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Structural Integrity of Heavy Liquid-Metal Target
Installed in Spallation Neutron Facility
Part 3 : Dynamic Stress Analyses of Flat-Type Target Container

Syuichi ISHIKURA, Hiroyuki KOGAWA, Masanori KAMINAGA
and Ryutaro HINO

Center for Neutron Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

( Received September 13, 2000 )

To estimate the structural integrity of the heavy liquid-metal (Hg) target
working as a spallation neutron source in a MW-class neutron scattering facility,
dynamic stress behaviors after the incident of a 5MW-pulsed proton beam were
analyzed. In the analyses, a flat-type target container with a semi-cylindrical
beam window, which is a simplified model of a cross-flow type target, was used as
an analytical model of the dynamic structural analysis code LS-DYNA. Pressure
waves leading to the dynamic stress were estimated by the LS-DYNA using
analytical results of the volumetric heat generation obtained under the proton
beam energy of 1.5GeV, 3GeV and 6GeV with uniform cross-sectional power
distribution in a rectangular beam profile.

As the results, it became clear that the maximum dynamic stress of 636MPa
was appeared under the beam conditions of 1.5GeV, 5MW with 50Hz of the beam
pulse frequency, which exceeds the allowable strength of ordinary austenitic
stainless steel such as type 316L stainless steel. In the case of the present
proton beam condition of 3GeV with 25Hz, the target container made of high-yield
strength alloy such as a ferritic steel F82H would be durable under the proton
beam power up to 2MW. The beam pulse intensity of 2MW proton beam power
with 25Hz corresponds to that of 4AMW with 50Hz.

Keywords: Structural Integrity, Heavy Liquid-Metal Target, Spallation
Neutron Source, Neutron Scattering Facility, Pulsed Proton
Beam, Flat-Type Target Container, Dynamic Stress, Pressure
Wave, Stress Analyses

il



JAERI-Tech 2000-069

B K
T Y A R 1
2. WiEERY —7 v FOEREPEE - 2
B - o 2
2.2 HEEREE LOFRIE o 2
S B N L 2 - 2
4. FEATET NV EWVEAE oo 4
4.1 FEATE T L moeemmrrer oo 4
42 BEEFLEN EROEREL - 4
4.3 7V ARBERER RN L DIRE B LIRS ER oo 5
5. 4 —70 v MNEGOBRIFMEAEYT - 6
S B e £ 6
5.2 F—7 v NE&DY A ¥ R UEPLDORALEFRYEE --oooeemmmmemmeeeeenees 7
53 ¥ —7 v NE&EDD A ¥ R UEPLDIESIRFRYEE --ooeevmmmmemmemmmnees 7
5.4 4 —7 v VER&HOL « TROED, &N ERMDOBEZIIE ----mmmmmmm 7
55 4 —7 v hNREIMBELIRDES, 51 E BRI OBGHITE ----mmemees 8
5.6 MTEHREET — & LB AN o 8
T 11
S 11
N 12
T8 ZKERH OBRRFREBC L D IKIRE S DFFF - ---ommommmmmmem s 30

iii



JAERI-Tech 2000-069

Contents
1_ Introduction ................................................................................................... 1
2. Structural Design Concept of the Heavy Liquid Metal Target --=«+=srseeorreeserererareneens 2
2.1 Structural Desigll Concept ........................................................................ 2
22 Structural Desig-n Problem ........................................................................ 2
3. Volumetric Heat Generation Caused by Spallation Reaction in the Target --------=--+-- 2
4. Structural Analytical Model and Material Properties cooceceereerseessmescinn.. 4
4‘1 Analytical Model ....................................................................................... 4
4.2 Basic Correlations for Temperature and Pressure Rises Estimation «-+«oerxseeeeeees 4
4.3 Temperature and Pressure Rises Caused by Pulsed Heat Generation «:-+cxereee- 5
5. Thermal Shock Analysis Of the Target Container ................................................ 6
5.1 Time History of Hg Pressure in the Target Container -:::+sssseeeeeeeseneneneneeeeeene 6
5.2 Time History of Displacement at the Beam Window of the Target Container------ 7
5.3 Time History of Stress at the Beam Window of the Target Container -«:+«:+exee- 7

5.4 Time History of Pressure, Stress, Displacement at Upper/Under Plates of the
Target Container ....................................................................................... 7

5.5 Time History of Pressure, Stress, Displacement at Flow Distribution Plates

in the Target CONEAINEE crrr srrrerrssrressseerserrootsettetstraiitattctssttsctscetesssacsctioncscne 8

56 Material Strength Data and Structural Integrlty .......................................... 8

6. Concluding Remarks ....................................................................................... 11
Acknowledgment ................................................................................................ 11
References ........................................................................................................ 12

