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Report on Series 2A Reflood Experiment

Yoshio MURAO, Tadashi IGUCHI, Takashi SUDOH, Yukio SUDO,
Jun SUGIMOTO, Yasushi NIITSUMA, Yoshio FUKAYA, Kenmei HIRANO

Division of Reactor Safety, Tokai, JAERI
( Received October 23, 1976 )

Serieé 2A reflood experiment was carried out from
February to April 1975 to obtain thermo-hydrodynamic data
during reflood phase of a typical PWR.

The main testlconditions are as follows:

- direct water injection into the simulated core at
conétant flow rate
- operation under an atmospheric pressure, and
-~ temperature of heater rods up to 600°C.
Study of the data showed that several heat transfer

phases exist in the core, i.e. adiabatic, droplet-dispersed

‘vapor flow, film boiling, guench, and nucleate boiling phase.

The relation between heat transfer phases and heat transfer
coefficients was discussed gqualitatively, and the following
phenomena were found out:
Pressure oscillation exists in the core, and it has large
influence upon heat transfer coeficient characteristic as
well as heater rod surface temperature response, and the

inlet water velocity influences the carry over fraction.
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Table 2-1 Contents of Symwbols

DATAC
CH.NO.

Symbol

Description

14

15

19

20

21

22

23

24

25

26

27

28

29

30

TCl, TC2, TC3U, TC3M
TC3L, TC4, TC5, TD2
TD3L, TC3L, TD4, TA3M
TB3M, TE3M

L
T Elevation

Name of Heater Rod

TH2, TH3U, TH3L,
TH4, THS

THﬁi

TPT

Elevation

TUL

TUG

LHT

PPT .

PLP

PUP

Temperature of Heater Rods

Temperaturé of Housing

Temperature in Constant Pressure

Vapor Tank

Temperature in Upper Plenum
(Liquid Phase)

Temperature in Upper Plenum
(Gas Phase)

Flow Rate of Injection Water
Water Level at Water Hold Tank

Pressure in Constant
Pressure Vapor Tank

Pressure in Lower Plenum
Pressure in Upper Plenum
StartVSygnal of Water Injection
Voltage of Supplied Power

Current of Supplied Power

E13
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Table 2-2 Specification of Detectors

Measurement

Temperature of Heater

Temperature of Other

Flow

Pressure of Constant
Pressure Tank

Pressure of Others

Start Signal

Voltage

Current

Liquid Level

Type of Detectors

0.5 ¢mm dia.

Chromel-Alumel
Thermocouples
Sheathed Type

1.0 ¢mm dia.

Chromel-Alumel

Thermocouples
Sheathed Type

Rotor Flow Meter

Browdown Gauge Type

Strain Gauge Type

from the Relay for
Closing the Over-
flow Valve

Standard Resister
Built in the Power
Supply

Capacitance Type

Symbol
TC1, TC2, TC3U, TC3M,
TC3L, TC4, TC5, TD2Z,
TD3M, TD3L, TD4, TA3M,
TD3M, TE3M, TF3M

TH1, TH2, TH3U, TH4,
THS, TPT, TUL, TUG

PLP, PUP

LHT
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Table 2-3 Summary of Reflooding Test Run Conditions

i Run Peak | Inlet Water %n%et Initial | Housing | Pressure
i : Power Velocity Tgmgr TE%S. Temp. Run Date
¥o. (XKW /m) (cm/sec) ( ) (°c) (°c) (ata)
2001 | 0.1 12 54 350 150 1 500313-1-3
2002 | 0.4 12 53 300 150 1 500227-1-3
2003 | 0.4 12 50 300 150 1 500313-2-4
2004 | 1.8 6 50 350 300 1 500326-1-5
2005 | 1.8 6 50 450 400 1 500236-2-3
2006 | 1.8 6 70 450 400 1 500328-1-6
2007 | 1.8 10 50 350 300 1 500320-1-3
2008 | 1.8 10 50 450 400 1 500326-1-8
2009 | 1.8 12 52 350 200 1 500319-1-3
2010 | 1.8 12 53 350 200 1 500319-1-4
2011 |' 1.8 12 52 300 250 1 500319-4-4
2012 | 1.8 12 54 300 300 1 500227-3-3
2013 | 1.8 12 50 300 300 1 500228-4-3
2014 | 1.8 12 52 300 300 1 500313-3-3
2015 | 1.8 12 50 350 350 1 500228-7-3
2016 | 1.8 12 51 350 350 1 500314-2-3
2017 | 1.8 12 50 350 350 1 500314-2-4
2018 | 1.8 | 12 50 350 350 1 500306-8-3
2019 | 1.8 12 : 52 400 400 1 500314~3-3
i 2020 | 2.2 4 50 400 300 1 500320-3-4
| 2021 | 2.2 6 50 400 300 1 500320-3-3
: 2022 | 2.2 6 70 350 300 1 500327-1-7
] 2023 | 2.2 6 72 | 450 400 1 500328~1~7
| 2024 | 2.2 6 90 400 300 1 500302-1-3
| 2025 | 2.2 6 90 450 400 1 500403-1-5
5 2026 | 2.2 8 53 350 300 1 500320-2-6
! 2027 | 2.2 8 50 400 300 1 500403-1-8
2028 | 2.2 10 50 400 300 1 500320-1-4
2029 | 2.2 10 70 | 350 300 1 500327-1-5
2030 | 2.2 10 75 | 500 400 1 500328-1-3
2031 | 2.2 10 90 350 300 1 500328-2-4
2032 | 2.2 10 90 450 400 1 500403-1-3
2033 2.2 12 54 300 300 1 500228-5-3
2034 | 2.2 12 53 300 300 1 500228-5-6
2035 | 2.2 12 50 350 300 1 500320=2=4
2036 | 2.2 12 50 350 300 1 500403-1-6
2037 | 2.2 12 54 350 350 1 500228-6-3
2038 | 2.2 12 152 1 350 350 1 500228-6-5
2039 | 2.2 12 56 | 350 350 1 500306-8-4
2040 | 2.2 12 50 . 450 300 1 500320-2-5
2041 | 2.2 12 50 450 300 1 500403-1-9
2042 | 2.2 12 70 350 300 1 500327-1-4
2043 | 2.2 12 90 350 300 1 500238-2-3
2044 | 2.2 12 90 450 400 1 500403-1-4
| 2045 | 2.8 6 50 350 300 1 500326-1-6
g 2046 | 2.8 8 50 400 - | 300 1 500326-1-4
| 2047 | 2.8 10 ] 50 350 | 300 1 500320-1-5
1 2048 | 2.8 10 51 450 | 400 1 500326-1-7
2049 | 2.8 10 70 400 | 300 1 500327-1-6
2050 | 2.8 10 70 450 400 1 500328-1~4
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Table 2-3 Summary of Reflooding Test Run Conditions (Cont.)

