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Study on Flow Characteristics in a Cold Moderator
. Flow Pattern Measurement and Analysis with Flat Model

Tomokazu ASO, Masanori KAMINAGA, Atsuhiko TERADA and Ryutaro HINO
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 1, 2000)

The Japan Atomic Energy Research Institute is developing a MW-scale spallation
target system under the Neutron Science Project. A cold moderator using
supercritical hydrogen is one of the key components in the target system, which
directly affects the neutronic performance both in intensity and resolution. Since a
hydrogen temperature rise in the moderator vessel affects the neutronic performance,
it is necessary to ensure the smooth flow of hydrogen while suppressing the
recirculation and stagnant flows which cause hot spots. In order to develop the
conceptual design of the moderator structure in progress, the flow patterns were
measured using a PIV system under water flow conditions using a flat model that
simulated a moderator vessel. From these results, the flow patterns (such as
recirculation flows, stagnant flows etc.) were clarified. The hydraulic analytical
results obtained using the STAR-CD code agreed well with experimental results.
Thermal-hydraulic analyses in the moderator vessel were carried out using the
STAR-CD code. Based on these results, we clarified the possibility of suppressing the

local temperature rise to within 3K under 2MW operating condition.

Keywords: Spallation Target System, Neutron Science Project, Cold Moderator,
Supercritical Hydrogen, Temperature Rise, Recirculation and Stagnant
Flow, Flow Pattern, Flat Model, PIV System, Thermal-Hydraulic Analysis



JAERI-Tech 2000-018

H X
L BB eeeeeeom e 1
2. EERIEIE DEETE oot 2
3. JUEAER B ORATIRAI  -v-evvereererrremssme s 2
31MEHH OB 10mm D EZDFRE/ST — 2 creereeerrreri 3
32K IIEE 30mm DEZDTREN/NY — 2 cverrerremr 5
33MEHHOBEE 50mm D& ZFDPRE/NF — 2 voverrrrrmmr 5
4. FBDCEM AR DBFRTIRRHT  coorevrereerrmrrrm s 6
A1 BRAFTGRE  oeveeerrrmree e 6
4.2 BRATREBL  coeeeeerme e e 7
B, BD S et sttt st 9
e LR P PP P PP PR PP PP T O ETTPPITSILES 9
FRF TR wvvvrerereeree oo e 10

Contents
1. INtroduChiom  coesresrerereseesrrer ittt sttt sttt sttt st s s s s s s 1
2. Outline of Experimental Apparatus et srsstsstsssssstsstrsissiisenseees e 92
3. Experimental Results and Analytical Estimations « s 9
3.1 Flow Pattern at 10mm Nozzle Height «w+eesreseessesessssseussntiensniniiinisisicnnscnns 3
3.2 Flow Pattern at 30mm Nozzle Height «+wsesersessessesssississinininisisinistississsissiens 5
3.3 Flow Pattern at 50mm Nozzle Height «+wssesseesessesssssesssssissiiisinsiisissiissineises 5
4. Thermal-Hydraulic Analyses in Cold Moderator - ssseseeseseremssmisesscssenscnssnusenne 6
4.1 Analytical Conditions e 6
4.2 Analytical Results e 7
5. Concluding Remarks et 9
ACKNOWIEAIENE  orererssrssersserserssers st e 9

References .......................................................................................................................... 10

i



This is a blank page.




JAERI-Tech 2000-018

1. #% =

HAR AT AT, JAERD Tid. 1.5GeV-5.3mA #& (i SMW) O KEER;
M % W - P FRPEDISE T 20 T T, RPN T 250k & U TP L
% (BMW) OBEHRET 2D TEL®, SERK 11 FE S PR e Bl & TR )
F—IEBEPEHE (KEK) OXBNROEEEHEL T, WEEORHZ/EEL T
WBHEIEERS T, AREROPHFREBDEHEESY —5 y P AT LIIDWTE, €0
BAEHET A -DICREHHERY R&D % JAERI E/KER > TEML TWDO, B
P =4y R ATFLTHE, =7y FTRETHIRBEORIRINF—FHTZHELD
B EELERIE I RN FE—LRNICHET 2 REMORRENEETH 6 0,
Fig.1.1 12— v N EREM OB ERT. T, % - B FRERTHEN 9 28R K
FWHM CLF. BEEM EIER) X, BT/ OV, PHETFRREZHRT S
iz, AN MM - RTVPHIES L. KFRRED LR % SK AN T 2 HENSH
50, ZOXIRHEEESERREIE 5201, BERKESRE (1.5MPa, 20K) (it X
LREERENE & BIC, RFMAKERE FRZHIET 520 IR HEMA RN TOREZ
BT 5 ENERTH S,

