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Abstract The Air—Modulated Speaker (AMS) is one of the most
popular high —power acoustic sources. High intensity sound waves
are generated by the modulation of high speed air stream. Although
there should be a close relationship between unsteady flow and
acoustic source formation from the aero—acoustic point of view, few
studies available concerning the internal flow evolvement inside the
source. The velocity fields of 2D AMS steady model were obtained
Velocimetry  (PIV).

measurements of unsteady internal flow were recorded by the flow

utilizing Particle Image Static  pressure
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induced sound monitoring system. Dominant steady flow
characteristics were observed including pressure recovery, flow
separation on the out wall and alternate appearance of low and high
pressure area on the internal wall. Experimental results in the sound
energy conversion process show that pressure distribution variation
is related to the modulate frequency. The frequency response of the
source is affected by many factors such as chamber pressure, input
signal strength and some geometry sizes. Flow near the nozzle exit
has certain influence on the voice coil vibration. Peak value of the
frequency response is between 0.5 and 1 kHz. When the drive
current is lower than 10 A, SPL output of AMS increases with the
chamber pressure and amplitude of the drive signal. Width of nozzle
exit and vocal tract inlet also have evident effects on the
performance of AMS. In order to attain a higher SPL value, the
acoustic source has to work in the full modulation condition by the
proper adjustment of nozzle parameters, and small inlet width for
vocal tract is also advantagious. Harmonic components in the
distorted pressure are obvious in the source generation zone after the
monochromatic modulation. The spectral composition of the distorted
signal in the internal flow is coincident with the sound signal in the
far field under the same working condition.
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Fig. 1 Composition of PIV testing system (a) and demonstration of 2D AMS model (b)
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Fig. 2 Composition of flow induced sound monitoring system (a) and sensor locations (b)
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Fig. 3 Pressure comparison of experiment and Fig. 4 Pressure comparison of different chamber
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Fig. 5 Velocity field and stream line comparison of experiment (a) and simulation (b) results
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' ' Table 1 Frequency response of internal static pressure
and external sound pressure at 7.5 A drive current
50 100 Hz 4 , /Hz
,02.05.1.0 2.0 kHz s 50 100 200 500 1 000
s 15 dB, 1* 1# /kPa 9.09 6.16 9.68 13.67 13.65
1 1# /dB re 1 Pa 60 60 68 68 67
’ ) 500 Hz  2* RMS /dB 1458 142.6 1434 1532 157.3
’ 20.541 kPa. /dB 122 124 128 152 156
) 3.3
, 1 m o 25V ,02 0.4 MPa ,
RMS 1, RMS 8 9 o
2009,27(18) 51
4@7



J‘CMK

(Articles)

0.2 MPuil | miERS 5%
0.4 up u i | mitlﬂs,iﬁiﬁh
0.4 MPa) 10 mibRAS P T

B —
eview
Secomce c‘ %&95(
—m—{, 2 WPk i el
b e 0.4 WPar s
o .'t‘
? L]
ﬁ -
=« Y
E )
54
3
1
or i i i i i
(1] 05 1.0 1:5 2.0 2.3 3.0
% ik
8 9