| Run Peak | Inlet Water | Inlet | Initial | Housing | Pressure
Power Velocity %gégf ngg_ - Temp. Run Date

No. (KE/m) {cm/sec) (°C) €°c) (°c) (ata)

2051 | 2.8 10 90 400 300 1 500402-1-5
2052 | 2.8 12 50 350 200 1 500319-2-4
2053 | 2.8 12 53 350 200 1 500319-2-5
2054 | 2.8 12 53 350 250 1 500319-3-3
2055 | 2.8 12 54 250 250 1 500319-4-3
2056 | 2.8 12 51 350 300 1 500313-4-3
2057 | 2.8 12 51 350 300 1 500314-1-3
2058 | 2.8 12 50 400 300 i 500320-2-3
2059 | 2.8 12 53 450 400 1 500314-3-4
2060 | 2.8 12 73 350 300 1 500327-1-3
2061 | 2.8 12 90 400 300 1 500402-1-4
2062 | 2.8 12 90 450 400 1 500402-1-6
2063 | 2.8 12 90" 500 400 1 500402-1-7
2064 | 2.8 12 90 500 400 1 500402-1-8

o e 2 vk el
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A.B.E,F: 1 T/c equipped Heater Rods
C.D : 6 T/cs equipped Heater Rods Name of Heater Rod
f i Location of
(T thermocouple
@@@ (057 C-A ungrounded )
@ C O % Stainless steel
heuting rod
1 | -C directly heated)
Hastelloy X O @ @ - -1 lD C directly heated
egg crate type
spacer grid Stainless steel.
?Iect[ri;:a%llyb O O O outer channel box
nsula Y
4 quartz blocks k\ g 1
Fig.2-1 (a) Cross Section of Test Section )
THT [ r = r S == ‘rug;“f TC1{ : Symbol of Thermocouple
o T Elevation Elevation
20V 1.Tkw/m W | © 3275 Name of Heater Rod
30V25kwATy b 1 Temperature
~ L
't % 2675 )
'3
g -l‘ B 2100 3U
g ? § 1800 M
g i 1500 3
[=}
: Spot-
Welded
JFF % 925 4 Pointsy
Y
! % 1 325 Thermocouple
18 ~5 /
. 'f o Clad of
6 1005 o0 . Over- | Hoater
] e 8% Uriow
A B CD E F LIne  petail of Mounting Thermocouple

Name of Heater Rods

Fig. 2.1 (b) Location of Thermocouple and Power Distribution
of Heater Rods, and Location of Thermocouple

of Outer Channel Box
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234 | 2" 1/2*
Upper 2" N -
Plenum
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® g 2
"
o EIedrotL
/4
l'lg /% i m3
/ Water .
Hold Constant
Tank - Pressure o
Vapor Tank /2
£
on
s S
o - ko
[ ]
3l o
Mg -
T @
Air- Controlied
o llBaII Valve .
~ . i Dt Over Flow Line
'/,

1.488 0.5 m?

ower 1 .

Plenum Flow i/, Water Storage

( 1 Meter |’ Tank
Electrode :
| | Heater 30KW

Pump
for Agitation

Fig. 2-2

9__l

Circulation Head : 50m
Pump Flow Rate: 0.05 m¥min max
( More than 30 crn/sec) _
at Test Section

Schematic Flow Diagram
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FETI, v -Z2AEBOSEORUN 20368 XU RUN 2021 2B, EREROEE
DHPETT S, ,

RUN2036 A RUN2021id, BAKERENE>DAT, MOEHEIIE-TH3. ¥ -2 2A
FEED S BT, WREEAKEEOAEOREFMELTRUN 2036%, FREEBEAKERD/N
XREFELTRUN 2021 £FATS

RUN 2036 5L TRUN2021 0o FENEREHLZLITICRT,

RUN2036 RUN2021
E @ X & E x & E
Eafke -7 2.2KW/m 2 2KW./m
TE Ak HEE ' 12an/s 6 cm/ s
HAKXKE 50C 50C
Hak IR E 350C 350°C
mEAERE "3007C 300¢C

B — 2 £ 2 2KW/mi2, ANS EEERICE 2 HEEMRET 7 F = VSR RTHERILH,
Z4 T LEKL 60 sec DRAERICHEYT S,

311 RUN20360HE
PITICRUN 2036 OEEREROMEL R~B,

P TE AR B

Fig. 311, AHKOFLEAREETT. FOEAEER, 123cms TRRBRAG—EK
BEINTINE. AEREETRYPLEAEEORD REBRL D5 LFAXTINC LVARD oD
%o

BIE S

Fig. 3 2ic F®F L+ AEPLP, E8/ L+ 4EPUP, 4 v 7 EPPT OAFKEARNE
#EOEAETT, OO AER, BEFLANDEAKICE ZKAEMERLLEDTH S, A1
AFEABEEE C O (W2 5sec £T) FTH7 L+ FLEAKBEIREZELO LRGN
Z. COBMTIR ERT LFoH, EFEL Y/ ERCFRERIZ0THEC DS, ERFLAT
DESREIFA SN EEL BB, T TIEASNI AR BEFOAORA FRICREN
BDHETH b

