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Preliminary Design of Test Facilities

for Tritium Breeding Blanket Development (I)

Fusion Research System Laboratory
Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received November 8, 1989)

This report describes the results of the preliminary design of out-
pile test facilities which are used for development of tritium breeding
blanket with ceramic breeding material.

The facilities which were designed are as felleows:

High heat flux test facility
Thermal-hydraulic test facility
Integrity test facility
Fabrication Technelogy Development Facility
This design study was performed by Kawasaki Heavy Tndustries, Ltd.

under the contract to Fusion Research System Laboratory.

Keywords: Fusion Reactor, Tritium Breeding Blanket, Lithium Oxide,
High Heat Flux, Thermal-Hydraulics, Integrity, Thermal Stress,
Electromagnetic Force, Fabrication Technology, Test Facility,

Research and Development
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Table 2.1.1 Major desi%n parameters of tritium breeding blankets

for INTOR!I

Lip0/Be/H,0/ASH Li,0/Be/He/AS*

(A) (B)
500 mm (including first wall)

Blanket Thickness

First Wall Integrated with blanket
Thickness 15.5 mm 18.0 mm
(2.5/5/8 mm) (2/7/9 mm)
Material Type 316 stainless Titanium modified austenitic staln-
steel less steel {(PCA)
Coolant Ha0 He
Pressure 1.5 MPa 4.0 MPa
Temperature(In/Out) 60/100°C 100/300°C
Flow Direction Toroidal Toroidal
Channel Area Smm” % Smmd Tmm®  x 7mmd
Pitch 7.5 mm 9.5 mm
Maximum Velleity 2.7 m/s 78 m/s
Pressure Losses 90 kPa 160 kPa
Wall Maximum Temperature <200°¢C <400°¢C

Breeder Region
Material

Packing Fractlon
Mixing Ratio

Homogeneousty mixed Li30 and Be pebbles of 1 mm in

diameter

70% in bulk and 30% at near wall
25 v/o of Li;0 and 75 v/o of Be

Lip0 Density 85 XT.D.
814 Enrichment ﬁatural
Tritium Breeding
Local TBR 1.54 1.65
Breeder Temperature
Operation 450 ~ 750°C 100 - 650°C
Allowable Range 400 -1000°C <1000°C
Minimum Temperature Helium gas gap around coolant tubes None
Control Method
Coolant Tube 316 sS PCA
Size (ID/OD) 8710 mm 20/24 wm
Coélant B;0 He
Pressure 1.5 MPa 4.0 HMPa
Temperature (In/Qut) 60/100°C 100/300°¢
Flow Direction Poloidal Poloidal
Maximum Velocity 4.7 m/s 72 n/s
Pressure Losses 300 kPa ~100 kPa
Tritium Recovery Continuously with purge gas stream Discontinucusly
during reactor
shutdown
Purge Gas He (0.1 MPa) He (0.1 MPa)
Flow Rate 200 Nm3/he 2400 Nm3/hr
HBeat-up Up to 450°C
with Primary
Cooling System
Recovery Time About 1 day

* AS: austenltic stainless steel
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Table 2.1.2 Design parameters of first wall/tritium
breeding blanket (1983FER)Z)

First Wall

Configuration
Form
Structural Material
Coolant
Flow Direction
Inlet/Outlet Temperature
Wall Thickness
Beginning—of-Life/End-of-Life
Maximum Wall Temperature

During Normal Operation

Blanket

Blanket Type
Thickness (including ¥F/W)
Inboard/Outboard
Structural Material
Breeder
Form
Effective Deusity

Packing Fraction

Acceptable Temperature Range

Neutron Multiplier
Shell Conductor
Location
Coolant
Inlet/Outlet Temperature
Flow Direction
Tube ID/OD
Net Tritium Breeding Ratio
Tritium Recovery

Flow Rate

Integral with Blanket

Ribbed Pamnel

Type 316 Stainless Steel
Pressurized Water(H,0, 1.5MPa)
Toroidal

60°C/100°C
15mm/ 1 0mm

221°C

Tube-in-Shell Type (BOT/NM)

4Gecm/ 50cm

Type 316 Stainless Steel
L120(3026Li enrichment)
Spherical Pebble(lmmg)

83%T.D.

0.7 (bulk)

400°C-1,000°C

Beryllium

Beryilium

Qutboard (6cm?)

Pressurized Water(H,0, 1.5MPa)
60°C/100°C

Poloidal

8mm/ 1 Omm

1.05

Continuously by Helium Purge Gas

200NmZ /hr (0. IMPa)
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MACHINING

Fig. 2.3.2 Llayout of breeding blanket development facilities-II
(Fabrication Technology Development Facility)
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3. &% fm & &