Appendix: Analytical Results of Hg Pressure Caused by the Instant Pulsed Heat Generation
in the Mercury ...................................................................................................... 30

iv



JAERI-Tech 2000-069

1. LI

FEHF O RE R R & KEK O KBS Ko VEHEZ S U 7o RIRE RS -1 In#E R &t
B DT T, R R SREE B T IE 2R 2 0 - MW BB 0 hE F #EL EBRME R OB R 2 o
TV B0, T BELEBR MR OB FIRE 25 % —7 v MCiE, K SMW OB+
E— LUV ARG 1lus TART S, ZOVZRKBFE—L0B 2 —F v MARNTLH L&
DRSS TH —7 v PN TIEE kWiece OBEE OB REAET D, o=, ISIS FT
AObHNTWAREROBEEY —7 > hTiX, #—7y MMIZRET N L BFHREICE
DA —4y MEBERMSLEELZENELY, 22T, #—F7 v FEKOBELZERB L2
CTHIWEEEBOKIDERAWAIH LWMEEDZ —5  MEESHRRICREB I, &
B D Fx 72 & BN O K W % 7 IR 5 (ESS 3Hil : Europian Spallation Source
Project)®, K UK [E® SNS & (Spallation Neutron Source Project)®(Z 33\ TER & fa
MED LTV D,

AERZ —5 > Mz oW TIE, ER L7 K5IV ZRRBF E— LB AR 5 & B
JRIC L0 =4y M OKBICITBREHIEE L OB RAE L, BREFRIIC X 5 KROBY
RCIENEEELTE—F Y MEFIORBKRAREEZ D ZEPBEEINTWDS O, £Z
T, BrE—2 OV ZAARBICRETHABROENEICEY, F—F vy FEFOIEE L
BAETAISNEBEZ BT D7D A EfR L T& 7, ZHALETIC, RSB L
T R R RS BRAT = — N NMTC/JAERL I P+ R AR B OB v — A& 82 AL
THONLERASMED—a— o =7 ZFTFEROEZRIC, F—F7 v bMERKRE L TERD
ERELRD¥ERBUV AV U EETAIABESY —7 v b E2RICEITFEMEZ TV, KBS
DIEFBE DBRRECRAEIS N OERBFEELTE L7200, ZOMEEREZA T, BTFEe—
AT X —(1.5GeV, 3GeV KW 6GeV)& /"5 A—FZ I Llc=a—br=7 AHHER
ZRAVWT, SMW BF v — A AR OBRRERBIT 21T o7, AT, dRETH%
—5y b X BBV ERBEROY 4 FOREETHREY—5 v F & L. SMW
BFE—ARARTEIRCT —F v NEFITMbD ABMEIE N LI OMHTRER., RO
FNEEICUCGHEL 2B T E— L0 — EBENRSIHEDORRIZ W TR 5,
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2.1 HEERR LS

KB —5  FOBAFEIE, KEO SNSFHEKXR VI —1 v /30 ESS FHEIZB VT HIED
LBNTEY, WTFNHAKT BB F E— ATk LARERBIEAT L THRN, BT —AAHE
ERB T 4 FUBTRET 28 (KiHii 5 —Return-Flow Type) &AL T\ 5,
TR, Y—F v PRER Ry MITE, . BRENTOHENLOERY AL
B EMELTE2EORARH LI HOD, U RUMTORBRERALRET 272DV
4V RUBEFEOAKBRELZEDALENDH Y, BEMOT o —Va VPRREERD, S
BT, U4 v FUBME THRANKET 28I, BRERESCHEAOERREZEC TRy b
ARy NBETHIZD, FOHMFEIBRELR->TWD,

FIT, ZOXDREIREICE —7 v FRRRBIOB AN LT 5720, B —
LTkt LKEBOTNDRELT 54 —7 v MEE (72 2710 —J—Cross-Flow Type :
CFT) D&% ZBR L7, Fig2l KZOMEHELRT, AHETIE, FBRNHTOHEME
R ORAZMEI L2 >REEE IS CT-NMRRER S VB EBRTH X 517 L— FROJR
BOTRERET D, JIUILD, BRBEEOY—IBET DV 4~ FUEAHFICEE
RIRBOKBEE S TE DD, KBY—5 v FOBRETH D EEEOERELKRET
PHRANIPRET D Z ENFETH D,

72—y NEBOMEHZIIAER E OFffEN S SUS3I6L # AV, HEITF—7 v M
TRER DRSS 200mm, ZIHH OIS 500mm, &S 100mm, & & 800mm TH D, F#|H
BB L TABEBRBN-BEOEEK L LT He HAB L BEAKGHBEZMLT- 3 BERGHEE
& L. EEERIZHIT DA Sbar #BFE LTV 5,

2.2 HEaREr LORE

FOV AN 1ps DT E— L0 KEBY — 4~ MG L72bs, KERH ORERE RIS EIR ¢
IXBRRFORBMCTRE FREE24EUD, FRICHFEVKBIIBIRL L 5 L3525, BIEHOKE
NHEBBEREZ T 57010, REN ERTLIEBICERSPEREND, £0%, JEM
BONEDSEREIZABOKRE I LB CIEMS ORBIET, ZOBRKOBENE
P & 2o TRABICEIET 5, —Ji. 4—7 v FREBICOWTHASITHER U CTREEE
N EVWHEOD, UL HICHEEOBEAICIZEVIEHEEZE T, TNADNEBRT R %
T5, Ky NEBORSTHEERFTS 9 2T, 2hb 2 SOKENKL AR
BELTEBIIRETIHNCHREEHONICTHZLBEHFTHD