TS L4 b B EIAE AR 2 5sec 1B, AMUEATHARL TS, COHEAD
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STBF L+ LAENDIEAKBERESTL 5, ARCLEBA VI LB THBESNESRE

TUG, #WABETLG AEMLEDS, COCEhd, HRRENEL D, EENRT 2 FE.L
I OB EN AR OBERETCHEBHIHHELTNE EEL NS, Tibhb, COEANE
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’Jt‘(@i&]{_?%o
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APgg = PLP~PUP
AP pp=PUP-PPT
ccvé&LPMﬁfbﬁ%ﬁ%ﬁﬁbfwéﬁ?ﬂﬁbﬁ@&ﬁ%gféo

R 7 v+ A0 THdSH - KRORKERE TUG (RXEE) 3XUTUL (BAER
B) OFELACTRLTH B, FhABIIBEAKEEL LT, BRFAOCTERIZIFig. 320T8
Fr A EEFUORHELELRL THH, BEFLERIROBFEERL TN,

(1) BHKEABRE®K 2 S5sec T, HBFEAKEEIBE-HLTH A,
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(Di2, #2 5sec T TIREEPLTOREERIIFFALSILOT L, (213 2. 5sec P LRITERD
REBETHC AT, T, :

(8} 2.5~1Tsec FIIEEHFLEHOEMMA SN 5.

(4) 17sec LIBEEFALFERRBELL, H3ImT—EMERD. (BRORBENNC, KTk
2B ENTVEE AP g =3 6mIKL3ETH b, COBELD/MENET—ERHI
AERE, BRKOBARE - REK - FBEAEROFRBOKBICE DFPLREB AR
ENRILICI O BKIEBRBL SN E o THS. )
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(1) BEKEABRSEMN 2 5sec T TR, FBAE0 THD,
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@) AHKEABLE 2 2sec LBTR—EMBERLT 5,

n— 7 HREROBREEI, M®%ﬁ%#fﬁﬁEM$ﬁu$é%@@L@&ﬁﬂ@%@&xfu
ECATH—7THEROBBRIERFLCET 2 RERTBOERICHRLTHEEEL SN 5,
BaTHELATOREELZBEOEMOBYES LD L IR E, v — THERICIIROL D SHE
bAH LN,

B AP LpiC T.osec ~ 10sec KRENDIA S5 5,

6 AP p ORI, AP g DEHERA—BMATHE,

(N 22sec WAPp, AP g iCBNEBROR . ﬁﬁm&bnénc®&ﬂﬁ%u&Pu

AP pg DRADBIRICRAT 2EMICH S,

ERORBESSFELAREEE, GCEREEICE DZTEBCOVTRRIEY 2.
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EIT AR E

ﬁg.a3KL%foAﬁﬁﬂETUG.L%fvaﬁWﬁETUL.EE977ﬁ¢ﬁE
TPTAERT o ROKHNSONE,

(1) HABBES# 2 5sec i€, TUG, TUL @ ERHA LR 5,

2 RE®G100CT—EBEIES,

PLEDREE, BEABISHE 2 5sec T BT L F ANORUMALIEE S C & &AKT 5o TUG,
TUL © FRRBHEAELRIC L 3 MBO 1D TH 5o

Fig. 3 3 T TUG & TUL OMBELER S ShE 0,

TUG HBRESTHENEIPREBROH L CATH LY, AEBERTRAPTH 2. T
Hhb, BESEECEORERNSLTLLESEECHTHKEEREL TV ABOL S50
TH 5o

FES ¥ 7 AHERE TP T 12, %%ﬁﬁ@ﬁ@&aﬂ%@@@ Fah & —ETHB. TUGRER
75 TPTRRBICE 2 EEBNAMPERS S, BARIOMBCETHMEEYT 5 LERL
Td. B |

BN SRR

Fig. 3 4 KBNS EREORNER E4 7. NducRshsk TH5, TH4, THIL, TH3U,
TH 212, EERSNEOR-FEKL, FEdo LECIEZRAT ONTH 5, KOBERNS S

N do

(1 IR OBBERY
MHEEE - BEET - BARNEEIC—EERF

BERAHORRB DI TIEMMIIEE LTREETAMBTIRMNEL 0N S,

() BEETERELI, AFL6THrs EBKEFILTHEbI TR, 12EAF THS
itEh LD Lo THIL, THIUMEEETZHEL THERELTERD —EEEZR-T
o

(3) ﬁﬁﬁ?%ﬁ%ﬂm.%%%Tﬁﬂ%1miﬁﬂtfaﬁﬁaeﬁbrw%nm@34ﬁ-
THE5 2B ¢ TH 4~TH 2 2554 SRS ICAEETHEE LT O ARTFNE 505,

EBRATEOREETERR, BREICET SBEERORNIRELERT 5, BEET®RE

¢ BESEMRE THL L L LEGRELLH L, REETHBRIKBATRORN SBVEEND
ZiMETEL, (D, O, RBASEOENSTEH, S EFICETTEEZAR VT LERT

RTHIRE D, -

FEAUERSE

Fig. 3.5 CRHABBEROENLETT . L
lmrént%mW#%@ﬁm%mﬁlK%D@ﬁf&éoEm%%ﬁ4mcw%ﬂm%ﬁwm
AR SN T B0 #OBRERIL, REBGOELEEOMBRICH- T, HTOERERLTVS,.
r IR REKOEGELORERERDIHTHS. HEEHRD ZLORES N SFHMICE, RR
R EF I3 EIAIE ABAE T~ 8sec TREMERL, TOREBEDLTOIRTHES LN,
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FEKXTEE
Fig. 3 5 i RBGHBBHOTIICART, RAKEERARZAOBRELL, HBRATBRER
bk, FTESLFLEENNOHEDOEELRT