3.1 ESREFEBRZHE

3.1.1 FmMEOEM
(1) BAFSHZMERR

FE TR LS EAAREEBEE (High Heat Flux Test Facilities) 3, & & &
T AT A E RS (High Heat Flux Compenents) @HREHME L TV5S, %
B KB L SN ASRKERER, 75 A<CEE LTSS Xvh o 08 M TRRES
575 X<l (Plasma Facing Components) SfitEii T ABREEH O NBI £ 4
Y TETEHEL, CDHIE T XeHEBE L, VWHhWYWAE 18, 77 X fNiEEEO
FAn—50 15, REAT7TVFFEORKETHD., 7505 & 1TEICHFSNLIF
BELbBAA, A% ) 3B LORFA Ty 7 HEOBEEL 7 7 7w FiaHIC/DIR
OTEET L, CCTHMRNERE L L TEL T 5 A nmliaeEm L TRITT 5, -
L, ARBRERICERE LSRARTREAREA VN TE- 45y v 7%, ARORELZET D
HOSHFERBOREELTHITLE, +HUETH L, ‘

(2] 75 om0 0 SA M LT - HRFEE

7RO (E—BBLEy 45—, 1) 35) dTable 3.1.1cEEH B L DUE
BEtchy, 77 XeO@EEER, BXUT 277 YEHTFigs. 3.1.1, 3.1.2 i€
TESHAMEZD A, COEOIRNEMAERZN 577 X pEE O - MRREE, KO
L2 RE{HENS,

O EHHFETFTOR - BEFHE LURESREOEE @21 O3 L,

@ TIRTF4RT Yz HORERSIUEE T 2HFEOEE SBEEDOHEE,

@  EEEEE, Frc 7 s AR T EEEMR S OMEMFRARE (R e ) v s, BE, R
2%E) DL,

@ SUEFE (77—~ - BRO2EEEMOERSEN B LUFSMEMEN) O

G  FUF LB (RE BE%) OE,

® iEH ORI TEAES 7 -9 OHUE,

INHMH b, KHABRERCLIME - HROWURELEOH, OB IVQOCHEETH 5,
@77 A= iCETIREMEOREICE - THE &AW ERS DERYME 7 — 5 Bl
25D THD, @IRhOEHRERME EERNHEARE) TORNBHTHS, £/, @EHY
FLORRVPHEERLLTE, @RPETFLOMEEMERAICEOCEZTEMS, VDL Ty
NREIEHTH D, SUOBRTEBEATHE, Uk, JT-60, JFTEORB N A=7%10
HiF BT AHRREEAFAHLCY 7 X aBBDE R TEMOKRE SPIH L
LT E B &, RBHEAEFIH L THBSNAERNF— 756 &K, LJOBEORVEE
O RAEEEDD & LSBT FEETHA D,
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1) SEFHEOH - Bttt B J URAET

77 AR IREEEERCELT I A h LORNSIC - THVREATRHEE
Hid D, A4S IS REEORREEST 500, BEORIR (25 r)s 2
EUNTHE 273 AW O RICE » TEREBRREL R ELEMCIZ L2 L
AN, COMITAY2~5MW m' BETH 5, BENEZ 5 (3 ERFELIECE
100sec EIETH Y, HEMBEAFIERELMCHET 220103, BHmAALETSH
Ly Flz, TIACBNC AN 5 IHEH AR T 7 XA D AEHE AR T By &
LTy —=#8BETABEE, SE&NE2ERORENNELTS,

ECAT, AERHEDSVERHAAABETE AL SN ERY T LE, 77 A
FBBOHETEREC L, ZITOHBAEELFT 2300 THL, BBOHFaZRT 2105
CEETH AL, Toi, FHNAEOELEDHEE « ~— 77 MEl, RERSED
B o RE (BE) Fke, BETESHORSMEOM c BENFELEET S CENEET
BB, TOFY, ENTEMEAAREREAR LAV RBRESLE T 2EBERISE &
A s,

3.1.2 HABEB & LRSS
{1) HEIEE

1) HEBHE OIS

75 RO OBFEAES T b, BREEHE HEREZIT TN s
@mq%m,f317?4257ygVﬁ@%ﬁﬁ%kﬁﬁ%ﬁﬁﬁﬂ¢§%%®$@,E
BERGO S 5— 5, ) IS RE~NDEEH L EETEN LSRR RICHT 58 » @B,
o« BRI DL, SEAREERAE A T AAHARREZNAE LAEZL RBP4 R
EENE, T, SEGEHEEBEYICH (WE XFcl2BEbete. ), H5VEERT
T4 2 579 2 7)) EOEBIIERT AGSOR2M, SERRNT 7 X+ -8B
HAEALDHEFEEEM EOMEHIKSZ 2EEBCME T 2RO — & EARARERE i
FEEFER) AR B L B FEAERT S EBNELLA S, TNLOUIIEIER % Table
312 EE L TE &N, 3h8bb, MMHEDOADEEZHOHTTLE—-R (Single
Effects ) &5, BKHE T NUADCAROEEN L ERBTHA~NLIEEHR (Multiple
Effects) 358, BLUEBRBEOT Y H5 0 ISEE T I L EBERESELME
(Component Demonstration Test) K245,

