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Study on Flow Characteristics in Cold Source Moderator

I. Flow Pattern Measurement and Hydraulic Analysis

Tomokazu ASO, Masanori KAMINAGA, Atsuhiko TERADA and Ryutaro HINO

Center for Neutron Science
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 26, 1999)

The Japan Atomic Energy Research Institute is developing a 5MW spallation target
system under the Neutron Science Project. A cold source moderator using supercritical
hydrogen is one of the key components in the target system, which affects the neutronic
performance both in high levels of intensity and in sharpness. Since a hydrogen
temperature rise affects the neutronic performance, it is especially necessary to design a
moderator structure that permits the flow of hydrogen as smooth as possible without
stagnant or recirculation flows. In order to contribute the conceptual design of the
moderator structure in progress, water flow experiments with a simplified moderator model
were carried out preliminarily to clarify the flow patterns resulting from the jet flow from
the inlet pipe of the moderator. In the experiments, the velocity of the jet flow was changed
from 0.5 to 3m/s, where the Reynolds number ranged from 14000 to 84000, while the
Reynolds number under the supercritical hydrogen condition was around 5x105.
Experimental results revealed that the recirculation flow resulted from the jet flow on a
large scale, which agreed well with hydraulic analytical results obtained with the STAR-CD
code. Based on these results, we have constructed a thermal-hydraulic test plan under water
flow conditions accompanied by the verification of analytical results in order to promote the

conceptual design of the moderator structure.

Keywords : Spallation Target System, Neutron Science Project, Cold Source Moderator,
Supercritical Hydrogen, Temperature Rise, Water Flow Experiments,

Flow Pattern, Jet Flow, Recirculation Flow, Hydraulic Analysis, Test Plan
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HMEELEAZSNS, NST-B1 BT, K705 OBELEASRLS . L—Y—HHh TE]
THTRHRTERRTES (Fig.3.1.12). £/, BER (BE®) OFSH NST-BI
DEGERRICHESNDIN, X7 MYy TREFRT—5 %R THD (Fig.3.1.13).
fFHRIEEE B A TN,

LY X% t)L DU#461
wikEZIF2 /7700 b OI—R R —2FEL, BlELTTIY TS
CENE - B TEIMEL R, BlgRE~Y A 70 eV TH B, AEBRO LD ICHHIR
EN+3IEWEEICE, TR &Wwo HEIERBERL L., RT3k 1 & A
BETH, Figd.1L14 Mo L—H AN K] TH IR FERETE. —KiZh
BLTWDBZENDNSE, HEDEERAKICENZ ENS, HIZANIL—>DLDICHE
SWWHHETZ &R XTI MYy THRIFRT—7 %L TW5 (Fig.3.1.15),

PLEDEREMNS, AEBRIZIIPIVHAY —FT 4 >R FELTIZ AN )L DU#461 %
HTHZEEL,
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3.2 L—Y—HEHEORE

T 28I DU#461 % EoEM AR EBREE ITEA L, IR Z I T S HE
WECERM S L —F—/OL A2 ME LT PIVEHS A7 LT PIV B2k L7z &
25, MEORITED 5 OBEDE FRL EIZEN . XORTICL2HENE O EE
TELEFHHT 2010, MBIKISKEICR L THHH, il TOHROBALIIR L T
MHEFII NIV, T L0 RIFSRFEGERS DI — 83—V 2O BEAL
BEEATPIVEGZREY L. ROELMEVEEZRETSH I EEL. Figd2.11Z
L —H—DREELZ, SMEBICEVWTESNZEERE Fig.3.2.2~Fig.3.2.9 iZFNEHN
R,

