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Thermal Hydraulic Design of the Mercury Target Vessel
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(Received February 29, 2008)

Japan Atomic Energy Agency (JAEA) has completed the mercury target system as the
pulsed spallation neutron source of J-PARC project, which has the highest level power of
1MW in the world. The basic design of the flow channel and structure of the mercury target
vessel, which is the core of the neutron source, was carried out by JAEA, and the detail
design, parts fabrication and assembling have been carried out by the vendor from 2003.
Taking these fabrication designs and assembling conditions into consideration, the final
performance evaluatin of the mercury target vessel was carrid out from the viewpoint of
thermal hydraulics. The general thermal hydraulic analyses code, STAR-CD, was used, and
the thermal hydraulic analyses were carried out for the mercury flow in the mercury vessel
and the heavy water flow in the safety hull, taking the nuclear heating and the heat
transportation into consideration. The analytical model was three dimensional. The total cell
number of the mercury vessel and mercury was 1.78 x 106 and that of the safety hull was 2.39
x 108. The standard k-¢ model and MARS were adopted as the basic combination of the
turbulence model and the differencial scheme, but other combinations, such as RNG k-g
model and UD were also used as a reference. Comparering these analytical results, it was
confirmed that the mercury target vessel fulfills the design requirements such as the fluid
inlet velocity, the maximum temperature of fluid, the maximum temperature of the vessel,
the pressure drop of fluid, etc. The influence of the welding deformation of the mercury target
vessel was also evaluated. Mercury flow and heavy water flow are affedted a little, but they

do not much extend the required condition, and the structural integrity was confirmed.

Keywords : Thermal Hydraulic Design, Mercury Target, J-PARC, STAR-CD, Standard k-¢
Model, MARS
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PEEKERIZHRTT DI BIEEZZEL CAT LA SUS316LN % V=, J7—., KERAEZRIEEL T
AT LAy L ASOIKERIRIR ARG 1L T 5720, KB ZROIMAZ TITRE R # (B—T T4 1) T
B, F, RER S B IR B CREVT D72, e T EEEEE I TR M IR o
TRNEIREPEL TR EIL TWAD T, KERY — 7y MEZHIE = HEEEEZ L T D, /KR IRE RS
FROMIIER A OV 7 TR L, 22T LD D72~ DT A% T L CND, BB — A5 A
FF 2 KRS — 7 MRS IIRERIIE — DB EMEA TEY | B8 — A E RS S CRIC BV S F
DL O B gk st O EIMERA CIEE A O T Th D, KEF—7 v MEGDOERIT 2m B,
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(Monotone Advection and Reconstruction Scheme) ZEALL7-,

ELIE 77 IV Pre 13, BT I8 IS8/ MUK RV — 7 % RO TAR BRI [ OMibT 9D
R, TROPLERIZEDIPA V2 EZREL T 1.5 LUz,

Pry =0.75 +

ZZT, Prid7 7 MUTH S,

Fz, ELIEE T RORVRIA D 72657 A% — AT IR ING DFENTHRE RICKEEET L0 T, o720
IZ RNG k-gE7 /L' MARS, {24 k- &7 /L& KA L5y (UD) ORAEE AW fTbiTo72,
k-7 VA BRI 8E JHI SR E L TR, FEEE T IED N RN K ENEE 2 LA RIT
IR CTHHD, FRHTIZO D DHAANORE, A DET NOF A X2l % B BT 5L T FH72IEHT
VIR HEDS 28O IR IS AL THY . EDFRMTHRE FITEE LEPIE L TIELWEFHMIiS L TVD, Ez,
B —77 s NS PR D TRENRAT Tl KRB FEBRAAT > TR FEEORGFEZITILEBIT, F— 7 v RNEERD
M B DI S IR L B E RAA A TVDTED | AFIZHONWT keTT VE AW T4
FHIZY THDHEEZBND,

3. 2. 3 BEmSAE
BEH 41X STAR-CD DOIEHER E CThHRER$ DL LT,

3. 2.4 YitfE

(1) KEBOWMEAEIT, LT D LI | K ERE L BMAE R TIRE T (K) OBSE Uz, %5 L BT
IR ARAF 2 fRAT CHB BT D ENURIERF DN o727 IR E T (K) OB S— EfE
(50°CIZHITHIE) L L7z, 50°CE 200°CIZBITDKREBD LLEIL 2%FLEDENTHY | FRHT S F
5 FLCOKERD B HNEIZREREIZA LN EEB 2 HD,
O
-5.30021718*10-7*T3+8.01360966*10-4*T2-2.78664121*T+1.43072131*10* kg/m3
FEPELREL
-3.93413944*10-16*T5+9.29119111*1013*T4-8.85280652*10-10*T3+4.29857727* 10 7*T?2
-1.08710212%104*T+1.27792598%102 kg/(m-s)
e B
-3.61116233*10-8*T3+1.21708282*10-4*T2-9.98695811*102*T+1.59318703*102 J/(kg- K)
MR
1.01661467*10°11*T4-1.52155439*10-8*T3+1.87517692*10°6*T2+1.51703934*102*T+4.14
683603 W/(m-K)