B ERBIIISKE, FTaRI7V s yYEFRREROBEEEREFEERABICHT
BB, FaxS Ty VERERRRE, T4 RTTY 1 vk AEBEOSAKEAH
it ARG TAREIEZEL I EAHN LT 20T, BREMHOEBER (57 -
W, MRS, Bet GHEE L SRL-ERB%), BLUESGHOREY 17 L
EHHNSEOF— 5 2T 5, 4, BHERPEERME L, WG L SERN
nEMHEEORE BLUTRKLEZENECETIMREZEALEAEMNETEHEODT,
FiEh o+ S0 2B A RN 2B KOEE - mEFTE (BoZR, B, ~—r7
b, FESHBL - ZE, HESG), BEMOEESS, Fro Tz oy rx BHES
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DBE), BRUEIRT, B34 7 viEFKET 57— s 2 BT 5,
HEMRICHTAREE LTE, BMRE -ARER R/ S EG0R2H %,
B RHEAAROD TEE TS, /2, BMRREETEERIHEEICER L /28
a0, BEMADFZORLTHS, T 27 7V a VBHERSBRO -EETH B, L,
B E— AHOMENT Y~ AARREMSGHER ¢ AR CRELLVC &L, T
o AHEEE S NE S 155, ChI2VTH, BEUREOER TRITET Y,
ME/BBETHRREL T BIBESLIUDFAx—g 7] I 7DnE7 v EZHEL,
ZFOBEERTFT L4200, BHEY 77 v 7RIESE D, HEHEE L6 28 A7 B8 6
52 TRAMECHIBRECHT INEZ2E8 500 OREMABRPLETSH S,
CRLOFEBRIEFE, HEd~NEF -2 &b Table 23113 &l

2 FA4RFT Ve

T AT BRRICHET S T, 2 77 a YERTE, 77 A inas 3B O Te L&l
BmE B A ERREICE T 5, T4 R 7 v a YIBIT RO OBRNE T ABEMIZ
ERIFDOSHEG, ROBMLVMEFRT2~3 M /m* (BEAREL01~20ms) &FR s T
A1, BEFROEEOMOAEMNERIZ >V TR, AEEESAS L, BETAEEDT 7 X
CIRERES (JT—60, JETete. ) €LBF 4257 v a vENO LD FRELSTES, T4
BRDEEDCERETORBRF — s DERBP PR SN ZPAATHE S, LEBTRSF-5 &L
T, BRI L 2BEREMEOEED « AREY, AL, SROFEL - ERETHEIHY,
FaRF T va yEOREORCHRRK BT AREAT Y AR A R BRI X
HEBRMEMI NG, F/, BEMANCRDELET ZLAPINICHTIBEORSM, S
RO, BERNSEHIPES UTEH LIUBEOARISEOREE BHEHER) , &+
BHEHEEHORECHO VT EEBRE LLITHESMNBELING, /2L, COBEARLL
THESNIZHERT (EF 142 = A, EHBIIOEEEZT S0, BH
EOBEEMERTRC 2L THDOAFEEE T s/E% (BB oS Th) 2RET
LRI A D,

3) 77 Rv T EEERIMME & O HER (PST Rk

T AHEERE T s AT ICEEG L, T X o044 YBEAR L TEREME LD
HEEBELEC S, BT LI NSEEE L TE, M ALER Y, 9 ) v 7T L B EHRRE
PLRELEEREN, RAAREES, LU THEICERET RN T -5 THL, LORH
OFFLE. B, RF EHAAOTHRIETEACEM SN TE O, flATHEERE AN
FTAHEBI R L4 e LAIER o, 7 v SRICEE LCHAEM [PPOERF— 74 B
LA EF VSR E TR EBCTRTE AL KN -THE, SHOBBEL T
%ﬁ??wzsz®%ﬁ@ﬁHﬁ¢%(mé%,A%ﬁ%ziwﬁmﬁﬁaa)@@?—
7 DONEPrEEN D,

4) BLEEHT O

75 R H SRR L VBB T CERENAT EhoEMLEE LS, Thbb, 7
7 X<l TPSIESOMMEREHOR YV SOME TN, —F, BEHEITHRAE DEE
BEMEOBNL SOPERENS VDXL, ERUEIENKRELSNLIY, 2BH

@
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B0 3EULOEZEMEMEINIEEGPRE L, (DR, BRARKAMIIHALLH%
EETIN DY, 77 vy P EOHMITEINOBUSNERTH S, SLUEETHRERHKI -
WIS 34 i ik A,

5) b L E)

bUF YL EEREYE TS, LeMoEES FEENNFTHS T E, PSIICRET B,
EiaeER T -9 BIEFCLEVEOESE NS, SHOMENEAPNIBBELLTAB I
T b, BEMA~D ) F 9 L EFEEPEEM DA vy P EFEMT 22Hi, ~YFY
LRFDA T 7T — v OREMTORMG, BETOMEREHEFIERE L THri
B 50, £, CNoDOBEFHICEHARRLEEPEFHENEOENAREIIERLFEE
KSR TH A D,

6) Wi TRESIRE

SEARHEBR AR T AME RS FEE CHER 4 A SEEF T OEBSIC L AEE
R, BBEYEEOBR(LOTEREMENSE S, HEDE A, +HREHENE
SNAHZRMESHMFRESEALDTV I S s, BENRFARE L/-ERH - G &, 14
MeV ol iR L 5 A h =2 OF 6T LTEY, TOMEEEEZEET LI FES LN
T,

