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SR IFEEITNC BV TR SR AET %S K 2SIk 0u Bt o BFIC X 2 FHIRRE OB KT L CIRE BEEHI
DFHENRFE > THY | IHRERE I TFE LB L 72 L CREEREFT OB ONTIRRS & &bz, RO T
FrOBARNEZ R L, & 4 AR CREFRKIF I 36 2 BEAR & IR SRt o A #iPEs Cd 5 600 °C % 2 5 milik ks
XV 1.0 MPa % FRIZ REAKICR T 2 MEFH ORI RO 5T 5, &2 TARIFAETIE, EiREREER X O TOBERT
A FEHT L HAN T 2 B E I 2 S Lo IR AR &5 L 7 T o A KR R OB 21T o 72,

AR5 301 ['Study on Non-invasive Flowrate Measurement of High Temperature Liquid and Steam Flow by Air-coupled Ultrasound ] & & L |
TELIVERIN TS, RinSIOMHIR T 2 EE Z L TIORT,

% 1% [ntroduction] Ti%, AL T LBOERZ R, EREEOREZHNEIN & 7 7 0 7 o REKUR R OB %S
WU R - KRR EIC BT 2 FEE RV —BREWIRT 5 2 & EEEREA BT 5 T A NIRRT 2 HEEXIR B LETH
5T LER LTz, Fio, BAR LI EHOMAEE LT, 600°C Z#8x ARG & 1.0 MPa % L 72[Bl AR EARICRIT 5
A ST, FERICREF OO 21T 5 MBI E R T Z & T, RIEOME ST, BB LOEREZ R,

% 2 ¥ [ Acoustic transmission between gas and liquid through a plate and prevention of guided wave| Ti%, & - K[AFRE ST
D EEEBRRIC OV THRMICEE T2 & &b, HF LR EEZ BT 201 REZMEIT 2 FEEZREL TV 5, B
%0l LIRS IR~ D F I OB R IL, FROMEE, BROE S, ANAEICIVIRET D 2 L 2 HRmAMICH LML,
AHHARE L B EHET 52 L THEEBFBRELUEARETHD Z 2RI L L biT, AFAEOREILEIT> TWD, £z,
A RIEIEEREFHCB T 5 ERMEFITH O ARE CTIIBEBANC T A RIE O 2 sl 3 2 thZt o OEH 2 TR EFRIEIC
VATV, AR A RRGEE LTz,

%5 3 % Development of air-coupled ultrasonic flowmeter for liquid | T, Z2H#EE I X 2 IR B OB 21T > TR Y,
PER DOBEF LT REFHIERA SN TV A EHEFRFE ER R HINEICER LR TEEZBEZTH L L HICH 2 mTHRE Lz
oY ORES LOMEREMI A E L T\ 5, E5IT, HA NEBE TORS LZERES L ENEWMDBEBRBILELRZEE L,
ZE B R BT K D TR EF I ZER & K CHRE B W T TV, BRI A & RIREOFHAIKE A A5 Z L1I2 X - T
BRI OB ERL T,

%5 4 ¥ [ Development of clamp-on ultrasonic flowmeter for steam measurement] Tix2 T v 74 AR KRB OB EZ LTEY |
BERAREANFT D Z LK > TEEZRFRL WEARLBEEY 7 MEARAT L & L bICH 2 mokidt Lzl o4
EREL, B OB CEEREEGIR LI BEOFEFHI AT, iR PR BRREEAD THD I EERLTND,
7o A R EE BRI LY 3BT 2 FEE LTHA REOSERIEICE B LTCEREHT + VZ 233 L, ZB5BE 1T
WTENEO T 4 VB2 REA T % 2 & TERKGRIE SO ATREMEZ 7= Lz, & OICdtEEE & o il % 0.3 MPa DXL
BT CITV, FHIRE ORMEZ1T 5 2 LI X W RiREFOFIIMEE R Lz,