HHEFRPEFERE T, -7 v b HEM RO RFEORE R &GO RR LB
SETOMHRESEICL TESHKZEDTED., BEEMIIDODNWTHHHEFIIRCN S
RO O THNSHETH S ISIS (3) OXIL SNS GHE CK) © & RBR OB EIEM
BE2EMAT5FETH B, Fig 1.2 KHBEEMBRHOBEREEZ RS, I I TERERK
FIIEFIRE TABNICHAL, FRERTHEL TRELEZNSHRETS. Z0XIR
WETIE. RNRRELAORRERZKEFOBRER - HEZELCTVWEZD, T15
OFRAERMER SN L TRARBEGORBELEZRD . HESXEHIKBRT 2 I ENRH L
2o TW5d,

FIT, BRNORE/NY — > 2B L TRERBEMXZHET 5720, KiZX5H
BUCERZERL ., WITL TRRBICHET 2R Z T > 7z, 5 1 ROOK G 2 HOVT
1, BRICEZEMRIC K BRERETRO 2 KOTEEITIEE L. BEM AR E 2 KITHICEEL -
THEAERABREEAWTHEMEL 2R EBTOMER. RRENOWRENST — 2 ZH S,
LB a—-ROAEIMEHEREL . AR TR, AEEMAREZERRICBRBELZREET
NVORBRKEREL TEBEL ZKRBEBROBITERICOVTRRS LEDBIT. b
DORERITHE DN THEIEL 72 EB AR BN A SN ORISR Z R,
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2. EBREREOHRE

FOEM R EBREE O A — T & L — Y —ifi# s figt (DANTEC PIV2000 AT
Iy AFPIV AT AEIER) OBER Fig.2.1 \ORT, EBREEIE, ¥>7. R 7, &
R BEEDN SR B KNV —TIZ, Figl2 I RLEREY A TORBEMBSEEREL =T 2
UL EOFEBMAE (N 25mm. 120(L) X 120(H) X 50(W)mm) Z#&i L 72K Th 5. K
B389 0.25~1.5L/s (EFHFHE:0.5~3m/s) OPHDRBIMN [HET, Tz, HMmHOE S G
BRKICBWTHERZEH T 2ANEHD SARKR & OB 28 mm 758 50mm £TE
ABTENTES, MNPOFHRITIE PIV P AFLEMEHL., HIF—413/5—YF)a
SEa—FICAN U TS - RELE, HBRIT. RIERRJE. BRENHTTIT - 7.

3. B AER K OB 7

ERIIUTOLDITHRERVNERE OGS S 2L TEBL 2,
& : 0.25~1.23L/s (HHE : 0.5~2.5m/s)
(L1 7 IV XE Re(=vDe/ v v:EFHEE De:NERE, v Btk
HERED © 1.4X104~7.0X104)
W IS S 0 100 30, 50mm

Fig.3.1 \CHHEH L8 & % 10mm & L72FRIZ PIV & 25 AT 5 M= B O 4 733, 5t
PRI LT T, Bl (22T PHETFE—L B0 HT 120(L) X 120(H)mm O %
EREE L, A, 120 H) X50(W)mm O 2 &S 5) Mo RZYmTHS. FAMLS L
—H—FHELTVED, ZAMBEOHENSEKANRKH L TWS, 208, Z0
D PIV BIET— 2 IIXHMEO @I T VNS G ENS AMfEENE L. £i2. B
INEEEEE ST O A ARG OFENS L —H =R FRRIRWEENH 572D, JE
TINDHENTHINSD,

HEBRHTICIIIERER T - ABRERREICE NI KR cARKBEITI— R TH S
STAR-CD 2 L. E¥IEEHERNE L TEHE LU=, EAGET )T X1 SIMPLE
. ARTETFIIERE K-« 2 BERTT IV, ERENRORIVIEEEEEH W=, #ih%k
I EBREMLEGDhE, REEKE L. Figld 2 ICBITETIVERT, A v a3k 28
TIDThI AV aTHD,
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3.1 BEHMHIOBEE 10mm O & X DHBY/F— >
(DIEE S F7z WOl 8 W O iR Bh /Sy — >

Fig.3.3 O LRICHIRH @ E 2 10mm. A LREZ4 1.230/s (EFHRE 2.5m/s) O
& EDOEBNIES M OREARERT, K — 7% LB EHTHEEL, PIVDOY T
WIWAL—H—OMEE 1501s & LT 1.4 BB TEHIL, FEOXRY MLy 7%
WLz, K, GHILZ 100 RORT ML=y T2 L D TH 5,

