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Thermal-hydraulic Analyses of Poisoned Cold Moderator Vessel
Part 1 : Study on Poison Plate Layout

Hiroshi SATO, Tomokazu ASO, Hiroyuki KOGAWA,
Makoto TESHIGAWARA and Ryutaro HINO

Center for Proton Accelerator Facilities
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 23, 2004)

The Japan Atomic Energy Research Institute is constructing a mega-watt class spallation
neutron source in cooperation with the High Energy Accelerator Research Organization. A
cold moderator using liquid hydrogen is one of the key components in the system, which
directly affects the neutronic performance both in intensity and pulse time structure. Since a
hydrogen temperature rise in the moderator vessel affects the neutronic performance, it is
necessary to suppress the recirculation and stagnant regions which would cause hot spots. A
cold moderator with a poison plate (poisoned decoupled moderator) has a high possibility to
generate the stagnant region on and near the poison plate. Thermal-hydraulic analyses were
carried out with proposed inner structure of the poisoned cold moderator. The stagnant and
recirculation regions could be reduced by making a gap between the poison plate end and the
vessel bottom surface, and the local temperature rise also could be kept under the required

design value.

Keywords: Spallation Target System, Cold Moderator, Liquid Hydrogen,
Thermal-hydraulic Analysis, Poison Plate
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1. Bt &

H AT 15T & B T3V ¥ — IS ToH & O 4R 7 0P 2 7 b T 2 KRR T InEdsat
B (J-PARC) WTId. MW MBRERRHE T S RAE T B R FE— L ZFIM L TEMRE
OYPERIES O LTS B TERI IR 21T O W - AEMRPEERIGIRA O REZ D TN 2.
B TR E 55—y R AT AR, KREBTE—L (3GeV. 0.33mA. 7] 1MW)
12 & B RS TN P T RAE T BKERY —4 y b TORELIHPHET ZEEMITRD
BIREHE, BT EBITARICE D TRV FITHE T DMAKERRBEN EN SRS N30, I
50D S biHhk®E (1.5Mpa BT, 20K) ZAWDHEEMIE. SEF T IROFHET PR
BFRET S ETHICEETH D9, Figll IKEY—7 Y b ERBEEMOREZRT, AHEMIE,
EOMREEDHET E— AR IR 1T IS SRIAMEN & . B REOHTETFE—LAZRD TGS
RUAHEM D 2 BT H B, ¥ —4 v b HIRICRET % 2 BOIKE SRR REMI IR FRE ST,
FDOS56 1B UVAELD 2 v —FICT B0FRNICH I Y ARORA XARERET S (R
A R ATEHIERD) . ¥ =5y BTSSRSO SRR RN £ RE T 5. HEMAS
TOFHTRIGERS T 5 /-0, FEHEMIPHETRINEOENT IV I U AGREMV,
MOTHEHARE S T2, £, HIREMROMRAKE S ARIB L OBRBRRETIZHD., KK
Sy —4y MBS 5 M SR CREEESRBE < /25, TIT, BRRRIC K D ERK
CEHIT B I EE L, AKRRBRNICHEASNZRAREN SBINL . FRERICERL &,
BE VW TR T B & L7206, BEERIIAROBRACIIAN TH DA, BHOMHFROICE
D EEBEREROHNOBHIRE S =0 RFfNLIRE EREECP TV, 207, EERKOIEE
BRIAHHEMIZOVTIL. 77 UV BBIEE3 ALz KIC K B AR EER THRE)/ XS — > OFRN
FONTERE. 3510, EREERZEICEEREAORA 3 KTRIHAMHT 1— K STAR-CD OREE
B0, By — 2 2L ERTES ZEE2POMNITLEMY, —F, A X AT EHFEMITON
TIEREORA X ARDBIRE & DT HEOBAN S BB T 2RANED SN TEL. IheR
T B IR X BN OEREMHT 5720, KA X AMMORBEFELA 2 2 RDE R
BEREL., NS ORIEERE L. AREETRITORRIIOVWTERD,
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2. A XA E R REI IR D BB R

2.1 BERURA X ARDIR

A XA ERREM A ROMIEE Fig2.] 1ORT. I OMEM SR QR b 4 0e
LFA—THD. BENICTENMDRA X ARDTEEAIEE Fig2.2 IR, ZORA X IHKiz=2
— NOZT AR ERICHEEMBNRE SN0, BA1 X AROIMETH D RI I LADEX L
1.8mm. MO 100mm LA EX100mm B B, BBEABIIARBLNSH I Y ARLETD
BHAEAY 6mm BENIEMFMIBTH B, B RIVARAIIET NI YA SOMEE 1—F ¢ > 7
THOPETH D BRIIRAT0.5mm TH 5. 128, AW CIIESE 0.5mm & U THRETEHEL -,

