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Abstract 

This paper describes an experimental work to investigate the effect of mesh screen device on the jet 
structure and acoustic characteristics of over-expanded supersonic jet. The mesh screen device is placed into 
the supersonic jet stream. In order to perturb mainly the initial jet shear layer, the hole is perforated in the 
central part of the mesh screen. The diameter of the perforated hole and the location of mesh screen device are 
varied. A Schlieren optical system is used to visualize the flow fields of supersonic jet without and with the 
mesh screen device. Pitot pressure measurement is carried out to obtain the pressure distribution in the jet 
flow. Acoustic measurement also is performed to obtain the OASPL and noise spectra. The results obtained 
show that the jet structure and the jet noise control effectiveness is strongly dependent upon the diameter of 
the perforated hole and the location of the mesh screen device in the jet stream. Provided that the mesh screen 
device is placed at the location to perturb effectively the initial shear layer, the present control method is 
effective in suppressing the supersonic jet noise. 

1. Introduction 

Supersonic jet noise consists of three major compo-
nents (1) : the turbulent mixing noise, the broadband 
shock-associated noise, and the screech tones. The tur-
bulent mixing noise appears in subsonic jets as well as 
supersonic jets. The other two noise components are only 
presented in an imperfectly expanded supersonic jet 
because they are generated due to the strong interaction 
between large-scale turbulence structures and shock cell 
structures.  

A great number of experimental studies have been 

performed on the reduction of supersonic jet noise. Most 
of the previous studies mainly concentrated on modify-
ing the shear layer generated at the exit of the nozzle to 
reduce the jet noise. Tabs, asymmetric nozzles, porous 
plugs, etc. have been used in these control techniques, 
which have been successful in suppressing the super-
sonic jet noise. The effective suppression of the screech 
tone was obtained by using small tabs installed at the 
nozzle exit (2). Norum (3) studied a variety of asymmetric 
nozzle configurations for screech tone suppression. 

Recently, Debiasi and Papamoshou (4) investigated the 
effect of annular coaxial stream on the noise components 
of the supersonic jets operated at over-, correctly, and 
under-expanded conditions. They found that the addition 
of the annular coaxial stream to the supersonic jet can 
reduce the screech tones and effectively suppress Mach 
wave emissions. Zoppellari and Juve (5) tried to suppress 
the jet noise by using water that is injected into the jet 
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stream through the multiple injectors near the exit of the 
nozzle. 

From practical point of view, it is required that the 
method for jet noise reduction is easy to implement and 
to minimize penalty in weight. Very annoying jet noises 
are frequently encountered in many industrial applica-
tions of high-speed jet technologies, such as the purge 
burner of city gas, the blow-off line of stream gas in 
power plants, etc. In these situations, noise control has to 
meet the needs of low cost and a simple structure (6, 7). 

A new technique for the reduction of over-expanded 
supersonic jet noise using a mesh screen device is 
suggested in the present study. The mesh screen device 
has a simple structure and is easy to implement. The 
objective of the present study is experimentally to study 
the control effectiveness of the mesh screen device on 
the jet structure and jet noise. 

2. Experimental Facilities and Measurement 

The present work is accomplished in an anechoic test 
room that is schematically shown in Fig. 1. Compressed 
dry air is stored in a high pressure tank that has a 
capacity of 5m3, and is supplied to the plenum chamber, 
in which a honeycomb system reduces flow turbulence. 
A convergent-divergent nozzle with a design Mach 
number of 2.0 is installed in the end wall of the plenum 
chamber. The nozzle has a throat diameter of 20mm, an 
exit diameter of 26mm, and a straight section near the 
exit of the nozzle (see Fig. 2). 

The pressure inside the plenum chamber is controlled 
by a pressure regulator valve that is located upstream of 
the plenum chamber. For the present nozzle with a 
design Mach number of 2.0, the correct expansion state 
at the exit of the nozzle is obtained at NPR=7.82. In the 
present study, over-expanded jet of NPR=5.0 is tested. 
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Fig. 1 Schematic diagram of experimental facilities (unit : mm) 

 

 
                     (a) Mesh screen device (unit : mm)                (b) Picture (front view) 

Fig. 2 Arrangement of a mesh screen device 
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The mesh screen device is illustrated in Fig. 2. It is 
placed perpendicular to the supersonic jet stream. The 
mesh screen is a wire-gauze screen that is made of long 
stainless wires with a very small diameter of 0.4mm. 
The aperture size of mesh screen is 1.2mm 1.2mm. In 
order to perturb mainly the initial jet shear layer, the 
hole is perforated in the central part of the mesh screen. 
Thus, the jet flow near the axis of the nozzle discharges 
from the exit of the nozzle through the perforated hole, 
without the resistance of the mesh screen. The hole size 
with a diameter of Dm is varied between 0.0D and 1.0D. 
The location (xm) of the device is also changed. 