HIZRSNDE DI, KIZNEN S8 2.5m/s (Re=7.0X 104) THABNICHEH L TAL
EHENCHEZR L., ZOHKHIZH> THNTWS, YULERICHEMSE< B 2 EAE U T
WEN, ZINSEFENRELBEDZD. ZOEROBLELT—BHICE<, K
DEATHENTH S, WE/NY— T EAERHHT, PO A SEPLE LR
RRVHERTE D, HEREOTOMORELELS 8> TWEMN, 22 CREL-FHIEE
WMOMAELRE TR > THEATHEL TWD I LA S B TE -, 1§
2T, KIZR SN2 BREERERESRIVIGLRIC X > THRIC /RS> =R TH 0 . HERIK
WCRENESELEBENA S, 20D, BELRANOMBINIVNWEELZ S NS, —
77, A& OITE > TRITRERSE D S FEACKFITH L T < A%, NSRS ORI 0
B MTHHENEL TS, B AUTDWTIE, EERIZEHINC B W TS 4Ic R FE O s
Tdholz. BEMOBRE LFHZ2 725 THRBEEE ML, HE AR TIRARO KRS,
KEHRTRAEROH L TRAL RS20, ZOEBRORE FENRALRS 2 ENT
HMahs,

Fig.3.3 O FRIIEBR EF UM (EIEHIIES 10mm. "HRE 2.5m/s) © FTHdE
DHERTLIERTH S, KRR EMITSERE B TD L, VT MY 2 7 OBBRTHR
EWOMDEFINREZbOD, FERUHEH/NY— 2 2xR0LE, ThabE, NEMS
2.5m/s THABPUTHEI U72KIE, EHEEHE L TR > THN. KNP0 A SEduL
EUBERRPREL TWa, £U T, BRI > THIFRET L OISR I
WY 5—AT, NEBIHEOKY B S THEBRAECTNS,

Fig.3.3 THGEEMN 5 /K& 4 10, 60. 90mm DFESIZHNT, FHlARY RLOM
BRRDZ7 0y hL72Y 5 7% Fig3.4 IR NEHOTH 2EHRH TS S 10mm O
ETHEBREREMIEREN BT DL, VS 7R—BLTWa&EidWaRWn, Zhit, £
TEBRMT, AR L2 XD IERD L —F—DRHOMEO 2 ARG L > TR L —Y
—RFMRZICSL RFRT—INEShTWiaEnEEZ SN, TR0 S ok
ERNTWD, Tz, MFEEORBHICHRO Lz & Z0ORBHRES NS 2 -0, %
MNPRACLK KBTS ZEBEZSNS, —F, BARMITIE. AL E%EK- ¢
2HBRRET N REHEERR CEALRBREI L F—k 2BKEHT 2 E b TH a2,
CODEEL TWEEEZSND, 5%, FEEROBINIEL TWEESbN TN
VA7V ZEEIRET IV (RNGk- e EF)) REMDEREET TV & AWK 0,
KR T 2 FETH D, KEFST 60mm. 90mm FENEFNERO LK VAR
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DEATTFRIOS I T, WTNHHEBREFTOWHERER T OAMIER B L TWS, L
ML, BIEOEEE. T7abb s o 7 Oish CEBRMENRBIC TN TWaHD1E, filfd A
AHEEIC L DT —INRFL TND D TH %,

UEDESIC, WEERTOIEFETNICETLIFEIH 20D, HE/F— KD
FESMAIC BN TR RIEBRERZZEERLTWEENA S,

Fig.3.5 I3, iRk £ 0.5m/s & L 72RO R EFNHTE D OB E 5 B K UFMTHE R T
H5, FE/SNY— 2 IIEFRE 2.6m/s OF & FHRICEBREFTTIZE KL TWBE Z &
DR TZ S, /-, HMHITETRRE 2.5m/s ORE/NY — > EFERIUNNY -2 2%
LTHY., SEOEROHHEEME 0.5~2.5m/s (Re : 1.4X104~7.0X104) TRAEHHNOD
X7 mEIRIUIIZ EAEED SRRV ENh o7z, 35, HEBD Re B 4.1X
105 2HE L TW5,

()M H D FRBN /X E — >

L—H—— hHLR BT ET 2 () ORIE RO RICHL, L——2— %
OB 55 10mm BENZALE T, Bl S B EEBEORE/ Y — > ORIE K UR
Mtk 5% Fig.3.6 1053 . (DOHE/NY — > TH S Fig.3.3 TIIAMH I - THImH
BERHIED SN L TWNF— R 5N 5 M., Fig.3.6 TIdMlm It
BAHOLTWB, T2, SRMICHEEMES . HERKOH.OM Fig.3.3 TIZBHEICHER T
ZEDHDITHANT Fig.3.6 TIEIAHBRTH D, ZHd. HHENOD 3 XN OFENE
Aob, bbb, RO SENZEITRARO ZAMPREOHELZ L ZITPT
<, BIEMTHZL—HF—DRAY v hEHBYIZHRNRSNEEZDDEEZ SND, T
HRIZ, ERoLSmEaNnsy—2L<BHLTVS,

