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Abstract

It is necessary for the divertor plates of fusion reactor to be equipped with actively
cooled structures since it’s subjected to an extremely high heat load from the fusion plasma.
Thermal response tests were performed on a flat-type of divertor mock-up consisting of
bonded CFC tiles on an OFHC-Cu block. The CFC tile of this mock-up was exposed to
one-side heat loads by using the electron beam up to 10 MW/m?® The temperatures at the
surface and the inside of this mock-up were measured under various coolant water conditions.
The temperature of this mock-up was found to be independent of the pressure of the coolant
water by ranging from 0.2 to 4 MPa. The mock-up temperature decreased with increase in
coolant velocity and with decrease in inlet temperature. The critical heat load at 1200°C was
about 6 MW/m? at the coolant temperature of 20°C. This critical heat load was decreased
by 1.5 MW/m? at a coolant temperature of 50°C compared to that of 20°C. In the case of the
inlet coolant temperature at RT, the surface temperature was kept below 1200°C at 6 MW/
m?  This mock-up can be applied for LHD divertor plates in the operational condition of 5
MW/m? for 10s.
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THEFEHINTBY, FAN—FIREEED SHEHIGEHT 2088 DH 5,

LHD DA =3 E LT, BRR &Y 4 7OGBEBERLIEZL 5N T 3050, EfHOo—D L L
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DRFZEBRMPLE T A N—F Z AN LU THERT 28548, REOIREHEEEZE (Radiation Enhanced
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1 KARERCHERSI NS N EERREO/NES L CWHEKER T, Ihik, 77 v
NF A T LTINS & DT, NELI0mOBEEHIOWTL 5 HEE 8 (Oxygen Free High Conductiv-
ity Copper ; OFHC-Cw)®» 7 vy 7 iz, 3WORZBHEESH (Carbon / Carbon Fiber
Composite ; CFC LUF CFC EIgED) By A v %, uvElR A s ESE L w5, CFC
& A N3 HIAERERELD 2 koed CFC ## PCC-2SWT, 30X 23X 10mmD K & & TH 5%, CFC #i
WHEOT R TIEHEENRELS B 5, FRBETHE, HeEELZAAL, BHECEERZES
30mmD HFNCEMEE R IR E {2 XD WCEA L, BEBOE S BH50um T, #164% DR&
3% DB L VP EDF & 5% 5 u vEIE AT, K800 CcB W THE CFC ¥ A Va#E
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HIZ 3 AFET 72, RIEE 1 DR dT &5, HEEE P S CFCH A VAR Im, 3m, EHBFE
FAECImDUBETH 5, IO DR Y —AMAEN2FHEA L, BBETROESEMTOE
ERRIELz, BT EK, TCH#, TC#, TCH#3EMELET 2T %,

2 .2 BFE—LBEHERRER (EBTS) nHiE

EERIEE LT, KET VS — 2 > F 4 7 ESIHFEERT (Sandia National Laboratories,
Albugurque NM) 0BF Y — LA METFHAESEE (Electron Beam Test System ; EBTS AT
EBTS &BEED OO U7z, 2 EBTS o4 %2 d, EBTS i3IS EEKY, HAS
7 —30kW OBTE—ABEEBTH B, 51 N — 5 BEESABRE R T wEH KO ®E, KEB L U
BEAEMECLILOTELWRYATLEEL, ROHETERLMIICHHIZEEZRET S
ZEMTEDL, BYE—LBHETOABORELHRETIET A A AT L, RARELZHET S
IR (300~1300°C) & &iRIEk (1000~3000°C) DFRAMBERRERH P T 6 Tw b, E72, &
BEEO 2 RITBESHERETZ IR AATIHIFTFEN TR S,

ELECTRON GUN

QD (30 kW)

IR CAMERA

VIDEQ CAMERA

ELECTRON BEAM

DIVERTOR MOCK-UP

COOLANT WATER INLET
THERMOCUPLE

®2 WBFC—LRAHEBREE EBTS OMRK.

