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An Under-Water Experiment on the Acoustic Characteristic of
High Temperature Ultrasonic Transducers

Qukatsu Nakayama®” Hitoshi Hayashida®

Abstract

We have been developing an Ultrasound Doppler Velocimetry technique (UDV), in
order to apply thermo-hydraulic measurement in sodium. A feasibility study had
been conducted to identify development subjects of sensor and signal processing.
Thus, high temperature ultrasonic transducers were manufactured to use in water
and sodium tests, which will be scheduled to optimize an algorism of signal
processing and to improve the characteristic of the transducer.

In this report, we described the results of an experiment on the acoustic
characteristic of transducer in water.

The results are as follows :

(1) The ultrasound beam profile of the transducer relating to the characteristic of
velocity profile measurement using scattering ultrasound wave was obtained.
The estimation of ultrasound beam profile in liquid and an ultrasound near-field
region were introduced from these experimental data.

(2) 1t was confirmed that the frequency’s spectrum of transducers are adequate for
the design requirement of flow velocity range. The specifications of a transmitter
and receiver for a transducer were identified, such as the amplitude gain for
scattered ultrasound signal and the frequency resolution for Doppler sift signal.

(8) The spatial resolution of the ultrasound beam was estimated to evaluate the

accuracy of flow profile measurement on UDV system.

Y Reactor Engineering Group, Advanced Technology Division, OEC, JNC
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RO B EE N TR o R FREENE L 5N 5, 2B, RFEEH
sHllE =i, ZhEnBRo7 Gain THEXATHEMN, PS5 U XF1—H0
REREELMET 272D RFES2F U 0dB Gain W& L. B420 F 5225
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FNI2UAF 2 =T O~y FREEOFND S BN KT 103mm TEHA X kg
HREREEZR T, RIBPZTIIERPITO 1/ 1I250BEL235, SELIIZE
W PZT D 1/ 28 EOBREEFOI L BD ok, F, HIPEMERIRMI-E LT
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EEBXhEAT Y L ABIC X o CRAINE I — OB L ARBAHET T .
CREEDEAD NS YRF 20X L L TR AR S RIEEX
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6. &
BIERDK RGN U T EE SR 2170 BB E & LU U 7= o K RakBR ¢
FIWEBEE N5V 27 2 — Y OBEROER % TG L. ORI &L 3 BEROH

A Z IR S, UTICZ O AR, BT FERCZOFMBHERET T, X
iz, BE DD U RF 2 — T ORI DWW T HFHET 5,

6.1 v e

DT 5347 IRAT B 3 _
SEIOARTAWEBE R D 20 XF 22—V ORI Y X b VIETNCEWED, BX
b RBFP S BRI N BEA T ORIEER 6.1.1 O L 31Tk 9 K 6.1.1 O
WOEHU, OEETER b2 &S (AFF—BI) 2L T3 L Lo FROHNES
D76 RIMUDH T 2 L # X, ZROEMO— KPR, 0) ARICET 5% Y FIR LRI
DNWTEDSHD T L HFRORITEHETE 2, TEOHEHRITRACR S, ’

27 (kasin 0)
x —

- x sin{at - kR) A6.1.1)
kasin @

P(R,0) = pet xsinf {1+ (2 -2y

PRO):PRORDEE p HEHLE c:EEPOHE

Uy : MROMOMAEE k¥ o FHRORE J, - v LVER
w:ARBPE R ERPOLPRETCOER 6 :H0HPSPRITAE

TH Do T TA6.L1Dsin(wt - RYFFRIC— 1 ~+ 1ORTELT2HDTHD.