(2) SUS316LN O#ptfEIL, LLF D LBVEMAE R ITEE T (K) OB L T, BEL LT —E
il (BT 50°CITRITAIE) L LT,
# E:7900 kg/m3
e #4:7.28%10°7%T3-1.642%10-3%*T2+1.3318*T+185.71J/(kg* K)
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3. 2.5 BERSME

BRI FRED IR E L,

(1) KERVERE A AL
T B ERALGE 41m3h (E & & 153.44kg/s) L L. Fi AR PR 0.6347 m/s
iR JE:50°C
SLIEREE :0.01
AT —/1:0.015m OKERFLEEED 10%)

(2) ZKERPEHE H DB — BRI

(3) ZKERZRARIMHUI : T

3. 2. 6 FESLM:

IKERFSIRAS TR D Z IR TR ENT — Z 1%, =2 — " =7 ATt e B B S 7= (LB %cx
WTH 272, LIS BB Z R, AL, o, ¥, 2% em, 5B E9(z,y,2) 9(z,y), 9(z,2)
9(,2), 9(2)7 Wiem3 T, x 8l y BliZB T — 2B ST 5 K V07 [ L TR B 1A, z Sl -2 — 2
B LR — ThD, £7o, R R DR RIIANVT ARy /L HILTHY | ZIUTKERY — 7 NMEZRD Je v
HULDDEG 7B — A2 IR > T 183.5mm 72T IO Ch s, Fig.4 (Zib FEVE DR ZW 1
B — AE IR S T AED 3 A Z T, ARERIZOW T2 — 28 (x=0, y=0) . KERFET OV TIT
x=0, BN DN T y=0 LLT=, KEREKEEFRIZHONT, Fig.d TIIE —LX U ik ETLISE
BB AR L CWOR D, ERROIRNT I 2R T - > TREE 4T T L Th D,

(1) 7k$R (2 < —11.8cm)

g(z,y) = A0 xexp ( — |:L'/A1|A2) X exp ( — |y/A3|A4)
f(z) = BOx {1—31 x exp [ — B2 x (z+33)}} x exp [ — B4 x (z + B5)]
g = g(z,y) x f(2)

& iE & iE

. fiEd " {3 . fiEd " ([N

e e e e

A0 430 Al 5.3863 A2 2.355 A3 2.5403
A4 2.3365 BO 2.024 Bl | 1.832383
B2 | 0308431 | B3 | 21.13747 | B4 | 0.061754 | B5 | 21.863556

(2) 7Kg (z 2 —11.8cm)

2 A2 A4
saw) = Aoxen (= |qmos| ) xew (<[l )
¢(z) = 140.01x(z+11.8)
flz) = BOX{1—leexp[—BQ><(z+BS)]}xexp[—B4><(z+35)]
¢ = gx,y) x f(2)
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; i ; i ; fir ; i

A0 430 Al 5.3863 A2 2.355 A3 2.5403
A4 2.3365 BO 2.024 B1 1.832383
B2 0.308431 B3 21.13747 B4 0.061754 B5 21.863556

(3) KRR — A28 (2 < —15cm)

g(z,y) = A0 xexp ( — |x/A1]A2) X exp ( — ]y/A3|A4)
TE TE E TE
H H H H
% M % B % M % B
A0 209.8 Al 5.3863 A2 2.355 A3 2.5403
A4 2.3365
(4) KERZ SR (2 2 —15cm)
fa(z) = Al xexp{—A42 x |z — A3|"%} x (z — A4)
fb(z) = Bl xexp(—B2xz)
fd(z) = D1 xexp(—D2x z2)
9(z,2) = fa(z) x exp{—fb(z) x |2|*°} + fd(z)*
& & & &
1 1 1 X
" il " fiE " il " fiE

Al 5.82151 A2 | 0.1624842 | A3 -17.5222 A4 -19.1294
B1 0.0036 B2 | 0.00556474 | D1 -1.29111 D2 | 0.0170447

(5) VAR 1. 4 (GRe™)

faly) = Al xexp(—A2 x y?)

fb(y) = Bl xexp(—B2 xy?)

fely) = C1 xexp(—=C2 x y?)

fd(y) = D1 xexp(—=D2 x y?)

gly,z) = faly) x exp[—fb(y) x z] X (z+10) + fe(y) X exp[—fd(y) x z] x (z + 15)
; fis ; fis ;i fis ;i fis