Fig.3.2.2 (D) 3o EHOMNBEN SBR LU ZHEORGTH S, MHENS OBELAN
LI 7 < 2ARBNZ K W & WX B KENTRT LS ICNEO AN 5 2 BDFMN
BOTHBY, ZOHD TR FORBUENSE D Z L2725, Fig.3.2.3 (@) 1 2ODMELD
DHUTFTE, 0RO EANSOWBRTH D, MENS OBELENOIZHEREL D, &
FUZRT DI HEL TS, Fig.3.24 () BEBMSHEELAZLEAOERBKTH S,
SEOPTROHMEANNEL L TEEHELCTVWHOTERN SO L —H—HEHIEIT 72
HHLW, Fig.3.2.5 (@) ZPPROTHOAMEN SR LAZGEOEEGTH S, HELKL
WD T WD, RO EFNEWZDICIEFICKERENEL, PIV BAICEI 7
W, Fig.3.2.6 (®) 1 2@L 0 I SICFITE. BOTHNSOMFOEETHD, DL Rk
CRERENEL, E-ABRAOHE EIEBEVEE WD L — T — 2 — bREND ES
THEFERO L NES TN TN ZDOEOD®IINITNEE NS L —H—%2 8
HLUEBEETH D, OEAREE OEHBNENEE T, O@ETRELRRDBEL ZHETH
5. Fig.3.2.7 (®) FHELEAER I, HEENTT E 572010 —F— 22— kgt
RS0 & 5 THRIEBBROKES UM S N TWiW, Fig.3.2.8 (D) HELEAIERIC
IR, EARNEN D RRIICHEWER SR DR TFOFBENE S, T2 T, oK
BOEEL—F—0HN%E TE] ITLEON Figd329 (®) THs, HECEIEEOD
HARTELBHNOLARET, HTOHBELVI ATHENIVWEREEZ S,

PLEDEERENS, AERTIEL Y —0OMFEZE NS &L, L—Y—HN TE]
TaflzEiT> & &L
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3 Figd.1.4 DYRR—)L B-25C DRIMILT YT

Fig3.15 IwkHR—JIL B-6C DR FEZR(L—F—-H N K)
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Fig.3.1.8 /\JL—RBRIEFA NST-B1 ORIFEER(L—F—H B E)

Fig3.1.9 /VL—KBRIEF S NST-B1 DARORILITYT
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Fig3.1.12 AN (RE—/\945 —) DHFER(L—F—H B K)
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SHER
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Fig3.21 L—H—@OEE{IE

Fig3.22 EED: 86 LAMNLEH(x=46cm)
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Fig.3.2.3 E{&Q: V10O EAMNSEBE (x=48cm)

Fig.3.2.4 EEQ: EMMSBE (x=50cm)
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Fig.3.25 EIE@: PLO#OTHMNSLEBE (x=30cm)

Fig3.26 EERO:#&HTANSEE (x=18cm)
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Fig.327 BEHEG®:ETMNHEBE(x=22cm)

Fig328 EED:EThoBREH(x=32cm)
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Fig3.29 E{&O®:ETHhLBH(x
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4. FREREFEERAS R

4.1 BHMOHEIRG
411 EBREH

BaRIZBIT HEEE & NITHE S NG ORED, HMREEICH L TEDLDIZE
L3502 BET 57-OICMARORES M ZRE Uiz, MEITHELE, slBAEA DT
EITEOMEICHET 572017, EREBOBRIKESGHME(%)E PIVICEBXRY ML
v 7 EO A LFEm/s) DRI D WTHAT R % Figd.1.1 177, BAEBEE (25mm)
MNEHELEREEREDOEBE LD T, Table 4.1.1 ITRL EHEFHEREICE
DODELECEH> THEDAOREIZRETES, INEHIT, KFEEEK 3m/s. 2.5m/s.
2m/s. 1.5m/s. 1lm/s. 0.5m/s EFREL TRIEZTT >z ZOEZOEEHLL A /LXK
B (REBEI=NER &, ThThi 8.4X10% 7.0X10% 5.6X10% 4.2X10% 2.8
X104 14X10* TH 5. EBITBITDL 1 VIV ZEOHE L T, HIAEKE SNS FHEIZ
BT DHEMEMERORE TIRABRADICBNTH 4.6X10° (EEHLOE=13mm. &
WK FFHK 6m/s) WOTHB, EICHE-> T, ABREOINEER & NE T & DR
MEEEOZERL 10mm &L, HATAKIFZERZETERTH S, £/2. PIV
AT ML BT FOLBETH > /-,