3 Z—7 v bR R A

BFE—AABCE D5 —4 o FTORBT, NMTC/JAERI 12 X 5 fRAT S0 % 312
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BRIE LT, ARG TIHRSFRORFTEMZ1T 5 o PR AR EIc BT 3B+ v — A%
HEEAL. BFE—ATRFX T 1.5GeV. 3GeV K1 6GeV &£ X TRIRDE Hik &
IS OB EE ZIEE T 2L L L, UTICBFE—a%&v2itt,

E— AN R E D) - SMW(50H2).
E— AT X —GRE) : 1.5GeV(3.33mA), 3GeV(1.67mA), 6GeV(0.83mA).
E— LYV ZBE s,
E— AWTE R - BRIE 13.3cm X #EIE 5.2cm DEE—HES .
BHREE 48pA/cm2(1.5GeV).

IOBFE—LMIE DY —5 Y PP LE EOREREE RS (CLE . R ES
EFES) % Fig.3.1 12”77, NMTCMJAERI IZE T A v a s I ab—a gl b0
(Zy %@%f%%*ﬁ'r% SR BIBEREMTATIYXRH D, TNEZBRISHEFT~DANERMGE LT
B 1oL, RO EE Tl O MR TERT 2 BN S 5, Fig.3.11d, £
Tﬁwﬂ%ﬁﬁ%%&ﬁf74774/9Ltﬁwﬁﬁ%mbfwéo

q(2) = ¢, (1= cye 00 )e e (3.1)

TITC, z3EhHREETCY =S v NEERNL DR, ci~es 1IT7 4 v T 4 T ERTH
D, FNFRNOTRNLX—|ZXT 5% Table 3.1 (2R3, = OOl oSG EE 45 4
DE— L OBBRARIIKADOERBESICLVRES,

0=[" [ [ q(z)dxdydz (3.2)

22T, Xy e — AR S R, xold B — ABTERIE O 1/2 T 6.65cm, yo it b — Lk
HRETE D 1/2 T 2.6cm, zo (L FEEAE X T 60cm TH D,

KB LD U — LB TCORBEOE NS Fig.3.2 IR T, HFTRAF—IZX LT
PP E—L 12302470 48.4kJ(1.5GeV), 41.6kd(3GeV). 34.2kJ(6GeV)TH v, B
WEITZENFN 48.4%(1.5GeV), 41.6%(3GeV), 34.2%(6GeV)E& 725, E—ALTRNLF
—DEL RDIEEREREINEL RAEMIZH B, TOBRAIFTRAXF—NEIRY
EEICR BIE Y E— A"Eh:jzz)w}ﬂl WL T 2 EBEL Y, REEEL BT H-HT
HDH, TORRRICOWVWTIL, R EIEBEEBETILENDH Y, ESS KT SNS #HHE
TIEE—LZRfAF—5 1~15GeV OFHFHETOZ —4 v NNOREBRELZEHERIZ 60%
ERELTVA, ARFHIBWTHERIZ 1.5GeV OFRH TREME 60% & L TRHLH
EHALZEETDH, TRNITKY | BB GRTAERICR LT 60/48.4=1.25 L 72
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V. 25% DB RE(-— V)R E2bNT-Z Eic b, Fin, BRI T HKE
IR DRI SV T HIRTFHICTHE T A 72010, B —A0EILER L T LD
v — AWEEIIEESFMCEDLLT —E LT 5,

4. FRETET V& iR

4.1 fEfrET IV

KR TOENHEDOHBEN L ¥ —F v NERICRET LN EZFMT 57201, Fig.2.l
DH—5y MEEEEBRERTET LT D, BITET MLIZ S o> T, HIEREEZ
+AHLECEXEBOEVWVGHE TR ROBEMLEH 72, EHATIHHFT=— N
LS-DYNA(Vr.940) T %, FENTET L OHETES Figd 1 IR T, FLimdFHER T,
HEIEAS 354.8mm. E XA 86.8mm. & &% 802.6mm OF/HUHRTH D, PLLHHD
91.75mm DAL B ASROFK & 45 72 OF BE SR (Baffle plate, E & 10mm) % 7%
. FOEBRIIAROEN - HOHOWBEERIT VD, F—7 v FEHOTREDIE
R OFEE. BT —A0WETECE LT ETIZH 15mm, £HICH 20mm DORHE
ERITHRELTCNWD, #—4 v NEBOREIIEN « IS NHREREICE C THROEIC
Bz TBY., #—Fy NEBIZY 4 > FYES AmmER T 587 — LT R F—
3GeV DT TIE 2.5mm O — 2 b &) T, FOMA 5mm, €7 L—F @ LK FF
WS T 7.5mm. BHOFOMOESE 10mm & L7,
ERTAHERERIARY SKRT8HAY ) v FEXRMEI R 1D 1 KRER), -7
FEBREIKRTATAY = LVEE (REFAES AL REFMBETRITET MELT
AR E RBOBEMOETT MMUIIRFAT 4 —EEAVE, £07H, KBLERIHLE
5HMICIEDEET AN, BIXEI FRICIIA2EELRVE =) Rk L LTHR
s d o itz d, RIEIZFIRY A, Thbb, H5HEUEDOADE I (cut-off J£
PRI ABSICIEF v ET— 2 a v ERITARENH S0, AR TIEF v BT —
vavORETER LR, BTHO L FEKIC, KBOBELFBRAT EL#EEY ) v PR
HAHOCHEEREAODHME LTET UELE, Thbh, TAMBIMERF LY,
Do KBO MM EMREI-ND & D ICKREROMMEE L L THEFMEFRENT 6.651MPa,
K7 Vit 0.49995(F kDR 7 v v bk 0.5)DfE % v 7z,