A Schlieren optical system is employed to visualize 
the qualitative jet structure. A pitot probe is used for 
impact pressure measurements both along the jet axis 
and in the radial direction from the jet axis. Acoustic 
measurements are made using a condenser microphone. 
The microphone is located at 98°and the radial distance 
of 38D from the exit of the nozzle. The acoustic signals 
are analyzed by using a FFT analyzer to obtain the 
noise spectra and overall sound pressure level. 

3. Results and Discussion 

3.1 Effect of Mesh Screen Device on Jet Structure 
and Jet Noise 

Fig.3 shows the Schlieren pictures of over-expanded 
jets with and without the mesh screen device. The mesh 
screen device is placed at the exit plane of the nozzle 
(xm/D=0.0). For uncontrolled over-expanded jet, oblique 
shock waves are generated near the exit of the nozzle, 
and these waves are reflected from the jet axis, as shown 
in Fig. 3(a). The reflected shocks are reflected again as 
the expansion waves toward the jet axis from the jet 
boundary, and lead to the repeated shock cell structure.  

When the mesh screen device is placed at xm/D=0.0, 
the mesh screen device perturbs the initial jet shear layer. 
As a result, it seems that the turbulence of the jet shear 
layer behind the mesh screen is weakened and the jet 
oscillation is stabilized, compared with the uncontrolled 
free jet. However, as shown in Fig. 3(b), the jet structure 
is very complicated due to the new oblique shock waves 
generated from the edges of the perforated hole. As the 
diameter of the perforated hole (Dm/D) decreases, the 
strength of the shock cell is significantly weakened. 

    
(a) No control            (b) Dm/D=0.81 

    
(c) Dm/D=0.5            (d) Dm/D=0.0 

Fig. 3 Schlieren pictures of over-expanded jets without 
and with a mesh screen device (xm/D=0.0) 

 
The impact pressure distributions for over-expanded 

jets with and without the mesh screen device are shown 
in Fig. 4, where pi, p0 and x are the impact pressure 
measured by a pitot probe, the pressure in the plenum 
chamber and the axial distance from the nozzle exit 
along the jet axis. For uncontrolled over-expanded jet, 
the jet stream has strong shock cell structure that leads to 
the fluctuation in the axial impact pressure at the range 
of x/D<5.0. The pressure decreases in the expansion 
regions of the shock cell structure, whereas it increases 
in the compression regions. For the range of x/D>5.0, the 
pressure decreases monotonically with an increase in x/D 
and approaches the ambient back pressure.  

The presence of the mesh screen device in the jet 
stream considerably changes the axial impact pressure 
distribution. For Dm/D=0.81, the oscillation in the axial 
impact pressure distribution decreases, compared with 
that of uncontrolled free jet, whereas the axial impact 
pressure increases at the range of x/D>6.0. For Dm/D=0.5 
and 0.0, the significant decrease in the impact pressure 
indicates that the shock cell structure is significantly 
weakened. 

Fig. 5 shows the impact pressure distributions in radial 
direction at several downstream locations from the exit 
of the nozzle, where r/D indicates the radial distance 
from the jet axis. At x/D=1.0, it is showed that the impact 
pressure falls in the vicinity of the jet axis. This is due to 
losses caused by strong oblique shock waves in the first 
shock cell, as shown in Fig. 3. As r/D increases, the 
impact pressure decreases in the outer region of the jet 
stream and approaches the ambient back pressure. 
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Fig. 4 Effect of mesh screen device on axial impact pressure distribution (xm/D=0.0) 
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Fig. 5 Impact pressure distribution in radial direction 

(xm/D=0.0) 
 

When the mesh screen device is placed in the jet 
stream, the impact pressure loss in the vicinity of the jet 
axis increases due to oblique shock waves and Mach disk 
generated from the edges of the perforated hole. As Dm/D 
decreases, the loss in the kinetic energy of the jet flow 
increases, leading to the significant reduction of the 
pressure distribution in the radial direction. As expected, 
the pressure in radial direction significantly decreases 
due to the increase in the spreading rate of the shear layer 
at farther downstream locations. For Dm/D=0.81 and 0.5, 
the pressures in radial direction at x/D=10.0 are larger 
than those of uncontrolled jet. 
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Fig. 6 Noise spectra of over-expanded jets with and 

without a mesh screen device (xm/D=0.0) 
 

Fig. 6 shows the typical noise spectra of over-
expanded jets with and without the mesh screen device. 
For uncontrolled free jet, it is observed that there are 
three discrete peaks at f=5, 10 and 15kHz, referred to as 
the screech tone. When the mesh screen device of Dm/D= 
0.81 is placed at the exit plane of the nozzle, the mesh 
screen device reduces the screech tone and significantly 
suppresses the sound pressure levels in the frequency 
range below 10kHz. As Dm/D decreases, the noise con-
trol effectiveness of the mesh screen device is more 
remarkable due to the large losses in the kinetic energy 
of the jet stream. 
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3.2 Effect of Control Device Location 
For over-expanded condition, the effect of the location 

of the mesh screen device on the jet structure is shown in 
Fig. 7, where Dm/D=0.81. When the mesh screen device 
is placed at xm/D=0.0 and 1.0, the mesh screen device 
can perturb the initial shear layer of the jet flow and 
influences the growth of the large scale turbulent 
structure in the shear layer. It seems that the mesh screen 
device stabilizes the jet flow. The jet structure upstream 
of the mesh screen does not change in the presence of the 
control device. For xm/D=0.25 and 0.5, the significant 
change in the jet structures are not observed because the 
mesh screen device can’t perturb enough effectively the 
initial shear layer of the jet flow. The jet flows somewhat 
oscillate. 

