 PNC-TN941 82176

B RTARLEHOPAERR)

19824F 8 H

N BAMEREEE
X I % € ¥y 7 —




BRI OBEEIDOAFIZONTIE, FTRICBEWEhELIEIN,
T311-13  RERFKIER R BEET B FH BT 4002
B UF - AR B R E
RELFEELF— VAT LBFEHEELR- TS EE

Enquires about copyright and reproduction should be addressed to: Technology
Management Section O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita—cho, O-arai-machi, Higashi-Ibaraki,

Ibaraki—ken{ 311-13, Japan

B JF R BA S E 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC-TN941 82-176
19824 84

SEEES IR R B ) SR MR 1T )

HINEN, EHEE KAEZT
*A

maneen wF saag™
= S

EEREE TOA L e ) FRHERA L U THSE S BBifsCE R s A BAs6tE 3 Bic
M) FOhLILT S SHIcE sht, |
AHEFE, TSMWERSE4~B641 7 LthiciBoht EEREBORMEIC >V TRRL 2
bDTH 5B, BONIBHAELITICHIES 3, |
(1) FRFFESMELIET B 4 7 VML, SRUHBOREHRABERALIE, 5
494 2 VEEDEAEHICT 3 &M~ 40 BTH - 720
(2) PORHBHEES D | RBEKRICH SEBIE, 70x4 - (2520 m* /hr ) ieet
LB —2& b5 BLUATH -7z,
@) PLRHBREESOREERENE G, ABREHREEREBEETEE TR T — 600 CiC
LB —2&bT 4 BUNTH 72, ’
(4) R BREESOABMER I T3 EHHI, 7025 -0 (600°C) KHLE, —
A& b1 BLUATSH -1,
(6) SRUEI 1 v OBBESIE, PHETHRMHGHERK 406 X10° n /cm? L, H&EL
ZLIRBEHShEDd -1z,

¥ RBEIL¥+ vy - BEEBIP R AT
** B BIEM k)
ek B BILRMERR (BR) xR ¥ - BIRE
Kk Bl F B R AEIE Gr .




PNC-TN941 82-176
Aug. 1982

In-Core experiments of the eddy current type
flow meter at '.JOYO" (1)

* *
Toshiharu Muramatsu , Seiji Tamura

k%
Hideji Otani , Mikiyasu Tsunashima
* kekkk
Akira Shono , Yoshihiko Nara

’
Kk

b

Abstract

The eddy current type flow meters were installed above the center
of the core in "JOYO", in order to study their feasibiliey under high
temp and high energy neutron flux condition.

The characteristics of flowmeter placed at the center are as
followings,

(1) The unbalance signal of flow signal drifted—AO%, compared with
result at 4th oyde operation of 75MW power.

(2) The lineality of flow signal at sensor #1 VS. main flow was obtain—
ed as ¥5% of full scall in each test case.

(3) The lineality of temperature dependency of flow signal at #1 sensor
was obtained as *4% of 600°C full scale.

(4) The lineality of temperature signal at sensor #1 VS, Thermocouple
(TC-1) was obtained as *1% of full scale 600°C on each test cycle.

(5) Change of each coil resistance was very in significant at neutron
flux level of about 4.06x10!1°n/cm? for 130days.

Reactor Technology Section, Experimental. fast reactor div, OEC. PNC.
**  Hitachi Ship Building Co, Ltd. Currently.

Kk Energy Research Laboratory, Hitachi Co, Ltd, Currently.

**%% FBR development project, Currently.
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FEBIMRHT IR & 0 b MEBRHIC DU TH, LA 884k & D LK L 2 Na it % EEL YN
<mmttwam.mmMMHMowrm.%@t%&&@#%%ﬁﬁﬁwwwwwxamﬁm
NI PR STHNERIE LT B EMBBAN S,

5.3 ENAMICLEMAHMIORT7O~

m%mm&mmswrmmmawnkuvr«wwmm;ommm%Twivuwmmm¥
*wTﬂﬁﬁiékwK.MHﬁéWMETDEﬁ@EK$O7uz7n—ﬁ%ﬁ?60

i?ﬂF@&?mﬁ#&éﬁ%ﬁU%?Wéth&ﬁtéoMibﬂ?@%%ﬂﬁ%ﬁmﬂ
Uhh b,

Vo = a « Vy (5.31)
Vie = @ « Vy (5.3.2)
T 5 \ . ) )

v, 2 v

Po = P+AH+ {—= + ¢, V°c+ccv’° + cc-\—'&&- o0 (5.3.3)
2g 2g 2g 2g 2g
vi Vi szc '

P = P+AH+¢ + ¢ + ¢ -~ X

1 zg c2g czg zg (534)
\'A V2 2

P, =P +AH +{—2 4+ § 22 ¢ 20

AcVie = AV~ AgVn = AV, (5.3.6)

AcVie = A(Voo+ Vie) —AgVi; =A (Vo + V,) (5.3.7)

AcVpee = A(Voo+ Vio +Va) = A (Vo + Vi+Ve) (5.3.8)
VZ

|Po ~P, | = Q.E%. (5.2.9)
Vi

|Pv =P, | = G (5.3.10)

UEkn , ) \
Po~Py = ¢ 0 _ Vi + & W—(ﬁ~nlh_ (5.3:11)
2g 2g 2g
VZ__ 2 V{ V2
Py P2 ={——2 4 (¢ =X — (a2=1)_'2 (5.3.12)
2g 2g g
E1id,
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CLT,
P N
OH Bk
b BIRRGRN
g Wmidae
A Wi
Thbe

HENABNC LB 7 0270 —pi15 15 B a4,
Po = Pr=p | | (5.3.13)
THBo Lichi-T (5.3.11), (5.3.12) &b

¢ = (A /A - (U-1/ad) « (1-0) = ¢,

(5.3.14)

(a1 /@) =af - (af ~1) + (& +1)2 =2 (5.3.15) :
THHLEEMHUREGHMD /0270 13155, |
RS SR TNIBAR, | | ;
be > Lo DA Po > P1 > P, (5.3.16)
Tmbs.¢%m#eﬁﬂm«aazva—m%mtso i
Cc > oo DA Po < Py < P, , (56.3.17) ;
THbb, RBRD SthREIN 2 0 2 7 0 —pigen4 3,
@/ @ > fo DA  Po<Pi=P; or Po=P; >P, (5.5.18)

FUDL, BAMDY 0270 -2+ EBRETHEE D2 027 0 —h5kd 5, ic _
REAI T E DB TARED I 070 -2 55, |

@/ ay < By DFE Po>P1= Pror Po=P; <P, (5.3.19)

?Ubt,ﬁﬂ%@ﬁaz7u—%ﬂ<fé¢kﬂﬁﬂﬂé®7uz7u—ﬂ%$?60ﬁm¢
REBESLTEFAFTHBED I vz 70 -L11 5,
Kicks TR
(1A1) 7.42 kg /sec
(000) 7.28 kg Aec