2.2 KA X ROFLE

A X ARDELEIC DTN HEHE SIS S BB R D 2 DDEFINEERLT
PRl 21T > /2. A FIZHEF I OBE S S8R U E T 251,

(1D EF)I 1 GERFRREETIL)

Fig.2.3 ICET ) 1 OFBAMIEETT BA1 X RBAERPLNSF Ty hENTRBINS -
DBAKFDFHIIIEN ML & 725, RA XARITED 2 HEIX NI ERNOBERIZOWT,
WHZEK 1L RWHZERER 2 EZNTNERT & ET 5, Bt LIAROHEIIHE 110mm. K 120mm
EL. BA X ARDIUSE THIBSNEE SIS B TROBIUIED &35 5512 L. SR & OMRIE &
OEIZIZRAT 5mm &2 2BMZRIT -, BEZN L THEIR 1 S8R 2 OfkEES 85 L517
LT NOERECHERTREMGT 202 E2 52 5. WIKERARSIIERK 1 f% L5 o
OREHL EL. ER 2 MEHEERE Lz, RAREONEE 21.4mm. BEIZ Imm T. BHO
BENTNEERERED S 65mm & 10mm TH 5, FHEEFHOEH O X 10mm [3EREE RN S 3
YA

Fig 2.4 IZET)V 1 OV FERT. MITHRFIZ. Tetra X Prisum (& : 0.35mm. 2 &) A
v aTHERLU. BT 1,129,344 (fifk : 774,645, BRRKLUEIE : 251,425, BA XM
103,274) T¥H 3.,

@ EFI 2 GHRREEETIL)

Fig2.5 IZET) 2 DABMAIEERT. RA X MDA 71y FEHBL THEORED 2851E9 3
2%, JBE Imm OEYMRERA X AR EMFRIBICHRE L. 1 X OREM RO RIS
SPEEHICHE T DL DICERET 5. JITKD, FRNL 3 DEIXNLD. wE— R 2%
BUR 1, A1 XA LR &SRR 2, (LUK — SRR 3 SRR & &35, WkKERA
BUEIARA AR MEYMRIC L D 3 DEIX N, SR E L ARIEEHN S 10mm OIEEWEO &L
Izo TABENESRBEOMO 261k T 572088 ANT 21.4mm 75 30mm FTHART S & &
UZze BEARZ 0.5mm & U THENTEHE L 7=,

Fig.28 IZET)V 2 DG T 57T, MRV TFIL. Tetra X7\ Prisum (& : 0.35mm. 2J8) A
v aTHERL. #ETHIZ. 1,334,529 (fifk : 963,846, AIKRUEE : 244,120, BA X2 RN
(LUK - 126,563) TH 3,
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2.3 fthFi&
(1) ¥ 0— R RO

JEREERS T - BIRARRIC K AU 3 KRfAfEST 11— K STAR-CD ZfER L. &% - JEEME
& U TR 21T > /=, EN#EIE SIMPLE i, MHRIEOZEMEICIE 1 REER L2702 R,
(2) Wttfa

(a) Wifk/k#E 1.4MPa. 20K IZH1} 5 FRLO#BAKFEOWIEBEWDZEM Lz,

EE 172.74kg/m3
MRS 1 14.0uPass
- HeE :8977J/(kg K)

ER 10.103W/(m-K)

(b) BREEVEE 300K IZHBITBTFRRDOTIIZTLEE (A6061) OWMHEWZMR LT,
HE : 2700kg/m3
‘b : 896J/(kgK)
BUREER 1 180W/(m K)

(@ BA XM 150K IZBF B FRLDN RI T LAOWHEHDZER LT,
PR : 8760kg/m3
R :214J/(kg* K)
BYREE 1 101W/(m-K)

(3 EifETIV

RTINS, EERITEL 1 IV TERER k- « 2 FERXETIL. BESRIC0 AERXETIL GEL
BT MV —E) 2Eh TNV, LR T 7> MV Pr i DWW Tid, FREOFEARSITED
REINBHR9NS 0993 L7,

1.63

Pr =008 4 Pr/0.0015 )]

2.1

ZZT Pridr 7o RV TH B,

(4) BERRMN:
ERGEHELL NTRT,
RMABREM - RARENEINOE  1.5m/s
BAKFIRE 18K
-RHER &M RHGRO 1A D
- BETISRAF -
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(5) FEEVEE

Fig2. 712, IMW 7 E— AR BIT HHEKE, BREDRA XARDY—4 y RS EE
FIOFRREEDIERT . BT TIIRAEEE FieD 714 v T4 VR TEL. KEHMITIZD
REABEN-RIIAMTEHDOELTEHAZ. ZOXBTHRITETIICE 2 SN RERRITY
1.2kW TH 5. 128, BEERFETIV 2 OHYMRIZ, AU TN I I AGLMTH 2BERORMNEE
5 Z T3,

Heat density of hydrogen (W/cm3)
=0.61912-5.7744Y+52.115Y2-349.79Y3+1104.9Y4-1247.2Y5 (2.2)

Heat denstiy of vessel (W/cm?3)
=1.2047-5.1731Y+75.932Y2-706.83Y3-2320.0Y4+2488.1Y> 2.3

Heat density of poison (W/cms3)
=3.7152-21.47Y-146.38Y2+8941.5Y3-26439Y4-1516600Y5 2.4)

ZZT Y 3EEM AL S OEEE (m) THD.

