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This report describes results of thermo-structural analysis of a backwall in IFMIF lithium target
performed during FY2003-2006. The IFMIF is an accelerator-based intense neutron source for/,testing
candidate materials for fusion reactors. Intense neutrons are emitted inside the Li flow through a
backwall. The backwall made of 316L stainless steel or RAFM is attached to the target assembly with
a lip seal welded by a YAG laser. Since the backwall is operating under a severe neutron irradiation of
50 dpa/year and a maximum nuclear heating rate of 25 W/em®, thermo-structural design is one of
critical issues in a target design. Thermal stress was calculated using the ABAQUS code. As a
permissible stress, yield strength at 300 °C was used. In a case of the 316L stainless steel backwall,
the maximum thermal stress was beyond the permissible stress (164 MPa). On the other hand, in a
case of the F82H backwall, a maximum thermal stress was 289 MPa below the permissible stress (455

MPa). Therefore, F82H is recommended as the backwall material.

Keywords : IFMIF, Fusion Material, Neutron Irradiation, Liquid Lithium Target, Nuclear Heating, Thermal
Stress, ABAQUS
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1. XUC®IiC

E Bz e AR RS HER% (TFMIF) 1X, RSP BB R O 72 8 O & = R )L — b 7 R 5
MR THY, BHARTRALF—40MeV, FAREVE 260mA ODERT D) E— A Z2E Y F 17 A (Li)
DE—=Fy MZAKLT, D-Li AN v IRINCEY, 1EHZY FHHEE 20 dpa
T BRI E R AR P 7 2 R A S B, TFMIF Bl Cik, ERS T R X —HE
(IE) D% & T, BA, KM, KE. v 7 0EEWH T, 1995 £ 5 A% 5
[1], [2] ZBR%A L, 2000 4E2> 5 2002 &R 2Tz © ERHEINHGEESI[3], (4] 2 £ L, BIE,
WL D T35 « TRERET = — XM T, BITHEE 2 EHT b 5 [5], IFMIF ©
2 —ry FRiE, BRAAT—10MF OEBFE—LIAFOLMTC. ZRATEEMD 20m OH
MREZ AT HHEY FULARERECRB I I28ELHE T, BWIKY F 7 LKPTRE
LIS RN F—hETFIL, #—Fy b TR T7 Y ONEEE L TN A EBOEEZ BB LT,
T A M ENVERTENINZBEREZRAT 5, TEEOPLEBTIX, 1EH7ZV D 50
dpa DOHFMUETFRFESZT, JKT 25W/ cn® OFREBEDRHAET D, 0D, HEEE TP
FIZEDHAHMER T b RE | EBRIEIC L D RBAEEREERHBISBEICR D, £, &
BTG LI BRI ERE O MLETH B,

ARETIE, TNOOEREZHMB T HETEDOREDODIT, FR1 5EEND 1 TH
BE\CSEME L7, TPMIF OWIE Li # — 5y ka5 TERE DBEEMENT 12 S\ TH Y 7=,

2. IFMIF 0% —5'y bR L HHEE

IFMIF D% =5y FROZENL, 1 FbHic Y FHHEE 20dpa O PHEFREICL B R E
AP HT 2 REICHET HDIT, HRRTRALF —40MeV, HAEF 250mA OEBFE
—AAFOFENE LT, BHRELZETH2EEOKE Li MEERMLEN OXEICEET
HZETHD6], AR AT —10M OEEFE—AIZE D, Li fioHBRE~DBATIL,
T IGH/m* IZHEL, ZD LX) REBEBANOREAD =, K RKWREER 20m O &EEKE
VFULRBUETHD, o, RIFFEEERRFOBBOELE - BRZEET 570, KK
Li FIZIBAT 2BERLEREORMB OBRER, WERZHO 720 OEFBEREKE, Li L—
TOERRNETET 2720 0FER, LI BRVWORZEZRBMLETHD, ¥—4F v FRED
FERFRHRME, Table 2-1 2T [7], #F—F 'y bRIZ, F—F vy vTEr7 VUL Li v
— T, RELSGEESND, BAERE, Fig.2-1 IR T, ¥—F vy 77V olEx
%, Fig.2-2 IORT, #—F v NTRL 7V, /AR LONEECHEESND, /AL
i, REREE Li MEEHRTHZD, RF UV LRHEBRICEIAEOETAMICESNE T
Bt BB EINTWA[8], Li Filk, / A bEHE L, thEoOEEEICHR - THL
D, E— A AFMAIO Li HEik, 10° Pa OEZEFEKICEH L TRV, BHEKEELHEINE, =
DO BEBEE T, BEOHFAEIE. Li BP0 —AABSHOEE)» b EmELR#T S
7%, Inm ThpH, £, FmBEE, #i=R 25ecm OHEBRTHY, BOHTIY ., Li OB
REBEMEETHBEHSLIRE LTS, #—Fy bROBEMEHT, FHEZRE,
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RF v VAR 316L Th b, WHEEOFEMIMIZ, A7 v LA 316L 8 I MEBIHLT =T A
METH D, SEAEEL, ERTHBRETREREEICT AMNERD Y . BARPRED YAG L—F—
LAY v 7y — AUl - BERESRERNPREBEOAT A FMEEF R X531 4%
v NFROZOBBRFENTWD, REEFTTIX, BERBOY v 73— R U THT &
To77,