WS 100 (1 R

71 A THiIF#E : BE 1008pixels. i 1018pixels

1 BEIREEFD L — ' — UV A 120us B T2 3w b

ERCRHO FTKIGED 2m/s DEFHD CCD 71 A ZI2L D%, 37t iHlE&g 2

Fig.4.1.2 IZ/RT,

4.1.2 BRI ORISR

PIV v AT ATENETNOFEICH LT 0 O KDFHENR Y MILD<w TFF5—4 %15
2o ZOT—%%RIRD FlowManager TUL FO X DI L 7=,

(DFlowManager |- T&NY RV w TEIZ [Peak Validation) 217\, HBEMEDEK
T E@EAXYT MV ET B, (F] Fig4.1.3)
(@FlowManager FET&ANY ML v 712 TRange Validation] 2TV, #EHE (0
~Tm/s) ZHELFEANADOXRY RV EREXY ML ET S, (Fl Fig.4.1.4)
@FlowManager L T&NXY "L w 7T [Average Filter] Z17\y, @EN7 L
BRI MWL DT 5, (B Figd.1.5)
@OTUHIN/ZRT MLy 710 08%E EXCELIZANL, 10 0KOX7 hLY
v 7EERGOE TEEET 5,
®1008DONY bI<y TZ2FC LR, T2 581 0 0 B0 Fid s /i
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275797 MI&koTRRT %,

2B, SEMHELEY T 77 b0 DeltaGragh V&, FHAEBRANOMENR (<8, v
BO¥HE) ZRTIENTELRME. N7 MVORHEEHRZHEITRERZV/TZDIC
MicroAVS TR L ERES FFIRL 2. 7238, MicroAVS TaHBIFEBRN OB FHR %
TTZEIRERD, IS 200V T REHWSAZEELE,
ZDEIITUTHLNEZEEMES MOV TU IR S,

(1) AR AOFED 3.0m/s DEH
Fig.4.1.6 IZ DeltaGragh iZ& 5 X7 bV, Fig.4.1.7 i MicroAVS i &5 X7 bV
MzE53., NENSEEH LU Z/KRIAEEmMICEZEL THY A RIZohn, SNEREC
Bo- LMEHRNERMIZAN > TTFRZHRNZ5 SR I HBRRORENEEFI
5 Hoh3, Figd.1.6 #R5 &, BERAOER TH D LRZOHRNETHEDRNOE
RILHEE 54 51mm TH 5. Mk AH TR OF S % BIHRTRA S LIER, Figd. 1.7
MEAMBE DT, AENSEEH LU KKK RONERICH > HEETHES, H
ERHROPFIMHETIHERICELS > TW5a, £z, MEHLAK (R NEETS
SNEEEHT DO OB B FEDE S B EENEFEIEL TWd, ZTOX D 78RO E

DHFHRTPB N THBRERICA SN/,

(2) RBKRAIRED 2.5m/s DHFE
Fig.4.1.8 I1Z DeltaGragh \2& 57 ;LK. Fig.4.1.9 I MicroAVS IZ& 5 X7 b
AR, BEREE S KN 52mm TH S,

(3) ABAEADFHEDN 2.0m/s DEHE
Fig.4.1.10 iZ DeltaGragh IC& %57 MUK, Fig.4.1.11 I MicroAVS IZ£ 57 b
WIKERY., HERRES S 3 54mm TH 5.