51T, LN 5K 15mm BEL 72356 O EE W ORE)/ Y — > ORIE K VTS
P& Fig.3.7I10R 7. ZOMBRADEFKENRABZVWETM TH D, KD A AMIZIRIZ
&5 1L —F—0R%S TABREURANR EDRNNTTHE TETWRW, HiREOH
O 5 A RER TEROPEIC L D REDEWEIRN S S0, EmH S LI/ N5 —
3. Fig.3.6 EEKIC 3 KTHZRNOFET K D M TEEMITIENME V. AT
B3, AR RN BE R R E R A A M B A EBHRBOMNHKR TE S L1311
PIEMSEEEBEL TV,

Fig.3.8 \CRT LD BEBORANN S Rz EEME R OBRO T AN S iKW
DB/ — DT, BODOWHAE THE L., BEROMITEREZ L -,
Fig.3.9 M5 Fig.3.12 12, L —H—>— b ZIEFOH.O#R E L2 5% 15mm. 30mm.
45mm B L 72478 TA ORI A S Bz EENE O RS/ Y — > ORIE R MR
BERT. WTNHBEBRO X AMERKICE > TAREREOMIEMNE TOT—4 OfE8HH
AR WA, A 3D 2 AR O ENIER IT/NE WHULERE D T OIRENIFT RS R & —5
LTW5, 5%, REBEHEOUESETOEEEOEWT — & M EAS rTRERRIE /71572
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Bt 9 5088 H 5,

Fig.3.13 5 Fig.3.18 12, L—H¥—— hZFGFE@MN S 5. 10, 35. 60. 85, 110mm
DAKFEEH S DALBIZ L2 & ZFORBJO T AN S BKEWHE OFHE/N Y — > DfilE RN
TR 2R T, WEREONMIDMRIIBEROPLTH ZKEME 60mm BT B
KERL, ZONMOBIIRRD X AMTIEIRE EDFEND R HET— 4 ODEEED S
WHHIRZ /R L TW5, Fig.3.13 XU Fig.3.14 [3IBHERILOAK LW H/ZD T, BEE
MOBEHLZREOBENARYT MR TE S, £2. AIERICBVWTHRE/NY —
MEAMRICR> TWaENWI &S, ADEKRENSEME-> T (RTIHEAEFDID) HAS
NTHBEZENGND, ZODRMMERERBLITENNREL TNBEIANHBHDT,
ANEREDRD Z2EE L RERIIREDLSBRERL TS TETH 5.

3.2 BEMHOEE 30mm D & ZDFE)/$Y—>

W O E & 30mm. ADOWEZEK 1.23L/s (BEFEFEK 2.5m/s) D& ZDRBAT
BRI DYUE e DN %217 5 720 Fig.3.19 ICIEFE A S B 7= d0 8 il Wi i O 3Rl /8y — >
2R, HKHOES 10mm O&EE (Fig3.3) ERUEDIT. KiZNEN 5K 2.5m/s
THRSAICH U CA SIS B2 U T EICH » THAL, A B2 mmammse U
TWBDONERTE S, TDH%. HaH O > TRIEEEHED 5 HEASKEITH LT
WSS, NERSEHE THREBNELD TWS, BITERICDWTH RO RS/ NS — 2K
RTED,

Fig.3.19 TABERMN S/KEE I 10, 30. 60. 90mm OFESITHBNT, HENY b
IWOMERSZ 7Oy LY T 7% Fig3.20 \RT. NEHOTHSEHENES
30mm EARBEMMITHED 10mm ONETIX, EREREBIGETELOTNND 5,
ZHUINR R, BIO A AMBEER ERE DM LOBHB®. BB T 5ELHETET IV
REDHEDEDEERD, BREOFLEVERHOOHEMTHOBEI THIKERS
60mm. 90mm THd. WINSLEREMTOMHERER T OAITRS —HLTW3S, 1=
2L, BUBET G D UEIIMETRH O E 10mm @ Fig3.4 O ANKE L, HIBETORMREN
AT 580 SIIHEBEH OB S 10mm QAL N,