Table 2-1 Major specifications of IFMIF target system

Items Parameters
Deuterium Beam energy/current 40 MeV / 125 mA (nominal) x 2 accelerators
Averaged heat flux 1 GW/m®
Beam Deposition Area on Li Jet 0.2m" x 0.05 m"
Jet Width / Thickness 026 m/0.025m
Jet Velocity 15 (range 10 ~ 20) m/s
Wave amplitude of Li free surface <1 mm
Flow Rate of Li 8 m’/min (at target section)
Curvature of back wall 025m
Inlet Temperature of Li 250°C (nominal) to 300 °C
Vacuum Pressure 107 Pa at Li free surface

10" Pa in target/test cell room

Hydrogen Isotopes Content <10 wppm (< 1 wppm:T )

Impurity Content <10 wppm (each C,N,0)

Materials (back wall) 316L stainless steel or RAF steel
(Other components) 316L stainless steel

Erosion/corrosion thickness

(Nozzle and back wall) <1 mm /year
(Pipings etc.) <50 mm /30 years
Replacement every 11 month for back wall

No replacement for 30 years (other components)
Availability >95 %
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Fig.2.2 Cross section of target assembly
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3. BuEEAEAT [10]
3.1 f@lr=— K ELMirET v '
KA. PUBARHTa-1 ABAQUS—Ver. 6. 4.1 % L7=[11], WY F aZ—4# v b
DA TERE O FAAEE % Fig. 3. 1-1 1R T,

Target Nozzle

Support Arm Lip Seal

Backwall

Fig.3.1-1 Three-dimensional View of IFMIF Lithium Target Assembly
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Erid,

HEARELZ L LIC, HHEEEY Fig3d 12 0oL R FEABEECET MELE,
Fig.3.1-3 {o, HEASEZRYT, WEEX, SAEAHOY » 7 —E T, EE 716m TH D,
A HRE L E OB S VRS 1T 1 8mm Tdh B, ABAQUS =— FADOERZESE (FEM) Ay =
FF L, HEB L OERBDROMBHELY, Fig 3. 1-4 [TRT X 1T, 90° D 1/4 E
FALT D, BUSIE, BT LD ZEE L 72, FEM fyvaoBIIE, BESREEDS 35170,
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- Fig.3.1-2 Model of the backwall
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(a) Beam side view
(b) Test cell side view
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Fig.3.1-3 Dimensions of the backwall
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Fig.3.1-4 Mesh model of ABAQUS code
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3.2.1 iﬁﬁiﬁﬁﬁ
(1) BHEERSm

BB AL, IFMIF OREEFEEHIFIC, MONP 22— RZ W T, 1. Gomes I L W EHMIi&
Je T —& &M L [12], IFMIF Ok R EH R (40MeV-250mA) O 75 1 BE DR EAR 4y
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B4 AL ORI EE TR <. BT 2, Fd LT, WHEEBEORE S HIC b
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Fig.3.2-1 Spacial distribution of nuclear heating rate
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BREMEOBAE A, Fig. 3.2-2 1071, WEEBEOBRERE I, W& Li Ol E#ET
B (o) ROV — 7y b TR T UARE (Fig 3.2-2 1B ba, DAY LA 5 EAL
LA, :
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PUEESER © a, |