REKEEREELLICRROBESAON S,

() BBMEEREHRER, OFCIEAEE ERRICB-TRELR LT3,

(2 ok, NREELFAESEH» ofih, HEMNEHEINL. AHHEERLZ, BP0 T v+
LFEELOEAKELS SBNIEREZEZI-HLTED, LR TORERIALTHREOSH
HRAEGOLEODEEILN B, '

(3) ®HMBABING L, TCBM’HHLK&bhéin%ﬁﬂE(ﬂ—/?7¢/%)%
FHLrREEREISBSBET (F 2V F) 2RLT 5,

4 v xvFiE BRBAFZEEEZIIEMBET—EEERLT S,

(5 ANTIR/ LY FRORMAEHEEECCHALESNS >NE, ARGICRL 2 FH7
L AEDENEREL TS B E, THF U+ LAFEOEHERREREEEOEHNRABELT
BT EBbhB. ARUN TRAE TRV, 71 rFUNoRERENSGEOWK TR
ABERECESNL LB ONIBEHBHD, HOEOEHR TRV AOEHERBLT
102o L RERT %o

6) TC5DOHEHRICRIND LI, HEABBBRTEREEMEST NI, BMEEDN TS
HXN 2, AETIIHAREBE20sec THTOCKKESTE, ABRTRINLEERER
Ehid, RBAESIEASTKICE D BEHNFCETRAINI LRELTRDGNLHDT
$%, TC5OMBETIH, FAMBREREARFEMRIC—ELTED, REE - ABANER
OB ER SN T AROEEMIZITELICRL Lo THBEVL B,

(N ARICHBHIVEERED—F THs 27+, THS ORFUHBOBKSE, TC50Zh &
T LT B, L LEHE TCm 7 =74 & THS OREE THBRAICAK SN
ENBOH, B—EITOs Y FRAOE—~HRBEINTOE, FMICRNETE<S,

Fig. 3 6 K RHEFEHOREREELLERT,

RL = et AN

() RUMNGBETZ, 7Lv733BAERTEHACEUORESHERL TS,
TC 3M& TD 3M, TC 4 & TD 4 ic 2D @AHA 50 5,

() BED/TyFTEBRARATLETAL LABRILTOEY. CORICDNTIERICH&R
TiiTe kS KRB & - TENB B TH B E LTHRETEL S0

s IV FEHORNE L D EBICRT onic, Fig. 37T KRBEKZED 7 = v FhealE X Uik

AEBREETHAETRT. RRAEOTEBR, 71V FHAORBS EFCRBIGETLTNE
EZOh DY, RGO FERIFALSRAKICI T FLTNEOT, 71570 PHETL
T ENa e TFREZIT W,

1i&, Fig. 37, Ekﬁﬁ@b#ﬁéntﬁﬁm@ﬁwﬁmw@K&*méaﬁwnmwTb

tro BIHIICIE s Ty FMNBERDIOEM ST HENR—FEL TS,




JAERI-M 6787

MzER
Fig. 3 81, REKEDRELLD SHEIN-RIZEROBEBERT. BB ViR~ Xk
3 BEERI, BEOEBE L bIC ' -

@ PIENEER

@ wHSHREES

@ AHEEEE

@ BHEAES

® sxvFH

LEBLTOBTSE SN B. L) TV FEHIOE TC 4, TD 3L OMAY B OSSR

FLC L HEMBBELUT I S,

Fig. 3 8 KRBT IN T B,

() ANGCEETRLAE TR LS L EOEHE AN L TREZEHSEHL TS L 5 B
Hond, TESLFAENKE NoeHBMEEREBAL T E, FTR7 L+ AEDHHE
EREHFLESELET L, v~ TREBOMBRYIEL THADOT, SBEFLHBEEDOHRE
BLEROBHNME LT 3L Thit, ZHDC LR, %iCTD4, TDIL oD &
B RICHEICEDRTY 5, |

(20 FRAVvFLEONPOSHEEREIC (12122 5sec DI A) BEERSMML T3,

(3) FTHAVv+L2EOFBEORK RN L BMEEROBNE (FRoyAR R EER) cs
ty#¥5 18 (TD2, TC3M, TD3M, TC2) &2 T~ %L 18 (TD4, TD3L,
TC4) MPHb, 7 2vFLKOFIOES, BZERM5 0keal /m*h C TRIF—ED KM 4
Hot b,

%Eﬁﬁ@%@&ﬁﬁﬁb%&?%&@ﬁﬁ.mﬁéﬁmﬁéME®ﬁmK;5§%®%ﬂﬁ%"

MO TRHBRT 508, ZEBKLIRERKEL LTI Y PS4 YAy PERBRTHD, ER
BAEMOLT Y bUA 4 v b BASAS ABMEEREIATS S LS HEEELNE, ERORE
FROEAOBHEIIERTE 5,

3.2 RUNZ2021OHE
PIFICRUN 2021 OoRBREROBETANS,

S A S B
Fig. 3 QiR LEFEAEEAE RT, 3136 3cm/S TEBRP—FICRHBE IR TS,

BEES
Fig. 310 F® 7L+ AEPLP, t7F v+ 4FEPUP, EEZ ¥ 7 EPPT ORHIKEAMLS

BoOEERT . RPOEKI, BREOCANDEAKIKL B KERMERLI:GDTH S RUN
2036 OBRALERIC, THICETES LT AELEAKRBEIZELL. £0%, RUN2036
LRBICTES L F LEREET 600, RUN203ETEHELL-ENEFRIBALS LN S
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AT BAMTIER—FDIERIE TIN5,