(1ID1)  7.32kg sec
THY,
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Ce = Leo . (6.3.20)
0‘1/‘“2 < 8 (6.3.21)

DRRTHB, THbb, hlis SHUMDAMED I 0 27 0 —Hol: LTVEbDOLE
bhdo TOMENHEIMHTAER & 3213 -B L, MELTHMRICLD 7 027 0 -DRIZERE
tERIC T S 5,
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Bom #

Tl

BB TOA L w | FTMEHER & LTHi72Ic S & U2 AR iR g « dostt 4 T4
KRS0 L, JCEROER 520 L 7 |
85N RIESEE LT 1T 3,

(1) ﬁ%ﬁ@m-ﬁmwwm5M#47wmmwatm@&M%Qxﬁﬁﬁﬁmﬁﬁﬁm.
TSMWERHT 4 44 7 VD AHEE 45 & MK ~ | 3G 1 2 v thik — 3098 T & - 7= o
et U, COBMITIE, FIOBEMMIC & 5 EATBRIRAHE RT3,

@ hLBRINBIAAES O | RBFARBICH S BRI, 7024 — 0 (1 RBHTER 2520
m'/hr ) iExt U, SAES —2 & b+ 5 BLUNTRBLELETHE TS » 72,

(8) thilul BRIEUE S DEBIKAEMIE, FuLRILENBMEREE SIS +24 7%
r—=v 600 Tiext LEIEY — 2 & b+ 4 BLUADRBIETS - 120
(@) LR HHER BT 5 D bl R HH 38 MM SHR BE IC0 3 B RIERIEIR, 7R 4 — L 600 C
K LEREY —2 &bt 1 BUUNT 1 SELIERET & > 720
(6) iftdd 3 4 VOBWESTI, it FHRBHMILEN 406 X 10°n/cm? 125t L BHE
(LIRBH SN,

o, REEHAAOTE SO TRB BOAEERE LTUTO bohiEohi,

(1) THEB) BRIESHBREICR T, duCMREHEA I O < EM RIS HER DK 8% ( Test
—E, TSMWHHAEE & 0 275 2) ofgsnBRHEIsnt,

@ 2&3 4105 EEZMOMBI L D LRI A K RO Nad 7 i #5008 %5k o
FeRER, LB TH 18 m/sec, ELFMEHLITI 16m SsechsiB Bk,

@) FFLHOALBITHEH SN T 550K £ BRES SEHMMICRRT 5 itk D, #1E
URHIIBBIC 13 5 i35 & IR BE G IOt L B T & AR S N i

A LI@D, TSAL s ] HfEHEET S ¥ b EBVTORVHEER LT B Ehs,
FRFICEOT, BEFEAOIFOHNERER (F+ v A VHE, 7+ Y2 LllRE) 2206
TEB A UMERE55THS 5, |

Ak, THIB) KBOTEBL T K@it W TORBRE LT,

(1) BRI DSBS T LB
@) Wi & 2 RAKERRAEEDO R
SLEMTEFETH 5,
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s

| AR > T, BRMAUFIIRAROMT HERE (5, BAMREmE) | A
BEEARR B, WEMREED) 85 5UIAS - F b U 9 ARAMREONY LG,
AT MIBBR IR SRR A8 % Lo R 72, F b 1) v A HATIRER,
BEBISE) Ok F—MRLEERRA, Al (BRSO BT (5 O Gk T
IR, BESHRAEND Ui, &Il MBERLE T,

2 F X W

) FH, ity IREHREBEAEI OBIERER (1V) "
PNC %l SNo41 81-249 (1981412 H)
@ fREBfh ' hOFIRAKTEE ST 2R
REHWEAEI ECS~FC— 01017 (1981 4E8 H)
@) Blfts " HERRE MHE O RS K OMIRRREREE (28 2 #) " PNC K
SN941 81198 (19814E10 A)
@ &R, G EBREECREEA D F b )Y LHBIRER (1) " PNC Bl
SN 941 7114 (1971412 )

(5) Albertson, L.M. et al., "Diffusion of submerged jets", Proc. of ASCE,
VOL.74 (DEC. 1948)




Table 4.1 (1/3) Change of detection characteristics

for flow signal.

CYCLE The 4th cycle of 75MW The 50MW special test The 5th cycle of 75MW
Unbalance Sensitivity Unbalance Sepsitivity Unbalance Sensitivity Memo
SENSOR signal signal signal
) (V/(m3/h)) 42 v/ (@3/h)) 4] (V/ (m3/h))
9.16x10~2 1.66x107" 9.31x1072 1.87x107% 9.25%x1072 1.66x107%
: Diff. (%) +1.64 +12.65 +0.98 0.0
2.14;10-1 9.09x10™> 2.27%x10"1 4.52x1073 2.14x10"1 9.01x10~°
: Diff. (%) +6.07 -50.28 0.0 -0.88
2.29x1071 8.41x107° 2.41x107! 8.04x10™° 2.33x10™1 8.90x10~>
’ Diff. (%) +5.24 ~4.40 +1.75 +5.83
1.48x10"1 3.15x107° 1.45%1071 9.93x107° 1.44x1071 4.45%10~°
) Diff. (%) -2.03 +215.24 -2.70 +41.27
Bundle ID No. PPJX13 PPJDIN PPJX13

of S/A (000)

Number of
Core Fuel

9L1-28 TP6NL-IONd




Table 4.1 (2/3) Change

of detection characteristics for flow signal.

HALE | T D remene (D | mcacuenent (o | The 6th eycle of 75w
Unbalance Sensitivity Unyglance Sensitivity Unbalance Sensitivity | Memo
SENSOR o (V/ (m3/h)) o (V/ (m3/h)) o (V/ (m3/h))
8.46x10~2 1.91x107™* 8.90x1072 1.69x10™" 8.26x1072 1.65x107"
' Diff. (%) -7.64 +15.06 -2.84 +1.81 -9.83 -0.60
2.16x1071 3.35x107° 2.09x1071 9.48x1073 2.16x10"1 1.00x10~%
’ Diff. (%) +0.93 -63.15 -2.34 -4.29 +0.93 +10.01
2.41x107} 1.07x107% 2.46x1071 9.86x107° 2.69x1071 9.00x107°
’ Diff. (%) +5.24 +27.23 +7.42 +4.78 +17.47 +7.02
1.63x107! 9.46x107° 1.61x10"1 3.96x107° 1.65x10"1 2.94x107°
) Diff. (%) +10. 14 +200. 32 +8.78 +25.71 +11.49 -6.67
Bg§d§7A1?0235 PPJD1B PPJX13 PPJX13
Eﬁﬁzeiuif 78 78 79

9L1-28 TV6NL-ONd

RS



Table 4.1 (3/3) Change of detection characteristics
for flow signal.