RSB

TGS R

Fig.3.2-2 Boundary conditions of the backwall in thermal analysis

Wtk Li SO BVE AR, TR X VRE Sz, FRE In/s fEREKE R OBE "
o OEBERENS . UTOEERAWSZ L L L[13], Wi 20m/s TH, BMERER O
NFRENHN, BITRERIIIRE RREITED,

o, = NuML = 34 kxW/(m’-K) (1)

S 2T, NulEX vE M(=8), MIBVRER (=47 W/mK), L X80 E FEEE=0.011m),

B — 7y NT T AR L O OBMRERSIE, A OFREH S R OAE E &0 B
BT, BATEER14] K0, BMBYRER e ZUTO L5260 2.

ap=1. Tx10%/ L[ (8,4 8o)/h J+[(8x+ 8o)/A.]} + (0.6 < P/H)  W/(m® » K) 2)
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H:ZODWHEOEEDHE S My, £7213 Hy) (MPa)

EHEBEDSM (8 =23 um, ;=63 um, §,=6.3 um, A, =182 W/( m * K), A,=18.2 W/( m * K),
H,=200 MPa) D& D, EMBUREROEME EERFEL Fig. 3.2.3 IZRT, #—F v b
TR TIRE (Fig.3.2-2 IZBITDa, DERY) LE@EELIXY v S —N L7 T 7 T
FREENTRY, FEEERMETIE. WLMTAHZKRKEHY & L 0. IMPa (2351 2 2R 2R H (o
D& LT, 15.8 W' K)ZBRAT D, BT T, TEECH LMTENOREBLTEL,
EREBL NI T TOLSBOFRFICKM ST D720, W LAAT % IMPa £ TEME LTz,

2000 : - : -
1500 |

1000 [
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Fig.3.2-3 Dependence of Contact thermal transfer coefficient on contact pressure
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3.2.2 S 1EAT

3.2.1 HiOEEEEMITIC X > TEONREESAZ AV, BEEUS HET2 ZHS 5,
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Fig.3.2-4 Boundary conditions of the backwall in thermal stress analysis
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3.2.3 HBrk L UWkE

BPRH SUSS16L #0435 X OMHOAL 7 = 5 4 MR FS2H & L. FPEHREIE R KA %
BRL. BUSHET 21T o, R LEBVEESROAW/(m - K), ¥/ E®E), &7k 0) . B
JERR (o) &, ENE, WITRT, BEERIL, FHOREER (o,) ZEHLE, BE
(D) X, MXHRERRTH D,

SUS316L _
BURIEIR ; A=13.28571+1.756205x107 T-5.378788x10° T*+4.292929x107- T 3)
YV SR E=200.3795+8.1221x107 T (4)
K 79V 5 v=0.2921+7.169x10° - T )
FRIEZAR SR | an=16.3153+4.9348x107 - T-1.6585x10°- T* (6)

F82H [15]

B R A=28.384-0.011777-T-1.0632x10° T°-8.2935x107 - T (7)
¥v)° # E=218.76-0.077834- T+1.4735x107*- T2-2.1998x107 - T , (®)
K 7V v=0.3 9)
IR R ;| 0,=9.0955+4.6477x107T-1.2141x10°- T* (10)

3.3 fRHTRER
3.3.1 T — A
EATIX, LR O — A2 oW T, BESBYS I ~DEIFM 2~ T,
a) HHEELITHETAT A M7 7 Ui (SUS316L)
b) WHEEED U v 7 L — LER O S (SUS316L)
c) BifikEL X —7y T T Y REKE OEMMBYREREC: (SUS316L, F82H)
d) i BE L OJE X 1 (SUS316L, F82H)

3. 3.2 SUS316L iy ke
(1) IREMEYT
1) R B R B A

BERREMRTESR S 15.8 W/ (n - K), WEHBEICHHEL CRE SN DT A M ASEE OREH 5
FIREED 50°CEB LT 150°CE LRG0, TaBEOIRE DMK %, Fig. 3.3-1 (MR
B 2 50°C) KON Fig. 8.3.2 (SESTEEFIERE @ 150°C) 10”1, KEAIE Li 88 & 5mh3 5 57
FEHSICHEEH &S, WEESRE L EE (300C) SIEEELWEE LR TR, s
DO, BMEBVMREREIN/NEI N & B RRODRNEIIEN D & RED K
HENZ CEOERPERY . BEMLOBMAICHER L TE Aok b EI b5, REE
B EIY, Fig 3.3-1 (BEHSEREE : 50°C) 2% 440°C, Fig. 3.3-2 (EEHBERIBE .
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150°C) 23 445°CTH Y . F A M EAOHAEEBEN 50CE 150CTIE, BHEEBEDIREIZ,
KEREBEVIZR O,