Al 0.369327 B1 | 0.0797006 | C1 1.69256 D1 0.201824
A2 | 0.0560395 | B2 | 0.0186584 | C2 | 0.0571185 | D2 | 0.0117504
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(6) #&FHR 2.5
fa(y) = Al x exp(—A2 x y?)
fb(y) = Bl xexp(—B2 x y?)
fely) = C1 xexp(—=C2x yz)
fd(y) = D1xexp(—D2xy?)
9(y,2) = faly) x exp[—fb(y) x 2] + fe(y) x exp[—fd(y) x z
iE £ iE £
. & " & .\ i " &
B g B #
Al 33.5656 Bl | 0.0972059 | C1 18.9955 D1 | 0.0621028
A2 | 0.126405 | B2 | 0.0180617 | C2 | 0.0136878 | D2 | 0.000524706
(7) #&iFit 3. 6 (FeAh)
faly) = Al xexp(—A2 x yz)
fby) = Bl xexp(—B2 xy?)
9(y,z) = fa(y) xexp[— fby) x 2]
£ £ iE £
. & " & .\ i " &
# # B g
Al 33.5656 | A2 | 0.126405 | B1 | 0.0972059 | B2 | 0.0180617
8) B —rH& LT
g(z) = Axexp(—Bx2)
£ £ & £
il fiE . (= . i
by ¥ 5 by
A 44.3953 B 0.063759
LATFIZ, ZOfRNT 5 TH- 2 LD KRB A5 2R BT D R AR 2 7R T,

(1D +(2) KR
(3)+(4) KERAEZ
(5) FEHM 1., 4 (FeN)
(6) HEWEH 2. 5

(7) E&HiR 3. 6 (edh)
) v—2x T

7B T ClI=a—ba = AT O R EMEZZ L KO EE 1.1 %I
LCHxT-, &%

DI EA 1.25 51

1.9607x10>W
1.0207x10*W
1.7568%102 W
1.8325%103 W
3.7859x103 W
6.1757x102 W

= AERT OREFE N KER D FE BB b R TR AR D 2200, BRI KELE - TH D,

. SUS316LN
BEIIKERIZ LR TRED NS, B T v ribic b= —hm
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fRATRE FeD—E % Table 112, HE%E k-e &7 /L+MARS OEHTHRE Fb U TKERDFIE SR . AKERD
IEEESAR . AR DIRSES A% Fig.h 705 Fig7 (O~ ¥, £-, 1Y% k-e 7 /L+UD, RNG k-eE5 /b
+MARS DA W& H W= fif Tz &b T, KIBOWHE /% Fig.8 (2779, RNG k-eET /v
+MARS DM Tl A E SR THEIEFE 1X103 &2 FIEIDETIRL TR, ZAUTEE iR
No.3 & No.6 ORIZAET AR CRFTZR2 RIS N E L2 W EDN RN &5 2 Hivd, L
L. &R ERORNBTEEHINCL E LI — 2Rk L TEY, WRLZEEL G c&se%E

b,
Table 1 Analytical results of the mercury vessel

. Maximum Mercury

. .. Maximum temperature of | pressure drop
Turbulence differeicial temperature of .
the mercury in the mercury
model scheme mercuory vessel wall vessel

(< 300°C) (< 200C) (< 50kPa)

Standard k- UD 125.3C 206.0C 19.36kPa

Standard k- MARS 181.8C 206.3C 18.39kPa

RNG k-¢ MARS 155.6C 215.1C 18.14kPa

IKEED Er R EE 1L 181.8°CTHY ., HIr e 300°CIZEL R TR ER &AM - L T\ 5,
LU, KRB O S IR EIT WO TN O TH IR EYE 200°C BB L CTHY, RNG ket7 /L

DOEETE 215.1CTH D, Fig.8 THmHIHZ, RNG k-e& 7 /LTl DELFTET M b~ THIR
DEEFEAR No.2 B RO IZHRALHFHIBEL TFY | FEENEE FE 0D R E 70 FEIEk CJAV MR SIS A U T
LI THhD, Lo, iR 200°CABIEL Th., Table 2 (239 & BVEMMEAEDZET 200°C
DIEE AR TE Y% LU T THY &R E EOREIT W EE 20D,

TRERFRER COKERDETHAKIT 18.4kPa THY, HIWT FL#E 50kPa 1ZH~THoE<, Bk 4
Tl LA,

SRR AT IDNT, FERRICEYET 2 KA IR, Aol (Jeiindl0iy 400mm OHiPH) DHE i
WETAY —H N THVIRL Z LT 727230 | ZDTEIRIT Y IR IR D500 72 s AR SRR L 72
%o BERMICHRE O TR ZE FICEH 220 B — AR ERIZ BT B/ RO BRI, & OB R BT s
ROEEAZIT D, L, Fig.8 IR T 01, BLET WORRIE A/ A% — L% RNG k-e €7
R0 UD 72 EICE 2 TIRITEAT S To i oo bl BARBIOBLE D DIKERY — 7 MR AR O i 4>
PWaEEATDHEEZONDEBE R, BIHE — A8 M OS5 T, O No.6 ~
DFE LN LD TR ER IR -C PV D W 350 I M E D FE LR IC~ A T ABE R L2 DI 3 R BLL T
WHICH DS T, RS A REEBLL TN LD, TRIRE F A EZ B L THEREEAEL
SHIR T DL REEEIT2 Wb DEE 2 DD,
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Table 2 Property of SUS316L