AT ET N OEHENEL Figd 2 (R, BITET VTN FRHEGZFIMALT 172
EFFLE LY, BEKIY—F Y VEBOY 2 VEFEN 10,642 BFR, KEOY Y v FE
#FH3 132,304 EX TH Y. REIAIKIT 152,494 HRTH D,

42 BELELEH EROERRK
ms®Nw1ﬁ%%5~bﬁmﬁ5—5ybﬁkﬁbtﬁtﬁﬁkﬁmﬁbfﬁW%ﬁ
HIBEN 2 & XDMREZ RO L HITEZR D,
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RGeS X DBREFRBNAQ IZ X A KBORE ERAT & BE LRI D KHEBIZRM
BURAD N L &0 (EEELEZ DRV ENER AP 2820 ERR) 5 E L
ETREARB, RA2DDOHEHFEIIFEFIRT,

<R ERAT
AT = AQ (4.1)
pe,
- [EH EHAP
ap=Prkr pp (4.2)

v

TIT, plAFEE, B, IXEETORBERMAE, ¢ TEFHELE, Krid%iE TOAKREHM
R TH D, £, EFMHECc, TEELRCc, LEEMTTTFATKRED,
_T,szv

cp—C, = =-TB,"vK, (4.3)
ar

Z 2T, TIdMEXHRE, vIIBRTHEEpOME, o I IFRERETH D,

RU2)TRLEX DI, MIHEMRBOHEICIIFRARBMEE Kr 2 V20, ENE
BB OISV TIE, FHENR E T2 EERRROFHED Ims LINTH S, ZD7
H, TORMITHIEBIER, BBNEE RRED 200, ERATIOMEMEL U TIIWRRRE
HMUEE Ks # VAL ENRH D, —FH. LS-DYNA TREAFERT H7-DICITEHABETA
NTHRLERHD, LS DYNA T, KBOYHEHE L L THAEEBER Ks 2 AN T 51
. HiAREEZEICMERSZHE T ORI, RAEZHW5,

AP = B,K AT 4.4)

I T, SHIRAM L WBE O REEAERIZ OV T H B L AR OBME Ks/Kr= ¢, /c, H
b5, ERBLEHC, ITEELHC, & DHy% Fig.4.3 12, SREFEBIER Kr & BrE b
PR Ks & D& % Fig.4.4 12777, LS-DYNA CRIUIHEHRBOBEEICII@ADEZHA NS
2, IPEFEROBEICACDREREA.2 LD &, R(4.49) T Ks/Kr =1.15 0 H1H
ERENELOND, ZhEHET S5-I, LS-DYNA TOAHNICBWTIRE LHICR
TAHME/REEY 1115 ELTAATHIEE LT,

4.3 NNVAREGHEREBICLHIBELREESALER

LAFIZ, K% —7 > MZ 1.5GeV, 3GeV, 6GeV DNV RBFE—ARAN LI-HE
DEMWRRT — 2 IESE, 1 V2BV OKBOEE LA L FNCEIEH LR
HET 5,

KBANEBMEEOL— 7 MEIX Fig3.1l IVFE—LTRAX—HZF—F v NERNMD
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) dem OMETELTEY . FNEFNEREY T 2100W/em3(1.5GeV)., 1604W/cm3(3GeV),
1113W/ecm3(6GeV) Th 5, TN b DI, AR L7 X Hil=a— bu =7 XEHTEIZ 1.25
BORHBELXEZTRD-LOTHD, ZOFERELEIC, 1 7OV AY ) ORNHRER
WX ARBROBE LR EEH ERZKAD RUOUDERWTHELIFHR%L Table 4.2
IR, T2 T Lo KEMMEEIE Table 4.1 IIRTETH D, REV, BREY—IL
BCTH1R_AVAYYDEEFRAT X, 21 Eh 26.6°C(1.5GeV), 20.3°C(3GeV). 14.1C
6CGeV)TH B, #—4 v FHNBOBESHIZONTIE, 3FL LT, E—LAz X LF—
3GeV IZkiT D 1 VA4V ORE LA SO 24— % Figdb (IR T, /o, E
M — 7B TCONMEN LR AP 1. ThFh 108MPa(1.5GeV). 83MPa(3GeV),
57TMPa(6GeV) Th 5, ZDEMBBMEREL Y, T I 0ENK E R > TEARIED