EREOER v 7HBER

Fig. 3.1 1 CHBHFGERAP g, v~ 7HMERBAP | p 2RTe AP pgid 30sec T THAK
LA EE L, |

RUN 2036 TH, AP s REAKEIDED TAEODICHAGE -7 BN TEB. AP g
FBEEINTE, BIE2mOEERLTO S, EARESBOBG, AP s DERER/NI{ 2,

BB AREE L

Fig. 31 1 T L7V + s BKEE TUG, ES7 v+ AKEEE TUL, ©F# v 7 HKEE
TPT%#mT. RUN20 36 DG &R, KEPALEH, ~— 7HBERMEHT LRI TU
G, TUL R kR L, SHNERE T—CEAHEET 2EA8A 515,

TREgANE BRE
Fig. 3.1 2 CHBAEEEEONERRERT. RUN20360&L0b3-20 &, THS
BB & O BOREE FHEBELICEDH SRTIHREA T 2,

FERBARE N
Fig. 313 it RMEEBERERT,

REUAREIRE

Fig. 314 iCREHAXEEE TC 3M, TD3L, TD3M%R7.

RUN 2036 DE&ICk~, 2 v FiILEL T TOSRORENENICEIEEL: LT 5,
TCIMOEM I & X FHICRBMADPRTEL VY, CORATHROL YK 2 FORLAZBRIE
REELOEMIZEEL LT 2,

Fig- 314 K RARMKRRAERORE A ET T, BRABHRORE THRREHEIEREL
TBEFBA6NE, TDIL, TDIMOD 2 = v FOBERBMKAEMENLAIEEBICRLOA XD
S G 2 SHEIREN, COMRIKDOTiRERICR~S,

Fig. 315KADZ TV Fi4%Td. RUN2036ICH~NT, BEKD 7 T v FEHIZEY
B, BEETERO/ vy F 70y rO#TE, REMUKNOENLS, #1BKEHNTIZITZ—H
LT3 En2H3, ZORUNTHASN S,

Bz .
Fig. 316, 317, 318 AL FELDOHMENALRT, Fig. 316 ITRU-BEERR,
THUOGRRADRICBTEDTH L, RBEBNORATUESHENTE- TS, TC 3M, TD
M, TE 3MT& 5 3 £ 5 IC BREERICBFA L 21375 0. M TES L+ AEDELER
To RUN2036 DB LS TS L ¥ AFEEBEEROMICHESHEEIZS ST 5N, 7
=Y F LM AT O MR, BRI 50~ 100keal /m*hr COBERL TV A,
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Fig. 317 RA—RBHEOWFROERADBNVCLZBACEROEERLL D TH L. AR
THREERIABS50~100kcal /m*hrCTHY, ERR-XD LIV, ZOXAIC, 7T
¥ FUAO KBS OHME X UER TR, BEROBIC KSR ENS D3 o0 SR RKREN,

Fig. 314 T/ = v FEAICSES AEENSAIT 50 E TDIMZ 2O THE XN RiLEER
% Fig. 3181CR ¥, 200keal/m*hr C REDGMEM 7 = v FEAICHK Isec MEEL TV 3,
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32 F—HOEEH
R THGE64 RUNIZhE-THbOLEERY Y - JERF -4 0OEHEKIC2T, DTOLRKFHIK

DNTIRE

321 WHRE

KERIIRAEDRKIE T Tirbiltc, FRER/ Y7 £ — 2iZ(1)Peak Power , (2FEAKEE
(ULin )}, GWEAKIER (TLin) , (OFMHARERKERE (Tinit ), OPBEREAEEE (THo )
Thbo

FERIZLITOFIETI TN 3. (Fig. 319)

Mo 0AMREOTFROBET, < OUEITRIGKEE (T) &HBATERE (TH) 265 72
FEEOT N TOFICH - THFLLUBLIXLTEL, :

ABLD 7 — 2 ERHBIR SN, B ALDBRACEABEIBEN D, X510 C AT T= Tinit &
755 L ERICT X M IR HIADEA SN S, '

(1 IEEAERE (THo )

FEBAEEE (THo) OGS SME (TH2~THS) KBOTHLALWBET - 212, +~T
B RUNKOWTEDREMBD~6 BLIAICH B, DMEDIZTIH (TH2, TH3U) & O# (THAL ,
TH4, TH5) ticgpdon, IHOTMRERIFHOMBERELD N HE., (Fig-320)

CHOFEARTHOBREHAMBORHRTH I LNTOHRHBLALY, T NToBSMET, KN
BRENIHOBETRESNALBEEL CHHEBABTOERABDEZER LHLIATEY, +ouE
ETHLHT &b b, '

(2 RAKITETHRHYE

Fig-3190A-BHTORMMALFERE (To) FHRBASTEE (THo ) ZL{ELI1T,
W ANiE, COABMTHAEOREA 2T T To = THo OBEHFICL I LS IOREELBEL
Fro FRCEDDLDSLT, BoNAkFT— 2 Tid To 5 THo L vdau B ORLIELIZRELN
7o

Fig. 32113 RUN 2004 T, THOBETH 3,

ZOHITETo ETHo L RBENSDTS5 0 CHRL ST R, SRMES, Licdto TEREET
B EBORERETH A0, METMORTEEICEL TVINL &ML OERTH Ho

Fig - 322/2RUN 20340T, THOBRETH 2. |

Z DFITII, Tob#%ﬁibﬁwfhéaTC5®@E@@120C&&W®MT%7VfAK
(FEK) DEBAFITHE6DEEb S, £/ TC2D4HfEAS TC 3M, TC3BX &
EO0R, COBENOERTTC2OMENI TV F LTORI-kkHTHEEBEINL, VT
NICLTH, CORTHEIERFBOREGRER SN TN Edb B,