(2} EHAERSLH
1) Buid b X CBE R

BT~ & AR OE A 5 e T B7: b, FIEEM (FERY, INTOR? FED)
5 E LB AR (RHERE, STARFIREY, MUWMAKZ) o 42 0t
o FE I BBLOT A "—7 71) I s REORREZTHETL, LEED Table 3.1.3 i0F
E¥t, T FEREINTOREBE LT3 Xv T4 25 72 »M¥5 2 —# % Table
3.1.4 ML TR P,

(1) EEEEE

FER % INTORZ &6 A @ F BTy DO 1 BERMAGF R I —RIT 0.1 MW, /m? % £/ ko)
BRETHE, L7 7 A2 H0RKEHELIEE 77 Xvbh o | B O BE
WHOH 0L MW, ' &5 5720 THL, FEDERV I XHHCE KEHICELLOLOT, #
MEDE N, L LERs, HORARBTERT S LEESRIOFELBND 1
SELTEAGNS O TERFHEOS 1 BORIMARIIZ 01 ~0.2MW m? K755 & &
AN D, T, FAN— T I A who OENAPLT 7 X ofitid s ahiFi £ B8,
ERARRNICZ EETIZ03~ I MW m? ORI E S S 2 aietkddh 5, #7150, T
NiE 75 Xv O d SREE LT ABTES RS L,

SLIEBFEOE |BTE, BOWENAZVOT, TR ILIERBOEE4EEY
BEEMTEIIG, b5, BETERAMNS I MW, m*BE OREF CIEEBEENE 10
MW,/ m® &% 0, RES I0mmEBETHD CLHhd ROBAFSLEEOREARE ST 5,
LictioT, BEERTH, HRERRSEZEZEELLEROMNEELLS S,

FAN—F Y I FRATEBODTRERAE -7 EZH>EERNAEZT, &5 111 72T
FE 7S CORABFRREMV M’ ~ 10MW, m* iKZET 5, BHicHkoTEHTHD
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BE&be7 b )7 RCRT EEEEED, BEHOERIEER > Td, THARLD S A
N=5 )15 REDRRRERE 2~5 MW/ m* L1455,

EREFETENBEHIEK I RET e FO LA L FPRFLSTRERRTEELT
BIBCEFASN S, FPETEAEPERFOBED I ~4E5E0207T, H1BEOHK
AR T~ I MW, m? Bl &7 B, BREBRFERIFORSITHATEDE &ML
5, T 5, BRAEIIOMWV m®~40 MW m® &7 2H, B - BEOBESHCEE
ER2mmBEECHREZNLIOT, ERACLZ2ABHEIETRAREONEBTH S, AN
B g 754> 5 7' 5 Z < B IR T 100s ~ 1000s , ERF TR ERER &7 53T
MR TH 5, MESEIE NG 7 7 Xw x5 10s LI EORE N ZZ T ERIR
EBERLHEEL OGNS,
iy #2257 vav

F 4RV a YL TEAEESAKS VS, B IENMEROBRANEZIT ADIEA
AV —79AwF 257 Ya v (Major Plasma Disruption) (ROEH 7T v FHT
H5, ERFCHBHERE, $4h 577 XvBEROFMERME 5ms~20ms THY, 2
WG —F v/ EEELTIOMW m? ~340MW, /m* & FRESN TS, LiL, INTOR
DEFTERLOBOBRAGRKRYE, LO0FVEAREORFGAERECH L r— 2 ELTRITE
0", dh TIACEROLT (M) 2 24F) REREICF (X T Ve Y T AL
F-AZHdEA - F) 15 DRAZCE > TR TIOMW/m? ORRHRERZT 5505 5
+HEESNTOE )

A= SNIIPT A ST Y 2 YIRICZDHEAFRRIC>OTIR, E 1 EOEARER
HEEMS RS A, BAERTIE S ms~20ms, SABFEH T 115 MW, m? ~ 1000 MW m°
ETFBENTV B, F13—5, 15 REA~OHRERPRALTLDE, R Ty FITh
VoBRs I yFETHD, FIESLHENEELSONTVWE, O, BRaREEs, 8
0lms KIEHEVIEEEHE

FHENFEOF 4+ 27 7y a vt L CIERFOESGL BICAEEES R E 0D, 74
A7 7w a RIS 25 ms ~ 100 ms, BABRFISH 40 MW, 'm® ~§7 I50MW m* & F
HanTo s, LeLars, ZThAR 20 TEHSBROMFIC L TEEIN L 0E N K E
Vi, VTR I T T (Fu RS T g YRCESPHICT I AEELSESE) EO
F4 AR5 a vEHOWMTILED SN EANETHILEEZLNTY B,

F1, Fa4A77 Ve JEEERTE, MESTCHET 2HEETEROFERINSEE
AoNBIENG, THUBNTZALFEEZ L7201, 1 ~2s BECRERMBEMTOE
BeERzNLD,

P&y, RABRE THEL SN IBRESLUBEMERIL, Table 231 &% &9
frkHie, F4R3Tva YERBERFRTI, HI10MW m' ~3 100MW “m® X 1 ms~
e, BEEEHBEHELZARTIR, 05MW,/ m* ~HMW, m’ x$10s 2l E (E8) &&
Zbh b,