(a) Beam Injection Side : (b) Test Cell Side

Fig.3.3-1 Contour of Temperature Distribution
( Temperature of test cell : 50°C, Contact Thermal Transfer Coefficient: 15.8 W/(m® - K))

(a) Beam Injection Side 7 (b) Test Cell Side

Fig.3.3-2 Contour of Temperature Distribution
( Temperature of test cell : 150°C, Contact Thermal Transfer Coefficient: 15.8 W/(m® * K))
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ii) PEMEMVEER S L OIS R SKTEE

S OB EEER Y ) ﬁﬁ(ﬁﬁ"ﬂ@hﬁkﬁ“étzf) PR UAHTIE 128 0. 5MPa (32 filEVz
B 79 W (0 K) BXU IMPa (BEREVRESR : 158 W/ (n® - K)) TOREMMT 21T - 72,
BEfREVE SR 79 W (' - K) B8 L O 158 W/(m K)@U‘A@*Fﬁﬂ@mf” > %, Fig. 3.3-3
L Fig 3.3-4 \ORY, R SELE QM U T EAKEES . Fig 3.3-5 BL W
Table 3.3-11l2F 05,

401.2

\

(a) Beam Injection Side (b) Test Cell Side

‘ Fig.3.3-3 Contour of Temperature Distribution
( Temperature of test cell : 150°C, Contact Thermal Transfer Coefficient: 79 W/(m® * K))

(a) Beam Injection Side (b) Test Cell Side

Fig.3.3-4 Contour of Temperature Distribution
( Temperature of test cell : 150°C, Contact Thermal Transfer Coefficient: 158 W/(m® * K))
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Table 3.3-1 Maximum temperature of the backwall in case of different
contact thermal transfer rate and minimum thickness

R BE SRR - 50°C R ST R ¢ 150°C
PEfihE R ER S N A T B S /N K
W/(m® + K) » 1. 8mm 1. 8mm 3 mm 5 mm
15.8 440°C 445°C 447°C 451°C
79 FIRHT 401°C RIRHT 408°C
158 380°C 381°C 384°C 388°C

500 [‘ - T v T T 7
I —o— BMEEE: 15.8W/m2/K
*  BMEEER:TOW/m2/K
—o— RMRER: 158W/m2/K Fig.3.3-5 Effect of contact thermal

transfer rate and minimum

~ 450
£ . : . : thickness on maximum
o : : § : temperature of the
oo : : : : : backwall.
W e
400 """"-"E ....... 9..3 .......... '. ......... f.....,.....i .......... E
: : : : ]
' '
b
350 : ]
0 1 2 3 4 5 6
&/MRE (mm)

BV EER A 158 W/ (nf - K) & L72BA 0EmEORSIEBEL, \BHAESRES 50Co
BAN 379.5 C. WHEFIREN 150COEAEMN 8ICTHY | BEMEURER) 15.8
W/ (e K) OB LT, K 60CKTLE, —F., THERNES &, EELEGED
1. 8mm 7>5 bmm £ CEALSH T, HWEEDREICIE, KEREBEWIA LRI T,

(2) BYLTIfRAT
1) PSR AAE

U v P U OB R LR ZERREB L OEERRAR (Y, 2 Fridal) oBaicown
TOBIGE BT 21T o0, Z2oOWMREFFICBIT D, KK ER/RRNENE, Table 3.3-2
IR, TORICIE., BEOD, WBHERBER 50COLEOMRG R L, HHED
FEOREEO A TIE, WSHETOWUEELH Y, a—F —H& LOHRE Lz, BHERE
FEA 150COHFAICHONW T, MELSE M EOBGE OIL 1ok LOEAMEZ, Fig.3.3-6 B &
Ut Fig. 3. 3-7 12, SHEBIERH SR DOBFE OIS T155340 8 K OENL %, Fig 3.3-8 BL U Fig. 3. 3-
N e o
B RZRr XA MIEDMEIX, T A MM (RE Li WroBEn S Fm) ~DORMZRL,
B O, R L A~ OEfL 2 E T,
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Table 3.3-2 von Mises stress and deflection of the backwall in case of
fully rigid and rotation rigid constraint conditions