3.3 HEHOEE 50mm O & ZOFWB/SY—>

W & S % 30mm. AR Z 1.23L/s (BFHFEK) 2.5m/s) D & E DA BN
53 A O BUTE B RN %47 - /2. Fig.3.21 IZIEE A 5 B 7= W0 S8 W i O s /8 & — >
9. MM OEST 10mm. 30mm OEEEFMUL DT, KIZNEMNSK 2.5m/s TA
ARNICHEI U 725 ERBBIEENICEZE L, TOREEICH > THRN. 240172 EERE
WELTWDS, £0%, BEEHDITHEN > TRREEE T S FHENKEIZHE L T A,
NAEREL B TEHENE L TS, BRI DV THRROHE/ Y — O IRRBTE S,

Fig.3.21 TAMBEH M SATEHEZA 10, 30, 50. 60. 90mm DE S ITHNT, FHEN



JAERI-Tech 2000-018

7 RVORER S E 7Oy RLEY 5 7% Fig3.22 1IR3, REHOTHZEHRHOE
T 50mm EAEEIED 10mm ONE TIREDERE R EMITERTT NS B,
ZOMIZR< B L THO, MIHERIERGEEZIZIIEHL TV, MBI OFEIX
BEHOES 30mm OBELIDBETLTHED., HEORAOESHSIE. HHEE2A
BMEHENSEEI2NEIITLEANL N,

4. VERUER RN OB BT

AR L7k 512 STAR-CD I— RIT X 2 BT F3/K & L 7 B A iR 8 5
ERELSHBL, ZEMMPTI—RELTHRICHHATES L 2HR L, AETI
STAR-CD % VT, S EEEM 2 B U 72 W R LA 28N T O K R O RBNIR I &
R BE 7341 % TSR L 72/ RIS DWW TR B,

4.1 FWEH

4.1.1 BHBETIV
Fig.4.1 \CBARBERITICH WM ET IV 2R T . Figd.l D LOKIEE@mMS B
DEREEBH T, fIAERCERO 7))L 52KRET 4mm TH 5, FTORITHEN S Bz
HOOEREEBIE T, P TE—LAZRHT 2R O8/MUEL 2mm TH B, Bkt O
&% 10mm &L, RBILEERMFELTFELTWS 1.5L/s (HiftiitE 3.0m/s) &L
2o WS OFERREOEBRERUBITOHDEFMUETH S, AT TR, BEHE
REMRTOITINIGLORAEVDTERT D, ZHTLD, HBOBRESELD
BEICHETLH I ENEEETR S,

4.1.2 KFZEOHHAHE
HBERKEDFEM T — & WA 2720, AT FIZEE T 20K OfFREE O ik
KEYPEAEDZHHL =,

- EE o 71.49 kg/m3
KSR EC n ;131 4Pass
- e Cp: 9454 J/kg'K

cBYZER A 0.1184 Wm'K
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4.1.3 REEE

Fig4 2002, Za— h O ABHTOMRIZL DBEKER LTIV I ELORMERE
BAZERT . MOL D ICRBEEITREKZELDOTILIASOLHNAZT VM, Kigs
HIE U TR RSB K A 3.2kW, 7L 2 &A% 0.94kW E72 509, /33, Fig.4.2
BRI EETH S 5MW 1 U — AR O BB TH 508, SENE41H 0 BRETH
% 2MW 5 FE—ABIEKICHBEL T E{TO 2 &L, ZDEE, Figd.2 I0RT
FERE T 26%DMEE 5 X K EFINIEZF O RBRBEDN—E IO T B RTFHRE
HEHATZ, ZOXDBERBOTT, WHRKERTT IV I BLORREEN A% FLD
TAwT4 BB TRL. BRBMEAEEELTANLE,

Energy deposition of liquid hydrogen (W/cm3)
=—-0.00084381 x3 + 0.034134 x2 - 0.5187 x + 3.6121

Energy deposition of aluminum alloy (W/cm3)
=-0.0018644 x3 + 0.067421 x2 — 0.90428 x + 6.2958

X ¢ I A A EC I A S D FEBE(em)

42 MR

R B DBHT SR 5 R D = T A ORISR % Fig4.3 1R, I FEY ORI A E
M OWAEERS ORE, HROKIZIER» S Bz O EEE ., & TR ORI S B
O E N OWESM 2R L TW S, MMM ORE T, EEA T HESRIC &
2 THI 3~4m/s DFEDENRY FLVAKEIRIZ EIZIh > TWb, ZFO%IKEN T
0. HFEMETIEK 1~2m/s THOIZMD > TRNTWS, FEEH S B7= 0 il g
HOWES A T, MIEQWE/ Y — > SIS, WK EIEFHED S 3m/s THIEK
N L 725 ERBIEHEICHEZEL . 2 OBER IR > TR ERAGE I A 4 RN E
ERRZEL TWD, TO%, R DI > TRFEEBEHE A S HEAKE I LTV
<A WEEBELE THHREZECTWS, #05 BRI LMBEENEORES AT, &
SRR L 72 &R L 2K FIZE ITHEN T D, BB ihET FaEiz
MNZEX THERREEL TS, BSPREEL D LOWMIFE 1m/s LT O
T, AHRHOTEIADRREFHRE S5,