Fig. 8 Frequency response comparison of current

Tm 10m

LU 0.5 L0 1.5 20 15 30

% IkHz

RMS

Fig. 9 Frequency response comparison of RMS at 1 and 10 m

; o ,04
, (1.5 kHz ),0.2 MPa MPa 0.5~1 kHz .
, 0.4 MPa s , 0.54 MPa,
, , 1.6 mm, 5.75.10 125 A
) o 10 11 .
RMS ’
0.5~1 kHz, , 0.5~1 kHz ,
, 02MPa 1 mRMS
400~500 Hz ,0.4 MPa 500~600 Hz , —n—5 AMRIRE 1 &
10 m RMS 0.5~1 kH 2 dB DT ol
" S oy QL v
5 st o 12.5 AR
75 |
° 70 F
RMS . 2 kHz o E / ;
i Bt
, 100~200 Hz , H 5t
# 45t =]
5dB - ‘:‘5’ : B
, 180 Hz 02 04 ;‘5’ b
MPa 5m , RMS ot
,180 Hz , ° S0 100 160 200 400 1000 2000
B /He
3.4 10
3.4.1 Fig. 10 Frequency response comparison of voltage
W g nswflﬁm %l
s 0.6 MPa, 1.1 mm, 152 F _:_ 10 ag% H _
150 ~w— 10 A bl
5 75A , e - 12. smﬁhm"%ﬁ s
, 146 |
B 144
° gm
700 H
b b Z i 140
@ 138 |
° ’ = 15
L
) o 134
132}
' ]3(l-lllllljl T U Y SN (U (S | y I e S i |
° 0.4 MPa, 1.1 mm, 50 100 160 2000 400 1000 2000
10 125A , i/t
; ; 11 RMS
25A, 2~3 dB o 75 A Fig. 11 Frequency response comparison of RMS
52 2009,27(18)
4@7




J‘CMK

-
. 24 5t 3# .
5.7.5 10A s 0.4 MPa s
. 5.75.10 A s
o (10 A), 2* 2# 3.4.3
2¢ .
125 A —1* o , 5A,
(151.26 dB), 1.1 1.6 mm, 0.6  0.54 MPa
’ > o RMS
342 1.1 mm RMS 1.6 mm s
100 Hz, 1.1 mm, o S5A
4.34 mm, 75 A 22V, s , ,1.1 mm
0.05.0.1.0.2.0.3.0.4 MPa 1.6 mm .
. , , 75 10 A ,
; s 1.1 mm 1.6 mm ,
1.8 kHz , s s
o 1* 3.4.4
2 , , ,
2 mm, 0.4 MPa, 1.1 mm,
2 75A
Table 2 Frequency response of internal static pressure 0.05~2 kHz ° . 0,
and external sound pressure at 7.5 A drive 100,200 Hz 2 kHz ’
current in different chamber pressures 1 5" ;500 Hz
# # .
/MPa oo 3 ;
0.05 0.0 020 030 040 1 kHz , o
1 /kPa 1.88 1.94 3.25 4.28 5.62 ,50 100 Hz ,
1 /dBre 1 Pa 48 51 55 57 61 20 dB 5 ,
RMS /dB  128.7 133.2 136.3 136.6 141.6 20
/dB 104 97 108 117 123 JIB )
RMS 3
20 ’ ’ ’ 1#
o 5#
R s 60~80 s 0.5~1 kHz s
Hz s o 2 mm 1t 5t
. 1.8 kHz 4.34 mm,
,0.05.0.1.0.2.0.3.0.4 MPa 1.8 kHz s
127116 117,117,123 dB, o s s
s s 3 s RMS
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Table 3 Frequency response of different vocal tract inlet size at 0.4 MPa, 1.1 mm nozzle exit
/Hz.
/mm
50 100 200 500 1 000 2 000
1# /kPa 23.431 25.256 24.498 27.401 11.696 4.584
1% /dB re 1 Pa 68 72 73 76 66 52
5 5% /kPa 11.420 13.577 11.275 17.368 8.721 3.246
5* /dB re 1 Pa 58 61 62 66 65 40
RMS /dB 147.0 147.2 150.0 158.3 161.5 151.5
/dB 116 129 142 156 160 148
1# /kPa 9.088 6.162 9.676 13.662 13.653 3.887
1% /dB re 1 Pa 60 60 68 68 68 42
434 5% /kPa 7.270 0 2.587 8 5.539 6 10.251 0 7.395 0 1.542 0
’ 5* /dB re 1 Pa 49 50 60 66 60 38
RMS /dB 145.8 142.6 143.4 153.2 157.3 145.8
/dB 122 124 111 152 156 144
o 3 ’
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