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Control of Intensity and Distribution of Compression Waves Excited by Alternating Electromagnetic Force

Qiang WANG, Kazuhiko Iwal and Shigeo ASAl

Synopsis

: Compression waves have a lot of useful functions such as refinement of solidified structures and promotion of reaction rate. In order to ex-

tend the effective use of these functions, the control of intensity and distribution of compression waves in a liquid metal is indispensable. The

intensity and the distribution of compression waves excited by the simultaneous imposition of a static magnetic field and an alternating cur-

cent were studied. Transmission and reflection coefficients of magneto-acoustic waves at the interface between two media set in a high static

magnetic field were calculated as a function of their physical properties. Moreover, the theoretical predictions on the distribution and the in-

tensity of the compression waves in a liquid metal were derived based on electromagnetic field theory and compressible fluid dynamics for

the system composed of a liquid metal and a solid. The intensities of the compression waves in a liquid metal were also measured under the

different experimental conditions and compared with the theoretical predictions. Based on these results, the effect of operating parameters

such as the frequency of an alternating current and the thickness of a solid layer on the distribution and the intensity of the compression

waves were discussed.
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Table 1. Reflection and transmission of magneto-acoustic waves at an interface and the reflection and transmission coefficients.
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Table 2. Physical properties®!>'> of various materials and ratios of the propagation velocity of magneto-acoustic waves (a) to that

of compression waves (c) at 10 T.

material liquid | liquid | liquid | solid | solid | solid lass ceramic | acrylic air
Ga | Fe | Al Fe | Al | cu | & (TiO,/Ba0)| resin
density 6090 | 7020 | 2390 | 7870 | 2700 | 8930 1233; 5560 1180 | 1.29
Py (kgm™3)
sound 3000~
velocity | 2740 | 3850 | 4650 | 5950 | 6420 | 4700 6000 5300 2640 | 330
c(ms)
specific
acoustic | 1.67x | 270X | 107x | 460X | 1.73x [ 420x | 106~ 200x 107 | 312% | 4.26%
resistance 107 107 107 107 107 107 107 ) 106 102
0oC (kgm2s!)
t 10T
ale a( ) 1.001 | 1.000 | 1.001 | - -

Table 3. Reflection and transmission coefficients of compression waves at the interface between two media.

medium 1 liquid Fe liquid Al liquid Ga solid Fe [ solid Al | TiOy/BaO
medium 2 solid | TiOy/BaO | air | solid | TiO/BaO | air | solid |acrylic| air air
Fe Al Cu resin
reflection 0.068| 0.001 1.000 | 0.056 | 0.212 1.000| 0.186 | 0.469 | 1.000| 1.000 1.000 1.000
coefficient 7 ]
transmission |0.932| 0.999 0 0944 0.788 0 0.814 | 0.531 0 0 0 0
coefficient T i
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Fig. 1. Analytical system and boundary conditions. 72720, S TREREFBRIDEMWE L LT, BEK
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Table 4. Solid thickness to be a loop and a node of pres-
sure at solid—liquid interface and liquid length for

resonance.
frequency boundary conditions
(Hz) loop for pressure at interface node for pressure at interface
liquid Gaand | liquid Gaand | liquid Gaand liquid Ga and
solid Cu acrylic resin solid Cu acrylic resin

T

l?.l ‘ Alz lll AIZ l?)l Alz lln AIZ

m | @ | m [ @ | (@ | @ | @] @
10° 12 | 24 | 066 | 13 | 24 | 24 | 13 | 13
10° 0.12 | 0.24 | 0.066 | 0.13 | 0.24 | 0.24 | 0.13 | 0.13
10° 0.012 {0.024 ] 0.0066 | 0.013 | 0.024 { 0.024 |0.013 | 0.013

frequency | resonance condition in liquid Ga | resonance condition in liquid Ga

H) A, o ) a1, (m)
10° 0.69 1.4 1.4 1.4
10° 0.069 0.14 0.14 0.14
10° 0.0069 0.014 0.014 0.014
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Table 5. Solid thickness to be a loop and a node of pressure at solid-liquid interface and liquid length for resonance.

| frequency boundary conditions
(Hz) loop for pressure at interface node for pressure at interface |
liquid Fe and | liquid metal | liquid Aland | liquid Fe [ liquid metal | liquid Al
solid Fe (Fe or Al) solid Al and solid Fe | (Fe or Al) |and solid Al
and ceramics and ceramics

L, Al, Ly Al, Ly, Al L, | Al | 1, Al | L, | AL

(m | (m) | (m) | (m) (m) m | m | m | (m) | M | (m) | (m
10° 1.2 25 1.3 27 1.6 3.2 2.5 25 27 2.7 3.2 3.2
107 012 | 025 | 0.13 | 0.27 0.16 032 | 025 | 025 | 027 | 027 [ 032 | 0.32
10° 0.012 | 0.025 | 0.013 | 0.027 | 0.016 | 0.032 | 0.025 [0.025] 0.027 | 0.027 | 0.032] 0.032

frequency resonance condition resonance condition
(Hz) liquid Fe liquid Al liquid Fe liquid Al
110 4, 110 A, 110 A, 110 4,
(m) (m) (m) (m) (m) (m) (m) (m)
10° 0.96 1.93 1.2 2.3 1.9 1.93 23 23
10° 0.096 0.19 0.12 0.23 0.19 0.19 0.23 0.23
10° 0.0096 0.019 0.012 0.023 0.019 | 0.019 0.023 0.023
@/ AC power source 150
B,=10T, f=2kHz /\
N lig.Ga * sol.Cu —»
electrodes Y 100 r 9

noise filter

acrylic vessel

Fig. 2. Schematic view of experimental apparatus.
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