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Thermal distribution change in polyvinyl alcohol gel caused
by focused ultrasound
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ABSTRACT: In order to obtain basic information for using polyvinyl alcohol (PVA) gel as a tissue mimicking
phantom for temperature visualization, the temperature change characteristics due to the focused ultrasound were
examined for different concentration of PVA. To obtain the basic acoustic characteristics, the speed of sound, the
attenuation coefficient, and the density depending on the PVA concentration were measured, and the
thermodynamic characteristics, such as thermal conductivity and heat capacity, were measured. The range of
temperature rising in the vicinity of the focal point due to the focused ultrasound was observed using a
thermochromic film that changes color at 30 degree or more, and the discolored area was obtained by image
processing of the recorded image. As the concentration of PVA increases in the given range of 2 wt% ~ 16 wt%,
the area that rises above 30 degree inside the gel increases linearly. It is confirmed that the discolored area increases
as the power applied to the focused ultrasonic transducer increases. These results showed good agreement with
the simulation results using the finite element method.

Keywords: Focused ultrasound, Polyvinyl alcohol gel, Thermal distribution, Thermochromic film, Ultrasonic

transducer, Temperature visualization
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Table 1. Physical properties of the PVA gel with concentration
PVA a c k o P o, o}
[Wi%] [Np/m] [m/s] [W/m-°K] [W/m-°K] [kg/m’] [ke/m’] [V/kg°K]
2 2.61 1504.1 0.564 0.004 1010 0.1 3760
4 3.12 1504.1 0.597 0.014 1011 0.5 3861
6 344 1514.1 0.565 0.011 1018 1.3 3780
8 3.96 1521.6 0.517 0.019 1014 2.0 3715
10 475 1530.7 0.545 0.015 1023 1.4 3763
12 5.54 1539.8 0.577 0.008 1031 1.3 3750
14 6.33 1549.6 0.530 0.020 1056 1.7 3697
16 7.31 1557.3 0.785 0.024 1063 1.5 3690
6% (2020)
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Fig. 2. (Color available online) Concave type piezo—
electric vibrator used in focused ultrasonic trans—
ducer,
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Fig. 3. (Color available online) Acrylic frame for
alignment of transducer and thermochromic film,
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Table 2. Electro—acoustic efficiency and acoustic
impedance for acoustic media with different PVA
concentrations,

PVA | Y. 50l G , Z,(x10°)
[Wt%0] [S] [S] [Q]
2 0.039 0.047 0.80 1.52
6 0.090 0.102 0.81 1.54
10 0.041 0.050 0.79 1.57
14 0.021 0.027 0.78 1.63
16 0.021 0.027 0.77 1.66

Table 3. Acoustic power and vibration displacement
of transducer by input voltage for PVA gel with
different concentration,

PVA Vi Py P, ¢
W%l | [mv] | (W] [W] [nm]
300 12 9.56 3.36
2 400 21 16.78 445
500 32 25.56 5.49
300 11 8.86 3.20
6 400 20 16.10 4.33
500 30 24.15 5.30
300 13 10.26 343
10 400 23 18.16 4.56
500 33 26.06 5.46
300 13 10.09 332
14 400 23 17.85 442
500 34 26.38 5.37
300 12 9.23 3.16
16 400 21 16.15 4.18
500 31 23.84 5.08
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Fig. 5. (Color available online) Experimental system
for observing temperature change caused by focused
ultrasound.
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Fig. 6. (Color available online) Image processing for
recorded image when PVA concentration and input
voltage are 10wt% and 400 mV, respectively. (a)
Discolored image (b) Image data (c) Data to obtain
discolored area (d) Image after image processing.
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Fig. 8. (Color available online) Discolored area change
with PVA concentration, Input voltage of signal
generator: (a) 300 mV, (b) 400 mV, (c) 500 mV.
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