Fig. 8 shows the effect of the control device location 
on the noise spectra of over-expanded jets. As shown in 
Figs. 8(a) and 8(d), the significant reduction of super-
sonic jet noise is obtained, provided that the mesh screen 
device is placed at the suitable location to perturb effect-
tively the initial jet shear layer and to stabilize the jet 
oscillation. However, for Dm/D=0.81, the noise control of 
the mesh screen device is not effective when the mesh 
screen device is placed at xm/D=0.25 and 0.5. 

Fig. 9 shows the variation of overall sound pressure 
level (OASPL) with the diameter of the perforated hole 
(Dm/D) and the location of the mesh screen device (xm/D). 
In the present study, the OASPL can be obtained by a 
numerical integration of the spectra as follows,  

OASPL (dB) = 20log10 ( )dffS
kHz

∫
40

0
 

 

    
(a) xm/D=0.0            (b) xm/D=0.25 

    
(c) xm/D=0.5            (d) xm/D=1.0 

Fig. 7 Effect of device location on over-expanded jet 
structure (Dm/D=0.81) 

where S(f) is the power spectrum of prms/pref, with prms the 
root mean square pressure and pref=20μPa. pref is the 
reference commonly used as the effective value of the 
minimum audible sound pressure. 

For over-expanded condition of NPR=5.0, the OASPL 
of uncontrolled free jet is 121.ldB as described using the 
dotted horizontal line in Fig. 9. The OASPL is reduced 
by 15-20dB for Dm/D=0.0 and by nearly 5dB for Dm/D= 
0.5. For over-expanded jet, it seems that the location of 
the mesh screen device does not significantly influence 
the reduction in the OASPL. For Dm/D>0.5, the mesh 
screen device is not effective in suppressing the OASPL, 
regardless of all xm/D applied. This indicates that the 
mesh screen device with the perforated hole of larger 
Dm/D can’t perturb enough the initial jet shear layer. 
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Fig. 8 Effect of device location on noise spectra 

(Dm/D=0.81) 
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Fig. 9 Variation of OASPL with Dm/D and xm/D 
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Fig. 10 Variation of fundamental screech tone amplitude 

with Dm/D and xm/D 
 
Fig. 10 shows the variation of fundamental screech 

tone amplitude with Dm/D and xm/D. In figure, the dotted 
horizontal line indicates the amplitude of fundamental 
screech tone in the uncontrolled free jet. For uncontrolled 
over-expanded jet, the amplitude of the screech tone is 
104.7dB. As shown in Fig.10, for Dm/D=0.0 and 0.5, the 
mesh screen device completely eliminates the screech 
tones, regardless of xm/D. For Dm/D=0.69 and 0.81, the 
control effectiveness of mesh screen device in reducing 
the screech tone is strongly dependent on both xm/D and 
Dm/D. However, for Dm/D=1.0, the mesh screen device is 
not effective in reducing the screech tone. It is believed 
that for over-expanded condition, the present control 
method with smaller xm/D and Dm/D is more effective in 
suppressing the screech tone. 

4. Conclusion 

The present study describes an experimental work to 
control supersonic jet noise using a mesh screen device 
that is placed perpendicular to the jet stream. The mesh 

screen is a wire-gauze screen that is made of long stain- 
less wires with a very small diameter. In order to perturb 
the initial jet shear layer and to stabilize the jet 
oscillation, the hole is perforated in the central part on 
the mesh screen. In the present study, the diameter of the 
perforated hole and the location of the mesh screen 
device are varied to investigate the control effectiveness 
of supersonic jet noise.  

From flow visualization, impact pressure and acoustic 
measurements, several useful conclusions are obtained. 
The mesh screen device perturbs the initial shear layer of 
the jet flow and controls the growth of the large scale 
turbulent structure in the shear layer. As a result, it is 
believed that the present control method can lead to 
stabilize the jet oscillation and to weaken the shock cell 
structure. However, the mesh screen device causes some 
losses in the kinetic energy of the jet flow. The control 
effectiveness of the mesh screen device in reducing the 
screech tone is strongly dependent on the diameter of the 
perforated hole and the location of the mesh screen 
device in the jet stream. Provided that the mesh screen 
device is placed at the location to perturb enough the 
initial jet shear layer, the mesh screen device is very 
effective in suppressing the screech tone. 
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