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The Ultrasonic Wave Thermometer Sodium Test (1)

— A Summary of Test Results of the Externally Mounted Ultrasonic Transducer for Pipe-flow —

H. Hayashida*,  N. Kokaki*,
M. Ueda**,  T. Isozaki*,
K. Ara*

Abstract

Based on the temperature dependence of the velocity of sound in sodium, an ultrasonic
thermometer that measures the temperature of sodium non-intrusively is being developed. The
principle of the device is based on the propagation time of an acoustic pulse wave, and the back
calculation of the sodium temperature.  As the part of the development a test was actually
carried out in sodium pipe-flow in order to evaluate various aspects of realizing the ultrasonic
wave thermometer. '

The results and conclusions to date are as follows:

1) Within the present test range, the ultrasonic wave thermometer appears relatively
insensitive to flow velocity of sodium, pressure of the cover gas and the impurity
concentration in sodium. The calculated error of the measured thermometry was in the
experiment about 1 C, a smaller value than the expected 2.5 C of the system.

2) The ultrasonic thermometer has only been used wherein the thermal expansion coefficient
was known and with 200 C as the reference temperatures.  For the entire temperature range
tested the difference between this approach and a two-point calibration over a temperature
range is only expected to be about 1 C.

3) By using the mean value of multiple ultrasonic wave transmit and receive measurements,

a value whereby the ultrasonic propagation time was stabilized is obtained.

4) As acoustic coupling material between the ultrasonic transducer and piping, a copper
plate was found to be more suitable than a specialized acoustic bonding material. A weight
equivalent, area distributed force of 2.0 kg/mm? was used to press the test copper plate to the
pipe. A slightly smaller force appears more than sufficient as well.

5)  We found that mounting the ultrasonic transducer to the exterior surface of the pipe by a
clamping method is sufficient such that no welding is needed.

6) The in-sodium test period was about 2 months. No noticeable change in measurement
characteristics of the ultrasonic thermometer were obseived.

Therefore, the applicability of the device seems to and the technique as a means of

thermometry for sodium pipe flow is promising. '

* Reactor Engineering Group, Sodium and Safety Engineering Division, OEC, JNC
% % Control Engineering Group, International Cooperation and Technology Development
Center, THO, INC
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3.5 HWEEERENIORIANBEMECHET LY (FEK BESHRE) -
3.5.1 BBEFHEEEICEAN aBEHZE

DL OB BT HOEBERIC X AN a RESHITIE, &, HN-FRAES, T
PR E IR, BohsF— Y RBOBRICLAELEOERMEERbND, &
72, BEMIzOWTD, H3.30MICEF A 7 VDL A 7V TRIEZLAYELL
TELTY, BIiFThb, #2C, BEREEEEIC, F2F A7 VL ELF A INVET
DETOREBER (FKHE, v NN-FAEN, THWEEORCZERL, RREBEEEC
BET2,) #TLOTETEHSIS~M3. 180KICHh 2, Tk, BREBERFT—5 L a&bh
FTERREBEEGOEEREELIR L,

INLh, SBREFREERT, EERERHLOZCHLTES I NEVIEL, 7
—FDIELOE B3 EDFHEEIC RTINS WE (H3.15~H3. 18D FAE
X, —14T) ERoTwAIENbird, Thid, RFHEICE 2 BMERBERD, B
FORERES (BERE L LTHWARERN 2 L) CRERCN aREFHIR S LTER
TEE T LERL T Ao

722U, BERRERHE, L -EREH2ERICERT LD, ERLES
BEFOHEBFSEEOES L ETEHL, ERNHEECEE T LRETELB L
Erbe 20720, FEBREORKIEHMEHITIE, SR IVADEZEILISZEHE
TRt %2 5047V, ZORBOFHED LEHREE % RO D FEL Loz, 3. 15~H
3. I8DMAHRIE, COFEI L) T HERREREFEHIGIHTEZIEIRLTVS
(EREMEAOBEOA/DY > 7)) » FRBIC X 2BESIY L 7Y V74720 0.6CT
50, COEPLLBRFLEHHNTH oL VEID.)e £72, ABRCEBEESERSFO
TEHHELZROTHELLT, MRIES*BERICEBELCEEL, F0%EES%
EREES L HEAMNE L CERRMT RO 2 FENH 5, Thid, BEFULEREEHE
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Hichkah, SNtomE g cEs, 2EBTH, COHEIHEEZEWSAETOE
HeHEMLTED, R INERO—FIZRT, Ihik, X3.15~X3.18¢ FAMRZHER
THb, HERESNBISELRFEREBREC LA EREEETRZEANWILENIENT
ehibhrb,

