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Sodium Boiling Detection by Acoustic Method

Hitoshi ARAKI Nobumi OYAMA.
Kuniaki ARA. Kazuo HAGA
Koichiro NAKAMOTO and Ken YAMAMOTO'

Abstract

Sodium boiling experiments were conducted with the out-of-core sodium loop
in order to establish the acoustic detection method of sodium boiling in FBR
reactor core. The following results, which are informative to the design of the
sodium boiling boiling acoustic detection system were obtained concerned about
the characteristic of sodium boiling sound, the method of signal processing and
the change of acoustic sensor performance.

1) Acoustic pressure by sodium boiling increases according to the boiling grade,
but boiling period becomes longer conversely. The maximum acoustic pressure
reached about 1000 Pascal, and the period decreased until about 0.7 second.

2) Acoustic spectrum extends from a few kHz to a few tens kHz, but by in-
sodium sensor, lower frequency components and by on-wraper tube sensor,
higher frequency components were obtained mainly., And the latter sensor had
peculiar acoustic signals which didn’t appear in the former sensor.

3) Smooting processing of acoustic signals was found fo be necessary for the
cross correlation method in order to obtain the time lag between the signals

of two sensors,
4) Detecting sensitivity of piezo electric acoustic sensors (LiNbO;) decreased about

20 dB and recovered to 5 dB after used in sodium for lomg time. But the

resistance between electrodes of sensors continued to decrease with the opera-
tion time in sodium due to lack of oxygen.
5) On the detection of early stage sodium boiling, some methods which utilizes

the boiling periodicity and cross-correlation between two sensors would be

*= Components Development Section, FBR Systems and Components Division

= Reactor Safety Section, FBR Safety Engineering Division
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neceésary in order to distinguish that was caused by boiling from the flow

noise,

Some studies are still necessary in future for the establishment of the detec-
tion method of early stage boiling under the real level of flow noise, and the
localization method of boiling sourse. Besides these efforts, the development of

magnetic distortion probe which doesn’'t need oxygen is also expected.
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ETHRHBAS 3L LEBREEL2EELABEOBERAS-12ICX2FEEEL R, REKIC
BHHACIMICESZEBREE R, 7tV 7 2 BEOHED AS-102ILL 5% BEEEE R/, AC
14 K LB FZEBEL R ETHIE, BETERIIKATSHFA6N 5,

RiR,
Pr= B x
R.R:

ZIZIT P = KsXx By

(2

Ps : BETE
Ks : AS-3DREERE
B @ EFEE

EERBICLB3EEHOERIROAY TH 3,
Ks : —186dB(0dB= iPa/volt, 20 ~80kHz F83 )
Eso ! 24.5volt
R, : 164 volt
R. @ 0.0386 volt
ROBBEEPRER -/ ERETIILBIS (AT » 76 ) DEFD LAY — 7 HIXKDE
D THD,
Ry : 1065 volt
R, : 50.0 volt
IhHDEEZRALTHETEPR ZRDDIL P=920 A7 L5,
—FHEHF AS-SICLBZBEEER, 0O RHB ETORER L WE LTHEEFEP 2Kk X
I KD B,
R,’

Py’ = 3
B o x Ka _ 3

T G 1 TvFrA v
Ke: ZERE
EMRBFFIILBIS (AT » 76 ) DBEDE AT 2 — 2 TROAD,
Ry : 3 volt
G : 500
Krz @ —105dB (0dB = 1volt/Pascal, 20~80kHz ¥ )
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TR-115

ﬁg}g; AC-105
- 1

AE-1 ,1:\?\ AC : Accelerometer
e Y AE : Acoustic Emission
TN
s SR Sensor
'! |:i AS : Acoustic Sensor

o I FEC&
R AS-1 TEC : Ed(ciiy Current-Type Flow
an

Temperature Meter
HTF : Heat Flux Meter

P : Pressure Transducer
T . Thermocouple
Y ©
AE-3 ¢
2, N FecsTeCH
) T K-I—>T-004
N ‘T/
S -1 x| =—4P-109
2309mm = F-1
E E E -107
8‘ TOO05
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D-REC

AE-1 = PA; MA, = FIL, T

AE-2 = PA, MA.: e FIL, T
L RMS, REC,

AE-3 [—={ PA, MA; s FIL, -

AC-101 = PA, PAQ = MA, = Il B

AC-102 - PA; FIL; B

AC-103 w= PAs PA = MAs e FIL, oo

AC-104 e=l PAy FIL, o

L RMS; = REC:

AC—105 o PAB PA.n B MAG - FILa Lo

AS-].OZ Bion- PAlz MA',P g FILQ Loy
PW,

AS-103 e PA; MA, = F'IL 0 =t FIL g, o
PW.,

AS-1 = PA; PA = MA, == 1L o
PW,

AS-2 e PA 5 PA,; 2= MA e 1L, T
PW,

AS-3 w MA Fllx =

==l RMS, = REC,;
Fig.5 TRV LABBETAER T e s FFL T ST A

Block Diagram of Sodium Boiling Acoustic Detection System
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65-78 TV6NL-ONd



e e L e !
; ! J ; T T ] } - ———
— : 1 g T ! _ ~ T = ] = ”
AC-103 — ‘ e e T — = K
| i - _ £
! T R R P T Lol ol ‘ . ik g VPR = %0
— : S = m
e 1= SIS
AC-105 : ! " T I: — n i ;E - B:“f‘FEIj( 20 SEC/CIIl)
o I L I . . ] T I 70 T {
] 163 e iy 6 E“jﬂ w7 | vy Y [T
Ak i AL ILERE et A Sl teddb bl ' 'Jf
; i . : l — “-.i - AT
f ! | ' LT} —
AC~104 : : p i i my ' :
T = y vy .
T E il —
; L Al il —tm [
[N 1 1 P
[ T b e
] 1 -
zh . ! I _’i 1 I :__'f'
Na JftfE AC-101 , " o i —[ri—
I:137—1104/min ;ﬂ—'— e itk H==l=1 - =T
I : 1104/min ’ 2 & ; ok lidyalir sl =
I : 110— 924/min i ———{— adm
I Tt
¥ :924/min AS~3 . - ; : - I :
T ]
V : 92— 764/min ; i - , E = =
- e —— e e

BWIRHE i —i— —; | — |
VD F g a— AR R AS—102 .
PR

P e—# €VOFF o -

PF—ALa—F ALy S !
AE-3 !

P OD

;' ;— - ry :
e e 17 | 075 B o e
Fig.8 7+ U v 456 (91 AE—zf ﬁ : :‘;’di:‘f Bl o X7 e .
LB107) &85 5 o e i 5
Sodium Boiling Test =R —y : - i1 W
(91LB107) Acoustic 1 § . ; E : : . ! ‘ -@—: =
Signals AE-1[— : ; ' - B e : = ==
‘ 1 T 1 - ] : ] _! .'_5 ;__ - '!"Z"_‘_“; ; —
BT RO DA N o o s 1 o e v o T e 4 (LW st oY - —
‘ P —— ' ' e e L T s

65-¥8 TV6NL-ONd



PNC-TN941 84-59

10°

107

1072
0

RRE 5

o 0I1LB102 e 911.B106

A ¢ 103 & ¢

o - 104 B8 »

v » 106 ¥ ¢
¢

107
108
109
100

Fig.9

50 100 150 200 250
# o M B E (C)

FEES v <L OBRATMREERTEQ

Dependence of Acoustic Signal Level on Theoretical Excess

. Temperature(l)

300



PNC-TN941 84-59

o>

(X)) SER
=]

w
]
]

4L o
L]
2 . @
L:J
O L 1 I i )
x107*
4 - -]
AE-2
A
L 1%k
N (-]
-]
0 1 1 ' 1 1 J
x 107
4r ®
AE-3
H 3r
7 ° e
- 2 | ° @
A
#
A 1r ] *
0 I 1 1 L i I
x 1073
4 -
AE-1 .
Hi 3F
i
~ e
A :
}b D
2 ir °
Ry o a
0 1 1 [ 1 1 L]
50 100 150 200 250 300

B’ W ER E (C)

ng BEES VL OBEMBEEEE 2

Dependence of Acoustic Signal Level on Theoretical Excess

Temperature (9)



PNC-TN941 84-59

AC-104

(@) & E

0 50 100 150 260 zéo 360
& f8 F OB OB (T)

x1073
i8r
16

AC-103
12

710

(&)

50 100 150 200 250 300
#w ofa M E B (C)

Fig.11 HEE5 V1 OERMEEKEEG

Dependence of Acoustic Signal Level on Theoretical Excess

Temperature (8)
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Tablel EHFERHBOBERFREBRR
Characteristic and Settling Condition of Acoustic Sensors
RS ER | B % | +4—» |meEtkHmss| VEBE paem | omoa o on
DUNEGAN |100~300kHz HA Vi
AE—1 | AB+»%|D9203 ~76dB 120 | BEXv27E | 5me X 200mL
ENDEVCO | (0dB=1V/gbar) SUS 304
DUNEGAN | 100~300kHz HA FEE
AE-2 | AE+wv+ |D9203 ~76dB 120 5y -+t 4EE | 5mng X 200k
ENDEVCO |(0dB=1V/gbar) 5US8304
DUNEGAN |100~1000kHz A P
AE-3 | AE+v+# |D9201 —-89dB 120 |B & EE| 5m¢x200mlL
ENDEVCO |(0dB=1V/zbar) SUS 304
i 1Hz~30kHz A
AC—101 | ImEEs |815A~5 | KISTLER 120 | B®% v24& | 16 me$ X 300 ml
50mV/G 5U5304
. 1Hz~30kHz HA FEE
AC-102 | tEES |815A—5 | KISTLER 120 o AEL] 16mPX 8mL
50mV/G SUS 304
) 2Hz~ 25kHz A K
AC—1038 | ImEES | 308B04 PCB 120 |EB & EBE| 16m@X165mL
100mV/G SUS304
) 1Hz ~30kHz #A K
AC—104 | IREST |815A—5 | KISTLER 120 Z oy S B 16 mePx 165 mL
50mvV/G SUS 304
} 1Hz~30kHz A Pl
AC—105 | InEES |815A—5 | KISTLER 120 | £ v27H| 16 me X300 mL
50mV/G SUS304
10~1000kHz
AS—102 | ¥ &5 |TYPEB | TOSHIBA [-127dB 550 F oy 3 NaEB
(0dB=1V/ztbar)
. 10~1000kHz ¥4 VEE
A5-103 | & & 3 |TYPEC | TOSHIBA {-185dB 550 | BR% v 78| 40m$ X150 ml
(0dB=1V/pbar) 13 m#X150mm SUS
(0~10kHz
AS—1 H & & |[KM-1910 | KAMAN —1314B 540 BEs 7N | Na BB
(0dB=1V/ehar)
0~10kHz
AS-2 KM-1910 | KAMAN -1314dB 540 5y 4 F NaEHEB
{0dB=1V/¢bar)
20~100kHz
AS—3 KM2100 | KAMAN —-1234dB 650 5 » A F| NaESB
(0dB=1V/pbar)
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Tablez FERHABRBHBEX