Ao — ZRBTIR, COMD LS IKHD SREHICEL TOEN B S RUNK 6 4RUN O
5T HRUNGE e CNODORUNBREDREITICRTE 2N HW DT F64RUN T
T » TREAGBF O RTEE, T1bbE—BSTONPRERIZZSEL, S5Kcns+
HRUN O K#a4 55T AFig. 321 00X RNYHERTE (SRHHETIIZ L, SOBEE) 2
EFPLEOWTHEMENBLZOT, F-42£0800MAERELTWEOERDOILE,
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322 FEHEMHE
K%ﬁ%ﬁi@%%ﬂt”uﬂ@ﬁﬁﬁ%ﬁﬁ?ékbw-ﬁ—%%?@%ﬁﬂﬁbntuF@,
323@), (D21 2FF—%HT (Q=1L8KW m, ULin=12cm/sec, TLin=507T, Tinit =
350C.Tmnn=350C)ﬁﬁbﬂtRUN2016&RUN2017&mﬁbt€®1$5nﬁ!
@) 12 TB3ME THS OBETH 25, EHICEOEEEERL TS, AL IR FHBF L+ LEP
LP & EE4 VY2 EPPT ORETHABLCEICURIIBZFERLTHNAR L LEbb, ENREOD
s RUN 2016 25# 2 5sec, RUN 20174542 3sec THb, Table 31, 32R3&A—%
BHFORUNDA—vTIo v FEZ (t ), £-»T 79 FRE (T, BELR (AT, =
T,~ Tinit 3, 7 zvFE#H ¢ ), 7I7%EE(T})%ﬁbtt®T$6oCCTﬁﬁﬁ
L RERTVET &0 D 5.

323 %k ' .
ATBEET 2 P DREEOFIIT 4 X 4 XOFESITROEEFOTHD, LithsT, HulliA
BEERERD » FEZZ 5N5, AEMICRBEANDAD—RTHNEBTHLEELLM, 0 )

7T ER AT X MO, EBOF -4 LOMIMESIEE LS. KFEBTIIFig. 2 1
KT LD, 3IMAE (REKPRE) TRETZRAKOERLEL T S,

YEMICHTRONB TN SORBERENHHNTH S L L 8HA/B N5, Fig. 324 1 XRUN

2028/ v Fry<u-—FEARLIZEDTHS, NDOC, D, E, BRIRMBOEHTH L, 2O
Eméﬁmwﬁﬁamﬁwﬁé.(C,D)it(E.B)ﬁ&ﬂ@ﬁm&:y%bfwéctﬁbﬁ

%

Fig. 325 BARUNIKE T 2 BHEFRELRLIEDTH B, ZHICLD 7 TV FHE TORIRE
HEIRBBCLSFRESFLH EMbM S,

rokS51IMUBETO (C, D) MOSHERHEDBIFTH o7, (E, B) Mox¥rtkdf
DODRUNTRLTLER D,

Fig. 3.26() (W2 3MMBTO/ Ty FHHDEFS2EERLALLOTH L, AXE 5, D
SERELL O, NEABASEE (TH) A3 E, TNRRBKERE (Tinit ) BKRE
WRES TV FBENENCELSTL 2EADH LT Litbhr b, CORBLIUMOE DFIHL _
LIMEBTOs Ty FEHIC, D, (412D, C) ,.E,BOETHZZ LBHBH, REMD T <
Ehud, EAKEE (ULin) HBOBATIEHRE (C, Doy F) OFBELE (E, Bay F)

YD 7y FEARENS L. COXOBE—ME (3AMEE) To, 7Ty FRAOREMS ,
HUBREICIROBAMNEZL SN T Do

(1) FREAE @ygo?ab%%@ﬁﬁm&ﬁ§§®%%¢&®7xn7/zmgéxﬁ & H,

(D == 7)) v FOEE, HICIMEBOBEC LIS ERAR~F—20 Y » FILEET S+ v

) oA — kOB,

(3 %%%@%ﬁc%ﬁ%ﬁﬁmﬁﬁénfw5ﬂ%ﬁ@U—Fﬁﬁ(QDayFTMTK.E
Bov FTiR1 &) OEOHE—MEH-T 5 E0PR. '

Zno, itummanmfﬁm@lré PIRBEAEDLE AT,
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3.2.4 -2 EOMEA :
_K%ﬁ§ﬁ®%ﬁﬁm%bb? ﬂ%ﬁ%ﬁwié%w%wowfmﬁﬁmffwﬁﬁmmﬂié
TG
2 CT, BT - A ERESELBOF — 2 MBI, THEUKMER « 7 — 2 REXOVTAN
Bo '
() FEE&HE
HEKEROICEBONEBETRDANLAET — 213, BEF - 2 ERBBTHEAT — TICEREL
naocﬁg&f—aweawm%ﬂgmgmfatwm BERRBCLVELAERECNSE
9K%L1wéuC@tb%ﬁ%@%&ﬁ@ﬁﬁﬁmﬁ%&a%o
(L1) # &
AERTOREAICET~TC— AREHHAL SN, BERBICI20mV-—488 CHR
T, Thick 6&%@%@0*‘- 500 T~ O.S%J_zlﬁ, 500~800 CT+ 15 9_612![’3‘635
%o | '
(1.2) EH-%kf-HE-BE
FROFTRKEII DI - THODUARERBRL OB O, NSORBRBOERERIELDT
BIF T - e VHRERICHE S BERREBURTE 5. '
(1.3) & ¥
BRAMATROARZIC, BHEENOSHESE (DC12000A/60mV) THAL, F5IC
AER (50mV/10my) THEL, #EhBEEELTHBLIL Yook S uxEH (BNEE
29V T 3500 A) hoAREIMNEE(22VTHI8EmY) KEDFHMLTOSHDH
Btk kD EEIEL T3 BEMIC A~ TS IO ENED -1, B—EERNET, BHET -
2O T Y FITILI 0FBREBLLELELEEBT TORD, K%ﬁi Dﬁ}-bntﬁﬁmﬂﬂb@
ELREOFEICE, BREZANT B DB LA bR Bl 7D
(2 BfmE®R
Ko~ XERICE T L REAIEORMMERT — £ B L URGERHE D - FORBBRT~TH
%mmﬂ%btééocC?M%CTibtﬁ%ﬁmasyﬁ&éﬁ%ﬁ%%ﬁﬁ%mmﬁﬁwﬁﬁ
LT 2 SiIeonTRET 2, BITERAEHEI KBRSV TROFNICH > THOAT 5,