9LT-¢8 TV6NL-ONd

croe | T D rement ()

Unbalance Sensitivity Memo

SENSOR o (V/ (m3/h))
5.50x10~2 2.04x10~"

' Diff. (%) -39.90 +22.89
2.18x1071 3.63x107°

? Diff. (%) +1.87 -60.07
2.29x1071 9.89x107>

’ Diff. (%) 0.0 . +17.60
1.43x1071 8.07x107°

) Diff. (%) -3.38 +156.19

BzgdéjAI?oggi PRJDIN

Gore Fuel 7
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Table 4.2 (1/2) Change of temperature dependency of flow signal

The 4th cycle of 75MW

50MW special test

The 5th cycle of 75MW

CYCLE
Output signal | Sensitivity | Output signal | Sensitivity | Output signal | Sensitivity Memo
SENSOR ’ at 0°C at 0°C at 0°C
4] (v/°c) ) (v/°c) " v/°0)
3.55x1071 6.17x10"% 4.76x10"1 4.14x10"% 3.83x10~} 5.54x10~"
' Diff. (%) +34.08 -32.90 +7.39 ~10.21
3.63x10~1 3.82x10~"% 1.41x10-1 7.82x10~% 3.37x10~1 4. 44x10™"
’ Diff. (%) -61.16 +104.71 -7.16 +16.23
2.84x10~1 5.46x10~" 4.18x10~1 4.16x10~> 3.42x10-1 4.19x10~"
’ Diff. (%) +47.18 -92.38 +20.42 -23.26
6.56x10~2 5.27x10~"% 2.59x10-! | 5.10x10°" 1.42x10~} 3.99x10~"
) Diff. (%) +294. 82 -3.23 +116.46 -24.29
Bundle ID No. PPJX13 PPIDIN PPJX13

of S/A (000)

Number of
Core Fuel

77

77

78

9LT-¢8 TV6NL-ONd
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of flow signal

Table 4.2 (2/2) Change of temperature dependency

The 6th cycle of 75MW

of S/A (000)

CYCLE
OQutput signal| Sensitivity Memo
SENSOR at(‘?)o ¢ /o0
4.03x107! 3.92x107*
! Diff. (%) +13.52 -36.47
4.27x1071 2.34x107"
Diff. (%) +16.53 -38.74
4.10x1071 2.56x107"
’ Diff. (%) +44.37 -53.11
1.46x1071 2.87x107"
Diff. (%) +122.56 -45.54
Bundle ID No. PPIX13

Number of
Core Fuel

79

9L1-¢8 TV6NL-ONd




Table 4.3 (1/2) Change of detection characteristics for temperature signal

CYCLE The 4th cycle of 75MW 50MW special test The 5th cycle of 75MW
Output signal| Sensitivity | Output signal| Sensitivity | Output signal | Sensitivity
SENSOR at 0°C at 0°C at 0°C
) (v/°c) m (v/°c) Q) (v/°c)
-4.14x1071 2.16x1073 | -3.85x10"1 2.13x1073 | -3.81x107! 2.11x30™3
Diff. (%) +7.00 -1.39 +8.00 -2.31
-3.67x10"! 1.94x1073 | -3.82x1071 2.00x1073 | -3.80x1071 1.99x1073
LL) Diff. (%) ~4.09 +3.09 -3.54 +2.58
' -4.56x10"1 2.16x10"3 | -5.06x10"1 2.33x10"3 | -4.48x10-1 2.15x16~3
Diff. (%) -10.96 +7.87 +1.75 -0.46
-4.77x10"1 2.22x10-3 | -5.74x10-1 2.51x10-3 | -4.80x10-! 2.22x10-3
Diff. (%) -28.41 +13.06 -7.38 0.0
Bg‘t}dé‘; AI]()oggi PPJX13 PPIDIN | PPJX13
Gore Fuel 7 78

9L1-¢8 TV6NL-ONd
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Table 4.3 (2/2) Change of detection characteristics

for temperature signal

The 6th cycle of 75MW

of S/A (000)

CYCLE

Output signal Sensitivity Memo

SENSOR at 0°C
4] (v/°c)

-3.81x10"1 2.11x1073
' Diff. (%) +8.00 -2.31

-3.77x1071 1.99x1073
’ Diff. (%) -2.72 +2.58

-4.89x1071 2.25x1073
’ Diff. (%) -7.24 +4.17

-5.30x10"1 2.34x10"3
) Diff. (%) -18.59 +5.41
Bundle ID No. PPJX13

Number of

Core Fuel

79

9L1-¢8 TV6NL-ONd
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(A) Response time of ECFM's tempefatﬁre signal and

thermocouple signals (scram=0Osec,)

el _ Dead time | Time constant memo
T (sec) (sec)
ECFM's temperature 0.6 5.1 scram = 0
signal
TC-1 1.7 8.1 /
"2 ' 2.1 8.3 /
"3 1.6 7.2 \
TC- 4 1.7 9.0 4/
J
1AL 1.7 11.4

(B)‘ReSponse time of thermocouple signals
(Response of ECFM's temperature signal = Osec.)

Dead time | Time constant memo
(sec) (sec)
EORW's temperature | g 0.0 | temperature signas
= Osec
TC-1 1.1 3.0 /’,
T} 1.5 3.3 K
n 3 1.0 2.1 \\
TC-4 1.1 3.9 /
1A1 1.1 6.3 #/
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¢1.6mm CA Thermocouples (x3)

$0.2mm Ceramic Coated
Cu-Ni Coil (220 Turns)

Ceramic Bobbin

Twisted Cu-Ni MI Cable

Stopper Magnetic Core (JIS SUYB?) Fiexibie Conduit .
= A
7 7 -
(5 T : —
=
~N
12.5 27 ro
o
(32) 83 .
Fig. 2.1.1 Configuration of MK-IV Probe

9L1-28 TV6NL-ONd
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Center Dummy Plug

2% /
A g Rotating Plug
%% A7/,
L’ // y //
\ AV 7/ Ar_Cover Gas
Sodium Level ’; W 7"

Over Flow Nozzle [ ] Over Flow Supply Nozzle

/ N / v\ Dip Plate
>

Main_ Loop Outlet
Nozzle

Control Rod Support
Column

r”]EZiEEZEEEEZ:]
' Thermocouples

Hold_Down Sleeve " \\ ! /Qu:° Loop Pipi
I erue
Flow Guide N ‘ —"Pot. E
149 —_tot

Irradiation Pot HH Reflector

Thermal Shieldin
Plate : \

Reactor Vessel

/4

h i Core Fuel S/A
dl Blanket Fuel S/A

Neutron Shield

Core Support

S/A Inlet Nozzle

High Pressure Plenum

Low Pressure Plenum

(X1 e

>
?.

)\,
A

Main Loop Inlet Nozzle

Fig. 2.2.1 Cross section of reactor vessel
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Reference
Direction .