3.5.2 MIEREORE |

S EDBENL, BFRERY LTRRF - 22 ER LE DRV TN, BE
REMIEIE, 3. 28I HEBRIEN a CORBFMERICEH LAW L EBICERED
KEWDT, 2000CORRERORE - IBETCOT— VI (RIE) MHBEICRD, 2
W CTORBTORTEOATEBHFRBE2ANLS LT2 L, BRFRRHIITRED
BRHOEZHWESNENRD D, ZIT, BEEREICRY 02 AW EREEZNE
Uiz (E3.20I#E %R To)e chd b, BERAENEZRABRT I SEHLEDOD
A L THL~2COBNWEE L TWS,, BERIBRERO—D> CHIPRABOENILS
HEEEEE L OERHETA Y, KI.2A0RITR2, Thd&b, BEIRGEHH0.1X
1075583 LERE LTI CHROENERDD, ToEHlcMES BEDS. 3. IHORKIC2
CULLEH B8, XHROBRBERGBEEHWTHAHR TOFHAHERICH LTE+40H
BEORIEDIHTZ %0

3.5.3 F£&®
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Zedbhholz (Thbiionwtid, AREELZOREEEZDL, A LOERI
BOTHEMRICEATEZ LEZIOND ). £/, 2.5COHERBRERFTH2HRERT
DOFHIMER, MICHROELOEITRE, FLT, BEHEEFORESKE LT,
ERARESETRETNE, I6oXBEOREL RS, /=, &E (2000C) 0HOD
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FOBOEMER KFTR) PEMLLZT O TCEEEREENE/L, EREOER
BETT5, SHICE DEBTRHSNEAE/ LTS, 1 LT, 3.23~H3.24DBEFK
BEHO, @1, BEOEATEREHELLZEFEALE{EELTnE, I/, #
2H A P NEEIT A 7V TOREBERREIRETH D, #2r AR BHEPIC
BWTHEBFREFIREL TV,

372, RBRERERONEE, FENISLTLR2VET 04 LTRECHARES
ThHEOI, NadFEhic{ <, BEAE?S N a F~OBFERRFEIBVEE
PbNB, F2T, BIFA 7 VEBHON aF ¥ — VERKCBWT, EENEICNa
DPEIEATVWEVE EORBOESERBELZHNEL TS (H3.2510R T .). ED
Bz, wEcBL T, LEEENSETETWREWY, NaREEM0CHEBICER
X HEMTERE LS IR oz, BL, —F, EENENN a llBISA TRHIIKE
bk, UBRIEKETILEELTEHETETWS (B4 7 VERIZBWTIZ,
NaFv—VEZEO00CTHLIEEEBESFUTETYD,), COHPLIBEE
BEHOOERBAEL, RENENLBRIEIZELTWADEKN LT, BEIREESO
OEBENER, BEEE (KFTR) OBEBICL VEEICZE LETLTWEZ LN
bk,

