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In-Core experiment of eddy current type flow meter for "JOYO"

# * i

Toshiharu Muramatsu , Kenichi Sano i
*¥ %

Testuo Ikegami , Hideji Otani

*
and Seiji Tamura

Abstract

Eddy current type flow meter has been installed above center of the core
in "JOYO", to measure outlet sodium velocity of center channel. This inform-
ation is applied, together with outlet sodium temperatures subassemblies, in
monitoring the malfunction of the center subassembly.

This paper presents a study of flow measurements from the initial 50 MWt
power ascention to the third cycle operation of 75 MWt power.

The results of the tests are as followings.

(1) - If an unbalance of the secondary coils is adjusted to zero, lineality of
velocity vs. primary main flow and teinpera.ture ~dependency above the

temperature of 350°C are obtained within error of 6%.

(2) The unbalance signal must be adjusted prior to every cycle operation,

because of its drift during the power operation.
(3) On constant power operation, the flow signal drifts 2% of full scale.

(4) 1t was confirmed that added signal detected temperature change with

almost zero delay time.

(5) The flow velocity obtained by cross-correlation method was approximately

20% less than the flow signal reading.

* Reactor Technology Section, Experiment Fast Reactor Division ,
O-arai Engineering Center, PNC.

** FBR Development Project.
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Table 2.2.1
flow meter for

Main specification of eddy current type

nyoyon

(mounted inside the bottin)

Operation condition
: temperature
¢ pressure
: exciting current

: sodium velocity

Item Specification

Type Eddy current with 5 coils type
Size Bobbin : 21.5mm 0.D.x86.0mm L
Material : bobbin Fe

: coil Ni

: insulator MgO

: lead wire MI cable
Thermocouple 3.20 sheathed C.A. type

(double element)

less than 650°C
0.5 kg/cmz-G max.
35mAp-p (500 Hz)

0.1 ~ 3.0 m/sec.

Gain of pre amplifier

¥ 40dB

et P S ST S S e 1
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Table 4.1.1 Change of the phase control
circuit condition
Gain Phase
Setti
Case No. gaie. go entio- Potentio- Memo
| M S athe | %lue
(mVp-p) (deg.)
0.472 9.273
0 3/8, '78 at delivery
8 . 00 -5 - 10
0.550 8.920
1 8/6, '78 T5MW power up test
9.37 -19.20 period
11.21 -27.43 period
3 1/18,'80 0.780 8.825 First cycle of T5SMW
13.40 «20.13 power operation period
0.775 8.800 Under second cycle
4 5/8, '80 of 75MW power
13.31 -21.37 operation period
0.788 8.464 Under third cycle
5 7/16,'80 of 75MW power
13.54 -28.29 operation period
0.900 8.820
6 10/23,'80 2 Before removal

(Polarity of phase control circuit is all negative.)
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Table 4.3.1 Response Time of Added Signal and
thermocouple signal (scram =0 sec.)

Signal Dead(;I)'ime Eg?:tant (8)

Added Signal 1.5 £ 0.5 5.3 £ 0.5
S/A Outlet Temp. (000) 2.5 £ 0.5 7.4 £0,5
it (1a1) 3.0£0.5 [11.2£1.0

" (2A1) 3.0£0,5 |[14,2 1.0

Table 4.3.2 Response Time of Thermocouple Signal
(Response of added signal = 0 sec)

Signal i R
Added Signal ~ 0.0 ~ 0.0
S/A Outlet Temp. (000) 1.0 £ 1.0 2.1 £1.0
" (1A1) 1.5 1.0 5.9 % 1.5
" (2A1) 1.5 £ 1.0 8.9 1.5
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Symmetrical normal eddy currents

e

Sodium no Flow

Flow induced current

) (!

® )
Sodium Flowing

Fig. 2.1 Principle of Flowmeter
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Sodiu'm Level

Over Flow Nozzle

Main Loop Qutlet
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Hold ‘Down Sleeve

Irradiation Pot

/

‘Neutron Shield

/

Core Support

gh Pressure Plenum\.;
_“\‘E

-

sy 7

Control Rod Support
Column

lFlow Mefer |
Thermocouples
Aux. Loop Piping
Refueling Rack
|~ Pot.