AR E IS
L

1 {1 BB IS
it B

[ miz@®Rts
EH1L

EE BT E R E

THLOBEIC L b, B4 OMEREHBEERIG 505, UTFIC, RUN 20210 TDIL Z20
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T, TROSKTEET 5 Ltk 0B oNBREBT 5,

(@) HEIE
Ted F ook
T3 1k D &4 /0,05 sec 8D B % 9 ﬁ@)’
' ERREEE ¥ #B/ 1
) Fig.327 Fig.328
(b BEFEREE
e . ] M9 RDEBIL
oL F Fig.3 29 Fig.3 30
Mtk O ADRHIL Fig.331 . Fig.332
A% 49 ADOFEL Fig.3 33 | -

ErAE LIS, Fig. 3 29k b BEREOMMNEEY, REEEORBICASSERLE
ATNAC Edbpbs Fig- 3 29 ¢Fig. 3304 BT 2 L&Yy, REREERRL-V VT
TECER L THRIEZRRORIHHLT ECE DD 5, K, FRICENTHEERS Okcal”
m’hr CT& 2 U1K BAAE SO BARIHBE L S5 T 5,

Fig- 330 &Fig.331 LRT B kD, FOLOHREEZ THIRIIMRERTELEY
Bohnsz bbb, Fig- 331 BHEHOBEF -2 2HOTHREINCHERTH L2, Fig-
330k~ T

D MO RRBO B LD ERTS 5.

i 71/%ﬁﬁ%®ﬁm;bfﬁfééo

=D ENS 2 EBbNE, FOLHEABREICHN SR CAKE, BMEROLT -~ HFig. 331

@?ﬁECJ:DzA—//Mpmén“cwéo
Fig. 332,Fig. 3331, XYBECEALLLERERT. REEROHERRE, FHLO
FEEE S I P TR T E AR LT B,

—- 22 —
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3.3 FOREEHATESE

3.3 1 FLA{nERERE

HHORME36mOREK 1 6 KBPHINTHIEBROND, EERREEHICONTHE~NS,
RERTOTEENF X —FCRROLDIH D

a. EEEC-I7IBN

b. REKEIIEE

c. MEBAERE

d. F£AKBE _ _

AERTRIEBRFBHBORENRIAZRETHY, ERPORIREICHIFNEICERIHE S
DO, FiRa~d D 4/°7 4 — ZFDFLRIZARBFBILICRTT ZBIC OO TR S,

FLROEEEE & LT, FELLDTRDLDOMS 5.

(1) REAKL - T 5o P RAKAEEESATSENCRTBEREICHZETO,
KBRS S SO (2 — ¥ T 57 ¥ VB BIUZ0BREEE (# -7 79 ¥ FRE) X
BEREEFAOBEORYETH S, : "

(2) BEMEBCEREYE  BAKEBRELAD SRBEEBETI/ I FL, RERKBEHEINIETO

.%%Wﬁ%%éﬂf“(%@%&%ﬁ@%ﬁ?&éo%%wuiéﬁﬁ®§RT55®T.%%%E

EHAICEAD 7O —8 — Y BERE AN, D70 -2 - YZHGELT, REEROBEIEFL
BERLTND, ¢ OMKIREKEEIE, S OBLERMBOBENS XU, MFHEHBMERHEOE
M SHB LN TE D, £z, REFBOFELLEIN L, X 51, FFREEREREL OWB
brhucaEh T b, :

(3 7Ty 8l BRAKAESENDLCLICLDSBEORE,SIZEMEE I TEMICEE
BT (7 xvF) T 5D, HKEEELNSORE (7 x> 7)) & LURER THREENOR
BAZTERE (7 2V FRE) OBHTH 5. |

—%, BLAOFKESEE L TEEL DL, ROEBMS 5.

(4. FOREABESE FLANCCREEICEECEEL T30, FLLROFEIBREDOE
WTH D, FLOADENRER, THILFLEERILFILOEAZLLTRD TS, TOES

ZORRMELOFE L EEBE L OB BERTH Do

Hic, F®7Lr AEAEE, FTESLF AENSE EE2 v EAgtEoRERE, &20E
HOFICERER~ S,

FERTHA AN FORDOFREEKREIC >0T, ZoBEEHLHICL, FCRBOREL, BHEIC
DNTHRET S, CORKRBORRIBFICTES L oRENCEREFLREOATED, FRFLH
OEEROBEEIC L OEEPBEICH TN 5,