D E—4y NERIZENFESL LTERT S,

B BE R 21T O 12 OICKER Y — 7 v MEER VKB OHMEEIL, RAIEIDOEZF
MRS R 2 B 2 T Table 4.1 D% AV 7-®0D, 3572 722 Table.4.1 O¥PEfE % i,
SUS316L ootk 0FH M+ 5 L 5,519m/s &85, ZDIZ LNOREFFRH lus
OIS NN Z—7 v NEBRE GO A BT 5.5mm & 725, FAkIZ, KBOFHIT
1,385m/s & 725 Z EMnD 2V ARBT B — A AR REOREARERH 1ps ORICKBEHEZES
WAMob S EREI DT 1dmm Thd, ZOZ b, 7V AREF E— L AREIC
KSR R TIXBIEE L HIRT 2 (Z O, EABIIRAE LRV &V KT DR
EXEIRTFHLETR D,

5. X —74 v NREZSDENRENE B AT

5.1 JKERH DOFE S REZIEE

' — AT R NLF¥—1.5GeV. 3GeV. 6GeV IZRITHRENMBE TOHEIMENRNEEZZRE L
RWENT, Bk, BICES LS ORZIEE{L% Fig.5.1~Fig.5.3 1T~ 1, K%, %E#
— B E A —Fy FEBPIMIBIZOWTRLTH D, B — (LB TOHMHESD
FRIZ, ERLZE I E— AT XA X —1.5GeV T 108MPa, 3GeV T 83MPa, 6GeV
T 57MPa TH 5, £ 30us £ THHEN EABRFEEIN TV DD, ELHESEARICERET
HOICHVAFEICELTH T0us TE—ZIZELTWS, £ZOE—7fEIX 1.5GeV T
-152MPa. 3GeV T-75MPa. 6GeV T-79MPa Th 5, ' — 7 & L7=tki 150ps F2ED
Y CEELAEEZBVEBELZBLEREIIHEL TV D,

& —4 o BB TOMMENIE. 1.5GeV T 87MPa, 3GeV T 58MPa, 6GeV
T 32MPa ThH oM, MIHEE CEROBMERE L 2EREG L OEESEICIVED
BABIZ FTRE8, EAESEAEDHEET 28T 100ps BE E TEEAERRF IR TH
%, FO®RITAEICE LT T 150~200ps TE—ZIZZEL, 1.5GeV T-38MPa. 3GeV T
-24MPa. 6GeV T-17MPa Th 5, Z0O%iZ, EEEAEDOAHMELZ RERMBLREL T



JAERI-Tech 2000-069

Wa,

5.2 #—7 v NEBRD YU 4 v RUEH.LOEAMEEZ

E— AT R L¥—1.5GeV, 8GeV. 6GeV IZHITB Y 4 v P ifiB TCORBRLER
IZ K DEMOBABELE{L % Fig.54 (IR T, ENORFEIX., FIHITKERHORNES
S TE =Ty MEEEBAMIZER L, £ 50us TE—27 12T D, AR L7=L 51T,
ZOMIZABOENIZHET LTS, ZD0LEDREREMEBO)ITE—LZ X
—1.5GeV T 0.19mm, 3GeV T 0.14mm, 6GeV T 0.09mm TH 5, FD#%, FH/HNED
KERPAEIZ 2D IENT —F > FERBEIIRMIIE -E b, 1.5GeV Tt 350us T
-0.25mm, 3GeV Ti34J 400us T-0.19mm,6GeV Tix#) 570us T-0.15mm OB AL (¥
B)ETRo>T WD,

5.3 #—7 v NEZDY 4 » FUEF.LOISSREZRE

E— LT 2N X —1.5GeV. 3GeV, 6GeV (ZHBITDHF—47 v FERD T 4 KEH.L
(B TOISHOREZRELE{L% Fig5.5~Fig5.7 IZ7%, ITY 4 v FUHAESLE
(middle surface) D& IRFZIREA “BEE A" 12, KN - St FK HEi(inner/outer surfaces) DI F1HF
AL B+l FIEN” ST 5,

& o, #1#D 100ps OENCAKERN S DREEZZ T THF —5 v MMelEEo [ fEMH3 e
BT 5 LK VRSHBIEMCEEL, AEFOETOERIEIGEIRY IEINEH
50us TE—ZIZEL, E— AR ¥ —1.5GeV T 345MPa, 3GeV T 253MPa, 6GeV
T 170MPa L 72> T 5, TD%, BEBNEDOKENAEIZRDIZEWEREDPHAICE] -
o, WERLLICMITER 2 F->TERT S, Z0L XOIRAIEMRE) OB KRIET
#) 170us THBEANE A U, 1.5GeV T-636MPa, 3GeV T-473MPa, 6GeV T-316MPa
Thbd, £D%, BHNREOKBENPHRERIZEDIZHEN, BFHROLTHEIEDIG
HZEEL B, 2oL EDEAGIRYIEN) OB KMIZH 400us TEBENTIZAE L,
1.5GeV T 417MPa, 3GeV T 255MPa, 6GeV T 170MPa TH 2, ZhLikiL, IREHL
RPLRBICHEL TWD, ZORBRIE, KSFEADEERLAE~DOEIIS L TEER(Y
1 ¥ RSP OEFHDEREBELTNDZEERLTVS,