Fig.4.4 KU Fig.4.5 ITREDHORY#ERZ 5T, Figdd O LORIIEEEEMTH
B7INIEROKE. FOMITRKRSOXEHOBENMEZEL TWS, Wi#H L bR
RESMZRLTHO ., JEKEMNTICRE OO, 1F I 0 i O 2 35 O #5 V aE
AR TE %, AT iR OWIED A A 5 D W ER /2 O T, 1 FHAME<
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MASNTVS, T, EfH RS IEFE AR O 7= DI LRACK X 0, I OB
ERHPREOFHRINL, AEHEM TH DT I I ALOWREZERE 2T 2 -DICF
HEDESLTWLDT, KEBRAMNIML /20 EEZ 505,

Fig.4.5 O EORNIIERN S B0 EBEEBT,. F ORI S B 7t b 6
DIENIZERL TS, EOKTIE, 3.1 Hi()THRRZELDIZ, Fig.d.3 IR FEE
B O ORISR RIICFEDE S 2> TWA=DICHE R T 53, NERSTEIT
EUTSHIRT 2K BEEREN ERLTWS, £/, Figd2 ITRLELDIZTIIES
DREBEED SIMBEKFELDORENO T, RAEHEEO DT I I BLOEE LANEET
BB EIR U2 K D I A BRI R VR OREDNE N 72D 17 SK B, BB FH L.
JEEHE THRAKFOEERRICLZ2HHAEMAS 200, KHMR CREEE 238K £
TEALTWS, FHLBTTY N IBLOEBEN N> TWDDIE, Figd.2 ICRLEL
DRT =7y b SEND LN TRRBENNE RS- TH5, Figds OF
DETH Fig.4.3 IR SN2 MWBKFEDOTEIME W GE TEE FRNH B0, 2K BET
b5, TDOWMBPIKFDUEIMENEE TIIFRBRINNS WD, 7IVIBSOEE L
ANEFIIERNTVS, 4, BHEERTREOSEVWHEBOAREL, 7ILIBSORE
AHEBNEPET LD SN O T, WHRKEORIIC L > THREITRRINTNS Z &N
aMs,

ZOEDITHBEMBRORRAEER L TARBMITZITo R, 7L IELORE
MRENZDIT, FHEEIEL TV A HHIRERE TRAK 3.8K Ol LRNEUE, L
WU, BEEEE 2RV = BENEEOBAKFIT OV T AL, BE ERIZHN 2K LLFIC
MASNZ. ZHUF P TFINREZHE T S-OICEEE LAEE R SK IR E LD &
2+ LTHE D MM A BOMERHIN U TRRBISER TR TE S
REL x5~
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5. HEME

BBEMIZE L K FEE AW EEM S AT LAOEERRGFETHIRE LRD
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Fig.2.1 Experimental apparatus for flow pattern measurement.
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Fig.3.2 Model of moderator vessel for hydraulic analysis
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Fig.3.4 Comparison of experimental and analytical velocity distributions.



This is a blank page.




W\\\\\\\\\\\\\\\\\u:n\\ .
\\\\\\\\\\\\\\\\\\\\ .

Y P S A AR R

PRyRPRIRIPERENEN |
A
ceeweressr?
R
wmammsnssssr?

T P P

Pt Ll N N ¥

V¥ ALttt R A R A . . AR 2 - - b
W AR AR AR R A AR N B Ty
..... B N &

P D A SPSrurI ey |

JAERI-Tech 2000-018

AR et saassnansnnn
A T N P
A R T S N N AR R
A N N P,
L R A N
I e e A PPN

v 8 FEEEAEEELELREE R AL SR 4L LD T LTI IS n o

V) FREE NG € T M M e Tt e 1 B il T -

A

B K N Y € N N AR A KR e R A e i

R A A
T
e e

e e et

AP

ot NNy

197220 ccvrcrcovociecsonconen PP
Y R R NP
..... e P v s v s e o e e o s s s e st st et e e . ...t eIttt = = - P ]
-7
. &S K RN A N PR s N 74
N LR CE AL AR AR C O AR AN A LA QAL AN A RN AN AR ARSI <
CC<< < < < LLL L C (€LLLK
LCCE LCCLCC " LCLCCECE L& << <
< 2 c « b
C CCCC CCECCKC C >3
< C < CC<< CCC C ECCCLCCC >
CLLLLLLLL CLLLCCLLLLECCLELCL << < < >
< << LLLLLCLK <L < C€LCLLL < C
> E€ << ELCCECCL < S L CLELEEE L
1 4

ITER=

5 %8s 25
() 58225 §38055887205%5
0 m m MW 000080000 GAASTO
" §533y

X N

0.