2.4 FEATRER

Fig28 I EF N1 RTETI 2 OEHEBEEEBR T DRBERT. TV 1 T3 0.48L/s HVEZER .
5RO D 0.06L/s N EFNSOREHL Lz THD, BEKEDIFIFL THEHERFICHFHON TS
ENOND., ERERICHEDNDS 0.48L/s DD 5 0.170/s DR 1 RN TH Y. Ef» S0l E
H L 2SO THEE 11213 0.23L/s 23WiAUAT, —F. 1 X AR E R IROREREM S 0.05L/s ASEIR 2
AfiND7zD, HR 1 B S RLEEICHA T 5iRIZ 0.18Ls /2o T, bbb, fHiK 1
&2 NSIFRHEREICRAT 5HEIT 0.18L/s & 0.36L/s TH D, fEK 1 SHEK 2 DEREILIT 37 @ 63
THO. HE 1 BT 2B OREIIGEVVETH 0 B RIFICEA I TWS EE X 5,
BTV 213 BN S O EH L & FITFT TORNZDETOWKKFENEEEFRICHbN D, EEND
BRI 112 0.15L/s, FEIR 212 0.19L/s. fEIK 31 0.20L/s E75> T3, EFIL 1 ITKRS L8
HITRAT BRENDRN, o SEROAMELTET & 37 GEKRD @ 21 (GER2) : 42

(FEIR 3) THD. B 2 CHAT HHBIIBEICBANENEEZZ 5NS, FERBADOTOESA
Kid, BTN 1030.17kPa. ) 2 210.1kPa TH D ETIL 2 DIF S HYEW,

Fig.2.9 IZHE FHUD tH LRIOBEFELE RN 7 M IVERK. Fig.2.10 IZABNEERENMEZRT. F
U 2 TR 2 ITRA T I BSZ W=D ME TORIUIETIL 2 DIFS A%<, BIEOERE HIK<
BoTWS, PEFRODMUEMHETIIET IV 1. 5 2 EHICHEELBREDERINS D5
EREL Lo T3, TOBE, MODIFEAEIVVBBENAEEL TS, RABEIIARERT
BREBSNERIIEHERRICLD2BHEL TWEEDIFEASRE FRIZRSNT, BEIRIGEE
THLFETMOHLUE TRMHEBE S5 TW5, BEREIZETIV 1 T30.0K. 5L 2 T302K &
RIERICMAETH 5. 5 OBRBIREICHT ZHMESIZ0.8MPa THY, BA 1.5MPa &L T3
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EIEH % 1L.OMPa BEE TRTFAZEMTES,

Fig.2.11 I T D 1 U E A 5 B OB O X7 BVRE. Fig.2.12 ICRER A
KEBEAGERT. BEICH > RN ERET 2 EET)V 2 DEIAEN. ZEODEHROMEN
E< o TV, HND/NY— 1 %R5EBBREEAERINTVWS R TREKRTH 22 T
2 OIFSHAEZLREERBARE L>TWS, - HERERTOREIIETIV 2 DIEDHEN,.
Fig.2.13~Fig.2.15 2 S W BT 2 AR R OWHRKKOBENM I ZRT. TV 2 O 2 TRA
A Z R E DR S LD ITREOENFEEMNEFLET S 2 EAbhn s, JHUIERERHLOEIR
MRA X AN SETRICE TR IO TH S,

Fig.2.16 \ZflE A 5 Rz D REWTE O 7 RVRR, Fig2.17 IKARRORAKRRE M Z
T, BFL 1. BTV 2 EBITEEICEE USRI ISR > TRET 5% b THRMC BRI
L0, BEESAEICIEREDER S NS, SRR TRESEWEWS RRESHD/NY — R T
THDHN, 2EICREAFIITTIL 2 DIEFINE. ZHIET)V 2 TIIERK 1. 3 IS5
BNl TH 5,