T . Young’s Expansion Heat Yield Tensile
emperature
IEOC] modulus*! coefficient*2 | conductivity*3 point*4 strength*5
INmm?l | ymme] | (Wim/K] [N'mm? | [N/mm?]
10200.0 183000 17.0X10%6 16.56 120 109
©206.3 182496 17.1X10% 16.65 119 108
©225.0 179000%6 17.2X10%6 16.93 116 106
Ratio (@/D) 97.8% 101.1% 102.2% 96.7% 97.2%

1 U1S8266 {13 4.1 F'IL—T G

*2 J1S8266 13K 42 HIL—F 3
#3248 BREROH

4 J1S8266 {3 5.2 SUS316L
> JIS8266 {13 2.1 SUS316L
* 250°CIZHI1BiE
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4. KRG OWRTELR B2 8 LI BB AT

4.1 EHTEK

ARERE T Fig.9 [TRTITIRIKZREINIC L= X2 TR O b 21 TR 1 T BYET:
W T L T80 I 00 BB DI\ 0 K SR A D T BRI 1 o TR B 7 (A 33
B2 AT, H517. KR BRSBTS\ T A RIRR I AV L B2 L2720, K
SROFWNOHBEZLY | ©— LM AR ER BN E T LIENRES NI, 20T KIRA L
DU A% 1T BB 235 2 72\ RO A B B~ 7

4. 2 AT 5L
4. 2.1 fiftrET IV

— RN DD 0 (T2 E XAV Y 17° <DWET) AT, ARRITFBRRE IR > TS
3, Fig. 9 \R 3V WC1 & WC2 DYAHEE A& KL T TR U CHHL 7245 SR h | TEET WC1
DEH BT 2.5mm, WC2 OEA &L Y 3.5mm THY, TOMENT 17° iz Q1 D72bK
SUIRBEZ LU, RN ZAELDEZZOBND O, IEHEOWHETEAL baffle THRUEL 7=, WHEH
WC1 38— ARITEWZED DRI OFIBENE — 2B AN RIT T BN KZ LB X | baffle
ESEREDIZESTH 5mm L, WC2 O E &34 4mm EL7-, Fig.10 |2 baffle DX DOfiffTE7 /L
ZRY, 7ok, EBRO KRR IR EAMNTE T L TIL, baffle DAL EIZIE T OEOBHLN, IR T R
Ml AT TR IR ST RV L 725 TH Y | BRI ME ISR T2 T hEWEE 2 bins,

4. 2. 2 FOMOIEN M
BLEET W EFE AR — AT THARL LA YE k-e BT /LE MARS =V, 72, Bt 7 7
FVECOBE -4t . MITMEAE72 &2 DO ST S14:133. 28 FIRETH D,

4. 3 fRETHE R

baffle fJE DT #E KA Fig. 11 /°5 Fig.13, &K N Tabled (277, £z, 3FD baffle L O
Kb D720 /50T Fig.13, Table 3 TR 7, 3TDHE R L FRERIZAKEED femii B IX A Ao
Wi No.3 & IO EE AR No.6 [CEEEN - fEI D UL TAL | KRR O i mii B I —
LEEHHME TELTODD, WT IS ERGME AL TD, 727210, baffle L O A L ~5HE, K
SROBEIBEN 30CH EFLTWADIZKL, KBEIRORBHIBEIZET FRA->TND, 2T,
Fig.13 (27”9912, No.3 & No.6 1TEEEA AR PRIEI A KR EL IR S T2 7o D KSR EEDS L H-35—75,
Ao baffle (ZEDREBAIICE — AZRIZ MDD TR 725 T, B — LB OMAWEN W ELTZ729
LEZ BND, RTEEANME R L=, baffle (2 XV No.3, No.6 LOAMAID i A4 JE i o J £ 45
D3 2 THRAUZLLZRY | B iR No.15° No.2 [IZIR DAL b r v Y O i 6 T80k No.4, No.b
D JF [ ~EREADEA DK EL T T2 72D EE 2 BND, KT —7 Y NE RO NI Z 735 =T
Table3 (IR IEIZEE THEN, ZNSERFHEEOYL K E BB L Th, X —7 v NEaR DR
W2 52 DIFEDFELWELIZ RO h T,
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Table 3 Analytical results of the mercury vessel with and without baffles

. Maximum Mercury
Maximum temperature of ressure dro
Analytical Analytical temperature of b P p
the mercury in the mercury
model scheme mercuory vessel wall vessel
(<300C) (< 200°C) (< 50kPa)
Standard k-¢
With baffles + 211.9C 199.7C 28.48kPa
MARS
Standard k-¢
Without baffles + 181.8C 206.3°C 18.39kPa
MARS
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5. =TT 4/ VWO EKTEHEZ B BT E AT

5.1 f@Ar BN
TSR, Fig 14 (R TERER R (B—T7 T4/ L) OB /KN E BEERIZTHD, B—TT 4
JLIN D K i B 1S 1T B A EGREVEATIC LD . TRt OB RS A =T 2L 2 e+ 5,