% 5 [Application of air-coupled ultrasonic flowmeter to molten salt measurement| & RBH L, 55 3 3 CTHH%E L 7= 28 & it &t
% LiCI-KCI @i EE IR~ D A 2 A T\ 2, @B SR EFZEAT 5125720 | EFHIICLE YT
DU OE IR AW LD a— I LY FHII L. 400 °C 725 600 °C DIREFIF TOFHEZH ST T 5 L & bil,
6000C O IRALE 2 DHEE R & oV 2T 2 DI+ o -EE IR A S92 72012, BlE ) DEE & Y~ ORE
SEBEEE Y EY ORK[ABROBINCI ZFHH LT D, FEFHTIE, 8 4 B CB% LB M7 4 v ¥ 28HT 5
Z & TEEE O ATV RO T 53RO DI DB & ZIEE S OB O —B AR LTl 0 | BRI
T AEHATREMEA R LTV D, e, EBRPICBEE o HIRkemERIREEZBE A5 Z LR ERUICT L HWERFRETH DL Z &
EHLMILE,

% 6 % [Application of clam-on steam flowmeter to industrial steam measurement] TiX, # 4 ECTHBE L7 7 o 74 B EW
AR R & EEROAEFERERNIC & 2 0.8 MPa ZKKUELE ~il 3~ 2 72012 MBI T UV & BiRELE 2 O PR3 2 IR RS &
LTAR—HYZEETLHE L HICBEEE VA2 e — v 7 THHTAFEEZERZ L BERE VT OIREIC LA EEK T %
MIET 2 2 & C MIEFHIR LT 10% AN DOREETRHIIFRE CH D Z L AR L, AREFIOFDIMEZ R LT,

%57 % TConclusions) Tit, FETHOLNIZMREZERI LEwE LTW5D,

PR X0 RR-ERSEIC BT 2 TG RLE & RE 2 BT 2 7 FEOIHZ i3 X OME B AT Z & T,
2R G, 7 T v A R RRERI AT 2 & & bIC, RIS X OVEER O AR I 1T H A KL E A A
1795 2 L CRHEllg OFRMMEE R LT,

%5 FSCE R IX, RIS 2000 57 & B3 300 3E% 19 DHRHT 57, & L <IFHEIL 800 35% 1M LT EE 0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Non-invasive ultrasonic flowmeters are developed for high temperature application such as molten salt reactor over 600
°C and steam flowrate measurement under 1.0 MPa. The development issues of the flowmeters are acoustic loss through
solid-gas boundary and the guided wave noise which is generated by the ultrasound propagation along the pipe wall. The
mechanical and signal processing methods to improve the acoustic transmission coefficient and prevention methods of
guided wave are developed. The line-focused sensor for the prevention of guided wave generation are designed analytically
and experimentally. The material for mechanical absorption of the guided wave is selected experimentally. Air-coupled
ultrasonic flowmeter and clamp-on steam flowmeter are developed under those methods. The developed flowmeters are
validated by applying the flowmeters to the molten salt and industrial steam measurements. It is clarified that the acoustic
transmission coefficient can be improved by controlling the incident angle, frequency of sound and thickness of the wall. The
mechanical methods can reduce the guide wave noise at most 10 dB. For the demonstration of air-coupled ultrasonic
flowmeter in high temperature condition, the flow measurement of molten salt LiCI-KCI with working temperature of 600 °C
is performed. The signal processing method by subtracting the reference guided wave can contribute to the noise reduction
and the transmitted wave signal through molten salt is successfully detected. Additionally, signal processing method based on
the frequency dispersion of guided wave is validated by guided wave signal elimination of clamp-on steam flowmeter. The
steam flowmeter is validated experimentally where the stream pressure is 0.3 MPa and the measured flowrate is compared to
that by conventional vortex flowmeter. Besides, the flowmeter is applied to 0.8 MPa steam pipe line in an industrial facility.
The measured flowrate error is within 10 % comparing to the results measured by vortex flowmeter. Thus, it is denoted that

the developed flowmeters can be applied to the flow measurement of molten salt and industrial steam line.

% @ WSS L. A3 2000 5L 5030 300 fEA LT ORMT 20, b L <IEIRIC 800 3EE 1 R LT 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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