1 Reflector

/_—__—---.

Core Fuel S/A
—

Blanket Fuel S/A

\

S/A Inlet Nozzle

Low Pressure Plenum

\

Main Loop Inlet Nozzle

Fig. 2.2

Cross section of reactor vessed
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Reflector

S Safety Rod
R  Regulation Rod

: Flow Velocity

Meter Instrumented
S/A

Fig. 2.3 JOYO core configuration and location of S/A outlet

flow velocity meter
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i

= (" s
24 ¢
Flow guide
1104 \
i
3
=
T/C Flow meter T/c ¥
(thermocouple) 0
|
Sodium flow Q
hal
-
56 @
Handling Head
)' of Subassembly
S/A Row 1 S/A (000) S/A Row 1
' 66.5 @ o
80 ¢ s

Fig. 2.4  Relative location of flow meter and T/C against subassemblies
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r Flow guide
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Thermocouple \ / \
Support 2 Primary coil Support 1 Guard tube
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Fig. 2.5 Configuration of eddy current type flow meter
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e a Thermocouple
i ! Signal
| il g
: i
Flow Meter [ ! :
) Signal : |
Amplifier ; :
I = ]
| |
P::e_ == : ‘3 :
Amplifier |e ‘ |
B
| E
I |
I 1
T J
\
Adding ?n%bstract—
Circuit Circuit
35mA
p-p
. Phase .
Filter Filter Control "'" Exciter
500Hz
\ \
Rectifier Rectifier Oscillator
ET | | Ep
Dividing
Circuit
Eo
Recorde

Fig. 2.6  Block diagram of S/A outlet flow monitoring system
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250 I s e AR A . |
. {200 :
g’a 200 Phase : 0.00 —~ i
Gy 1100 ¢ ;:
— N !
P E -
i ° 3
o "g'_ £ .
32 -100
a° _,
o -200
Gain (potentiometer reading)
O Phase control circuit output (polarity: +)
O Phase control circuit output (polarity: -)
A Phase (polarity: +)
A Phase (polarity: =)
250 T T T T T T T T T
ol
A Gain: 0.00 =00
§,a 200} =
'8 ‘I]- . 100 g
o> 150F A x
. &£& : X0
84-:-’: 100‘—--&——-‘--«——&-—--‘—-—-&---L—-—A-—::—Aj E
o
[T v, A 41 -100 p
u‘é g 504 My ¢ o AY Dyt A
=
B 1-200
06—6—6—6—6—6—6—6—6-06090
0 2 4 6 8 10
Phase (potentiometer reading)
Fig. 2.7 Characteristic of phase control circuit
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signal ET Amp. ] LPF
2 Subtractgd E EF Sup. ,
signal F Amp. i
3 Flow E Sup. ;
signal ED o Amp. :
Fre. !
.| DC [, RMS " :
4 Coil 1 (RMS) Amg.. [l Atip. [T Conv."‘f,‘,',‘,’,, = LPF i.
|
5 Coil 2 (RMS) i
OQutput| [DC | RMS Sup. .
| Signal™ Amp. [[T] Conv.[™] Amp. LPF :
6 Primary main f“P- = 14ch ‘
flow A Iso- | | Iso- o !
- ) lator lator S ;
rimary main | Sup. o i
7 flow B Amp. Date ‘
Li i : bl _| Re-
8 s/A (000) T/C ea~tit| HPF [ f:’nl; LPF onde
Ther- |
mo =
. 1 inea~ | | L= Sup. =
9 s/A(1a1) T/C couple—= i HPF Amr; ' LPF
_ ' Signal
10 S/A (1D1) T/C Lot Linea~-L Ll ypp [ Sup. | LPpF o
lizer Amp.
11 Coil 1 (Direct)
12 Coil 2 (Direct)
Micro-
13  Memo phone
o
14 Excited gigi'
signal ex Output