REBTIE, BE 2T H 2 WD CFC ¥ 4 VO RIs B HIEREMA S E—20 35— %D {17,
FLD CFRC A MDD BHBEFE— LD~ BHESND IO Ui wHEOA Y O/ HOHE
WELD 0 7o B ER ST T, BEVKOBEERRIE LTz, BB AR L BIRE,
ZDHEHKDIBE LR 6 KD 7z, CFCHOFRERE 2 RIBENRETNC L D, AEOBREEZR
ERfRICHEA UTe & — ABIBEN I & D EIE L 7z,
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B2 DBHIEHF BT, BFE—AIK & 2EER & ABREDORE &L ORI DOV THEN,
EBTS kR0 B CHIE S hi: BR& B O Ml HIHESE (Active Cooling Test-
stand ; ACT AT ACT L) O Tk, BEKOFEFIZFEASM/s, KEWEXO.SMPaBETH 5,
KEB T ACT TITZ R WHEHIRMGETEREITo 72, T4b 5, BEHKORBEINEL ,, KEVE
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WEETHD, ELAOOKEPERLIDDFOVEFECBLTLERL:, 81 KKRERDOGEH
&R Rd Run #1 & Run 2138 HIKOFHED A 2L 8 ¥ 72454 Gm/s, 10m/s) DFEEREDER
E%, Run#2 & Run #33KE2EL 8 ¥ 72854 (1.0MP, 4.0MPa) DEE ®HET 5 7- » DER
TH5, Run#4, Run #58 X U Run #61%, AE, B L UKEEFFEBCEMLS BT, WME%2X
BIEL, KEREL, KiEE2EL L, Run#l~Run #3ICHRTREGIENTL b L R5HD
EFHENBEMFHEEL T,

Rl FERTRELHEE

Run Heztrilux Shot Duration Flow Velocity Pressure Inlet Temp.
Number ; (mm?) : (s) (m/s) (MPa) o)
60 ' 5.0 Lo 20
""""""""""""""""""""""""" 60 i 100 i 10 i 20
"""""""""""""""" 60 . 100 | 40 . a
"""""""" 60 . 90 i 30 i s
""""""""""""""""""""""""""" 0 15 25 g
""""""""""""""""""""""""""""" 0 i 60 i 20 i 120

3. BREEE

3 .1 HEBRERENREEL

BFE—LARBE L&D, FEEORER L URNIEE L GHKOEE FREOREN =K
3ICART . WHIKDOFEHEZ10m/s, KE%1.0MPa, ALEITOAE%20°C(Run #2) WBREL T,
9.3 MW/m*OEFE % BRI LI BETH 2. ETE— LB ZEIAT 2 L FERC, 3B
EORE, NEFBESB & CHEAKOEBEERZEREL, 200BETCHTIhOBEDIFIF—EE >,
FERTE, BBEORES L UBHIKOBENS—BER>RBESOBIKAOEE LE»S, A
SREREERDIZ, T, TOLEDEED > THBEOERL L URPEE L L, BHI&ES
Bz rEbs e Lz,
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E— LBHER fRERT

3 ANy EESREOBREELORER.
(ASTEIREI . SMW/m?, FH10m/s, KFE1.0MPa, Zk¥E20°C)
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3. 2 TEKTEE

41k, BB AR 2B HEL2ELE L EDCFC YA VORERE L, BLBHE T
WIS OEEN TCHDEEER LI DTH 5, BFHIKDKERL.0MPa, ADEE*20°CE
LT, D & %25m/s(Run #1) & 10m/s(Run #2) W L & B2, ME DB 5m/s D DRE B &

VPEEENE oo Tz, BEROFEEIDZ L, BEEE/H10m/s OB ITHART/En
D2l TH B,
2500 T T T T 500
"} }Run#l Tsudiemf ux 5
~ ——
© 2000 3400 &
~— C W
g —o— &
5 1500 1300 2
2 v 8
g ‘ g
& 1000 o"% 200 ©
@ 500 100
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Heat Flux (MW/m?)

4 WHROWHEEZL S R IFS ORI ORE
B L UPIENERREE & ARBTR. GREL OMPa, 7KiE20°C)

RERFEOEBRRTH 2 REBESI200°CIIET 5 £ & O AFEGIRIE, FE5m/s DB
EW X5 SMW/meTH 5 DR L, Fs 2 52 5 72358, 0.5MW/ m#2E F 5 LEMW/m?
Loz, WHEMN2MEHEL Z->Th, HFETEZRMERDEIOKRELL Zohh ol

T ABm/s DEFE, SMW/m2LL EQOBER 2 MZ TH, NERRE TCHOEIIZIZACTH -
720 TOERT, BFE—LOBETICBEANERET 2 2 L 2RTEBERLENBEHE» SH
Z2TBY, BEENCSEIASIRE L SESFRET ABBRENSEC T b0 L FRIaN S, FE
Uz KNS HIARIB L, BVEERPH LS00 BHERED TCH#3OEENE/LL L
RolErohsd,