RIS, SARESEREAMIERA LTV ABEREREHOLOIZOoOVWT, BEKRNF ¥
AF . —H OME~OIF I OB & 2 BHFREHRIFE~OREEFAL12DIC, &
AFA 7 VETHICHMANZET SIS TETRERZWELL, T4, BERIIF VA
72— ORE~OTEHIE, BEREAF+HRENICEE L THUFTHEREE LT
2.0 kg/m?E BELTEY, COMEIEEOFEMUATHS, LPLEDL, BFHE
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FRIEMEWEERWEWZ S, F3.261CN aBE300CICBWT, BFRFT V> RF
2 —HOMAHEH2.0 kg/m’H 50.5 kg/m’E TET EEBEOBEFRELEED
EBEFTRT, HTIE, EEFESLCLEEKED, 1.0 ke/me’ X TIREBBEERET D
EHTHD, 0.5 kg/un?DEEE T, 2.0kg/mn?il B4} B IEFHE I TH#H5dBEET 2°
FobNd, CORETH BIFREIETR) I LB TEL, 7, KERBELIIL
AEBEL T, ST, BEE T Y AF2—F O 2 BR02.0 ke/mm?h>
LR TEATEEIREINTEVR D,
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ZIT, BEHUREHTCHNEI NN a2 DBEWRERELS S, NaREEk) 28
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2)  LD.Macleod, G.Hughes, C. H. Monday: An Ultrasonic Technique for the Remote
Measurement of Breeder Subassenbly Outlet Temperature, IAEA/TWGFR S}ﬁecialist Meeting
on Instrumentation for the Supervision of Core Cooling in LMFBR's, Kalpakkam INDIA
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#2.1 BERRESHEBREOLH

HBERnEs |SEEe RAFEE (BT Am[ [0 ¥ E
@ HiRAEETERE| 277 KT 1.5kg/mm?®
filiE & (HIC H- SUS
03 ANEBHRE 316
Bl k=X &4
)
@ 7L e FEE 1.5kg/mm?*
€ $HAR r57 I 2.0kg/mm?®
@ ff] BHE TR 2.0kg/mm?
¥ B ® B £ B
BEEMN VA7 — |BERK 5MH z
i FEEEFHE =ZATH)F T A
EZEE o BB R 4 [AIEg
B EEEE Sin ¥k (1E#5), MAEFE
HOBEE 50, 100, 200 V
FHilr = b AD 77 Y0y Bl 80 MHz
SN L E TR, HEME
PR RAHKT— 5 R 12 KW,/ 1 Bk

15 #i M e F
HEREERE [Naimk 200, 250, 300, 350, 400,
450, 500 C
Naig 0 Vmin, 200 l/min, 1000 Vmin. T ®
400 Vmin , 800 Vmin, W IEMH190cn
1000 V/min fsec TEBROH

40%,
AIN—=FAES (0.2, 1.0, 2.0 kg/em? '

NadAfpEE(z—-r by 7 (CT) | [ A, 81,
B 150C, [250C] (4914700,
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#£2.3 HEREH
IHE ES] S N B RERNT A—F
N o  |NaBEoasUERERANaf{Na 200 ~ 500 ‘COEH
TR {=IREFRADSEHI T & 5 D RERE W& 1000 Vmin —%F
AN =hAFES 0.2kg/em * —FE
CT®E 150°C
HRMY Bl - THEEBWTEDEL |A—RBR/IZA—-F (220
B EITEY S B 0 EE & oFE b, LiENaBES
i RER . TEEN amELSL
DOEBDREINT A—F) T4
MR (4391 7)) 2El
Naf#Eo |F—NaBETNaR#EOEN|Na 200,350,500 CiZBNT
i X BEHAE~ DR EIBE FEHHE 0 ~ 1000 l/min
Na ( W 0 ~%9 19%0cmy/s)
i) IV =h AE 77 0.2kg/em * —5E
B CT#E 150°C
BN - AEA|A—NaBE TN -1 AEADE|N a 200,500 CiZBWNWT
M| DEE WIZ X BEHIHE~ OB £ ITR N =T A
@ 0.2, 1.0, 2.0kg/cm *
122 WE 1000 I/min —E
- CT#EE 150°C
Nad R | E—NaiBETNahTHPEE | Na 250 CicBnT
DEE a—-NVENZw T (CT) BED| CTEE 150,250°C
BN LB EEOTE & 1000 Vmin —7E ‘
. BN 0" AFEF7 0.2kg/em & —E
FHAEE NaBEOBTHREEHC L 25| LEaedliR/ 5 A -5 #H
fliconWTHEERIBE
BEAEN a|Na PEENTE HRECE OB | LR ERNINaFyr—v
HO|ENERE |TREEFICETIERIRE|R. BEZ200~500°CETL
R (FEBRATREAEIEFRE |BEE 5, 20H, FL2 LT
& ¢ RO _EITIREE) BUF v—2 L. Lol
F |BEEAM O [HEOREHET IEMEE L BT REEHOQ LO@DE N
# |BVWOEE (ROBFHEENEEOENOR| (R2158) '
i
NYATFT -3 | EEE M ITFR 2 AW TV 39 | BB R RESHCOD M7 1-F
fFhoE®E |OMNAF -G HoEbic X 3 [ h 2 LEdRRIcETE
A OILE 7o
{477 2kg/mm 2~ 0.5kg/mm *
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N a500°C : 7254 219dB