HESTEES | ERER | RIS | o PSS BRZENL (mm)
IREE ES s (MPa) (MPa) X 4y Y 55y VA %ox
50°C 5%éé?®ﬁ€» 1003 791.8 +4.9 0.54 0.54
S s

50°C [ElERIRIR | 485.5 457.5 2.0 0.63 0.72
R

150C | se&fl 1065 830.6 +5.2 0.57 0.56
‘ prl

150°C (a7 ) 5K 504.7 493.2 22 0.67 0.76
HLER

S SRR R OES . RS E, Uy FU— VIR TR A L, 1000MPa 2B % 5, 22—
T —ERDIS I, 800 MPa Rt Th D, Eiz, IMFEBWEINTWD D, ¥—7 v M
X BRI, BTS20 IREBERD | Fig. 3.3-6 BX (N Fig.3.3-7 D L5 RERE
— N TH D, BREM X ) ik, HEEPLEHTH4.9m THY, 7 A M EE Li
W bREND T CHEEmENEMNT D, —FH., BERROGEIR, BT Am X &
M) L, BHAE BB RE TR LR L o TR Y . AR IT FkEEEf
DERCHRAE L, 500MPa RIZICIE T Lz, s—F—EIa ik, FARETH D, BFE— Nid,
Fig.3.3-9 B LU Fig. 3.3-10 1”7 £ H i, HHRET.LE (B/NEE 1.8mm) DA, K
JEDOENEIDEHBIH D Z L2k, BIRY 2%, PYHEARERERD T L, KIE
Li M (e — A AFEAN BT D E— RERo TND, FRENM X ) id, 5 mEE
¥ CH 2mm T D,

SRR TE MR & SR E R R (W B ) ORI DWW CES T 2 i L7223
SRR EIER I K VISR I NS, FEFICE LWISREICH Y . BUS &IN5
W, F7o. WEEBEOBRHMEL LTS L2 L0 RAKORESY T, BEOH—LRNK
NG LT ALERD D,
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(a) Beam Injection Side (b) Test Cell Side

Fig.3.3-6 Contour of von Mises Stress Distribution
(Fully rigid constraint at the lip seal, Temperature of test cell

:150°C)

Center "
Test cell side
After deformation -
i
Before deformation
% A Direction
Y —Y

Test cell side

B Direction

Fig.3.3-7 Cross-section of Backwall Deflection

(Fully rigid constraint at the lip seal, Temperature of test cell : 150°C)

Center
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(a) Beam Injection Side (b) Test Cell Side

Fig.3.3-8 Contour of von Mises Stress Distribution
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C)

Center

Before deformation -
Test cell side

After deformation

A Direction

Center

Test cell side

At e e o e
P

<+

aREc

T

i
TV

T
T

T

i B Direction

i—

Fig.3.3-9 Cross-section of Backwall Deflection
(Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C)
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11) EAREVS R

BEEEL 5 —7 Y N7V T Y OFHESAE L LT, HLATES 0.1Pa (1KE) T
N @ﬁa‘f?‘&{mﬁﬁ% 15.8 W/ (w* - K) & LT, B T D BB SR T 1 % AT Lf:o -z

L ABOEEEER Y ST FERFOR ET A, MLATESD 0.5MPa (5%
F) BIOIMPa (10 &FE) TOMMTEITo 77, EHEREEIZ. FBRASDEREERD N
Fodb, 150°C & Uiz, #IERSAhT, MEsE MR Tk, WMEOREIGNRTFAELRE B
250, WEEEERRE E Ui, FUST) & B0 LHHEJJ{W?\‘&% Fig.3.3-10 B &
O Table 3.3-3 IZE &0 D, HEMBRERD 158 W/ ('« K) DJ\E D, IS0 5 L OENL
% . Fig 3.3-11 BEC Fig 3. 3-12 105+, RARBRLOX RS \é:lr b\ﬂa%ﬁé@ﬂﬁﬂw
Wk Li WAl vam\f:’a BRI RENIL, BEMBVRERENRE IR DICOo0T
BT 2EmICH Y, HHEEOW LT EAOMR Rix, IS X OERLOIE O F 20 F B
ThH D,

Table 3.3-3 von Mises stress and deflection of the backwall in case of
different contact thermal transfer rate