O =774V ADOEKFGEL 83m/s LT THHIL,

@ HEAKROKEIREN 110CLL FThHHIL,

@ '—T7T 4 NOEEIRED 150 CLL T ThoH L,

@ EB—=T774/ VL TOEKDOEIEKD 0.1MPa LL FTHHZ L,

ZNBITR - TS COIEARGR G CIT o T ifAT ERIRR EE O AIME . R OVE R 70D LA Bk 4%
iz,

5. 2 M AL
5. 2. 1 fifffra—REfRHTET IV

EAFRENARAT (A B L7= B IR AT = —R1X STAR-CD Ver.3.15 & O\ Ver.3.24 Tohd, fithr£7 /L
DYERLE, Pro/ ENGINEER 2001 CfERR L7z =¥kt CAD 7 V&S LI, BEMAT A AY L 2 =%
L —% Gridgen V15 & pro-STAR THI/eo7-, HTET /VIX, ZIRILZIVET LEL, SNHEIER (~F
) Ay 2 TYERR LT, fATRS 1 200% 2,392,100 (FifAk: 877,708, 4585:1,514,392) Th 5,

5. 2.2 FLIEET NVEEFAT— L

AT I WD ELIR BT /WE, A=Y k-e B 7 LA =, LI T2 MV Pre 13K BT ©— % A9
WZHWBNS 0.9(—E) ELT, F7o, *HHE GEB) &, SLIAFE ., IRE) D725 A% — A2 DT,
MARS % AR LU THENTZAT 7203, FHE DR L2 20—k Al 255y (UD) ICE R LIz, AfET
12 UD ofi L. £ LT MARS O RE2EHETRT,

5. 2. 3 BEmSE
BEH 411X STAR-CD DOIEHER E ThHRER$ DL LT,

5. 2.4 YitfE
(1) TEAROBMEMEIZ, LLTOEBD—EEEL, IWEERFMEITEEBEL TRV, Ziud, fElfET O
TR BT DR EWE A TE QWD | IR FM A S B Ui £ T o B
ITHEN WL 7205 Th D,

® J¥:1104kg/m3
® kiPEFR%%:0.0010481kg/(m-s)
® [h#1:4232J/(kg-K)
® FRiEH:0.5977 W/(m-K)
(2) SUS316LN O#fEIL, LA T D&Y —EmELT,

® E:7900 kg/m3
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® [1#E:478.7J/(kg-K)
o HiEK:14.7 W/(m-K)

5. 2.5 BistAMt
BRI T RO IR E LT,

(1) FEARFEEA A EEH

® i TR R 12m3/h (& & 3.679kg/s) L, HAKKE A OFTIE 2.107 m/s, KL
ERMFEED T0%&EL T, 8.4m3/h (HEEjifE 2.576kg/s) THAKEAAJE 1.475
m/s, AR RIZFE—DORFKETE—T T VOIS EGHE~H R EKRE L TS
7o ERL DS T AT RN DD, 2T, ERMEHED T0%IZ OV THRHEL
7=

® H/E:50C
® GLUEHRAE:0.03

® A7 —,1:0.0045m (EAKEALLED 10%)

(3) E/KIREEH A BES B — &
(4) FAREAIMA : A
(B) U7 L ER N - T

5. 2. 6 FELM:

=TT AR O IR TEAEFEEAT — XL, =2 — e = AENTRE R B S v (PR 2K
ERWTH X 72, DTSRI A R, BALE, 2, ¥, 228 em, FEEEI(@,9,2) 9(2,9) 9(z,2)
9@, 2), 9(2)7 Wiem3 T, x 8, y ShIZFS T — 28 E AT 95K J7 [ L TR E 710, z B3 72— 2
fifi e[/l — T D, Fo. FEEERDJFSUIANTT ARy B/ THY | ZHUFKEREY — 5 MR ZR D Sl
HLLBRE 7B — 212> C 183.5mm 72T NS Th b, Fig.15 1T FEEE £ D K E\ OB
FE— LB NS TAED A 27T, B — A OV IS — A0l _E (x=0, y=0), &T—77F 4/~
JUPIL AMAL, K OVERKIZ DU T x=0, HEEIVHRIC W TR x=0, y=5 OKSRA IR L BT HmE) LT,
Fig.15 TIHEUIBGREETULNREE FEE2 R L TRV, EROMITITE—7 T 4/ L DO2RITh
7o THREEE BEA L Ch D, ITEIEBTIE, B—T7 T 4/ L D% CRENE FEDENIE T 1T/ EL
2o TLEND, ma— = AMNTREREGDEDT20I1Z FEEEE N 0.01W/em3 % T [E155 771X
0.01W/cm3 &35,
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g(z,y) = A0 xexp ( — ]x/A1|A2) X exp ( — |y/A3|A4)
& iE &
iE fiE . 1B . fiE . 1B
" P2 e By
g
A0 201.2 Al 5.3863 A2 2.355 A3 2.5403
A4 2.3365
(2) B—7T 4/~ LAl (2 2 —15cm)
fa(z) = Al xexp(—A2x |z — A3]°%) x (2 — A4)
fb(z) = Bl xexp(—B2x z)
fd(z) = D1 xexp(—D2x z)
g(z,z) = fa(z) x exp[—fb(z) X |z*°] + fd(2)
7212 L. g(z,2) <001 THhiX g(z,2) =0.01 £T 23
TE TE iE TE
" (3 " (3 . (8 " i
g e 2'e e
Al 2.34129 A2 0.0977039 A3 -13.9572 A4 -18.2421
B1 | 0.00319033 | B2 | 0.00118161 | D1 -1.27373 D2 0.0162309
3) B—T7T 4 NAMAE — L (2 < —15cm)
g(z,y) = A0 xexp ( — |w/A1|A2) X exp ( — |y/A3\A4)
TE TE TE TE
" (3 " (3 " (8 " i
e e Px e
A0 179.3 Al 5.3863 A2 2.355 A3 2.5403
A4 2.3365