WA A o S F TR FE ST I T O TN GETE T 7a- 14 44
NEKED S T ERACAANAGHTGEEEAEES HXS A\kﬂ&.»#\s\b\ki’
AN I AN RRARTRA AR SECS R U T E NN WNW W NN Y- Y
AAN DG NN NN WWN WA A 5T

\r\
\Mﬁ\.\\)\ WU AL SO0
1’ v\\\\\g\a\\i\\;\-\x\\\\\\\\\\\\\ YN

K AU A AN T IHLA A} \““ “ AR R R ‘“
Attt A A A L L L S SR IO -
VL Attt AR ! o.t.ttttttl\.\s

LA A A 7w rrrwncocne R A R O R N R e
W\\\\\\\\\\\‘\.\\ B I I N T ) .llllll//ll‘.v‘-\\‘
\\\\\\l\\-\ »»»»» o s e s e ae . :p;.xtll.llllllll'l':vn!u"t.t\‘
A R R I R e S e e

-
PRRRRRE
> Nt e
S5
| £ S
|$ m [,
Py Ve PPy P WYY
—
I e e I ==

S N RN

AR AN
W Naaaeen ot
B S
\ eSS N R )
'

” .,ﬂ////fff’)f’!l!f”’f!!!flt LT

iz-5
v Af
A

X
X
/

A S R C R R S
PERERXECELA NN QY

AL

»

g

A ea

etk
ECEEXEE S E R K N e aie e e e et 5§ O
ENECRDREREERELELRELESESAS S S AN AN NSNS C TN
. Ceraraascagat B Sl Yy

i€ ..,ﬂ*ﬁﬂhrﬁ:ﬂ@nw%.ﬂ.&mﬂ\

~

...... - Tt .05.&
c e e e A\i\\\c\l\n\!\\'\l‘g’l‘v
B R et stalotatatateta s o S
Ry \\\\\\\\\\l\‘ll
FPPPAIAS vy

~
“\\\\\\Oltt

S

SISO
oo

-F CRP R RPN D
2 o <

distribution

i

-

tal (upper) and analytical (down) resuits of veloc

3.5 Experimen
under 0.5m/s Qf water jet flow.

Fig



This is a blank page.




JAERI-Tech 2000-018

PROSTAR J03

268-JUL-99

ITER ~ @00

LOCAL WX~ 8087
LOCAL MN~0.4299E-02
B ITRATILN GRIRS

2500
2.321
2.943
1.06¢
1.736
1667
1429
1.260
1.8714
t8920
o.T 143
8.5387
e.357T1
¢.1786
L3

_

Fig.3.6 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 10mm from the center.
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Fig.3.7 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 15mm from the center.
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Fig.3.9 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, center.
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Fig.3.10 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 15Smm from the center.
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Fig.3.11 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 30mm from the center.
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Fig.3.12 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 45Smm from the center.
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Fig.3.13 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, Smm from the bottom.
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Fig.3.14 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 10mm from the bottom.
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Fig.3.15 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 35mm from the bottom.
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Fig.3.16 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 60mm from the bottom.
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Fig.3.17 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 85mm from the bottom.
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Fig.3.18 Experimental (upper) and analytical (down) results of velocity distribution
under 2.5m/s of water jet flow, 110mm from the bottom.




This is a blank page.




2.8

(mvs)

«
o

PROSTAR 3.05

18-AUG-89
ITER= 600
LOCAL MX= 6.113

i

2.800
2321
2143

1.064

1.

1280

107

1.

0.7143

0.53587

*PRESENTATION GRID
0.3871

LOCAL MN= 0.3385E-02

0.