BLEDEC £ 5IEo0T, UTEAEROEEEA~S, RMGMEEEERE L7 T v FHHHE
KOO TIRBICHITAS ST, 2 TRRC |

332 BEks-sTIUY M | | _
(DREK S — > 759 ¥ Fig. 334,335,336 ICRIMARBHE ~¥T 57 FLEKOD,
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ZOBFTORE ERENR LTS 5. b2, RMKESMR (1, 2, 3USOESR, Fig. 21
K??%Eﬁﬂﬁ&ﬁ%??o)ﬁ WEiIEE LR (=2-r773v v VEE —REATHEE)
AT, Pig. 334112, RUN 2007, 2016, 2017 DEBERNTLTH S, CORRIT L~
7 A5 LKW/ mT, ﬁmﬂabfuﬁwﬁwbmrééoImbbmé;omﬁﬁtﬁm RE
fhrhdr BMOMNE) THHOERMERLTED, RPERBTKREL, ETFTHTHERI/DIOEIITL
Td, RUN2016, 2017 bRBEOHEANDZ2. CDIEROZHIFIIEALHE—T KBOE
BHb L Ebd b, Fig. 335iCid, RUN 2021, 2032, 2036 D#EERT. E~7 it
AT 22KW MTHb. RUN 2021 i3EKEEH 6cmsec, RUN 203212 10cmSec, RUN
203612 12cm/sec THhBo Fig. 334 DEEREHEART, BHABKEL LTV ELHRELRIZ
RELBATED, POEAREOCEENBZ-DEHTNE, T3bb, FAREOCEEL, FA
HESRENEF, BRARMBLCEVORE LRINEC - T B CHREAEEBR SO
BHRESAE N BB THB. 217, Fig. 335 THEET NI, FAEESKIN S XBEHE
ERAERTRES, BRI (3 MOKE) »5FHK SN TS ETHB, Fig. 336K, RUN
2047, 2054, 2056 DEBMENBITHB. Chdid, E— 7 BAMLEKW/ mTH-TA
EREHTORETH A, COIERTRIEARE, PHRMEEER, FBRABTEELLLIORN
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TRIZERICEA-VTFo Y FEET3HNE, PRBOBE 0T TENTHAERND 25D
=B Bo Fig: 0 b2 ABOBEMICH 5, TLTE— 2 hANKRE1EE, EAPHEI~
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B3~ A D THENEELEE CABTL, #- YTV FEs 10 EOUFINRERELD
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$Y, TOCTHWHFD202 9T, kBPHEBTASSREITV. EFKEEBE L 0DH S
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%o Fig.343@izi2, RUN 2036, Fig. 343(WICILRUN 20190 b DaRLTHOEB K
EBEMRIRLTHB, RUN 2010, 2036iEAKEMS0 CT, ENEMLICRSERHH
BICRON TN EHERLE D TH S, NTh»bE 51, FE7 v+ aENRKFRKKERETR
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ETHbD, :
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fwé°@®ﬁ%u6—ﬁmﬂ.ﬁﬁum%ﬂﬁmmﬁﬁﬁ%%b,m¢®%%®bémﬁbtﬁ$
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(19 AEBROERESHET TR, ROIFKERI 0DIERITHEELTH S,
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T B, ' |
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Table 3.1 Reproducibility of temperature profile for
RUN 2016, 2017 and 2018

Peak power = 1.8 kw/m
Inlet water velocity =12 cm/s
Inlet water temperature = 50 °C
Housing temperature = 350 °C
RUN Turnaround | Turnaround Temperature | Quench Quench
Point time temperature rise time temperature
No. (sec) (°c) (°C) (sec) (°C)
2016 3.35 355 25 4.40 199
G2 2017 3.15 352 21 3.75 199
2018 2.90 332 23 3.25 217
2016 3.25 415 65 4.30 221
TC3M | 2017 3.15 405 55 8.15 181
2018 2.90 387 64 3.25 226
2016 3,20 364 23 9.90 219
TC4 2017 2.90 362 19 8.50 218
2018 2,85 356 24 6.45 207
2016 3.30 352 26 4.20 197
Tn2 2017 3.15 349 22 4.40 197
2018 2.90 327 23 3.35 195
2016 3.30 407 67 4,10 261
TD3M | 2017 3.20 397 57 3.75 250
2018 2.95 375 67 3.25 254
2016 16.00 490 140 20.15 314
TD31. | 2017 19.10 511 162 22.20 282
2018 7.55 431 97 11.75 255
2016 3.05 366 23 6.70 205
TD4 2017 2.90 364 19 7.00 232
2018 2.85 358 23 6.40 208
2016 20.55 504 156 26.05 265
TB3M | 2017 21.20 526 179 29.45 292
2018 16.25 457 142 21.95 252
2016 9.20 443 96 11.55 256
TE3M | 2017 10.05 444 97 11.45 256
2018 7.50 403 87 9.60 246
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Table 3.2
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RUN 2009 and 2010

Peak power
Inlet water velocity

Inlet water temperature

Housing temperature
Tnitial rod temperature = 300 °C

= 1.8 kw/m
= 12 cm/s
=50 °C

= 200 °C

Repreoducibility of temperature profile for

RUN Turnaround | Turnaround Temperature | Quench Quench
Point time temperature rise time temperature
No. (sec) (°C) {°c) (sec) °0)
e 2009 2.80 229 48 3.40 160
2010 2.15 239 157 3.45 155
Toam | 2009 2.75 " 245 47 3.95 150
B 2010 2.05 373 156 3.45 212
TC4 2009 1.60 197 11 2.90 116
2010 3.40 256 54 3.85 154
D2 2009 2.85 232 46 3.30 153
2010 2.10 237 { 55 3.05 148
TD3M 2009 2.853 376 139 3.45 232
2010 2,20 369 160 6.95 215
TD3L 2009 7.20 377 163 B.80 231
2010 8.35 410 196 14.45 238
Tﬁ4 2009 2.75 244 47 3.65 144
2010 1.95 256 54 3.85 159
TB3M 2009 11.95 453 209 13.00 242
) 2010 14.60 476 260 16.45 281
TE3M 2009 10.25 398 142 10.55 230
2010 11.35 392 176 11.35 219
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