(4) E—7F ¢/~ JLAMEl (2 > —15cm)
= Al xexp(—A2 x |z — A3|*) x (z — A4)
= Bl xexp(—B2 x z)
= Dl xexp(—D2x z)

= fa(z) x exp[~fb(z) x |2[**] + fd(2)

fa(2)
fo(z)
fd(2)
g(z, 2)

722, g(z,2) < 0.01 ThHRiF g(z,2) =001 &£F 5
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E E iE E
» [ . fi . [ » i
% % e %
Al 1.97165 A2 | 0.0960336 | A3 -14.0000 A4 -17.6203
B1 | 0.00293299 | B2 | 0.0143199 | D1 -1.22622 D2 | 0.0161548
(5) T—=77 4V HNOHYIH
glz,y) = Axexp{-Bx[=*+y*)*]*"}
E E E E
" [} y [} » [ y [}
% % % %
A 0.0607964 B | 0.000130395
(6) FAKE—LZH (2 < —15cm)
g(z,y) = A0 xexp (- |z/A1*?) x exp ( — |y/A3|**)
E E iE E
» [ . i . [ . i
% % e %
A0 49.8 Al 5.3863 A2 2.355 A3 2.5403
A4 2.3365
(7) FK (2 2 —15cm)
fa(z) = Al xexp(—A42 x |z — A3|%?%) x (2 — 44)
fb(z) = Bl xexp(—B2x z)
fd(z) = D1 xexp(—D2x z2)
g(x,2) = fa(z) x exp[~fb(z) x |«**] + fd(2)
E iE E iE
» [} » [ . i . fiE
% e % e
Al | 1.1717522 | A2 | 0.0977806 | A3 -13.8993 A4 -18.9814
B1 | 0.00283461 | B2 | 0.0147685 | D1 0.864179 D2 | 0.0181999

@) 772v
g(z,z) =0.01

LTI, 2O &R CTH AN B =T T4 B OMBEEL R T,

(D+©Q) B=T7T 4 VAR (AN L ER) 1.1834 X 104 W
B)+@) 'B—T7T 4 NAMAl (KL 1.4153X 104 W

B) B—T7T 4 VNOLEEI0R 4.4401X10'W
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®)+(7) FEK
® 7.

5.6898 X 103W
4.7649X102W

¥ RN CIX. AREEDOTRENEMT & [FEEICE KD REEE 1.1 [Z10. ZOMOEALDOFEEE A
1.25 fFlcLChH 2 7=,

5. 3 FRATHRE
MRS D —E % Table 4 12, AAFEHE 2.107m/s DR HE LU TEAKDFE A . BE/KDIEE
O30 . PUAIS SR DR EE 45347 . AMAI S #a DI EE /3 A% Fig.16 775 Fig.19 1277,

Table 4 Analytical results of the safety hull

Maxi Maximum Heavy water
. . aximum temperature of | pressure drop
Analytical Inlet velocity of teilmperature of the safety hull in the safety
eavy water
scheme heavy water ( ) wall hul
<110¢ (< 150C) (< 100kPa)
Standard k-g
+ 1.475m/s 100.7°C 177.5C 29.8kPa
UD
Standard k-g
+ 2.107m/s 89.45C 157.5C 59.43kPa
UD

FRD B EERE IO THL B R 110 CICH_TELS, BREEE L T0D, B—T7 T4
MO R IR E 150°CABIBL QWA ERALEED 7T0%TH 177.5CRE THY,
ERE EORBEIIRNWEE 2 DD, Fio, BEAKOESRES MRS 100kPa (ZH~TH0E<,
R GEM AT L CQND,

FEFAX — ML DL RDT | BEINEHE kBT L+UD, #E% k-eE7 /L+MARS O
AE WIS A Table 5 (2R 9, £z, Wi /04 X% Fig.20(a) % O Fig. 2027, 12
% k-g&7 /L+MARS DT CIIBCRHE SR CThDFE 7= 1 X103 % FRIZETPERL T3,
Fig.20 (R385 0 O /AT TRAVOIENT 322 E LI W2 EDRR &35 2 B, R0 EEAR Y
TR LTS L TR CEAEE 2 HND, 7233, Table 5 (a9 AT RS BL T, FERSAEIC L B4R %K
ZRIAATELT, 2T 4.2.6 HiORMEELZZDEEE 2 TS, 2O | fENTHEROIEE T
#c Table 4 ORIV /poTUNB,