Reflector

SRR
ok '@@@@%@3@@ T
(TP R (e
= @%@@%@@@@@
T
{ii%;i> <EF§EE> €si> <Ei§i=§ziaz=9 <¢i2::§i=k;;§:;’
g%g%@@@ @@ g@g@@%

| @ 8B5
@@ @ﬁ @@%@@
@%@@@
‘;ZZ. ;;i o
@ @ @%g@g@@
@L %@% SeEcEcEck

ot o Sop s
GETSEEs:

Blanket fuel

Core fuel

S : Safety rod
R : Regulation rod

® : Flow velocity
meter instrumented
subassembly

Fig. 2.2.2 JOYO core configuration and location of S/A
outlet flow meter
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Flow meter

Flow guide
\[T/- 7 / (1109)

ThermocoupTe

_//’//' (C.A. x3)

Liquid metal

(N,Bi,P) |

27

@;_

o
'
:_mm:

>
25

Handling
head of
S/A (000)

Fig. 2.2.3 Relative location of flow meter
and T/C against S/A (000)
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Coolant outlet Area
(56.6¢)

1B1

flow guide

Fig. 2.2.4 Lateral Location of TC's and flow meter's
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Signal Conditionor Unit

Pre Amp. Unit

Er

™

JI€ ] |

% "E r‘—r[>—-«>|- ‘ PF.

€]

L.P.F.

» Temp. Signal (0~ 1V)

» Flow Signa1.(0'u1V)

Es

Power Supply
& Oscillator Unit

o J»——L.P.F.

L.P.F. DC~10Hz

Fig. 2.3.1 Block Diagram of Detecting Circuit

9L1-28 TV6NL-IONd




Cabling rack

#1 ——ooroo(JE | IR Iﬁialnﬁﬁll i
EsT/Cx3 : :
! |
#2 —omooro]) = }Ci — ] IEEEIIHHH!I 1 B
E,T/Cx3 | |
| | | Rel
#3 o]} | [01 £ bOi*n Relay control line .
E,T/Cx3 ] — C
P 0 ; In%f f Resistance check line
;D<:3i’E,T/Cx3 rvl
SR
C — Relay
’ controller
E.D Terminal T/C signals _ Digital Plotter /
> |board voitmeter printer
)
Signal Flow meter y :
A —— . y
conditionor signal Scanner SP-IE 1ine { Controller
B }——— ISignal Flow meter .
conditionor signal <—— Plant signals

Fig. 2.3.2 Block diagram of S/A(000) outlet flow monitoring system

Cable
penetration

9LT-¢8 TV6NL-ONd
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———> Sodium flowing
SR

(=<

Channel B
r - ———— 1
| |
> >}
| |
- A
PA-1 PA-2 Rectifier BPF-1 MA BPF-2
r— " " " T T —— ———— _;
] |
( e —
| !
-
Channel A
PA-1 : Pre amplifier, Using the flow sensor circuit
PA-2 : Pre amplifier : )
0S C Reactifier : RMS Converter
BPF-1 : Active band pass filter
BPF-2 "
MA : Main amplifier
Osc : Oscillator
Processor : Correlator
Fig. 3.5.1 Block diagram of measuring system for correlation method

Processor

X-Y Recorder

9L1-2¢8 TV6NL-ONd
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ERROR (% FS)
??(
0
%%

w
,\. I i ) T T
3/16, '81
Vo) I -
) 75MW 4th Cycle
(PPJX13 Loading)
o : Sensor #]
“UF A : Sensor #2
o . Sensor #3
v . Sensor #4

FLOW SIGNAL Ef (V)

1 1 1 L L
0 500 1000 1500 2000 2500 3000
PRIMARY MAIN FLOW RATE (m~3/h)

Fig. 4.1.1  Flcw Signal VS. Main Flowrate at 4th Cycle of
75MW Power on PPJX13 Loading
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7
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7 .

5/21, '81

50MW Special Test
PPJDIN Loading)
¢ Sensor #1

(
o)
A: Sensor #2
a
v

: Sensor #3
. Sensor #4

Vol
~~
[7%) -
L
3R
-
[
S N
[~
o -
L
N
I
™~
‘O-
wn L
—~
-
~— <
Y . I
Lt
-
5
et
w
= o
o L]
-
L.
(s V]
(o]
0

500 1000 1500 2000 2500 3000
PRIMARY MAIN FLOW RATE (m~3/h)

Fig. 4.1.2 Flow Signal VS. Main Flowrate at Special Test

of 50MW Power on PPJDIN Loading
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m,
T ]
®
o " -
2
[='4 =~ o
Ld R -
A J
]
™~ T T T T T
6/13, '81
W0
) 75MW 5th Cycle
(PPJX13 Loading)
O : Sensor #1
9 A ¢ Sensor #2
o : Sensor #3
. vV : Sensor #4
z
-
(48]
-
<
&
n
= O
o
f
(\f_ -
o 1

1 | 1 l
0 1500 1000 1500 2000 2500 3000
PRIMARY MAIN FLOW RATE (m~3/h)

Fig. 4.1.3 Flow Signal VS. Main Flowrate at 5th Cycle
of 75MW Power on PPJX13 Loading
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ERROR (% FS).

FLOW SIGNAL Ef (V)

wH
i { 1 | ]
! 1 I
F J
]
'\- I ] M | T T
9/14, '81
ol Test of fuel reactivity
’ measurement
(PPJD1B Loading)
o : Sensor #1
““'I'' & : Sensor #2
o : Sensor #3
v : Sensor #4

1
0 500

1
1000

1
1500

1 |
2000 2500 3000

PRIMARY MAIN FLOW RATE (m~3/h)

Fig. 4.1.4  Flow Signal VS. Main Flowrate at Test of Fuel
Reactivity Measurement on PPJDIB Loading
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[T -
32
o o
2 J
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9/18, '81
w{ Test of fuel reactivity i
’ measurement
(PPJX13 Loading)
O: Sensor #1 e
w1 ) -
. A Sensor #2 A
0 : Sensor #3 A -
= v : Sensor #4 C =
v <l Ve .
(8] - 0
2 2 -
& : A
= ™ . /Y & -
o . [ :
™ )
A : _—
. 8 — ]
| —F
o 1 i 1 1 [
0 500 1000 1500 2000 2500 3000

PRIMARY MAIN FLOW RATE (m~3/h)

Fig. 4.1.5 Flow Signal VS. Main Flowrate at Test of Fue]
Reactivity Measurement on PPJX13 Loading
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" ERROR (% FS) -

FLOW SIGNAL Ef (V)

L?~ J
I\. 1 4 1 | i
10/29, '8
75MW 6th CYCLE |
“I'  (PPUX13 Loading) N
o: Sensor #1 . |
A: Sensor #2 ﬂ ,
‘“oF o: Sensor #3 g -
v : Sensor #4 ) :/ A
<k - .
. A
02 i [) “ ) ® |
3 —
o 1 1 1 | 1
0 500 1000 1500 2000 2500 3000
PRIMARY MAIN FLOW RATE (m~3/h)
Fig. 4.1.6 Flow Signal VS. Main Flowrate at 6th Cycle of

75MW Power on PPJX13 Loading
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E o - a
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o i 1 | T 1
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u -
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]
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b
© 1/9, '82
: Test of fuel reactivity i
measurement
(PPJDIN Loading)
m pn
’ 0 : Sensor #1 i
A : Sensor #2
o : Sensor #3
V . Sensor #4

FLOW SIGNAL Ef (V)

1 1 _ | | 1
0 500 1000 1500 2000 2500 3000
PRIMARY MAIN FLOW RATE (m~3/h)

Fig. 4.1.7 Flow Signal VS. Main Flowrate at Test of Fuel
Reactivity Measurement on PPJDIN Loading
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e

r— T T J

ERROR (% FS)

3/17~18, '81
75MW 4th Cycle
(PPJX13 Loading) '

o : Sensor #1 N
A : Sensor #2 '

0 : Sensor #3
v : Sensor #4

FLOW SIGNAL Ef (V)

| | ]
200 300 400 500 600
S/A(000) OQUTLET TEMP. (deg.)