EEAE X HBAIEC ORMELEIE LV T ORBEAREEORAMETH 3P
5p L. UTONEHRERNT S LSk p #EATSI LT 5

i} ke Ry2 Ry Zq(kasib) #6.1.2)
Pa(R8) = pel g xsin[ - { L4 ()7 -2 el ——
b, : BEORAN
R Al Lo g =0 DIFEIE
p(x) = pcl, xsin[%{ 1+ (5?2 =X Yxsin(ot - k) #A(6.1.3)
a a .
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x : FubM_ b 3317 B P D RERE

THbo 613 WBNTH, sin(or - ]oc)@%ﬁuﬁ’é?ﬁﬁ%ﬂﬁ 612D L3I p! YEL,
! . ka X N
pm(x) = pCUO XSlﬂ[-z—{ .1+ (';i)z "; }] :T:t}(G.l.ll)

pl 1 HEORKME

#6.1.4 IEBNT x WA VEIFREDORE, & = 27 /A & ANERIRY TR B,

2
P!, (%) = peU o sin(1.57 f‘i;) | 2(6.1.5)

2
~ pcl 4 (1.57 =)
Ax

AHE

£ 61505805 L5, BHTFORLE EOTER, RIS TR FEEICLE
HIL. X ICREAI LT N5, Eh. MTOLDIK

2
p =1.57i’/1— #(6.1.6)

LS, LIAEERREIRENTH Y, EEEIEE R EET 2RI, TOWEH
MR B = DOESIELIT & o> TE U2 MEIREOEA N ERT.

¥ BB OIE NI, HEONEEE R OB B S BELO L BIT. AT
=P AT ETBEEHOT RNV E—DHET 5. ~RICEEIEE P Z x FEICEE
THBAITBV T ONEEC L S HET 2RBIIRATRIND,

B
Pl (%) = pcl g x10 10 - R6.17)

ot BEORKE o HEILE ¢ BEHOEE
U, : MIROTOMMEE g @ IR & 2 REEM

LMo T, ORI BT 2 EEEAMIER 6.15 LR 6.1.7 RSRAT
KENDo

B
Pl (3) = pol g (a - Hyx10 70 | (6.1.8)
X
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T TAEEREIC & AWM g 1K DWW TIL. Fox & Reck ORBERIZLS b,
B/ DML 100kHz~10MITz OFEHM TR fIc Lo TIFLAL—ETH S Y.
6.1.2 ITKOBEEBORMEEFE LT T, JORPS. K 12°CT IMHz OB
FR WS FEOFABRRS T, PEREERIC L 3B '

B =528 X10/mm | . %(6.1.9)

TH Do HHITHL T 208mm TOBEIEX 6.1.7IcL b 2% TH h. 203mm WTOD
PEBIEEIC X BB EETE 5,

@£ LT IR 15 PR Ea A ,
X 6.1.2 BAWTIRIAAG, R 6.1.4 & AV CIIEMEES HIRREE x, 12 DWW CHEHITI
#®LIzo
"R e & ATREHEE R AR £ dOCHR i & B L 2 hvE R

6 = 2xsin "1(0.71 L) #06.1.10
2a .
5=l R(6.1.10)
A
TRHEN D,
QERA

RETRONDENEORESWEE D SBFRONSIWEEAAR Lz &, AHA
BHDAELDRERoEBE, BRETERHFPELS L3 RBREHFELTY
Rehd, ZHBRTE, FIUXFa—PAy FERL B I N ZBZEMIF L
ZBCREIN, BU M VY AF 12— L2 TRIEEN3BRAZ KA TRD:.

8, = 2xsin (=) #(6.1.12)

Vi

¢ KHEE v A YT S AOBRMBOBE) 6, | HRA

6.2 fRIF/IND A —% LRI A

SHOEFRTIE. B2OBIHRN S VAT —F BT3B A—F 55 6.2.1
DESWFEELE, 2OHE. EFNMMEINEEZ P ARTIEROR S X 2 IZERED
E—A707 7 A VIEHBEOC—LAT7Ta 7 7 A VERN2FTEICEL L, WELT
RDEDDTH B, Fi=. H6.1.2 BV 6.1.4 ZAWT ZIcHITHM & hEEs= T
AEREE LTz BB, ZNSDRITBVTC, poU, & p & Ly BHES W BEME p,