54 #—75 v NEBRD L - THROES., I & B OREZIE

F—5y MEEOE - THRIZZ—F v MEHLE - THIERBENSIHEM(ET L—%)
EDEREFRTEEBMLTHY . PHFBEMER L L TOFETIEELZTEX2700ED 5
O =7y FEBNOKBEET L— 2 3HKLETEE L TRETILERD D,
IO, F—4 v MEBOEEGNEN 0.56MPa L EIEIZ L0 b 5T, k- THRITER
WLTHERBE L LT o2y, 8BFETIL, E—LZRLF—3GeV OFr—2R(Z
ST, k- FTIRONTEEHOEZIESY Fig5.8 12, BKXIGARAETN O SIRELE L
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Fig.5.9 12T, AV —Ri3F—4 v FEBRO L - THREREE 7.5mm & L7IGE ORI
EThHs,

Fig58 £ V. L+ THRABE TOEADEY —213+30MPa 2E TH Y. I 170us DAH
THEVIRL TV, Figh9 &V, WEDFEREMEAIIHTERTHY . BAET ST
71380 700ps 1238V TH R E (outer surface) THK 453MPa DRV IS, WXE
(inner surface) TH X 440MPa DEFIG I TH D, s HRIE OB KITA 400~700ps Dfi
THERCELTHEY 778MPa Th D, 2. BEARDIZEE T 2 KEH L (middle
surface) I KX 67TMPa D313E Y IS 25K 400pus (IZBWTA L TW 5, #HFIEAELE,
BB S ZE{EIITK) 6.5kHz DBEBISER R 5N D,

- FHRO LT HBEEMOBEZREIZ SV TIE Fig5.10 2R3 X 512, BAENIL 235ps
IZBWT £ 0.4mm Thd, BRIERHBREALED TWDHF—F v MEMA R (safety hall)
LE—Fy VEBLOZ YT 7 AL 3mm FBELTEY, ZOBRKREMIIHMLTHY
BWOHDI VT T/ RAEFEX D,

5.5 #—%4 v NEGITIEREMROES . S5 & B ORRIEE

BB RITABOA QWK & HOFKBREZAD Y | BECKBRELZEST D HOR
THY ., BT EF N TIREBLLI-BETH FE—LEL% 5 20mm OLEIZERIT 7,
B — LT R AF¥—3GeV D4 — R DWW THER SR ONEE S ORI % Fig.5.11 12,
B KIS A RA A OIS HEZIE % Fig.5.12 IR Y, A7 — R I BE SR OWRE % RIEHE
LASBEARLZEELT 10mm & LEBEEORITHER TH D,

Fig.5.11 £ v | HEBEDHRONE/ES T 33us IZBVTHE KA 456MPa THY | 236ps I8
WTE/N3IMPa Th 5, Fig5.12 K9, k- THREBRIEEOXERERAS T#IT
B THDEN, KEHLDORYOEHNBENBIEL THMUICER Lk, £ORETHAIZ
BT ARICRASHBREL TR Y, BAETHHTIEAIEA 170us (I2BWV TAHEKE THK
K 342MPa DB[EV /). #FE THRK 361MPa OEMIGH TH D, ISHIREDERKIT
# 100~200ps PRI TAREICA L TE VK 570MPa Th 5, E7o. BUSHRRSITHEY T
AAREFLIE T, # 540ps (ZBV TR K 83MPa D55V ISANREL TV D,

I, TREER SR DTS BN ORI L Fig5.13 1071, BREALIT 186ps iZ6\
T# 0.2mm ThHD, ZDXIT/NEWEMIBKROFBICHKBELEX D LidhaneE
bbb,