Fig.2.18 IZ &R ERBOWAKFEDEIE 27T . TF )V 1 T 22K KREOBAKRDOEIGHHI 97%
THY. ADBEITHT BEE FRIZFE 4K B E 2> TV, BTV 2 TIE 22K REGOBAKFR
DOEEAHI T1%TH D ETFI 1 X0 BEL 2o TS, THUIER 2 OFRFERGE O TRES L
RLTWAEDHTHD, HUIREHRE LI & THREOREIYIT S WRFTHIRRE ERNETZE
EZ5ND.
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3. HEME

DA AT EHBEM OBBANIRA X ARERBT 2-DHRNMEH LT <, ARABITEE T
RUBWERITIIRAEKRRO BFRRE ERNKEL LD, £IT, BERRNICEL Y ARDAER
B LUZEMPRRIEDET IV (BT 1D & BA Y UROMICH IR % 3318 U AN % S
ELEETIV (BT 2) RDOWTEBRH T TOREBMT 21T/, 5 1. TFI 2 &b
EL 85 TR KRS 30K E< T TERL TWAA, ZOBILERICH W=Dt T o7
—LORHEICHEZ S BIIDRNDHDEEZ NS, FENEATORSEEITIEFI 1. 2 &b
FBK THD., NS DEEREICHITHMMENL 0.8MPa THDZ &M, EHIEH% 1.0MPa
BELTHIENTES, BETHEEROZBAKBREIZETIL 2 TIEE 71%08 22K Km0z
HUT. BTV 1 TEA 97%H 22K K TH D ETIL 1 DIFSHAEL. TFI 2 TIIBA XUHE
EOMRORMICAE U 2 BRI TRE ERAE L W=D, BRNENS ERIZ T2 5 RITEFHN
IS EREECPTNES XD, TNEORENS. B A ZAREM OBEAESITET)L
1 ZHAMEETEIEEL, BRI SITHENS2E2E L BELET-> T,

# R

FHREEZEEDDITYD, PHEFRIERETE S ) — T OMKRSRRICRY TSR E B0 L
Zo TTICRELTHEEZERLET,
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Decoupled cold moderator vessel (Flat type)

Cold neutron beam

Coupled cold moderator vesél '(Cvlindrical typ

Fig.1.1 Layout of target and cold moderators
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Outer pipe |
(1.D.:34.1) Viewed
surface

ALZ .
el (unit : mm)

Fig.2.1 Flat type moderator vessel

Poison plate
Minimum size : 100 x 100
Thickness:1.8

Moderator vessel

(unit : mm)

Fig.2.2 Poison plate and moderator vessel
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Inner pipe
(1.D.:21.4)

Viewed surface
Moderator vessel _
(unit : mm)

Fig.2.3 Layout of poison plate (Model 1)
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Fig.24 Cutaway view of analytical grids (Model 1)
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~ Inner pipe
7 (1.D. 1 21.4)

Dummy plate

Poison
plate

N

Moderator vessel Viewed surface

- (unit : mm)

Fig.2.5 Layout of poison plate (Model 2)
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Symbol : Nutronics analysis

£ Line : Fitting function
| L L A A

= 6 % ‘. ]
% 4:_ b ~h\
3 a & Poison ]
5 of q \ ;
S I @ Vessel = ;
5 OF P ™\ ]
A %
= 2oL ‘\ -
o) i o) .'l:l
= A & B ]
8 R ﬁ'? _

R v 4
% O Hydrogen & 7 .‘—lTarget
S 1 2 3 4 5

Heat density (W/cm?®)

Fig.2.7 Heat density distribution of poisoned moderator
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Total volume flow rate

Pipe . _ Poison

Region1 — Outlet

H 0.18L/s

Jet from upper port
0.06L/s

Region2 — Qutlet

0.36L/s xﬁ

Impinging jet
0.48L/s

D .
Through side gaps
0. 05!_/3

gglon2 — % Region1
0.31L/s 0.17L/s

(a) Model 1

Total volume flow rate
0.54L/s

l Poison
Pi

Dummy plate ’

Region3 Region1
0.20L/s ﬂ [L 0.15L/s

(b) Model 2

Fig.2.8 Average volume flow rate in moderator vessel
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Max. surface temperature
30.0K

K

35.00
33.79
32.57
31.36
30.14
28.93
7.
26.50
25.29
24.07
22.86
21.84
2043
19.21
18.00

Max. surface temperature
30.2K

(b) Model 2

Fig.2.10 Temperature distributions on inner wall surface
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Fig.2.11 Velocity vector distributions in cross section
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Fig.2.12 Temperature distributions of hydrogen and moderator vessel

in cross section
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Fig.2.13 Temperature distributions of hydrogen and moderator vessel

in cross section (A)
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Fig.2.14 Temperature distributions of hydrogen and moderator vessel

in cross section (B)
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Fig.2.15 Temperature distributions of hydrogen and moderator vessel

in cross section(C)
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Fig.2.16 Velocity vector distributions in cross section
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