Pig 3.1.3 L FER " & L0 INTORY @ v 4 1) # e 4 5 BAHRI £ IE ORBRE
(60kWEB™, NBIEM2=y 1) COERRMHAE EHTR L, KD, TiLEH
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BT I0M M fi#& &78- T 5, BMEOKREFIC B2 HREMT, HODEHE,
RGO WS X 5 S e a2 E v, Libl, Fr 257 s v+ 4@, s
BHAME < (0.1~ 1ms), BUHOKE LHEIC BEsh2EE050° , 0L ki
HOEBNERE SN TOALL CEhbhdh 5,

2) HBaArik B EEEE ‘

77 Reidmas OB AMEYE, BREO-FEEE LAEAE T3 0REBEDY 4
R NRNT L R e P ORI AR W TERE NS, ST, 77 Xwimikisomn
FoRAREEMET 5T, Y0 HBETEs LUNEAFERREC >V TRE 21T - 12,

(1) B E e

BEERGOBARM AR LAERE LT, MEE T 225 &8 « fteiticig e
LEOMEL, T, REGSMIEGHICT BT, EREL (AR ANEEHEX
BIRIZ IS CE Mg b, EAODSTERUGRBEET HIEE0, ELREEEEXRE I
RS 5 AR BRI, Fig 314" OBLTHS, Deissler 2, 7l OSMMIE DIC
W HHERMES Le Ol Le D2 0L TFTHASI ELTNE ), ChiDd, HEKDE
mEXKEORE S Le /D=10~20RE -d20BELTHED.

—7, FERBI1BBLU I -y RBROFEMERE 10~20mmBE THLEM0, &
KAG 400 mm OREIEXMBLHEL LS, EESHORELCHEETH - mBEBRLER
FTEHLBICRDIECESEEEREXBEID 2 ~ 3FLLEDBERBESEE NG I, REE
F3# 1000 mm LA ASEREN 5, F7, WHERIRHRERORBERIEC L, TR
BT BT ME S OHRBHEOERRETS T Eh S, L H~10Fr r2ntbd
SHUBAPLERTSH L, T8HB, F4— 5K (26mm) PH—F 1) 15 (80 mm)DF +
Yavige 6, BECEBREREN 00 mmE ETHD, o2 —ELARANES L
HIEHERENS, TAbL, HBETERELT, #1000 mm X 300 mm, 2fE THE &
LT, #5500 mmx 300 mmPBpETH B,

B S IcE T AEB AT OGS HEYORE ICERYT 257, B ARG
JIOH 1 BE LB EOWBEIC L ARG EEREIT ST, o g uaicbiid b b
17289 2 —w DL EBBBEESNE, £/, FoA S HRNTIRE - HEESAEET 2
DRI OEHP oM 1 mOEERNEYN THBE, 7705y Mid, TV a—lghs] ~
ImMTHLCEACHRBETEIN imx 1mE EClOeRaREREEXS5Z 5 L0HE
KENEZ, F45—FF{id, TV a—MBEH 1L4AmBETH Y, £BE L OBE/EOREL
&G, PoA S HEEORBKIEEH 0O mTLENEEZLNS,

EARBHEE STy 77 v 7ERKE, BIBO 130Ty 77y 7RE, 54,5
§ T REERBEEYOMBRTORRSUNETH 5,
it FaA737v g

BRTDHEATIC BN THEE 1, 51 5—5 )35 7T 5 A~lREMICTF7 4 b
LEDOT —wEBTLEBEV, TOT7—7idF 42T T v a YRS BB AR
B2 Ed, T-vOESEREKTLIENG, BERI0mm DS 4 Wk &5 DM T
HEH, F4RT T2 HBOREMECHATET v MOBEMEFEIT T AR, s
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HIHROT —= 51 MBI, BRAMESAZ SN LENUETH S,
Et, @B 1EORSE 3 S EOBHRK AR LS A, WKT L ARG
() 7%y, B EOMOBEI AT T ERNELL, SRS 18, REOC, F3E
WmmBFThE &M, COBEICEKELSNZRBMERBRNOmmMEZL S
%

—F, BEFHROES 3 & A HEATERO PR TR ORI OB T &
MERINAZ LD, BIHMEM ((2at) O2FLL TR NER SV, T, a:
BB, t o BEITH L, FIAE s BORLEEBEEISHEC SO TUTOL 5 TH 5,
foH L, BHEOWEEIAEERE ( (Tn+To) 7 2. Tm: && (K), To: #IHERE
(300K )Y DEAERWV, 5774 FTid 2000 K DE & L7,

32T i A8 3.2 mm
777 A (IG—110) 5.2 mm
FYT AT 9.3 mm
Tl = A 128 mm

THhL, 2TOMEICHL TAAMEROE S4AK 25 mm ELE &4 dud, duk T SFmAy
BIOBRED SR, 1 ROMERDIROETEE L DK b, ok, BAGEHE
B 30mm X 30mmEl LE T A EBEMLEEZ SN S,