5.6 MEBEET — & LSRR EM

ER L7 E— AT RAF—1.5GeV, 3GeV, 6GeV ZxfT 2EHIGNWEBEORTHER
* RFIOCIT B RKRENE, BARISIMERKRENICDOWTE L DR % Table 5.1
IR, BIZIX. Va4 FUBKRBEOMEEL RS- 3GeV D7 —A(Z2WT 2.5mm
ORFHERLHFETRLTH S,
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—F. 7 =5y FRBOBGMEE LT . FBR O#&EHM & LTHOY R TW5 SUS316L
LHEMEF RSN L L TEMICETON TV AEHRTOPHFBHIZRNT T4 M
2NT YA RROF8H 3% D, T b DMEEET — 4 % Table 5.2 |[Z/R3©00,
PV ZRBBTFE— AARFICRAETHIKBPEAFICLIVRET LYV Y FVERE
B O ARG T SR DWW T, Table 5.1 BE V5.2 2 HICHRHLE, 20
X, RDZEICEE L, AN THLN-BINIGIE, KBORBEICERTS LD
ThH0LAEMEMSHEE TS L RAED, Tubb  JF /) OBERG EEMITI
ERB01 Z)TORNTRICBITD2RISEHERETE D, LEEB->T, SHREBEKX -
BNGEIENR 3Sm U T THH Z ENRFHEM LD, BREERELUTICET,
O T4 FUE
IS SIREAS 1.5GeV T 1053MPa, 3GeV T 728MPa, 6GeV T 486MPa T % H»»
5. BMW/50Hz D44 Tix, SUS316L TiWWFhosr—2 4 3Sm # K& #Ex
TWwW5, F82H Z#HWTH 1.5GeV, 3GeV TltiL <. 6GeV DFAIZ 3Sm LAF
W25,
—5., BT E—AZ o0 TIIARE%E 50Hz 25 25Hz AR T 5 Z & bRt E
nTW5, BlxiE, BT E—a%HEn 2MW/25Hz OBEITK LTiL, REEH%
2/2.5 L3 1iE, 1.5GeV T 843MPa, 3GeV T 583 MPa, 6GeV T 389MPa & 729
3GeV 725 F82H TR T DRAIEEMN TTLK %, RkIZ. BFE— 25808
IMW/25Hz OH-Eoxt LT, BAEISH%E 1/25 L 3UE, 1.5GeV T 422MPa,
3GeV T 292MPa, 6GeV T 195MPa L 729, 3GeV K1 6GeV Tit SUS316L T
FSLT HREMENRH D, EL, ZOHETHLY 4 FUMKRED 2.5mm T
384MPa (ZiET A7~ 4mm BEICTAHALERD S,
@ E- THE
74 RO EREE, ISHEREED 1.5GeV T 907MPa, 3GeV T 778MPa. 6GeV
T 614MPa TH A0 6, 5MW, 50Hz D5 Tit, SUS316L Tik\WFhosr—=
t, 3Sm ##Bx 5, F82H % AV \iLif 3GeV THFAEMIR. 6GeV DIFAIZ 3Sm AT
2425, B — L% IMW/25Hz OBAITS LTI, BERHZ 125 LTh
X, 1.5GeV T 363MPa., 3GeV T 311MPa, 6GeV T 246MPa & 721, 3GeV R
6GeV Ti¥ SUS316L T T A AIREMENH D, TR AX—{KFEOHEAIT Y 4 F
U EREETH DM, 3GeV RV 6GeV OFT R AFX —FIKRTIE Y 4 > FUETO
HE O KREL o TVES,

@ PREATH
Jix J13RMEAS 1.5GeV T 711MPa, 3GeV T 570MPa, 6GeV T 434MPa TH D05,
5MW. 50Hz ®44Tix, SUS316L TldWFhd 7 —2 % 3Sm 282 5,
F82H # A X WTFhosr —Z2TH 3Sm LATFIZ2 5, BB —A%&EN
IMW/25Hz D6 12x L Tid, BAER % 1/2.5 L 3Hud, 1.5GeV T 285MPa,
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3GeV T 228MPa, 6GeV T 174MPa £ 729, 3GeV KUt 6GeV Tid SUS316L T
LT D AREER DD, B, ZOENMICE L TIRBEEOHIRAE Y > KU,
b FTAREBIZHEARTEW - OBEEOREIF LT, SHICHAELHROEIER
EIENEERT D2 ENARETH D,

T, BERECELTEY 4 FUE, £ THRBES Imm AT THY, SMUESE L
ORI 3mm LLEH 720, BRI XL D2 TFEHOBEITZ,

BB, BTFE—AMBEL TR L7ZFAEEOAR LT, ZTRXAF—ZO0TH 3GeV
AREAKICT SR THPHFHEOTMmAED LN TS, ZOBAICIE, LROER LY,
7274 NRMEIO F82H # A\ 5 Z 12k ¥ 2MW(25HZ) £ TOB 1 £ — A KIE TE
HHL0EEZLND, ZOLEOHFE—LD/ IV RRET, AMW, 50Hz OB+ E— AL
D7V ZBRBEIZFE LY,
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6. £ & ®

HRPEFEGELREER IR A2 B OKER) ¥ — 7 v FOBRIRICEIT 5 TEARREA2H L NCT 5
T2z, BMW D7 ZRGF E— AR FRIREEER Y — 7 v MIART D L &0
RIS HIRIT 21T o 7o, FRATITERSEMICHR DT EVWRGTIT O L2 EME LT, ©
— LR A REEREREERE L, E—AT XX — (1.5GeV, 3GeV, 6GeV) #/3F X
—F L TIToTe, ZOLEDBFE—LDOBENSMIZI L L, S50RFHRIHEIC
ROBMHEICE L RWREEE X, £, TET VL, JuRT0—2 A TH—
Yy breMFEALLEZEHEBEREROYV s FUREAETIRERELY—F v M &L,
NMTC/JAERI IZ & B SE B BAS  2 2ic . @8 AT = — K LS-DYNA # fVTHE
Wi, TORKE. UTORREH-,