PEEVEEESE | RS | D RRZNL (mm)
W/(m* « K) 7 Jis 77 X5y | YR | 2R
(MPa) | (MPa)
15.8 504.7 4932 22 0.67 0.76
L
79 343.3 318.7 2.0 0.63 0.72
L
158 268.8 268.8 -0.33 0.25 -0.002
LR
600 : . : 0
500} \\ B 05 £
L3 [ ’ 4
+ A /; e | ES
12 300 | st a5 -
K : i =
ﬂ% - 1 @(
200 | e -2 XK
- ] L
100 . - - -2.5
0 50 100 150 200
RERER (W/mK)

Fig. 3.3-10 Effect of contact thermal transfer rate on von Mises stress and
deflection of the backwall made of SUS316L in case of
* rotation rigid constraint condition
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(a) Beam Injection Side ‘ (b) Test Cell Side

Fig.3.3n1 1 Contour of von Mises Stress Distribution
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 158 W/(m” * K))

Center
. Test cell side
Before deformation
After deformation e N
- SR e
A Direction
Center
— Test cell side
! et
: = S ‘\-ii =
i
X B Direction

—

Fig.3.3-12 Cross-section of Backwall Deflection
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 158 W/(m? * K)
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i11) HHEEEE SR
EUEL 1L, BEBETOEHORE BEWES I, 1.8m TH D, AIlORERICEDE,
B ) & A DAY EEEE SARTEME 2T L, T ﬁwﬁéi Fig.3.3-13 2773 L 51T,

Smm B L 5mm & 72D KO, BERDESFMICES L

f:o PR EVEERIL, 165.8 W/ (n® - K) & L, #IRSGEIE 1) & AR RERRR E Lz,
BUSH LB O R SR FMES ., Fig 3.3-14 B LN Table 3.3-4 IE &5, WHkE

Eéz’» Smm DA D, WA L OERL A%, Fig. 3.3-15 3 LU Fig. 3. 3-16 [Z7R9,

B 0D B S0 4 O /MR A,

BUS S LB, SEREOR/NEXE 1.8m 25 snm F TR ELTH, IS
5. 8MPa, Li BN WA B 2 A X RO DOENOZEENT 0.5mm OFFAICH D, HHEEEE S

B L AREREIRONEN ST,

<t 1.8mm, 3mm, Smm

/ w/DIRE .8mm,
3mm, 5mm)
EEOEERT O
IMREMNLEREGS
FAIC BERS 2
hEEBLT S

v

L

Fig.3.3-13 Model of backwall with different thickness

Table 3.3-4 von Mises stress and deflection of the backwall in case of
different thickness of backwall center.

WHEEED | FULES | 2 WRZN (mm)
RDES IR V] XB | YR | Z Ry
(mm) (MPa) | (MPa) 4y 4y
1.8 5047 | 4932 | 22 | 067 | 076
3 4272 | 4907 | -19 | 0.67 | 076
5 4029 | 4874 | -17 | 0.69 | 0.77

_ 90—
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550 | . . . .05
‘@ 500 | \ 4 E
% ; N £
F l >\ ' ?‘g{
ﬁ 450 [ R 1.5 %
E‘H [ "-\_M‘:a-' e | 13

400 P S e -2

i e ]
350 . - , . - __los
0 i 2 3 ] 5 6

BRE (mm)

Fig. 3.3-14 Effect of minimum thickness of backwall on von Mises stress
and deflection of the backwall made of SUS316L in case of
rotation rigid constraint condition

4874 402.9 570

Beam Injection Side

Output Set Smm / strs
Deforr 653) Total Translation £ 83
Contour: Solid Von Jises Stress

Fig.3.3-15 Contour of von Mises Stress Distribution
( Backwall minimum thickness : 5 mm, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 15.8 W/(m® * K))