2 AF — LI UD #HVT26E MARS 2 W54 T EEamEMESCE 18 RO REGRE
HIXIEF LT, Fig.20 TOMZAFIT -8 — A2 ER eI 31T D B K DO FEE RN TOFALUZ UD
& MARS OZEBRHNDH, B HWEO TN B E e — AR BT DI ENIR I BT o 72 7281 A
HIVR, DED B =T T4 I OW TR E ZE ) A% — L E L TMARS 07220012 UD Z v
THFIE ORI ORFHIZEL X TN EE X BIND,
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Table 5 Comparison of analytical results of the safety hull with UD and MARS

Maximum

Maximum
temperature of

Heavy water
pressure drop

Analytical Inlet velocity of | temperature of the safety hull in the safety
scheme heavy water heavy water wall hul
(<110C) (< 150C) (< 100kPa)
Standard k-g
+ 2.107m/s 81.63C 136.1C 59.43kPa
UD
Standard k-¢
+ 2.107m/s 83.01C 136.6C 56.7kPa
MARS
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6. B—T T4 INVORBEE T Z S E LT BB AT

6.1 fEHTEM

Fig.21 |\ TR I, B—7 T4 WTNRRZ im0 IR B L7 S DA Rk S v, HIZZERHD
E XN DD IO LV A BT B TnD, 16> T, 4B TR 7= KERE AR OIS T
EIRIRRIZ, TR O DI I L0 22 i OIS HERR T IR > TR PTRIR B A (B g NI I D 22) A3
LD, B—=T T4 UTKIRE IR IO E D EHE CTHOIEEER OB LV, SHIZEKR TR FHE
THEE bmm OFRFRIEH /20T, mm B OFEHATE CTHI BN R EE L | WAL ISR
BT LN RSN, 207D, B—T T 4/ IV OIRHEE %5 8 LT BB 2 35 272 O O
AL~

6. 2 fEHT T
6. 2.1 T

AT E T WIS E T LT T MR A TE A2 B L T, Fig.21 (R 3 iR A 5O D%
PRI S T2 O A 5 S 1mm O baffle THUEL 72, IWHERIL 11 AT CHD, HE Imm (FH
VEVEZ BB LTZAEEO ERMEEL TIGE LT,

6. 2. 2 OO
ELRET L EFES A — N TESE k-e BT /L UD 2=, £, GLIE 7 T MVECORE I St W)
MAE 72 &2 DO FENT S35, 28 EFRIEETH D,

6. 3 fEHTHRE R
baffle -}  DfiE#T#E % Fig.22 7°5 Fig.25, KU Table6 |27, £72, 57D baffle &L O fEMT
BH LB D726 R T Table6 127”7,

Table 6 Analytical results of the safety hull with and without baffles

. Maximum Heavy water
Analvtical Analvtical ¢ nl\i[a)imgu;n ¢ temperature of | pressure drop
nalytica nalytica Eil perature o the safety hull in the safety
eavy water
model scheme . wall hull
(<110°C) (< 150°C) (< 100kPa)
Standard k-¢
With baffles + 88.17C 155.4°C 64.7kPa
UD
Standard k-¢
Without baffles + 89.45C 157.5C 59.43kPa
UD

KR ER AR DR IR IZOVWTIL, baffle AVEMELETIZEAEZIT AL, baffle 217722
ETIENBEEPET EF LWL, ZhbENThD, 2IROH /4% Fig.16 (baffle #EL)E
Fig.22 (baffle fi¥)) Tk ¥ 5L baffle TORIFETRNDFEELE 2 HILDIKRIEIEAS baffle (2> T
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BN TCWD | i EAL IR ERZARIT RO, 26D ZEND 1mm FREOEEE I LFF A
FNTHDHEEZ ZDND, 72721, EEEROMEREECIXEE RN — 1A LS00 Cidad |, HAN
BB IR DL B EHE BV OB T A KD Z L TR BR DD EEZITHEEZLNDN, ZNET
DIEMTRE RN =T T4 TR R AL R TETWDEFHTSNLZ LD, E—T T4/ L
DRGSRV B R B IA RN EE 2 HILD,

7. F&D

ZEA=T =TI BUERGE R OEHEDIRILZ B L T, KEAZRN O KSR HARE 2B 581
TRENAT . K O —7 T4 VN D KBS AR IS (2B 92 BB AR AT 21TV AT BN DB Bk ER
Z = MR ER D EASHIRNERERH M ZAT 72, £ ORI A T CHREABR G 2T o T BR D 2R %
T R oM RE e lR T& D RIBLA157,

Eo KRY =7 v MR GRRIERIE TECDREETICLY | KIS HKDFRENIR LT T D528
HRAT D, BRFMEE LSBT 52 LTS KRS —7 y MEG ORGSRV IHMER T& 585
Z B2,