3. 3 KREEKREH

BHKOFHEREE10m/s, AHRE%20°CE LT, KEDA%1.0MPa(Run #2) £ 4.0MPa (Run #
N, ZOLEORABEOEEEBES L U TCH3OERE L AN HEOBFEEZH S
Tt IIMW/m? % TOBER T, /KFEL.0MPa £4.0MPa D4, REB L UNIHEEIZIZ LA
EEBRo T, HEEWDO ACT kB W T, HURBEICH L T, fas55m/s THKES0. 20~
0.68MPa D4R CEOER 2R L TV B ,EBTS It B U 2 EBRB X U ACT TOEE XY,
0.2~4MPa QEHHEETIZ, LHD OBERBEHESHTH 510 MW/m?E T, FREGESIZKE
HWELEW I ENGmoTz,
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5 WHUROKEERZEL S ELBHEORREORE
38 & UPIERIRE £ ABERE. (F#10m/s, AiE20°C)

3. 3 KBMKRFEHE

BIETCal 7z & 512, RERRTIT - I /18 (1~4MPa) TIEEREGET WG EHIK QK E IR TE
LgnZehs, BEBKELELRTIE, WHKOKBOFER T2 LN TE 5,
61k, Run#2 (Fi#10m/s, /KEL.0MPa, #AiE20°C) & Run#d (F#9Im/s, KE3.0MPa, K
BS50°C) DB HIGH THER 2R RBEEORMBE Z T L T 5, M#iZom/s £10m/s T,
HEDENTVD, ADBOKENICER > TWb, ALDBIOKESFWSCCOBE DI,
FHRENEL R->TBY, AEHRRENSKE S B2 Lk, KEN0COEBEORTEE
EDBEELRELS > TWBE I LRG0Tz MW/ mPTRIIS00°CH DEVBE Uz, Lizdi-
T, REBELSEIFEZ2520E, BHIAKOANBERESLTB I LBLETH D,

2500 T T T T
Run#2 HeatJlFlux
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1500

1000
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Heat Flux (MW/m?)

6 WHIKOKEBE RIS CIGEOFBREORERE & ASEFE.
(Run#2 ; ##10m/s, &FE1.0MPa, 7iE20 °C, Run#4; H#9m/s, ARFE3.0MPa, #iES50 °C)

REFEPFHE TE 2RFD12000CITE T 2 BPIR I, wEIKO AMNRE220°CO%E, MW/
m*THBHDEXL, 50°COEEIF4.5MW/m*T, 1.5MW/m?*b{E ko7, 3. 28EITIRRT
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WHEDOFIR KT % &, M E10m/s »5ESD5m/s i LI2Ba L0 b, AE#30°CEL LT
50°CIc L7 & DR TE RTINS {, REBROZHETIIABOMBEDHTHTIE 25
KREWTZ EDBDH T,

FEBRTHEON T~ &0, BHAKOADRE 220°CICEE LEE, REBEH1200°CIZ
BT LBMER MW/ m* TH -7z, Ld5 T, SMW/m?, 10 E w3 LHD OWE0BET
FHIBWTH, KEBEL1200 CULTTE3 L WS Z S hoiz, L, LHD TFHS
N3 BRHMETTLO MW/ m2 T, RERE 2000 “CULEIC2 0, AEECHEEH L 7 REMEDE A
BEEL W I EWS o,

4. % & &

KEY v 7 4 TESFEROETF E— 2B AHRAEREE EBTS 2w, LHD DS 4 v — {5
BB OBARER 2T o7z, L HHIKDOEER2E 2, BEAREONEORES L UF
FREZAEL, UToEmE2ER,

BHIKDOFHDI5~10m/s THIEH20°CDEFE, dMPa LI T OKE TREGEEIOMW/m? £ Tk
FiZ X 2 RBEOBERECE R ko, LHL, SHKOFEREL T2 &, H20IiTEHE
KOAMBEZEL T L, BREAOEES L UNRRELZEL T2 LB TER, KERTH
S Te B HIAKDEETIE, WEOELD bAKEOEDOFBBREGE IR S {FET 2 2 L2855
molz,

BHKOA DBE S EBICHRET 2% 51F, MW/ m2OEE R & BT, REEEH1200°C
WET B WG ole, LicdSo> T, REERTHER USRI IESMW/m?, 10 &> LHD
HIREHERBOW T AN—FIRELTHMEATE R L2 B,

B B

AHgE I HAEMRER S H AR R T EERRS T O—H L L TUThhi ERIEB VT,
HEY VT 4 TENEROBEEHOEETH S Dr. M. Urlickson 72 5 TN EBTS DA ¥ v
TWREHHL T nie, TIXHERFRT 5,
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