JAEA-Technology 2007-008

Before deformation Center

Test cell side

After deformation

‘A Direction

Center

Test cell side

T B Direction

Fig.3.3-16 Cross section of backwall deflection
“( Backwall minimum thickness : 5 mm, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 15.8 W/(m2 * K))

iv) F&0 ,

IR, BUS O X D A 2 ISEITOW TR, BRI S fEE AT S, Ll
WE. —HEdHTm D REK 50dpa ORRIEGZZ T BEELZ A U5, 5 HEEORR &M E D
TS EAENT AR OEBARMEETH S, Z 2T, BEMIC, MtEgENTOMA 2R
FEL. FRISHIIERIEH ET D, £, BEMOBMEE LT, HEREOBRRISHEE AV
%, SUS316L O¥a. 300°CTOMEARISHIL, 164 MPa TH 5 [16], Haih o> Fa) RSk A3 Bl A
T, BEAREVEER A AT E A D IMPa (10 B FHS D 158 W/ (m’ - K) & L2/ ThH,
COHRISHEBLTND, DD, HEBEOHEE LT, SUS316L O FIIXEEE & 2
b,
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3.3. 3 F82H Hly ke
SUS316L DR DG mEEBEMELE LT, BEGIF oG L THER, Bt b7 =5
A MO F82H 2R 5, ML, #ASMIE 3.3.2 L EERIC, ImERse i ClE, SR
DREIIIDHARME RESBZ LD, wmEEE MRS Lo, F70, \EHERMEE X
150°C, WHAEEDR/NESIE 1. 8mn & U7z, BEMMEVRERE L, LT EID 0. 1MPa (1 &
JE)FY D 15,8 W/ (n® + K), 0. 5MPa (5 SJE)FXH D 79 W/ (0 - K) B LT, 1 MPa(10 &JE) HH
D 158W/ (m?® » K) DIFEITHOWT, T 21T -7
(1) IR fgHT ,
 HHEED KRR O BB EREIC T SRS | Table 3.3-5 ICK LTz, HiR
D72, SUS3IEL DA ORE LR L, 0. SEMBVEEEEN 165.8 W' - KB L
158W/ (m* « K) DFE OBE 5%, Fig. 3.3-17 B L' Fig. 3. 3-18 [Z/” 7,

‘Table 3.3-5 Maximum temperature of backwall made of F82H
in different contact thermal transfer rate

PEALEMR R REIRE (C)
W/(m* * K) F82H SUS316L
15.8 403 445
79 373 401
158 358 381

F82H OB HEREDHE ., FmiiE OBEMBVRE RN D KFEMEIE, SUS316L D&a & FfkD
fRIE)CTH DA, FEIREIL, SUS3I6L ([CHE LT, 20°CH 5 40°CIEV, Zuid, F82H DA
fEEFEH | SUS316L DEVGEERN 1.6 THD Z LIERLTWA EEZBND,

(a) Beam Injection Side . ° T (b) Test Cell Side

Fig.3.3-17 Contour of Temperature Distribution in F82H Backwall
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 15.8 W/(m® « K))

_'23__
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(2) Beam Injection Side (b) Test Cell Side

Fig.3.3-18 Contour of Temperature Distribution in F82H Backwall
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150 C
“Contact Thermal Transfer Coefficient: 158 W/(m” « K))

(2) BYSTIfRAT

EHEEE OB B L OEN OEMBVRERICT T 2K AFEMEZ . Table 3.3-6 B LW
Fig. 3.3-19 I F & T, BARBVRIEMREAS 16.8 W/ (0’ - K) DFH OIS A6 LR %,
Fig.3.3-20 BXL U Fig. 3.3-21 &, F7=, BBV ERY 158 W (0 - K) OBA OIS /14>
B L OEMA, Fig 3.3-22 05 Fig. 3.3-23 1277,

Table 3.3-6 von Mises stress of backwall made of F&2H
in different contact thermal transfer rate

PR SR | PLEL ) | T B RZENL (mm)
2 e \ | ity ) > | .
W/(m” * K) (MPa) Jitn ) (MPa) e | oyRs | zms
15.8 289 317 -1. 16 0.34 0. 40
79 195 180 -0. 56 0. 20 0.22
1568 163 141 -0. 30 0.13 0.15
a00 0
P - F82H e = 1 —  Fig. 33-19  Effect of minimum
F 300 ——= N 0.5 E  thickness of backwall on von Mises
= I o N . é stress and deflection of the backwall
N o0 I o . R made of F82H in case of rotation
] 0 7 o —— ' rigid constraint condition
i JTT— X
4: L e i.a'
T 100 ‘ 1.5 &
0 50 100 150 200
s Z
B EREE (W/mK)
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F82H D e i T DM BVR SRR D4 FMEIE, SUS316L OD%{:\}:FVF%’”Z%ZM: 77
BT SUS316L DBA DK 60%4 ﬁﬁbto AL (X F%4y) 1. SUS316L DIFA D 50%5> 5 80%
EREARB LT, SUS3L6L DA & RIRRIC, AT 2 IERREM O 300°CORRIG S &3
AL, F82H OE OFFARIS I, 445MPa & 72 5 [15], BEMEMRESRMN 165.8 W/ (n* - K) D
BTH, FRIENEWHZLTVD, LI LaRb, Li MENCEELY 5 25 XN DREKRE
A3, 0.3 mm 225 1. 16mm TH Y, A%, Li BI~OREZFHE L, FE SN ORRENMNE
RO DLEND D,