BUE OB L TAECTIREZSITH L T, BOISEREHEOH LI LB Tz, ZNH O
REEEX RIFAANDOBRO LA %O GBYCERET D AT REIC D LB 2 HND,

235 3R

1) K. Haga, et al., “Water Flow Experiments and Analyses on the Cross-Flow Type Mercury Target
Model with the Flow Guide Plates”, Nuclear Engineering and Design, 210, pp. 157-168., 2001.
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Heavy water

Safety hull

Beam window

Mercury vessel

Proton
beam

Fig.1 Structure of the mercury target vessel

Welding line
WC2

Welding line
WC1

Fig.2 Outer view of the mercury vessel
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Flow vane No.4

Flow vane No.5
Beam dump

Flow vane No.6

Flow vane No.1

Flow vane No.2

Flow vane No.3

el

Beam window

Fig.3 Inner structure of the mercury vessel

I000FT ~ T — 1T 1T "~ T "~ T °
= - Max. 430W/cm?® .
5
= 100F n
z _
>
=
é 10 . n
- Beam .
'2 window
.S 1+  Mercury vessel Beam dump_
+ wall WL . i
g SO \~ ..
o 0 O\, .
= N ~‘\ .
g 0.1 Flow vane No.1&No.4 >OONON T
+ i \\ \ T
N Flow vane No.2&No.5 N
= 0.01F Flow vane No.3&No.6 o
'l I 'l I 'l I 'l I 'l I 'l

|
-20 0 20 40 60 80 100
Position along the beam line [cm]

Fig.4 Distribution of the heat generation density in the mercury vessel



JAEA-Technology 2008-033

Max. Velocity
2.59 m/s

STAR™

pro-3TAR 3.2

YELOCITY MAGMITUDE
s

ITER = 14753
LOCAL Mx= z.588
LOCAL MM= 0.6253E-02

2.088
2404
2.2l
2.033
1.8591
1.666
1462
1.237
1113
0.9285
0.7440
0.5596
0.3751
0.1307
0.6259E-02

243 m/s

STAR™

pro-3TAR 3.2

VELOCITY MAGNITUDE
MY

ITER = 14753
LOCAL Mx= 2588
LOCAL MM= 0.6258E-DZ

2.088
2404
2.220
2.035
1.851
1.666
14a2
1.297
1113
0.9285
0.7440
0.5536
0371
0.1307
0.6259E-02

Fig.5 Flow velocity distribution of mercury
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Max. Temperature
181.8 °C

Fig.6 Temperature distribution of mercury

STAR™

pro-STAR 3.2

TEMPERATURE
CELCIUS

ITER = 14753
LOCAL Mx= 1818
LOCAL MM= 50.00

P
O = oo -l o
@enen B b ococa g —
[ T = RN I N s W R '

STAR™

pro-3TAR 3.2

TEMPERATLIRE
CELCIUS

ITER = 14753
LOCAL MX= 181.8
LOCAL MM= 50,00
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Max. Temperature
206.4 °C

STARM

pro-3TAR 3.2

TEMPERATURE
CELCIUS

ITER = 14753
LOCAL Mx= 206.4
LOCAL M= 50.00

206.4
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Fig.7 Temperature distribution of the mercury vessel wall
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Fig.8 Merucyr flow field with various combination of analytical schemes
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Fig.10 Analytical model of the mercury vessel with baffles



JAEA-Technology 2008-033

Max. Temperature
2119 °C

STAR™

pro-3TAR 3.2

TEMPERATURE
CELCIUS

ITER = 7430
LOCAL Mx= 211.89
LOCAL MMN= 50,00

211.3
200.3
166.7
177.2
165.6
1541
1425
130.9
1194
107.6
96.25
04,66
iz
B1.56
o0.00

STAR™

pro-STAR 3.2

TEMPERATURE
CELZIUS

ITER = 7430
LOCAL Mx= 211.9
LOCAL MM= 50.00

2114
2003
1aa6.7
1772
1656
1541
1425
14049
1194
107.8
96.25
4 .64
Ti12
B1.56
50.00

Fig.11 Temperature distribution of mercury (baffle model)
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Fig.12 Temperature distribution of mercury vessel wall (baffle model)
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Fig.13(a) Flow velocity distribution of mercury ( With baffle)
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Fig.13(b) Flow velocity distribution of mercury ( Without baffle)
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Fig.15 Distribution of heat generation density in the safety hull
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Fig.16 Flow velocity distribution of heavy water
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Fig.19 Temperature distribution of the outer wall
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Fig.20(a) Flow velocity distribution of heavy water in the safety hull (MARS)
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Fig.20(b) Flow velocity distribution of heavy water in the safety hull (UD)
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Fig.21 Baffles position in the safety hull simulating the welding deformation
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Fig.22 Flow velocity distribution of heavy water in the safety hull (baffle model)
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Fig.23 Temperature distribution of heavy water in the safety hull (baffle model)
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Fig.24 Temperature distribution of the inner wall of the safety hull ( baffle model)
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Fig.25 Temperature distribution of the outer wall of the safety hull ( baffle model)
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