Fig. 4.1.8 Temperature Dependency of Flow Signal at 4th Cycle
of 75MW Power on PPJX13 Loading
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ERROR (% FS)

1-5

5/22, '81

50MW Special test
® (PPJDIN Loading)
o: Sensor #1

A Sensor #2

a: Sensor #3
V. Sensor #4

FLOW SIGNAL Ef (V)

1 | i
200 300 400 500 600
S/A(000) OUTLET TEMP. (deg.)

Fig. 4.1.9 Temperature Dependency of Flow Signal at Special
Test of 50MW Power on PPJDIN Loading




PNC-TN941 82-176

oo = P

ERROR (% FS) -

-5

I
| — _ ¥

6/17, '81~6/19, '8]
75MW 5th Cycle
(PPJX13 Loading)

O : Sensor #1 ' b
A : Sensor #2
(u]
v

: Sensor #3
: Sensor #4

FLOW SIGNAL Ef (V)

d | l
200 300 400 500 600
S/A(000) OUTLET TEMP. (deg.)

Fig. 4.1.10 Temperature Dependency of Flow Signal at 5th Cycle
of 75MW Power on PPJX13 Loading



PNC-TN941 82-176

L
E - -
2 A fora®) ]
e i o 0 ! i
E .
o - -
L ‘ : . -
- -
[} .
[l | T '
11/546, '81
75MW 6th Cycle ;
(PPUX13 Loading) '
Qb o : Sensor #1 -
A : Sensor #2 ' :
o : Sensor #3 g
V. Sensor #4 f
= of
Yu
[F§]
| P
= 1
3
= i
S <L 4
L ¢ :

o L ] ] }
200 00 400 500 600 :
S/A(000) OUTLET TEMP. (deg.) '

Fig. 4.1.11  Temperature Dependency of Flow Signal at 6th Cycle
of 75MW Power on PPJX13 Loading



Flow Signal (V)

Fig. 4.1.12

Exciting Frequency (Hz)

Frequency Characteristics of Flow Signal

— 1 ! 1 ]
Sensor #1
100% Flow
o | Peak point Peak point -
) at off-site ex. at off-site ex.
(27:HZ) (465Hz)
]
| Peak point Peak point; i
3 : (307Hz) (427Hz)
| ;'
513°C
l ool ot
FaY A—ﬁf = ——-T.‘l---‘££--~:
In used
frequency
(375H;) 2570¢C
e 1 1 i |
100 ) 200 300 400 - 500 600

9LT-28 TV6NL-ONd




PNC-TN941 82-176

) T ) T T L) L] L) 10
: 2 2
L & & -
R 3R
(=) Q
| < | N {
N —~
X N (%)
S e b |
NO o
>= { o
[&] P Se
= (&8} s~~~
(] = > N
- L wn
[ome 4 - | S
(MY ] (=g om
= [~'4 < W Yoo X
L. [ —
[T r—
(1o K =
" [~ =]
O opme
el 2
- I2 S "
z >
=5
. fW
L rl L A v A AL 3 2 1 4 i 1 ﬂ:m-v
o (o] < n
("ALP/AWG) TYNDIS MOTd ("ALP/AWG) TYNDIS MOT4 S
52
n oo
(8]
Y-
L] ¥ v L] v | T 0
4o s
2 — =z m w
= 2 55
- Y 4= O L
22 22 3=
- " | 8 e
r— [}
T+
3 @
- ~ T 3 =5 _,
| S 33 |
> S 2 :
Q = .
i & - L m ‘.
S g - |
= . {
- -~ < WN_ m .ln :
[F5% <r
) [ o
.._.15..
12 =
L .W o
(*ALP/AWG) TYNDIS MOT4 (*ALP/AWS) TYNDIS MOT4



PNC-TN941 82-176

10

. =
o
op—
: -
=
o
o
=)
Ee]
=
S
4
(7]
=
o
o o
i
re)
. L (Vo]
L e
- s (=)
2
—
T E
o g &5
0 — —
o M b= w
, = 55
i < ~ ¥
1] =] =3
[
o = w
: - £
Ut a=RTel
Py e~
. s ~
|
g
-n 4
=
™y & a .
| . S ™ ~
o o o <
S 4 P o
= 3 & o
el a [
0 U.M -
4 S [ o
= S
Tl
o . . ola
~ a.
Jaw °
9

b 2 0
(A) A310013p 39(3N0



- 28 —

Amplitude spectrum of

main flow signal

Amplitude spectrum
of Ef (Arbit unit)

Fig. 4.1.15

Coherence function of flow si
for 100% flow rate and indivi

T T T T T ].0 T T 1
|
| =
[}
1 5 0.5
K
1 5 ]
- Filter band
of L.P.F. i
G 10 15 20 25 % 5 10 15 20 25
FREQUENCY (Hz) FREQUENCY (Hz)
(a) (c)
T T T T . 200 T Y T T T T
- o 100}
{1 3
. 3,, 0 ' J
- < r
=
- 100}
S A i 2 ] I S _200 L L 1 1 H A i [
5 10 15 20 25 0 5 10 15 20 25
FREQUENCY (Hz) FREQUENCY (Hz)
(b) (d)

gnal VS. primary main flow signal (A)
dual spectrums

9L1-¢8 TV6NL-ONd




PNC-TN941 82-176

L] - ?

