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Ultrasonic Waveguide for Heat Isolation
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This paper is concerned with protecting piezoelectric transducers used in an ultrasonic flowmeter from the high
temperature of hot fluid in a pipe by using a waveguide and with improving the propagation of ultrasonic longitudinal
vibration in the waveguide, Waveguide material has been chosen for efficient insulation of heat transferred in the
waveguide, and the minimum length of the waveguide for protecting piezoelectric transducer has been estimated, Forced
response of the longitudinal vibration in a uniform circular rod has been obtained and the length of the waveguide
has been selected for maximum amplitude, Longitudinal vibration response of a conically-tapered rod excited at a
natural frequency has been obtained to confirm that wave motion is amplified as the cross—sectional size of the
waveguide decreases along the axial direction, The fact that dispersion of a pulse wave in a waveguide is reduced
as the cross—sectional radius is decreased has been examined theoratically and confirmed experimentally by using
& single-rod waveguide, A bundle—type waveguide has proven to be a practical one through the evaluation of the
wave propagation performance,
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Fig. 1. Schematic diagram of ultrasanic flowmeters.
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fable 1. Heat transfer constants of stainless steet STS-320 and aluminum,
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Fig. 2. Temperature distribution in a waveguide with the end temperature 450C.
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Fig. 3. Schematic diagram of a uniform rod excited by transducer at one end.

2
dU | py = )

71 k(= w/cy) = T (wavenumber)o|tt, 18 3
o] B2 T (x=0)0] HY AE U H0&
$n g2 & T (x=L)2 RS B AU
ohez o] 2EHET)

wo) = Uy (3a)
du -
dr ey = 0 (5b)

A @ ZAzZ 0F TE3e e Rt 2

Un = y-Soskllox) ©
4 (6)0llA] cos kL~ 0 O] AFo] 73| ARNEZ

o) A9} WEE 27 B Lol LES Tt 2ol 7

Lize }

L= L2l =123 ) @

Yo AdgA 7+ (STS-302)0)2 T ZAo] 25
mm$! ¥ FeollA 3 F Eo] AF 100 kiz2 7114
A<, 2ElF 2 7o) 243 10)9} o] 2 58 Bhite ghE-
EAE 7 2o 71AQ8kgTt, o] Aol I Sl A
AE G 712)= zupdo] LolE 2] (N2RE Akt
o}, 2 AR A2} RS EE 12, 37, 61, 86, 110, 135, 160,
- mmE YUtk 13}, 23L 73 REd Bl AF
SHE 13 49 Yehdle}. F A H8ia] 4130
mm?] 20| 7}A ok ki Hsiglon g 73 BEel
160 mmS Z=appte] Zo|2 ARt

3.2, U9 27] wiYq| g R
SR 27]7} Qo] 2 Mk Belel U5S
o} 2 o2 P48 WZo| AUTHT-10], ol2je

£ 2. AHBAZ STS-3202] B X S& MR
Table 2. Elastic and acoustic properties of stainless steel

STS-302.
Properties Values
Mass density, o 7920 kg/m*
Elastic | Young's modulus, E 190 GPa
Propenty| spear modulus, G 75 GPa
Possion’s ratio, v 0.30
Transverse wave, ¢y 3060 m/s
s'ﬁae;g Longitudinal wave in a thin bar, ¢, |4910 Vs
Longitudinal wave, ¢; 5720 m/s
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Table 3. Comparisen of the measured and calcufated wave speeds.
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