(a) Beam Injection Side (b) Test Cell Side

, Fig.3.3-20 Contour of von Mises Distribution in F§2H Backwall
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C, Contact Thermal

Transfer Coefficient: 15.8 W/(m” * K)

Before deformation Center Test cell side

After deformation

A Direction

Center

Test cell side

B Direction

Fig.3.3-21 Cross section of backwall deflection of F82H Backwall
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 15.8 W/(m? « K))
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(a) Beam Injection Side (b) Test Cell Side

Fig.3.3-22 Contour of von Mises Distribution in F82H Backwall
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 158 W/ (In2 < K))

Center T :
. st cell sid
Before deformation 10 1ae

A Direction

Center

Test cell side

‘ B Direction

Fig.3.3-23 Cross section of backwall deflection of F82H Backwall
( Rotation rigid constraint at the lip seal, Temperature of test cell : 150°C,
Contact Thermal Transfer Coefficient: 158 W/(m® * K))
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4. £L 0

E RS R R R IERR (IFMIF) I2B8\W T, 1HEH 7Y 50dpa & & bk LV i+ A

SETHY ., EREBPBESNTOD, WEY F UL —Fy FOFHRECONT, WA
EEERZNT = — N ABAQUS % FAVVTEM L 72 BVEEMATIZ X V. DT ORKREE2EE,

(1)

(2)

(3)

(4)

(5)

(6)

(7)

SUS316L #F D HEEIZDWT, T A MEAFEHRONREIEEDR 50CE 150°CHHE
DREHT AT o7 fER, BHEREEIIEREOREICRESEELRN,
EMBMRERZ | fLAHTES 0. IMPa fHY D 15.8 W/ (w + K) 225 1MPa FH4 @ 158
W/ (o - K) DN L7256, THERSREIN80CTHY, HME60CKET Lk,
SUSSIEL MDY v 7y — VIR O K EM 2, BEMFIZ LEZEE, RIS AR
1000MPa 28 % 5 2%, [EllsHHR (WHEEH) [REOHE, K 500MPa (ITIKHE T 5,
SUS316L DOFFEISSIiE, FEFREHT D 300°CORAIRIE ST & LIZHEA, 145MPa TdH 5,
YIRS R T, BEABVRERE 158 W @’ - K) & LEBAETH, ZOHFER
ZBRZTERY, TEEOHMELL LT, SUs3i6L OfEHRIIEEE:EZ b1 5,

F82H DEHEEDIGE . B EIRE OBEAMBVRERICH T 2K FHEIX, SUS316L DFE
EERROMEITH B, AR, SUS316L B LT, 20°CH B 40°CIEW,
F82H D R 1 Dk B ZERIT 3 2 AL, SUS316L D3FE L R Th 25 43,
i JIE I SUS316L DA DR 60% I L7z, Li MERHEICREEBEE X 5D, iz
FE G R OENLIL, SUS3L6L DIFE D 50%0> 6 80% & K& K L7z,

F82H DFFARIINEL, SUS3I6L L [AIERICEFR T 4LIE, 455MPa L7 h, BUSAiL,
R FESRDS 15.8 W/ (m* - K) OHFATH, FFFLNERMEZLTEY, HHEOHM
BhE LT, F82H ITH 2B Ch 5,

S, H—4y VT EYT Y RERPWEEY T LT WS L HE LW 7L T
BT, BTN Li WB~ORBIERS L OBSHPEA % & bIVERS 57
»OBEOYRRFE LT, RETRAMOB FEERFHCALTEBESD S,

A

K s BT HICHEY . DIEEEE E L BEEEEEA 3L X — T2
=v bME. BABRRMEEEICREEZLET, 2. BERERICYZY, BERCERY
TE&E LT EE— RIS B I RS R L ET,
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