(1) 74 FUEICBRET ZIENERIX 1.5GeV T 10563MPa, 3GeV T 728MPa, 6GeV
T 486MPa & 729, sSMW/50Hz D %4 Tix, SUS316L TixW v — x4, 3Sm
Bz D, 7212 L, IMW/25Hz D44 Tix 1.5GeV T 422MPa. 3GeV T 292MPa,
6GeV T 195MPa 720, 3GeV KU 6GeV (22Tl SUS316L THLIZ T 5 Al
A H 5, F82H # v hif 3GeV, 2MW/25Hz TH I T % alhEt A 8 B,

(2) k- FHRFICRAT ZIEHIREIX 1.5GeV T 907MPa, 3GeV T 778MPa, 6GeV T
614MPa & 72 v . SMW/50Hz O & Tik, SUS316L TidWFho 4 —2 4 3Sm %
Bz 5, —%.IMW/25Hz DFHICT 5 & 1.5GeV T 363MPa, 3GeV T 311MPa,
6GeV T 246MPa L7210 | 3GeV R U* 6GeV Tid SUS316L THSLY 5 AlHEtEA S
D,

Q) ZEEEICHLTUEI VA FUE, £ THREED Imm LUFTHY, SMUBHLO
BREIE 3mm L EH D720, BRI X D5 FHBORMEITRW,

UEDRER, SMW O+ E— ARMFICHET 2ICIIMEICB LV, BERM SIS T
W5 3GeV(25Hz) DIFAITIE, BIRIEHDEWT =54 FZRMEID F82H 2 V5 Z &I
LY 2MW(@25HZ) & TOFE—AIIHETEEbDEEXOND, ZOLEDEFE—
LDV ZEEL, AMW, 50Hz DT B — A D,V ZREEIZE LU,

#f ¥
AWMEHLEL DDLU, MTRBOREICOVCHERYE £ EV D 7 5

WRE, REEESDT 22 L T TS -7-8ERR & HER., BUTELBES
B0 E LEEERS AT IMEINL—TORE HE TEMERICHELRLET,
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Table 3.1 Parameter to fitting curves of heat deposition

JAERI-Tech 2000-069

—_ (oF Co Cs Cs Cs Cs
1.5GeV 5170 3.905 0.2627 7.893 0.06776 9.876
3GeV 4038 4.689 0.3081 7.044 0.05741 13.04
6GeV 3622 3.376 0.2285 8.422 0.05482 14.08

® Fitting curve function

0(2) = (1.0~ et )=
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Table 4.1 Material properties(400K)
------------------ Unit SUS316L Mercury
Young modulus (E) GPa 188 | e
Bulk modulus ( Ks) GPa | = - 255
Poisons ratio ( v) Non 0303 | -
Density (p) kg/m® 7,890 13,285
Specific heat ( ¢, ) kJ/kg 418 0.137 (¢,=0.19)
Thermal expansion (o) m/m 18.1E-6 61.0E-6

Table 4.2 Heat deposition and maximum temperature and pressure

Heat deposition at Maximum Hg Maximum Hg
- temperature pressure
peak position . "
Beam energy & ( peak position ) ( peak position )
Power Wice C MPa
1.6GeV,5MW
50Hz 2100 26.6 108
3GeV,5MW
50Hz 1604 20.3 83
6GeV,5MW
50Hz 1113 141 57
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Table 5.2 Material strength (423K)

Material Yield strength; Sy Design allowable strength; Sm
suss3teL | e 115
SUS316LN | 138
F82H 400 267 (=Sy/1.5)

Beam stopper Flange

Heavy water for
vessel cooling

Mercury
Outer vessel

Beam window

Inner vessel Proton beam

Baffle plate Beam size/Current density

( 133mm x 52mm/48uA/cm? )

Fig.2.1 Cross flow type mercury target with blade distributors
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2 1000 890
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0
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Distance from incident surface (cm)

Fig.3.1 Power density as a function of distance from incident surface
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Fig.3.2 Power density as a function of distance from incident surface
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Fig.4.1 Analytical model for LS-DYNA
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Fig.4.3 Relationship between temperature and specific heat ratio ( y=cp/c,,)
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Fig.4.4 Temperature dependence of the adiabatic bulk modulus
of liquid mercury under various pressure
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T__=20.3°C

Fig.4.5 Temperature distribution in the target under
1-pulse heat deposition (t=1ms )
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Fig.5.1 Pressure changes in the target ( 1.5GeV, 5MW, 50Hz )
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Fig.5.2 Pressure changes in the target ( 3GeV, 5SMW, 50Hz )
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Fig.5.3 Pressure changes in the target ( 6GeV, 5SMW, 50Hz )
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Fig.5.4 Displacement changes at the center of the window
(1.5GeV, 3GeV, 6GeV; 5MW, 50Hz )
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Fig.5.5 Stress changes at the center of the window
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Fig.5.6 Stress changes at the center of the window
( beam energy 3GeV )
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Fig.5.8 Pressure change at the upper and lower plates
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Fig.5.11 Pressure change at the inside of the baffle plate
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