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Abstract: An operation temperature of Pb(Zr,Ti)Os; based piezoelectric ultrasonic flowmeter was generally
restricted to below 200°C due to a low depoling temperature of its ceramic material. Thus, a new
designed piezoelectric ultrasonic flowmeter was fabricated in order to protect from the extremely hot fluid.
Its structure is optimized by a finite element method to effectively stop heat flowing along a waveguide.
Various materials such as Cu, Al, SUS were examined as a multi-plate radiation shield to enhance the
performance of piezoelectric ultrasonic flowmeter. The SUS was evaluated as the most effective material
to enhance the performance of piezoelectric ultrasonic flowmeter. As the number of plates of the radiation
shield iacreased, the temperature at piezoelectric transducer away from the hot fluid was constantly
decreased with a ratio of 3.12°C per the plate number.
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Fig. 1. Model of symmetric structure.
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Fig. 2. Result of transient analysis by temperature.
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Table 1. Properties of materials.
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SUS | 7850 195 03 152 4% 09 | 1400-1420
Al | 8930 110 0343 385 385 015 660.37
Cu | 8930 110 0343 210 %00 005  [10832-10836)
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Fig. 3. FEM model designed ANSYS.

Table 2. Result of simulation by condition.
Dista  Thick

we ey RS Plaste  Length  Temp.
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[ #1 10 7 S0 2656  SUS

[ #2 10 4 50 2957 SUS

e . 5 7 50 2940  SUS
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#6 10 9 50 2259 Cu
# - - : - 100 2330  SUS
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Fig. 4. Result of transient analysis by temperature.
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Table 3. Result of displacement by simulation.
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Table 4. Result of displacement by calculation.
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Fig. 5. Temperature distribution.
A Ade £ 49 Zon, AlBHoHLORE =
¥ gt v @A FASE dojolA Ho ¥y

e HE 22 & F 990k
3el Az Aolg Yohus) Astel Aol o
g 2% RES 4 28 Ba ANsng

Tty = Too H (L= T )e ™ @)
(Tl 9 27 2% Ty S| 9049

£x, m= B ABe ddwg, D

4h
BD
Ea@e] BRAE b dF A AF)

Ad A3 2d 5% 2& Y& T %
ol A =ddel AFEHX Cust AlY
£ 2% avt SUSH B4R #aTo Hgd
+ AN, SUS Ade AHEE o 2271 4B H
oz AFH7] AHNE 2ozt A2 15 cm o]l
oo e A& dehlm gt AAT =g
dol7t oS4 E 2&99] =7 24E 7 Ao
E 9dd $aw 7xE U e 2g g
AoldA 2= fa ZFE 4& 5 7] Wi %

R &

== T
4 A% Dol mel Zolg ddshe A
F AAE sl

o o
==

o]:t'.?-?.

62 —io_-i

il

»ﬂ—"am'

Fig. 6. Newly designed piezoelectric ultrasonic flowmeter.
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Fig. 7. Result of harmonic analysis.
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Fig. 8. The produced ultrasonic flowmeter.

o 11709 wERez 48 AES At E
g =] QAL SUSE FA 8y, wE#He] A2
£ Al Cy, SUSZ A #sto nlu 45 e

3. @3 ¥ 1
3.1 2E 84

Ao 8] gt AR ALETE ARE dolH7|
A3 29 99 o] A3 AXE Fu F vivig
LEE FA%AY. FH AR 2k HEF) 9
FoAAE 241 &< SAHSA D, FHFAVL wijF gF
of Ax|gti= AL EQE UHg F7ho] ofd Uk
Adlel X & 3. FA4E q T7] F9 &&=
AL 20--25T AbelH i, 150T7A FAo] 7hd
thermo-couple®} multi-meterE ©] &3l 222 =
At ot Hot-plateoll 4] #HALE = o] thermo-couple
49 43S FA FEF 3o AdLE HAFA
o A A A7 Eode HIE olF<ed ¢
Z yda R4 S482 A8

19 10:% hot-plateE ©] &3k shehyo] 400T
o] ZEE ZHFHA dd2A7E EojE A A
oMo 2x& FA8 Aot 2= FHNEL
wdg 11700 wday sde FF FiEo T4 2
o7} 715 mm¢l A& A&stst. 53 A3 Ak
el Eg 2E7F BF QT2 FA4H 19
el A 218 7 e FUE F AU ALE A
A9 A$ SUS7t =8 2571 713 ¥tey, sz

Fig. 9. Measuring equipment of temperature of the
ultrasonic flow meter for high temperature.
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Fig. 10. Results of temperature with changing of the
various materials.
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Fig. 11. Temperature of interval by plates of the
radiation shield.
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Fig. 12. Resonance frequency of ultrasonic flowmeter.
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