]
studied energy deposition to control cavity flow,
experimentally. With Schlieren imaging and two-component
measurements, a desired huge-scaled structure is obtained in
the shear layer with laser energy deposition. The studies
show that laser energy has a potential on flow control
process.

The aim of this study is to observe the impacts of laser
energy deposition on pressure fluctuations and sound
pressure levels that occur in an open supersonic cavity flow
by examining relevant parameters such as amount,
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frequency and location of laser energy deposition.

The problem includes a cavity configuration with an L/D
ratio of 5.07. The length is 0.12065m and the depth is
0.0238m. The cavity configuration is the same with the one
in the study of Ayli et al.[11].

STATEMENT OF THE PROBLEM
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Fig. 1. Cavity configuration

A flow with a Mach number of 1.5 and a Reynolds
number of 1.0910° based on the free stream conditions and
cavity length is studied. The free stream static temperature is
218 K and the free stream total pressure is 66.4 kPa. [11]

I1l. METHODOLOGY

The computational fluid dynamics simulations are based
on one of the cases of the study of Ayli [12]. In the
numerical study, k-o turbulence model is utilized. The
computations are second order accurate in time and space.
Two-dimensional Navier-Stokes equations are solved [12].

The laser energy deposition to the cavity is performed
numerically. The numerical model of laser pulse which is
obtained in the study of Yan et al. [9] is used. In their study,
they observed a spherical plasma as a result of laser energy
pulse. They added energy at constant volume and the gas is
accepted as an ideal gas. This spherical plasma includes a
temperature distribution at the laser deposited region and
this temperature distribution is modeled by using Gaussian
temperature distribution profile;

2

AT = ATyero? (1)

AT, refers to the maximum temperature difference that
occurs at the region where laser pulse is given. This peak
temperature difference is calculated by the total amount of
laser energy value E, which is given to the system;

E=["["[r?sin8p,c,ATdrdeds )

cds the specific heat ratio at constant volume.
Substituting (1) into (2) and integrating, ATis obtained as;

ATy = ————
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In the study of Yan [9], the laser perturbation focal
volumeV, is 3mm?® and is expressed as Vy=(4/3)nR,’. R, is
assumed as the initial diameter and its value is 0.9 mm.r, is
the initial radius and defined as R,/2 and equals to 0.045mm.

This mathematical model was also validated by Yan et al.
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[9] using Filtered Rayleigh Scattering method. The
mathematical model of the laser pulse is used for the
deposition of laser.

To understand the effect of laser energy on cavity flow, as
it is given in Fig. 2, the pressure data are collected from
cavity leading edge, cavity back wall and cavity floor.
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Fig. 2. Node locations for pressure data collection

The collected pressure data are used for the calculation of
sound pressure level values (SPL). SPL distributions in the
cavity region are considered as a comparison parameter for
“with laser” and “without laser” cases. SPL values are
calculated by the equations given below [1].

p=o ) pat 4)

> 1 L‘f _
2= Efti (p —p)*dt ®)
SPL = 10log;, (Z—z) (6)

p is the pressure value at each node. q is the reference
sound pressure level value which is equal to 2x10° Pa. t; is
the beginning time of data collection and t; is the end of
collection [1].

IV. RESULT

The CFD simulations show that pressure fluctuations
become periodic after around 12 Rossiter periods and the
laser energy deposition process starts after the flow become
periodical as also reported by the study of Ayli [12] and
Aradag et al. [10].To understand the impacts of laser energy
deposition, different amounts of energy values are deposited
to the flow just above the cavity leading edge which is
represented with point 1 in Fig. 6. The laser energy
deposition process starts at the instant that the flow becomes
periodic and the laser energy is deposited to the flow from
the same location at the beginning of each Rossiter period.
One Rossiter period is 964 timesteps for this case (timestep:
10°® s)as given in study of Ayli [12]. The CFD analysis is
performed for 18 Rossiter periods, the first 12 is without
laser, other 6 periods is with laser energy deposition. The
SPL distributions are given in Fig. 3, Fig. 4 and Fig. 5.

As it is seen in Fig. 3, Fig. 4 and Fig. 5, for different
amounts of laser energy values, SPL values which are
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related to pressure values do not change significantly. The
differences are usually negligible.
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Fig. 3. SPL distribution along the cavity floor with and without laser
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Fig. 5. SPL distribution along the cavity leading edge with and without
laser

Other than the leading edge, two different locations are
also studied for 100mJ energy value. The locations that laser
energy is deposited are given in Fig. 6.
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Fig. 6. Laser energy pulse locations

The highest SPL values occur at the back wall of the
cavity. The critical pressure values are observed in this

160

region. The SPL results at the cavity back wall for different
locations of energy deposition are shown in Fig. 7.
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Fig. 7. SPL distribution along the cavity back wall for different locations of
energy deposition, E= 100mJ
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As shown in Fig. 7, the results of the studied locations
show no significant differences. The location just above the
leading edge might be considered to be more efficient.

The effects of laser frequency are also studied. With the
help of pressure contours taken along one Rossiter period,
the laser pulse is examined. The pressure contours show
that the propagation of laser pulse and its impacts disappear
after a short time. Instead of providing laser energy only
once per period, 100 mJ of laser energy is deposited to the
cavity 10, 20, 30 and 40 times per period. For the frequency
study, the laser energy deposition process is performed for
just one period instead of six periods. The SPL distribution
results are given in Fig. 8.
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Fig. 8. SPL distribution along the cavity back wall for different
frequencies, E=100mJ

Fig. 8 shows that the frequency value of 31110 Hz, which
is nondimensionalized dividing by Rossiter frequency of
1037 Hz (30 times per Rossiter period), is the most effective
one. About 3dB reduction is obtained in the SPL values at
cavity back wall, when laser pulse is given to the cavity 30
times per fundamental Rossiter period.

V. CONCLUSION

There are several studies in literature about laser energy
deposition to various types of flows to investigate its
potential on flow control. The results of these studies show
that laser energy may be effective for control purposes. In
this study, the effects of laser energy on supersonic cavities
are tested. The control parameters are the pressure
distribution and relative sound pressure levels in the cavity
region.
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The effects of location and frequency of laser energy
deposition are investigated. 100 mJ of energy is deposited at
three different locations in the cavity with a frequency of
once per Rossiter period of the flow. The results did not
show and significant impact. However, when the frequency
is changed to 30 per Rossiter period a drop of 3dB in sound
pressure values is observed.

The preliminary results are promising. The effects of
location, frequency and amount of laser energy deposition
for supersonic cavities are still under investigation. 9
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