(4) RBAEALFED 1.5m/s DFE
Fig.4.1.12 iZ DeltaGragh IZ& 5 X7 FJVE, Fig.4.1.13 IZ MicroAVS IZ&X 5 X7 k
WHERT., BHBRS 3N 52mm THD,

(5) iBRIKALIIREN 1.0m/s DEHE
Fig.4.1.14 iZ DeltaGragh i2& %7 bV, Fig.4.1.15 i MicroAVS IZ L5 N7 k

WIKERT, EERERSSEK 5lmn THD,

(6) RABRIKALTHEA 0.56m/s DIF G
Fig.4.1.16 iZ DeltaGragh {2 & 5 X7 MV, Fig.4.1.17 IZ MicroAVS IZ& 5 X7 h
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WRZRY . BERTEE S 136 48mm TH 5,

FEIRIE S SWE & OB Figd.1.18 ITRT, KNPICIIBAR T 2SR LR
THH. RITRT XD ITHE 2.0m/s THRAERD, 0.5m/s TRHE LR >0 mm
REDETHD, =1 LERERBANTIRIEERCES ERZLTEIVDDEE X
%,

ZOXDIT, B EHERNBWE/ Y —2ns, BERROBEERRENKRBTE -,
ZOBRBREHERTIE, ABRRENPKES LEF L TP FINROELDERKILDOER
EXIDRLERB/E E&FI ERITAREENTN., %13 Za—-bOZ 7 28K T
FEH O FEEE B o AT DRE RS 5 UK, BUREIRNT R O ORGEHEBRET S T
ETHD,

4.1.3 WHIBOBESEMTRER
FEREOEBRMEZRICL T, MBI — RE2RIET 3 720ICHNVE O BlET 21
Tz BRETICIE. FEHERT - ABRKBEEBEICEIZNHI R CRAKEBITI—RTHS
STAR-CD 2 L7z, Fig.4.1.19)RVQIZBHTET IV ERT. BTN >Tid, B
ToymEmEfERL -,
7K (298K) D#ppEfED

- B o0 : 997.1 kg/m?
- KEHERRE n o 891 wPa's
- HE Cp: 4174 J/kgK

- BMRER ) 0.61 Wm-K

ABRKA TTIRE 3.0m/s DTSR % Fig.4.1.20 IZ/:R9. Fig.4.1.21 i Fig.4.1.20 O
BEERMEILKL TRLEDBDOTH S, 2. BBREARED 0.56m/s DEFTEEE
% Fig.4.1.22, WEHRFEZLALZHD% Fig.4.1.23 1R, HE#IRRITHEE E HIC,
WENSEE U 2 KIZNEREICEZE L THY 1 Ko, SEBIZH > - L&
WNEARRITFD > T FEEICHENE 5 SR THBERIROBELZHEIRL TNS,
WEORHS, WEHLUTHSKE, NEOBICH » ZHERTIEEL . BERROH .0
HETIRE<S 2> THD, MEHL OB FOEBEINEET S EEO LI BN TR
DELSRHEENRSNDS, BERREIIZ2 D07 —ZAEHIZH 46mm THY.,
ERROANEDKENL., ZNSDBVIZDVWTORL. EBRICHITS PIV JIED
DRREER MTIC BT 2RBRAEOET N RHEOEHE, SRAZED TNDEEIATH
BHe ZOEDITFHANATH =BT OB RIIERHE R Z L <HHEL THO. STAR-CD
THIEMASENO BB ZHBERITASHL =G,
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4.1.4 BRERRERENIRE