7 - :

L. - . !
- 1

2 ir-===;§&F-—_‘E=:::!!:=ﬁﬁﬁ_-=x=—d’-=°=-+¢’& ,

z - -

2

G

N
]

- T T T

3/17718, '81 }
75MW 4th Cycle !
(PPJX13 Loading)

TEMP. SIGNAL Et (V)

o . 1 . |
200 300 400 500 600
S/A(000) OUTLET TEMPERATURE (deg.C)

Fig. 4.2.1 Temperature Signal VS. Thermocouple Reading at 4th
Cycle of 75MW Power on PPJX13 Loading



PNC-TN941 82-176

TEMP. SIGNAL Et (V)

ERROR (% FS)

[Te)
; -
e e |
I
[}
L aad ] T T
5/22, '81
50MW Special test
(PPJDIN Loading)
OO._
el
'd:_ -
NE 2 7]
o I 1 1
200 300 400 500 600

S/A(000) OUTLET TEMPERATURE (deg.C)

Fig. 4.2.2 Temperature Signal VS. Thermocouple Reading at Special
Test of 50MW Power on PPJDIN Loading




PNC-TN941 82-176

wn
ot i
5 | ] 1
[~ 4
S - -
[~'4 - -
w
LD—
|
i r, T T i
6/17, '81~6/19, '81 ;z
75MW 5th Cycle 3
(PPJX13 Loading) |
T :
= ol : |
a A
o} A
<t
3 A
7
s <f a J
= .
-
#1 #2
N i
> #4
#3
(@] 1 1 1
200 300 400 500 600

S/A(000) OUTLET TEMPERATURE (deg.C)

Fig. 4.2.3 Temperature Signal VS. Thermocouple Reading at 5th
Cycle of 75MW Power on PPJX13 Loading



PNC-TN941 82-176

1w
!"n\ . =
e
N o -
~ ] l - |
o B ' By |
2
ot = -
Ll
m'— -
[}
= T T T
11/56, '81
75MW 6th Cycle
(PPIX13 Loading) !
-
= o} 1
o f
...J A
=4
5 A
7 z
%. Q‘_ - —
wl * A
[
t\o" A -
(e l | i
200 300 400 500 600

S/A(000) OUTLET TEMPERATURE (Deg.C)

Fig. 4.2.4 Temperature Signal VS. Thermocouple Reading at 6th
Cycle of 75MW Power on PPJX13 Loading




Temperature Signal (V)

Sensor #1
100% Flow

In used

(375Hz)

257°C
N

i frequency

Inferior limit
of signal conditionor

1
200

Fig. 4.2.5

1 i
300 400
Exciting Frequency (Hz)

Frequency Characteristics of Temperature Signal

9L1-28 TV6NL-ONd




— 86 —

Temp. Signal (V)

75MWt 5th CYCLE
daga lost
Sensor #1
; F— ————
' T —
Sensor #2
Power up
pgriod
1 4 5 9 10
Time (Days)
Fig. 4.2.6 Trend of Temperature Signal on 5th Constant Operation

at 75MW power

9LT-¢8 TV6NL-ONd




Resistance of Coils (OHM)

o
('3 T | T
s ==
N ————————— ———— ’e'———— . . .
Circle : Primary coil
Triangle : Upper secondary coil
Square : Lower secondary coil
General simbol : 4th cycle of 75MW
Blacky simbol : 5th cycle of 75MW
o Doted simbol : 6th cycle of 75MW
&f Blocken line : Result of off-site ex.
“ . -4
=] ——— =
SF fe—— A -
-— ———
| — ri
L 28 i} 0 0 I p— ¥, ]
T T T
o e —— o e — — — o
:3 1 1 1
200 300 400 500 600

Outlet Temperature of T/C (TC-1) (Deg.C)

Fig. 4.3.1 Coil Resistance (#2) VS. Temperature

9L1-28 T¥6NL-ONd




Resistance of Coils (OHM)

o

[0 0] I ¥ t

N

o -

2

N

o

O

N
Circle : Primary coil
Triangle : Upper secondary coil

o Square : Lower secondary coil _

01—

N General simbol : 4th cycle of 75MW
Blacky simbol : 5th cycle of 75MW
Doted simbol :.6th cycle of 75MW
Blocken line : Result of off-site ex.

o

< I | 1

200 300 400 500 600

Fig. 4.3.2

Outlet Temperature of T/C (TC-1) (Deg.C)

Coil Resistance (#3) VS. Temperature

9L1-¢8 TV6NL-ONd

-———



Resistance of Coils (OHM)

o
('; 1 4 T
[e]
St
N —
4
&*— ———0— i
o O— —O— —O0—0O .
Qaf > % i —e gt i
e W c——— e w— ==:atin’==‘ o _—;P
r— 'y ——
n IR — GRS by
o ————— =" _
e — T -
b~ ———— —_-— a——TT
o b e
NN Circle : Primary coil R
Triangle : Upper secondary coil
Square : Lower secondary coil
General simbol : 4th cycle of 75MW
Blacky simbol : 5th cycle of 75MW
Doted simbol : 6th cycle of 75MW
§§ | . Blocken line : Result of off-site ex.
1
200 300 400 500 600

Outlet Temperature of T/C (TC-1) (Deg.C)

Fig. 4.3.3 Coil Resistance (#4) VS. Temperature

9LT-¢8 TV6NL-ONd




>

v W
e S e S S L PR R ST TS

R AT St

-

ARl

o ==

T e R N, S L e e 4 o

Fig. 4.4.1

Time (sec)

Response time of ECFM's temperature and TC-1 for scram

9L1-¢8 TV6NL-ONd

!
|
!
t
!
!
!
|
!
|
!
!
!
|
!
!
!
!
|
|
!
!
!




- £9 —

T ECFM's temperature signal '

T P Y

e N AR S A ) S e, YN 4R i, B N A ROL D B Bl i (<P B 2 R B T A B
T mect & Py

= Nentron

e

B N

T e o e

SN L TR Rt e e e S

e iy o v T A T L AT A K O e T e~ g

T ne iy e v

flux ‘C'hv-' 7 = oo e

Fig. 4.4.2

Time (sec)

Response time of ECFM's temperature and TC-2 for scram

9L1-¢8 TV6NL-ONd




— 39 —

" ECFM's temperature signal __

- RO S e, e . — ——t e s e

T i BT AT e & s T ¢ e e e e o e o nes et ey S b 0 e 47

e e

Neutron flux Ch-7 mome—roier

Al G

Py
I i N

o i e 1 3 S e £ Ve e "
: S S B Al R Sl M ot S o A e

3 et g iR R

st

A T R T T B R P

SCRAM Time (sec)

Fig. 4.4.3 Response time of ECFM's temperature and TC-3 for scram

9L1-28 TP6NL-IONd




m T A ,_.,.Wﬁ"&* -*-r-‘ "*1‘.1"*"“&3* Cschatn-ras: i e
M ~ o
] -
- et 0 e e ko R g b0
i e e gt i e
v A i e

S R S 8

8 it e < A

i e

3 uu D aand B e

—q\—w\. 2

i
REESER Sy P I nrp brpvan

] oo i s d 4 i

:”ECFM s temperature signal o T T T

o I e . e 5
=E ;3 e T Tt g * . 2 Breinnd
E - 2 S hm s st ey b i B L R 05 - - -z - N - R s ke " e
AR e i et s & e e 5 : . > - i
BERATIIB RN E P 4 st T VRN -

wuu.. A A b 13 o 1 T e AR KT b

e =

4 o e A R I T € R e g T s w4

o et e i e S . < R s . U

e

VAT e 54 ¢ B o s i i P et O e R it 3 gy 7 e 2 S 2 et

2 A e e e i £ ] < i et e T e T et S S

PRI + At G o e o e b -v\‘u_——op-n-‘ etk s % e At O i S T i s Bl o'