N a500°C : 7 > 75 A > 19dB

150

400
300 100
200 ' /\ /\
100 50 .
° {EAVA VA
100
-200 80
-300 -1o0
=400
7000 8000 OG0 10000 11000 12000 “Biec mo0 220 52@ 8260

7000 8000 £000 10000 11000 12000

‘0 150
a0 160
200 A [\

100 50

o e agﬁfw*fy
-100
200 .50
300 -100
400

7000 BOOD 00O 10000 1100012000 Y8150 eooo s2zo | 240 gven
N a200°C : 72451 1»19dB
150

400

200 100

200 50

o N ANR:

0 VIRV

100 -50

200 -100

300

400 -150

200

-100
-200
=360
-400

T400 7420 T440

N a200°C : 72454 >19dB

400
300
200
100

3

-10)

7000 6000 S000 10000 11000 12000 *150

1

7380

- 7420 7440 T4E0

- X3. 23

E2H1 I

mEERRICESBBEELC(BEEREENC

1.6 %K)

AL o0

100-86 OOP6N.L ON[




—Gh—

N a500°C : 7> 74+ 223dB N a500°C : 7 2 F4 4 23dB
300 80 80
200 5 300 40
40 A 200 20 /’\
100 100
| 0 l AN A
| 0 cgJ%ﬁAV*A o | 0 U’\/
100 -100 -20
.20 - 200
200 40 \w 200 -40
200 7000 BOOO §000 106001100012000 '69800 7020 7640 7860 7880 —_b 7000 8000 9000 0000 11000 12000 ﬁ?aoo 7820 76840 TBG0 7880
BEEL EREA R
N a200°C : 7> 4 23dB remmmed>- | N 2 200°C : T2 T5 A 23dB
80 20
;22 50 [\ 800 &0
200 40 200 40
100 20 [\ 100 l 20 [\
| ° vl | :
-100 20 100 \/
200 40 200 =20
-300 0 300 -40
-400
7000 8GO0 9000 10000 11000 12000 '8?040 T060 7080 7100 7120 7000 80G0 9000 10000 11000 12000 ﬁs?l)«ln 7060 70‘80 7100 7120

2817

3. 24 BELCEMICEIEBELETREERO 1.5FEB)

BAY TN

[00-86 Q0¥6NL ONI



10

-10

iR (dB)

=]

{

H#E(0dB&ELT)

N

R —

e

!

B
S

z(
\

1
340°C{HEM H{ESA H I HT- —— BE R OB ER
—E— HE RO S
—A— TR B SO
‘// | A BERAEHOIS TR
250 250 298 . 348 398 495 373 300 300 250 201
Na;BE(°C) RS PSR —————P>

H3. 25 MEONaENTILIZLHESERARAEDEL

100-86 O0P6N.L ONL



100
—o— BERESHEHOHEER
5.0 —o— BEREEHEISEEH
' A REEREHOEER
/ﬁiﬁ(Odbﬁbfz) —A— BEHEREHO SRR
00 @ NaiZRE300°C
A—
-50 ——ix
-10.0
® ‘
—t’:)\é
_1 5.0 K
b pany 4 : D
-200
\A
-25.0
-30.0
20 15 10 0.5 0.0
BRI kg/mm)

@3. 26 R AERICESESRBREDEL

100-86 O0F6NL ONP