4.1.2 TRz HREPRRIIE LR IS ORI EI95MH TH 5. Fig.d.1.240)KNEQ)IC 1
0 0D MV Ty TDS3ED 1 KERT., BEEE{kaIn Figd.1.6 © Figd.1.7
BIIKRELBHEZHREL 2L D BREENLHERRBREREZEL TWS50ICML T, BEEO
BRI E R Fig.4.1.24 TIIEDONO/NSRMAZH KO RBAREL TS, 5HHIE
METFEHL TS & BEREERICBVLTIE. IS OBmEEKICHMEL TRET 1
M EAEFLRZRKITTHENIE S WTHNZNSHEHRB L TOWKTFRR NS, BIHRHGE
BT AR L 72 KD IR KERIRE EREZSIZE T REMEN H SO T, B0 P
ETELREIMEITEZENEE LW, TOEDITIE. BHREERICHEN S DK E H
Uiit7s & THREFICHENZMML, RETHIRES SIONSIHFRIVBTHBLPTLT
HREDTRNEZASND, £, BIRLALDICEEH L OETOERIZIIFERIZE -
THEMORENROSNDH, ZOHEENSERENREL THL EDITHEFR TIIBE
ERT—BENCEN, ¥ =7y MIRDIIWARERORMEEIIABNTL O bE< &
5EEZLNSOT, BHEEWREBICAEN S O EH L THREMIZHEN 203 5
3, EERORMBETICL > TEREA TORMRERNME T LARANWLDIICEET D LE
05,

4.2 KEAEOFENIRG

421 EB{H
AT, HEERICE D RAUUFOKEAEOIRIE PIV > A7 L THIE L =/ RIC
DNWTIRRS, EEi, AEKEENE TimE OB 4.1 HEF U 10mm OSFHET.
BRI A IRED 2m/s DFFITDONWTITo 2. PIV AT AICL A HIEIL. BYHEK
¥AE5 0/ (1B SLAMI41 HORELERICTHS, Z0EE, HATIER
BRAEOAETICHEL., L—Y—Id Figd.2.1 AT LOICRBREE#NSHE L, L
—H— DB EBEILROBO TH 5,

F—A 1 (FZEMH) DEEEDK Imm &S
r—2Z 2 (fEgzem & E UL DO : 7 ) 5mm 7

F—A3 (EEHLD : 7 % 10mm 7
T—A 4 (R EBERBHRR&SSOM) ! 7 %) 25mm 7
T—A 5 (BEBERIER S D) : 7 %) 50mm 7

FHE L 7= iR % Fig.4.2.2~Fig.4.2.6 IR,
422 EBRER

B — A2 DNTS5 OMDOIEENYT MOy 75— %21, 412 HERU HiETH
B PLB 21T > /=, LA FIZ, KEARFENS ORI EEK A RIEE ROV TR S,
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(1) r—A1 (FEmE) OFHE
Fig.4.2.7 T DeltaGragh {ZX 57 MV, Fig.4.2.8 IZ MicroAVS IZX 527 ML
M &2RT . UL ST D AR OHRNNBIEL T E S, HOETITRE OB W (K
EHERIHVNDOEE) H 0, Tt 4.1.2 HTRNEHEEHROWARTH . +
DI BTN D ITREWFERIK I < 720 . AEOREHE TIIRENR Y ML O Kiin
PHEREORAROWN I ENR SN, SNERELEE THEN/SBERZELTVSHO
EEZOLND,

(2) y—RA2 BHEREIEZHLOOH) DS
Fig.4.2.9 17 DeltaGragh IZ2&E 57 ~LH, Fig.4.2.10 IZ MicroAVS IZ X5 X7 M)
KMZRT, FOMICIIFREDEBWER, b KEAMOWMNRTMTEAERNE
B L, £, b SIS > THEHRICHRNDER DI WEEN AL T
W5, 72720, BiAROWmNEG THA S N/ BRERER TEE TFREDK TR s N
50, LD Fig.4.2.7 TR O N/ZNVERELEE TOARRAZWEN T MNIIZEAER
51T, MNBEREEL TWHETNONNZ S,

(3) r—2A3 HEHL D) OHE
Fig.4.2.11 iZ DeltaGragh iIZ X577 MV, Fig.4.2.12 I MicroAVS iIZL 5N\ k
WIKERT, THREREZ. SAmOmNAEL 25720, KEAMORESTREIZT — X
I RUZ2XDBELSE>TWB, Z/ZL, RETOKRICIZEOMMNDZFOHEICL -
TEBED OERFEZECTHED. TOFEOEDIINEORN D AE D IZHERT 5 M
ZRLTWS,