HERE T & LT RESMICAENEZ I AR ECRBEORBENIC L 2HEOZEE LE
BLTOACELESFNI00mmE E&ET 50808552,

PIEoBEERS S, BIERE, 70 R7 7 Ve YEEBERFZRE L EEEREEE)
WHENERO L (B BEBERRE) o0 THI00KWELLE, ®oEy 27y 7 EiLE
BRAS OEEEERAESEEN S L THMWARE LT S, 00 DHRITFER% Table
2311 F L0, CNOORFTOEBRENE (BN AEMAER) OHHE, SHFE&E
TOEBSEME & BITFig 3.1.5 KA L7,

3.1.3  ERRES - RitaRat

(1 #® =
SEBMHKS D (High Heat Flux Test Facilities) 377 = 5 0 &8 5 %
TEBEMBAEL, SEMEME (E18, §4-5,134, RFT7TY7+ELZER O

HE R AANETEHEDOTH D, TOLIUMHERE LT, BECHEHER /& 00

~200kW) %, F4 A7 7 vavEIOBRRERERTE L L, MRROES BE, Z@5

fi, FEEIGES) ARBERCHETE A&, FHMKBNEETHLCLEEDRHEEET
BF 427 T vEAEREEE (HHAFTF—1) &, KRHEOEME (& 1MW) TR

BOEINFXBR S TN ATRSABMRRER (HHFTF-2) B 0B EE2 05, 22T
13, HricBE2ICHEOEENEENS HHFTE — 1 O#ETE: () 2l T o,

(2) FERMHGE

@D %1MmHT—va4w1&E§)uL®ﬁﬁm,%MMMwAﬁuimﬁﬁﬁéﬁzé
N5 &,
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—HT%H 7100 kW L E,
© HEFIRTY -2l TEIREIZ0EBA (W IimXx Imx 05m) 2HEBETE5
&

SBEZEF p N X2 mX 2m X 2mBLE,
® BFHROFRM GRE, W96, BHALE) 2BERCFMEEEET, ¥4 2577 va Vi
DIEEDRERMARABRTE 5L,
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%4, HIP RGHHESED ETH L), —BRIVSLRESELANLISENESLSNTH S,
I B SR — i TR Ta S D LT, HIPEREBKEC XAGEERETH
5, 2ot HIPETIE, BHOFK (KE, ehfm) CBRE < gadialfe s 5, HIPEk
D& —H oL, BEESBRAECI S WHBE TR ISL W Lo, BEHMOHE
WP L CRMIGE AP TE 580D 5,

MY DA SN D A kS & LT, TLP (Transient Liquid Phase) #,
B - LEEE (EBW), L — S (LW) BEx 505, f1T6 TLPHER, BRES
THAHERW DLW S ZERLD, BELSZEEO L DESITLZEENLLL, BaEEH» 5
ZHAEBRNO—FLESEE L TBDTERNTH 5, TLPEIL, EERE M XU KEh &
THo>BMICE L A KD A w4 — b EEAL, MBI LT v — MR —HERE
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#, FILICEARE TRERERET 2 Sk DFREFEERT S, CNICkD, BEHE
B &RHEic 5, TLPikR, BEHEECOLIINRELESEAELTE LY,
PFEDEEZSEZ Fig 3.41 OBMEIREE VTR, E—BOBESCETHED HIPEE,
BAEBF P OoTREB ORI ES IR AETENO TLPEBOBR A18E L, 72,
ELEROEGIENNOD TICHAEEE ., (MOESMWACH L THEHEENOFET £ -
LABEREOHEMEME Uiz, 6, KRl Tngunds, Ml lsloEeHcl, 1T
BECNMIREET = » 7 T2 OTEREL LUBREGKME 7 =« v 73 2700H O #ER
# (BEEEEHA: UT, BEHES: RT) 208N EK T L oLt sh I,
BIfETHEO—Fl&E L TFig 341 TEAZ/LBEENOR &DEE T 2EIEEEE LUR
& DOFELAH%E Table 34.2 iRt HIPEIHE LCERHOZELPELOB/NMHRE
L7105, TLPEBELTE, 4 ¥~ " HMOBRENSSE THL, &7, HIAEMOEED
HAEMEL TS TLP, EBWEEC 2WTIE, WBOEEF + v EEFROEREGEE
WHFRIEE L7355, FEERECOVTE, B -BOBERIGHaIT 57 HOME HEM T
DEFEBLUCHEI KR v 2 7 4 OIS ELURITEE L85,
(2] ~= 7Bl E

Li, O NE~TIWOEETH S Fig. 3.4.2 10,

INERTOBLE B THR AT T 2L, DHEN, EREN, BHRERsIU~T
DORBEARKITH S,

INFE TOTFHWRT L SSEHREMICH LTELEELON ST (BB Leh ok
E OB LR &DOHESHEB % Table 3.4.3 iTR7,

3.4.3  FERE - RIS
(1) 7524y b EROUIERN

75 2 b ERORERINEAR I N BT ES & U % ORI, Table 3.4.2 AL
B THS, :

HIP%EE O N4 Fig 34.3Knd, ET - LHBEEBE >0 TH, F2ETAL LU
WAEZER OIS Fig 3.44 B LU Fig 345 € ¥hEFhiRd, £/, Fig 346 —+
B E ORI 2R o,