Fig. 2.8 Block diagram of measuring system !
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Subtracted Signal

+
N
—

+
n
]

1
n

S/A (000) Diff. Temp(°C)
(T/C Signal)
2

o

2 i
TF Case 3 .
L ] 1/18, '80
© 5/8, '80
- 0 ]
0?’1 I I A 1 /23’ BO
0 1000 2000

Primary main flow (m3/h)

Fig. 4.1.1  Subtracted signals of the S/A (000) flow meter vs.
primary main flow '
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Flow Signal

Sodium Temp. % 260°C

at derivery
(Case 0)

2
Case 3
1
® 1/18, '80
© 5/8, 180
A 10/23, '80
Q% 1000 2000

Primary main flow (m3/h)

Fig. 4.1.2  Flow signals of the S/A (000) flow meter vs. primary
main flow
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' -
3.6 Sodium Flow : 100% . > ]

(v)

3|4 ™

Subtracted Signal.
W
o
]

300 il

2.8 + Case 3 1
e 1/18, '80
o 5/8, '80
2.6 1 L 1 . . :
250 300 350 400 450 500 550 !

S/A (000) Outlet Sodium Temperature °c)

Fig. 4.1.3 Subtacted signals of the S/A (000) flow meter
vs. outlet sodium temperature.
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5'4
Sodium Flow : 100%
5'2 = ---‘\‘ ,.' ..“ -1
I“\ ‘4 ‘,. ..
P - " ’
’ ; b"r"
5:0 I~ 'f’ -4
. = ¢
= {
'.l'
ﬁ, 4.8 |. ! |
b ',.6
; /
8 Y
R 4.6 | f," i
[ )
4.4 -
4.2 | Case 3 A
® 1/18, '80 i
©5/8, 180 "
4.0 L L 1 L L 1 :
250 300 350 400 450 500 550 ;

S/A (000) Outlet Sodium Temperaute (°c)

Fig. 4.1.4 Flow signals of the S/A (000) flow meter
vs. outlet sodium temperature.
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Primary main flow (m°/h)

Fig. 4.1.5 Sensitivity of subtracted signals vs. exciting

frequencies
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Flow Signal (V)

Fig. 4.1.6
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Primary main flow (ma/h)

Sensitivity of flow signals vs. exciting frequencies
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5 I J
_/
4 / |
E Al
0
3
=
e 2
O 500 Hz, 250°C
A 200 Hz, 250°C
1 —
® 500 Hz, 500°¢
A 200 Hz, 500°C
0 1

0 1000 2000

Primary main flow (ma/ h)

Fig. 4.1.7 Sensitivity of flow signals vs. exciting frequencies
at off-site experiment
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162 T T T T T T
= T 100% flow
g 79% flow
=
= 16* + 52% flow
(2
-
a 10° Y 18% flow
n
~
< -6
10 F 0% flow
1 I 1 | B | |
0 1 2 3 4 5 6
FREQUENCY (Hz)
Fig. 4.1.11 (a)  Auto power spectral density of Flow
Signals vs. primary main flow rates.
10° : . ; ; ; :
£
5 . |p47%
- J¥518°C
i 211°¢
S
' =3 L .
' a 10
)
=9
< 10* 4
| 1 1 L | 1
0 1 2 3 4 2 6

FREQUENCY (Hz)

Fig. 4.1.11(b)  Auto power spectral density of flow
signals vs. sodium temperature of
center-channel.
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Fig. 4.1.12
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Fig. 4.1.14 Resistance of an exciting coil vs. temperature
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E Fig. 4.1.15 Insulation resistance of an exiting coil vs. temperature
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Fig. 4.2.1  Added signals of the S/A (000) flow meter
vs. primary main flow '
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Fig. 4.2.2  Added signals of the S/A (000) fow meter
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Fig. 4.2.3 Sensitivity change of added signals due to :
exciting frequencies
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