B R S e VR et A T et e L A

6] bR B At e s < SR TR P T T 42 i e et e s T S 11 P Y s S A e St

i R I e S D i e T i T R
a3y § AT e aa e es iy Ty F il Tk s s g T e S L R a4 F e s s e A W Ay S e A3 e
a 3 ¢ it X i i e B S e L b kP ek b S e R —-.,}-~~' B e e e o i i o T R ol S A T Mt e o

- —- \»e_.m,- e P s | i e o o g e ot o o ey - FENPAPOSEN e e A Tt et e

e e e

o nhv,‘\a, A o b

S B o I 6 - R ot~ B -rrw'"vww-w»&v‘.‘m- - b [ St AL o A AT W0, T

R R SRS

7 e St o B s a8 = Bk AT Db € e 3 R A G i b, T o8 Gt At gt

"“'Neutron f]ux Ch 7 ST A A e At Al o ot e T e S et e S 2o e i S

.‘.V‘».‘wa» e R e e T R N v s o .cr—y B e e

o i e ATt B v, S e i R} ST S gt P b 5 sk -

A i e et e et b B St 9k T et & S St o b S e 6 e B e e

P

e - o ety 4 s e T Ly e

T S . e

S ~ - P

,:mna—..m-ww <~o’u~4t—4—-—wn--.>—.d-~ i A i _

2 e e, SR S

e ey

L e

ot e i .‘-u-..s:._‘-w-.-anw<-..xm-.-“g Yo

g < m» e = e
BT, TR VRt S penal >
- D ‘ DS s aloriy
e b S e A RN ety 2 et e s
e o mhies - - . - R Ao e .

30 60
Time (sec)

Fig. 4.4.4 Response time of ECFM's temperature and TC-4 for scram

9L1-28 TVP6NL-IONd




- 99 —

;‘ ECF"! s" fenperature signal °

N R . o e e =
= CSE N PA = T
RIS

R T

[ RN S

w«oh.. c—s—c,« .-,.../M ﬂ-gm"...._«um..a.m A i A A At A b O L MBS AT s A et S i g T M i o e e

TS R e

’KWJ?""‘& 2y

J‘&\ﬁﬂ%‘ N T T SR B e e ey

i ST P aAE phe i i
umw. — e - X » ¥ " e - s 2 a
ab—u YA o e e e ot b Tt 0 ....--.-..-;«m P b s e = e e o B e st amce S 2

s e e it Rt 5 A 5 4 oo s By e e T Ty o3

e N

L N =8 A 4 e 78 o e A P e 1 AR b e e ¢ ol il s St S ] ey WO n, &

P s Mo et + 8 A T e NI L e o et S gk ey e B T

) o A e

g et e

L Srraew g

5 i < s o e s

—\m. ey ) . 5 .,y.-..‘ s APt b i i <F. S e e PR S
P s M...,.,p...«;h;-.._.u.\;*‘u*._‘.,. - 2% e e - Gim s e e o i e <
r»mmw«~u~- St G 8 [P - s e e

> ) A ) Sk i A e /7 e b 4 G4

T N Y el st I vk i Lt K it ¥

et i At i A - i et ek § A et e, et

A e e AT g A o Rk i e N e e

g e g anhs
DareXii "
.p,—-..g-,e@-...u. ey P s e - o
L) Mw ”M..‘px:.._m..- ey wwi - S . ¥

petns <2 - Avara,

N e G

o . et aee T S

~ 2 . e

et e e e e

Time (sec)

Fig. 4.4.5 Response time of ECFM's temperature and (IA1) T/C for scram

9L1-28 TP6NL-IONd




¢S pue (S
usamlaq Aduauayo)

T ¥ T

—

Filter Band

40

(3Lun 3Lqay) (S
wnu31oads spnit | duy

20 30 40 50

FREQUENCY (Hz)

10

FREQUENCY (Hz)

N v L L | v T 1) 0

<. 1w
——— T —=

L - O

<

. -4 QO

(32

= 10

N

R - Q

=2

Y DI | i i o

[} o o Q [

(o) (=] (o=] [=)

~ -
(*bap) o|bue aseyq

N J T ¥ T T 1 ] ]O

45

Filter Band

(3Lun 3Lquy) 28
40 wnu3dads apnjt |duy

40

20 30

FREQUENCY (Hz)

10

FREQUENCY (Hz)

#1

Coherence function between each secondary coil of Sensor

for 100% flow rate (9/18, '81)

Fig. 4.5.1



PNC-TN941 82-176

¢S pue |S
ussmiaq Aduauayo)

Filter Band

g

(3Lun 3quy) 1S
40 wWnu3dads apnat |duy

50

40

30

20

10

FREQUENCY (Hz)

FREQUENCY (Hz)

Q
o
(=]
i

Filter Band

| N 2

(3LUn 3Lquy) 25
40 wnu3dads apnj L |duy

e\

4C

20

50

30

10

FREQUENCY (Hz)

FREQUENCY (Hz)

condary coil Sensor #?

Coherence function between each se

for 100% flow rate (9.18, '81)

Fig. 4.5.2



PNC-TN941 82-176

¢S pue |S
usamizaq Aouauayo)

L Bt S M Al aras S |

Filter Band

(3Lun 31q4y) IS
40 wnu3oads apnat (duy

50

40

30

20
FREQUENCY (Hz)

10

FREQUENCY (Hz)

v v L L v 1 T 10
— e |
- 49
4
- 19
™
10O
N
-}
4O
s
o
o (=] o o o
Q (o] o o
= T
(*bap) albue aseyq
- ' 0
wn
3
(=]
<t
- 49O
[yp]
|- 419
N
o
S
J
[2a]
S
L o
3l 1~
=
[
- L
o

(3Lun 3Lquy) 2§
40 wnuajoads spnil dwy

FREQUENCY (Hz)

FREQUENCY (Hz)

Coherence function between each secondary coil of Sensor #3

for 100% flow rate (9/18, '81)

4.5.3

Fig.




PNC-TN941 82-176

¢S pue |S
uasmiaq Aduauayo)

-

~J

40 50

30

FREQUENCY (Hz)

(3Lun 3tquy) IS
40 wnajdads apn3t|duy

FREQUENCY (Hz)

. v T v T ..0

[Ye)

= 18

1O

(32)
|

! Jo

N

L 4O

Q

M’ A 0
o o o o , ©
o o o o
N T 9

(*68p) a|bue aseyq

L T L] 0

<]

40O

4

-l

40 wnu

(3Lun 31quy) s
30ads apn3t |duy

30

FREQUENCY (Hz)

20

10

o

FREQUENCY (Hz)

Coherence function between each secondary coil of Sensor #&

for 100% fiow rate (9/18, '81)

Fig. 4.5.4



PNC-TN941 82-176

=
7 _
v -
K } |
T |
e e -
2 _
2 i
w | -
ok A
i
8 I I T 1 I
- 9/14, '8]
=[ (PPJD1B Loading) 7
ol o : Sensor #1
- A ;. Sensor #2
o : Sensor #3
— 2 v : Sensor #4
o NF
L
n
~
)
(e ]
L [ew]
= r—
—f
[
[
(S
Vv o
5 D
-
~
L o
Ne)
o
¢
o
N
(e»]