(2) ~ 7 BlLEH

~ T A BLETT IC LIRS & £ OB (18 i3 Table 343 KRLAED TH 2,

~TUFARBCLECEECE L TR, RERETHL, ToMBARE R,

- EHEE . 20Ton

<R AE 0 BT AL

& E 0 1IG '

k& . 2£30mm

< B ¥ ¥ o 10~ 20Hz
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AP TRIT L AR RBOLAREZHE L/, (TR, —20#% (BE77 7y
FEIR R BRIERR - 1) KSBaMAERERR CARBERRM fetEBREL, MoBK
CER 7 7 vy MERERMER - 1) CREHNERRECHEL INIERELTREET S
DEREL 72, BT 7 vy FARHBEER - 1 ORBH % Fig 2311, BE7 7> 7y
FEAF BRI OEEEETH A Fig 23.2 8L U Fig 35.1cg Lo,
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Table 3.1.1 Environmental Conditions of High Heat Flux components

£ B FY *H R P
M FREAE (MW/m?) 0.88~1.5 3~ 4
o B B T (MW-yr/m?) 0.3~6 15~20
O
REHGRE (MW/m?)} 58 1 &% 0.1~0.2 0.8~1.0
FAR-%/%3% 2~5 2~5
% 5 B3R (MW/m*} 10~15 35~ 40
BT &
MR (n/m?-sec) 3~ §Hx10%° ?
MR T L F — (eV) x 200 ?
HELE — R
BR 3% B R (sec) 100~ 2000 &R
+ 1 LB (|l ~ 250 -
F4 AT T vay
MR IL¥— (MI/m?) 1.3~1.7 2~4
78 i [BF i (msec) 15~150 50~ 100
E) = (&) ~ 1000 -

¥*1 FER,INTOR 7z &
*2 STARFIRE,SPTR-P 4z &
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Table 3.1.2 Test Items for High Heat Flux Components (1/2)

Single Effects
1. Thermal-hydraulics

0 Heat Transfer for One-sided Heating
- single channel -
1) Water Coolant
i) non-boiling heat transfer
rectangular, circular etc.
ii) boiling heat transfer
_ONB heat flux
DNB heat flux
flow stability with subcooled nucleate boiling
2) Gaseous Coolant (He)
3) Ligquid Metal
4} Heat Transfer Enhancement
- multiple channel -
1) Flow Distribution
2] Flow Blockage

o Verification of Analytical Tools for Design

2. Thermo-mechanical Responses
0 Thermal Fatigue
0 Bonding Integrity especially Duplex Structures
W-Cu , Graphite-Cu/SS, Surface Coating etc.

o Verification of Analytical Tools

3. Surface Behavior at Disruption
0 Melting, Evaporation and Solidification
o Crack Initiation and Propagation

o Verification of Analytical Tools
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Table 3.1.2 Test Items for High Heat Flux Components (2/2)

Multiple Effects

1. Restraint
0 Thermal Fatigue under Restraint Conditions

0 Crack Growth under Restraint Conditions

2. Electromagnetic Force
o Melt Layer Stability
o Crack Growth by Electrémagnetic Force
o MHD Effects for Liquid Metal Coolant

3. Plasma Material Interaction
Physical Sputtering Erosion
Chemical Sputtering Erosion

Redeposition

c O O C

Change of Surface Structure
segregation etc.

Hydrogen Implantation

Q

4. Neutron
o Irradiation Effects
embrittiement
creep/fatigue
swelling etc.

o Volumetric Heating

Integrated/Component Test
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Table 3.1.4 Parameters of disruption

Reactor FER INTOR
Major Minor
Frequency 10-3 10-3 5x10-3
Disruption Time 5 ms 20 ms 20 ws
(2nd iﬁi%i;l quench) (reference) (reference)
15 =ms 5 ms 5 ms
(3rd zz:gz;t quench) (alternative) (alternative)
Total Energy 180 MI 260 MJ
Ezzzgil plasma 150 MJ 230 MJ
Magnetic field 30 MJ 60 MI

energy

Distribution for
Energy Dissipation

to divertor

to first wall

60 MI(40% of thermal
energy) with same
spatial distribution
in a normal opera-
tion

at 2nd stage

60 MJI(50% of the

rest of total energy)
to 30% area of first

wall at inboard side

with an added peaking
factor 2 at 3rd stage

60 MI(50%) uniformly
at 3rd stage

80 MJ(part of ther-
mal energy) with
same spatial distri-
bution in a normal
operation

80 MI(part of ther-
mal energy) to 30%

area of first wall

(inside,top,bottom)
with an added peak-
ing factor 2

70 MJ(the rest of
thermal energy) and
60 MI(field energy)
uniformly

50 MJI{part of ther-
mal energy) with
same spatial distri-
bution in a normal
operation

Peak Energy Flux
divertor

first wall

300 J/cm?
131 J/cm?

230 J/cm?
175 J/em?

170 J/cm?
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Table 3.2.2 Major specifications of pumps and blower

in thermal-hydraulic test facility

Pump I

type

fluid

inlet pressure
inlet temperature
head

flow rate

Pump TT

type

fluid

inlet pressure
inlet temperature
head

flow rate

Blower

type

irdlet pressure
inlet temperature
pressure ratio

flow rate

volute pump

H;0

0.1 MPa

room temperature
< 160 ~ 50 m

5 5 m°/h

volute pump

H-O

0.1 MPa

room temperaturg
< 10 ~ 50 m

< 200 m3/h

centrifugal

0.1 MPa

room temperature
2

£ 500 m3/h

N
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Table 4,1.3 Characteristics of the typical chemical reaction
(Oxidization of Methan)