(4) r—R 4 (BEHEHEREKRDS S ORM) 054
Fig.4.2.13 IZ DeltaGragh {Z&k %5~ 7 bV, Fig.4.2.14 IZ MicroAVS IZ L5 N7 k
WRZERY, KEABORSHRERIS SITET L. 2EKICEER D IZERL TWAH T
MIMMNZ D,

(6) 7—A 5 (FEREMKRGSORE) DOBH
Fig.4.2.15 iZ DeltaGragh IZ £ 5 X7 ;LK. Fig.4.2.16 IZ MicroAVS iZ £ 5 X7 K
WRZERT ., KEARDORSTHRRIZY —ZA4X0BETERFL TWAH00, @ENdYr
—Z24 EIFERLCTH B,

VAL ORERMN S, BHRAEET SHO0MITIIEEOBWHERA LS NDM, Z0fic

NEBERHFOKRICB D THRENKE < PLTHHENEMEINZ. £z, NVEOKEMR
75 10mm B EOBESMOBEN S, FH0 O RERIFAERR S N, RO AR
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NORSE., T2bBRET HROMMLITRILDD, MERIZEERORLE 2T Fik
ERATHE 4.1 SiTRR-BEEREROIHICFETEILHDOLEALNS,

4.2.3 BRENREIRG

4.2.2 TR TmBIRBIZ DV TR, AFH TR RENRIC D
WTRRRB, 7 —2 1 R 212DV T, BRI & R At IC K E 7R 21
Bohkhol, #¥—A3IZDWTIH., S0RDORT My TOH650D 1 K%
Fig4.2.1712. I EBEMITAEL /R % Fig.4.2.18 ITRY . @RI, ¥ —ZA4DNX
Ry TROEED Y —% Fig.4.2.19. Fig.4.2.20 12, 7— A 5{TDWT Fig.4.2.21.
Fig.4.2.22 XZNTIURT, Wind, BEEHEABEL 20N SRS ZENTERR
MoOT /NN L RRTED, MEI Y X ZTIIRENBLS 2HIEEE (kK
FED) OMENKEL, EENMEBBHFERMCA (RFEID) OMENRENVT E
2E L. SERMICEFARAGOBMREEL AEEREMERLTNVS, ¥— X 3D
Fig.4.2.17 TRAEEEICHANBHEREIN, 7 — A 4D Figd.2.19 TRETNS OW|IRE
LTWBETMARSND., ZOMEMAIT Fig.4.2.18 & Fig.4.2.20 OHREE D> & —DIEEEN
AL TWAEIENSBHALSMTH S, 7y —A 5O Fig.d.2.21 1ZIEDHEK LD TS
FRHIMNZ, Figd.222 ODMREI LY —THHRENMETLTWASIEMNS, HEHLO
fHiE. BEEICR > TRAEL/AIDW|MAKRBICREL. D, FAORMNTHLEWRMN
5 EACHEN. EATIRBEZFDRANSEHL T Loz —H#HDBENEZ 515,
r—AS5ETIF 4.1 BTRXR-BRRBEERICH S ZENS. RENSOREHL G E
THEMICHENEZMAML. D, FR L ZREEROBS 2T/ EL T, RETLHBMEM
LS5 2 S THARTERZAGTESZ DEEA LN S,
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Table 4.1.1 WERXRET—%

Himiisms) | SREEHEE) | ’7°§i’§’3”£”’3‘ RE(C)
2.0 35.2 294 23.3
1.5 26.5 22.5 23.4
1.0 17.7 15.6 23.4
0.5 8.8 9.0 23.4
2.5 44 .2 36.5 23.5
3.0 53.0 43.1 23.7
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Fig4.15 Average Filteri2 DRI LTV T
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