0.1708

LEEEEETTT

A

...‘..\;I
ngtnadneind

L€
P PPPP]

E A N
5 R ATRATARINUN
T~

Tew

.~
e e e )
’

o r e e 00
N RN
B R R LR P R
csvrsrpprrmrrrsrssnl
R R R P P P Y
ettt Y DY)
I ettt Sy
B LR Ll T P AR |
AL NARINAN N ANttt 2 o s ]

CCCCEEETETTT V™

¥
1

WA N NN S
(o AR
Ol A
Pl dddd A ARl

2 33

>y

3

)

&
OBy
‘

X,

’d

>

CVRRRRRRAK
cr R RNRRYY
Lonwanky

s v v NRRY

R¥-2.G- ?
AN S R AR
AR UR AN ASASASD
MASERRRANS

o LY
& ol et ad o o o X o e e R R R R R Y A
A N BN N AU M & ot e 2 - e w5 s os e s AN

P Rl e R R R e I
WA N O T v oo e b s s e e
R T T )
PR R R R A o o s e
P R R I T S e e e e
T T T I
I T I T
LI N I T T I T T

JAERI-Tech 2000-018

IROOCOGOISOBEBEL >

EAECULEXRTUESLILLLS

ST T T T e T T

SRS
SCECERECC M

ev 2 RN U
e S .
WARALAL A S st

AR AR AN A v
S
R LR R R e,
R e e b S .
f-/a/”-lhl”llllf LT

et e e e R Ry
AR e e e L T,
e eSS N LR PP

N
AR R R Rt s SR
R R S e e

P b I T T
S S e e e .
P DS ey ST .

A 2SS It A 1

-y

AR
AEAARA

"
12

AN

v

)
%%«

N

w
[N
~
LY
o

bS
(N

Bl e e S U
At Rt 5 N
A e e o b S
R R T R T B S T o P e e e e e B e e e =

re
44 | ¢
b > >
5> 4
>
<
I 4
B
””:-. ||||||||||| RS
AN N et -
y..-v»l/l:a Ve v e s e e .
BANNR Ay NN v e
PR SNt Nt e teare e
LIRNKR Wy NvaNe eI .~z
X n NBRARN R MmN aancmms »oe oo ..
3 %
N n
N
.l/

R R R e A RSP,
N R o e o ao S o S T A N
© o %S 9F 4 A BN N P At Attty

oL ¥ wn E

o«

i e i T ST

stribution

v,

under 2.5m/s of water jet flow at 30mm jet nozzle height.

Fig.3. 19 Experimental (upper) and analytical (down) results of veloci
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Fig.3.20 Comparison of experimental and analytical velocity distributions at 30mm
jet nozzle height for H(horizontal height) =10, 30, 60, 90mm.
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Fig.3.21 Experimental (upper) and analytical (down) results of velocity distribut
under 2.5m/s of water jet flow at S0mm jet nozzle hgight.
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Fig.3.22 Comparison of experimental and analytical velocity distributions at 50mm
jetnozzle height for H(horizontal height) =10, 30, 50, 60, 90mm.
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Cold moderator model for the thermal hydraulic analysis.

S P;R N
PROSTAR 3.05
12-JAN-**
VIEW

0.000

0.000

1.000
ANGLE

0.000
DISTANCE

0.000
SECTION PLOT
SECTION POINT

0.000

0.000

0.000

L



JAERI-Tech 2000-018

Upper
L L B R LRI IR
Proton : 3.0 GeV, 13x5 cm?,
i Reflector : Be |
_ Viewed Surf.:10x10cm?® |
E 100 -
qL) B .
5 [ Al contai 1
g _ | container _
kS i |
5
= 50 .
(/2]
@] - i
o
. Moderator i
O T R R T B a1
Lower 0 2 4 6 8 10 12 14
(Near Target)

Heat density (W/cm®/5MW)

Fig.4.2 Heat density distribution in decoupled moderator with
cxtended premoderator(S cm extenstion, 1.5 cm thick)

— 43—



This is a blank page.




 JAERI-Tech 2000-018

Inlet of liquid hydrogen
1.5L/s (3.0m/s)

[Outlet of liquid hydrogen

SN

oL
oS et 4
ok rasot 08 2

YT

PROSTAR 3.08

4.788
4418

~

Inlet of liquid hydrogen E

1.5/s (3.0m/s)

[ Jet flow (inner) pipe

- Outlet of liquid hydrogen

PROSTAR 3.06

18JAN-*

ITER= 1887
LOCAL MX= 4.185
L MN=

0.
*PRESENTATION GRID*

4,108
3.888
3507
a8
2.900
2.0

8

T

T
i

. Y
Aluminum alloy L

Inlet of liquid hydrogen
1.5L/s (3.0m/s)

- T ]
4 Outlet of liquid hydrogen

I Jet flow (inner) pipe I
L

PROSTAR 3.08

13-JAN.**
TER= 18587

{
: Ly
>

LT
i

Aluminum alloy L
X

Fig.4.3 Analytical results of velocity distributions in the cold moderator.
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Fig.4.4 Analytical results of temperature distributions on the cold moderator surface.
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Fig.4.5 Analytical results of temperature distributions in the cold moderator.
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