1 i 1 \ |
0 500 1000 1500 2000 2500 3000
PRIMARY MAIN FLOW RATE (M~3/H)

Fig. 4.5.5 TRANSIT TIME VS. MAIN FLOW RATE



PNC-TN941 82-176

o|
~ - J
[N - -
®
S i
& L -
(N8}

ol ~

n

8 | 1 T T T

sl 9/18, '81 ‘

- (PPJX13 Loading)

° O: Sensor #1

=xr A: Sensor #2 §

o: Sensor #3
v: Sensor #4

S S
(Y8 -
w
-~
"]
=
[
p—
N
3
~

o . | L | | {

0 500 1000 1500 2000 2500 3000

PRIMARY MAIN FLOW RATE (M~3/H)

Fig. 4.5.6  TRANSIT TIME VS. MAIN FLOW RATE



_QL_

ECFM's Temp. Signal (V)

Fig. 4.6.1

Time (Minutes)

Trend of Sensor #1 Temperature Signal at Natural Circulation

T?st-E
\\—'\-\ ',,,
.IL______
\ —_
! Test-D
Natural {circulatlion
=
/
Forced
circulatiion
0 15 30 45 60 75 90 105 120 135 150

9LT-¢8 TV6NL-ONd




CCFM's Temp. Signal (V)

Fig. 4.6.2

Test-E
~a—— \_ t
N ~
ﬁ —
] ——
Test-D
]
7 [ Natural girculatipn
- ;
Forced
circulation
0 15 30 60 75 90 105 120 135
Time (Minutes)

Trend of Sensor #2 Temperature Signal at Natural Circulation

150

9L1-28 TV6NL-ONd




Outlet Velocity (V)

Natural [circulation
;{
Forced Test-D Test4E
circula /
tion T ——
15 30 45 60 75 90 105 120 135

Fig. 4.6.3

Trend of Sensor #1 Flow Signal at Natural Circu]ation

Time {Minutes)

150

9LT-¢8 TV6NL-ONd




-9l -
Outlet Velocity (V)

Natural circulation

/

Forced Testj-D Test-E
circula- t§_t 4
tion
(e
0 15 30 45 60 75 390 105 120 135 150

Time (Minutes)

Fig. 4.6.4 Trend of Sensor #2 Flow Signal at Natural Circulation

9L1-28 TV6NL-ONd




PNC-TN941 82-176

Test-D
/
Test-E
Natural|circulatjion

circulation

Forced

002 0S1 00L 0S 0
(%) 00Lx L#/2#

30 45 60 75 90 105 120 135 150
Time (Minutes)

15

pe with Sensor #1 Flow Signal

Sensor #2 Flow Signal Ratio Co

at Natural Circulation

Fig. 4.6.5




- 8L —

Outlet Temperature ('C)

520

470

420

370

TC-1

Test-E
N ‘~\_\\‘-\

| -\‘\-\- —.——.\-v-\\_~q\_~

“ Test-D \‘\.\_\_ N~
N Natural |circulatjon -‘-~\_\“

Forced ! T

circulatfion Raad
0 15 60 75 90 105 120 135 150

30 45

Fig. 4.6.6

Trend of TC-1 at Natural Circulation

Time (Minutes)

9L1-¢8 TV6NL-ONd




PNC-TN941 82-176

Qo
(Ve
o
Ty
(22
-
<
(&
-
o
(9V]
—
To]
o
[
[
o o
\ 8 7
1=}
—
=3
(8]
\ g
o=
L o
— ~
©<
[
=
+
1]
=
[ew]
(Ve
¢ 2
2 4
g g
= [
— L
K ¥ 4
\\\\ -
\ ™
=
AL’ 5
a15
—— o —
B
—
Q3
[S S
WP.
o
b o
o
02§ 0Ly 0cv 0Le

(3,) ®auanjeasdws] 3313NnQ

-

Time (Minutes)

Trend of TC-2 at Natural Circulation

Fig. 4.6.7




Outlet Temperature ('C)

TC-3
=
” |
Test-E
o \ \_\\
< N \\
V Test-D \ \

Natural| circulation --~‘§:i~, -
o Forced || \
S [circulatfion 7 ——

0 15 30 45 60 75 90 105 120 135

520

Fig. 4.6.8

Time (Minutes)

Trend of TC-3 at Natural Circulation

150

9L1-¢8 TV6NL-ONd




PNC-TN941 82-176

150

TC-4
\
135

/ o
~
[l
=
o
or—
=
L L]
o f—
— =
o
s
)
5 T
. o <
[+ ~— -
-~ [7,] [e}
3 W =
O +
S = )
'S £ ©
Ty}
=
~ ~ St ﬁ.*.
© &)
S m [
=
5 %
=
3 2
(1] a <
t N @
4+ o =
4 n
- o
< O
4
\\\\ 2
—
o L
e

15

circulatfion

Forced

N~

025 0Ly 0Z0 DIE

(9,) 8sJnjeaadws) 3313nQ




— 08 —

Main Flow Rate (m**3/h)

1400

1050

700

350

A Loop
—vﬁv
%1 Naturall circulation
/
Forced
circula
tion Test-E
Tesit-D
NQ——
0 15 30 45 60 75 90 105 120 135 15
Time (Minutes)
Fig. 4.6.10 Trend of Main Flow Rate (A) at Natural Circulation

0

9L1-¢8 T¥6NL-ONd




PNC-TN941 82-176

B lcop

Natyral circulation

oot 0501 004

(U/Exxl) D3RY MOL4 ULEY

lmwl

75 90 105 120 135 150
Time (MinuteS)

60

45

Trend of main flowrate (B) at Natural Circulation

Fig. 4.6.11




PNC-TN941 82-176

Sensor
#4

Fig. 5.1

Sensor (and reference)
direction

#2

/////” . ‘\\\
Sensor

. B

: 75MW 4th Cycle

: 50MW Special Test

75MW 5th Cycle

Fuel react. meas. (9/14,'81)
" (9718,'81)

75MW 6th Cycle

Fuel react. meas. (1/9,'82)

L

0 (%)

4dmO0» peo

Change of flow distribution at center subassembly
outlet region on each cycle operation




PNC-TN941 82-176

and referenca
TC-2 (direction )

7

TC-4/ | \K& " - \ TC-3

: 75MW 4th cycle
50MW Special Test
: 75MW 5th cycle

: 75MW 6th cycle

4 80 ()

< o g? fo)

Fig. 5.2 Change of temperature distribution at center subassembly
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Fig. 5.4 Velocity distribution of core fuel at the end

of fuel pins.

(These velocities were calculated by the
“SWIRL" code)
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Fig. 5.6 The application of jet diffusion on ;é
subassembly outlet sodium.
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Fig. 5.7 Fundamental model of cross flow effect
between adjacent subassemblies.