TR L7z,
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X FWEESFOERME L BFEIMFIEF-BL TSN, ¥4 Fo—-7 (@) ZB8
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EETmhTwahLEiAE (Y AR) OEESES G ORRELZORRET
RN TV 2720, A1 OBER N5 Y 27 21—V OiEHRRFEER L TH
%o F/-. WEMSESHORBRE L FATENITET-BL TN B2 h 5, HREEER
HRG e o 2R 6.1.6 TRATHIIZRD =,

% 6.3.1 [CHEERERR M ES o . IS RIRAEERE. EAARUERRA ORI
EERT. ARSI AEBROMRITE L 5 5.1 OEREFIFEF—-BL TN LI
UCisHAOETEIZERBEL D RE LD, K 6.3.20)~K 636(TRINEX
3 \CERESERICBIT 3 X SAOEEAMORRESBITEL DR B ok Kk,
FRBRCIHERAZEHILTWRWY, BT cEOhEERAZRS L. E—L0DfE
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FITEBRLEEECEIZNZNUTORG.3.DER6.3.2)TEEINE Y,

EELJEEEZPT L EICEUIEDHZZRL.

d =k 22 | #£(6.3.1)

FEEER IS 2MI e &t L 2BREEDEERR2E L.
4 - s

gT

#(6.3.2)

g=k

k 5eiRE SE BT Y TSL T YR el EBEw

TRHENB,

FEREJACEAUTHEEZRPITHERLIO 26 53¢, EEEEH gIcBBLTRHER
PZT LR LI MEEEEREE RO, EFBERLEEEEHTRINHIBEIINLT
ESEF—DOD M Y RF - CiThbh i AER O RE IS EIXITIEEER
HEEZRLTW S,

—F. FRHERORE 2R IHM Q EICBIL TidAE LI ¥%lR PZT. &R
PZT ©F X bHRBEWICAKENY, KRR TR AEBEFEONY FIRICBEER
Fo. FA¥T I L, NFLTHREICEDLEOFEHHSER TN LD, EiE
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75 ML THAESNTWS. L L. BB LI T, B8 PZT THibhTW3H
v IHBERTSsRWED, FRPITIZEDF VBV TRV,
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6.4 FfE b 52 RF 2 — Y OIS

FRB TR LE b5V RF 1 —Hr DN T EEORE R HIE Lk, Thb OfR
BRI AETCE. 28, P UAF 2 — Y RESNEREE L HAADECERIZ R
F AL LTCEERRICiT 2 TR EREHCOWTTME L 2.

SEEBIL. WO 3EEET . DB, FIVAT VIt L > TERE WA
thOEEATE BRI THUT 301, MEF—F 26 o ¢ REXOMERMER
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EEEES AT 3010, FFYRF 2—J BRI 2HE L TB <.

7. Zh b OHEEIL. SHEEMTEORES A HMHETERRIc BT, &
B0 iz b TARARERL 25D, COBERIBIOTIHEL TS,

(1) RREF AT
OrEmA
BHR 6 LIORTRER 4.2 1 0 BHIE LS b 7 VAT 12—V OREXOFERME,

(=HIEfE/FaHE) 2Kz,
] | #(6.4.1)

J’=9—0 7

6 (deg) : BEAONEE g,(deg) : IHAADOHREHE

& BT, f5HfAY, (deg)DRHEX (F-H Y o LAHOHEER) FMOWED TH S,

8, =y x2sin 1(0.71 ;—) #A6.4.2)
a

g ERAFRBO¥E AT HY v AHROEE
KECE X NEAA. & b T VAT 12— ORFBERKOME, RUF P YT LS

CHEINIEAARUTRT T, ZE L. F V7 AMmORER 5000C, FEE
2,300m/s. BT WA EENT IMHz & L,

i PZT it LLA =im L1 B
Achigr A (FRM) 3.0 K 2.7 2.5 E
THEREy 0.51 0.66 0.61
NahimaGeee) | 48 4.3 415
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