I N v CHs =202 ~»CO; + 2H:0

OB R 2128 keal “mol —CHs

BUGBES R ~ 500 °C (Mbf{E AR

Abgt fHEE TUIFEEAE LS Iy oLy P RIERT

(AR IZIEERIMEAFE/SAS R & DESLE)

gyt Pt FEEE

RO %  TRBUE (£ 9 vt L1k

REOE | 21keal /mol

T oL (500 °C & 600 °CT 14 fEORIGHEH)
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Table 4.1.4 Effective thermal conductivity of pécked column

*1) *2)
CASE | FLUID SOLID| T € |eg | Dp Uy ‘e A
(°0) (mm) | (em/s) | (W/mK) | (W/mK)
1 He Lis0 400 | 0.3]0.3| 3 2 1.98 1.14
2 He Li, 0 | 600 | 0.3 | 0.3 | 3 2 1.93 1.30
3 He Li, 0 | 800 | 0.3 0.3 L 2 1.77 1.33
4 He Li0 | 800 | 0.3 /0.3 3 0 1.90 1.45
5 He Li,0 | 800 | 0.3 |0.3| 3 1 L.90 1.45
6 He Li,0 | 800 | 0.3 0.3 3 2 1.90 1.45
7 He Li,0 | 800 | 0.3 |0.3! 3 5 1.90 1.45
8 He Li,0 | 800 | 0.3 0.3 3 10 1.91 1.46
9 He Li,0 | 800 | 0.3 0.3 5 2 2.03 1.57
10 He Li,0 | 800 | 0.3 |0 3 2 1.71 | 1.27
11 He Li,O0 | 800 | 0.4 10.3| 3 2 1.45 1.45
12 He Li,0 |1000 | 0.3 | 0.3 3 2 1.90 l.61
13 He Be 800 | 0.3 ] 0.5 3 2 6.13 2.86
T : Temperature
e i Voild Fraction
eﬁ Emissivity of Pebble
Dp : Pebble Diameter
U, ¢ Superficial Velocity
Ae : Effective Thermal Conductivity (bulk)

Ay ¢ Effective Thermal Conductivity (near wall)

*1) Fluid Pressure is 0.1 MPa in every Case.

*#2) Within the Distance of Dp from wall, Vodid

Fraction is 0.7 in every Case.

- 102 —




JAERI-M B9-202

Table 4.1.5 Effective thermal conductivity increment due teo
gas flow with various pebble diameters, packing
fractions and superficial velocities

T

T Dy | fp " o -1 @
Co | @ | D /o Uo (a/s)
0.1 | o.5 1.0 5.0 | 10.0
70 1.77 | 0.132 | 0.659 | 1.32 6.59 | 13.2
L g 1.30 | 0.179 | 0.897 | 1.79 8.97 | 17.9
70 1.90 | 0.368 | 1.84 | 3.68 | 18.4 | 36.8
800 3 60 1.45 | 0.483 | 2.41 | 4.83 | 24.1 | 48.3
70 2.04 | 0.572 | 2.86 | 5.72 | 28.6 | 57.2
> | 60 1.60 | 0.729 | 3.65 | 7.29 | 36.5 | 72.9
T ¢ Temperature Agml i Effective Thermal Conductivity
Dp . Dobble Diameter Increment due to Fas Flow
fp . Packing Fraction Ug : Superficial Velocity
A : Effective Thermal Conductivity

without Gas Flow
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Table 4.2.2 Deflection and bending stress
of rectangular plates
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L2 EER BlfzE  -mmm- Bl
Lt e | et AR HE W,
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P pat
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2 7
i 2
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o . r! max=f 3 e .
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e 5 2 LEE : .
M52 D ba, a>biTlBiT
oy w  —ai DB
max oh? 9
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x ol , Eb
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. pbe
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“sanEE
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Nuclear Heating Resistive Wire Heating

Fig. 4.1.2 Temperature profiles for section LiAlO,/Be BOT
geometryz) near the first wall, under fusion
reactor and discrete-wire heating (An example)
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+ Effective Thermal Conductivity Increment due to Gas Flow
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Fig. 4.1.5 Effective thermal conductivity increment due to
gas flow as a function of superficial velocity
with various pebble diameters and packing fractions
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Fig. 4.2.5 Responses of maximum eddy currents
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Fig. 4.2.6 Responses of maximum electromagnetic force
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Fig. 4.2.7 Maximum eddy current as a function of scale factor
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Fig. 4.2.8 Maximum electromagnetic force as a function of scale factor
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Fig. 4.2.9 Maximum shear stress as a function of scale factor
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