List of Instruments for Acoustic Detection Tests

2 8 | m = 3 & A = » # %
PA 1~ |G & # 18 % | 1801-316B DUNEGAN ENDEVCO
MAi~ 1% # B B|3024 DUNEGAN ENDEVCO %iﬂ“}i%‘?’M Ass (30)
FlLjss |7 1 & % — | PV-625A NF B 7 = » 7 Efﬁ{l_afz%%i(gﬁzg(soo)
RMS;~s |RMS # — % | M170 NFEEK 75 » 2
REC 1~; B & #]S8Rs102 BHA vAPAA Vb
PA. WE M B | 504D KISTLER
PA, BB K 0 B | 480A PCB
PAqq il @ # 8 % | 504E KISTLER
PAg—u,, | B B # 1§ % | ABO11 NFEE 7 = » 7 A ) ), PA(20)
MAsmgon [T # 8 B |7740A HEIZe 2 — N aB) 20y
FlLs s {7 4 & & — | HP=3 NFEE 7R » 7 Efﬁif(ﬁé%%ﬁzﬁq(som
Fllew |7 + 1+ % —| AF220 COMSTRON FIL, (400), FiL (200)
PAy,.; |80 % 18 8 | SS-1B KRB
PW, ., % ¥ | PS-5D KRB W
MAren |E # 6 2| AMSs02 TEKTRONIX S A Mre(50), MAu(5000)
M |7 n o | e wwunse, s | Go% T e
PAu,is | % B 8 1 & | JorISILEABOP-182 )y ypyp
PW, . & 7| 62278 HEWLETT PACKARD
FlLgy |7 4 A & —| AF 120 COMSTRON oW, EASS
D-REC |7—#va—# | Mos LR~ E S =




PNC-TN941 84-59

Tabled3 >+ Vv @A <54 —2
Sodium Boiling Tests’ Parameters
(a) Na Wi 88— &
Na B E (0 |Naifg #h i W {w/em?)
B A .
ADoK | (L/min) | BBEBALS | Stepl | Step2 | Step3 | Step4 | Step5 | Step6 | Step7
9t LB 102 400 705 81 8184 84 86 89
91LB103 400 686 100 97~99 99 101 97 94
91LB104 500 657 127 93~96 96 100 104
91 LB 105 500 723 100 85. 5 87 91
(b) & W %E
Na B E (O |#&fR Na o B (4/mm)
AEBA
AR HARK | w/em?) | BBBEEARR | Stepl | Step2 | Step 3 | Stepd | Step5 | Step6 | Step7
91LB106 499 100 | 136~127| 127 117 107 98 84 76
91 LB107 499 100 137~ 110 110 92 92~.76
91LB108 497 80 102~ 91 91 82 71 T1~861
91 LB109 550 100 168~ 151 151 136 122 |122~107
91LB110 547 80 122~ 107 91 76 58 45 | 45~30
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Tabled 7—# v o— FEEHSEES
Frequency Characteristic of Data Recorders
F-vHE | RusSE | Nk | B A E E
7R (ips) (kHz) (dB) # ¥ | B &
120 0.4 ~ 1500 30 O
D R 30 0.4~ 375 29 O O
HONEWELL 15/16 0.4~ 115 22
M 96 120 DC ~ 80 47 O
F M 30 DC ~ 20 47 O O
15/16 DC~ 0.625 43
60 0.3 ~ 300 30
30 0.2 ~ 150 30
15 0.1~ 175 30
DR
71/ 0.1~ 37 28
3 3/4 0.1~ 18 28
TEAC 1773 0.1~ 9 28
R 510 60 DC ~ 20 47 O O
30 DC ~ 10 47
F M 15 DC~ 5 46 O
7Y, DC ~ 2.5 45
39, DC ~ 1.25 43
17 DC ~ 0.63 40 O




