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Prediction of Sodium Leakage and Combustion Phenomena
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Abstract

Prediction of sodium leakage and combustion phenomena is important for the safety of
liquid metal fast breeder reactors. In particular, small leakage is sensitive to obstacles and air
flows. Falling liquid sodium is strongly deformed by separation and dispersion as well as
various phenomena, such as combustion and accumulation, are combined. Since the existing
finite difference methods need computational grids, it is so difficult to calculate separation and
dispersion that small leakage of liquid sodium cannot be analyzed. MPS (Moving Particle
Semi-implicit) method is a new numerical method, which is being developed in Univ of
Tokyo. In the MPS method fluids are represented by macroscopic particles and governing
equations are converted to equivalent particle interactions. Since computational grids are not
necessary, separation and dispersion of fluids are easily calculated. Addition of combustion
and accumulation will be easy as well because the fluid motion is just simulated by the particle
motion. Thus, the objective of the present study is development of a numerical method to
predict small size sodium leakage and combustion phenomena. In this paper, a model
experiment using water and numerical calculations for this experiment are presented.

In the model experiment using water, the behavior of leakage is investigated with three
types of the outlet and four flow rates. Water spills out of the outlet as separated droplets.
Little effect of the outlet and the flow rate is observed. The distribution of falling water is then
measured on the ground with a receiver divided by 10x10cm squares. Approximately 85% of
the falling water is received under the air duct model after flowing along the duct surface. The
remainder (15%) is dispersed ahead of the air duct model.

A three-dimensional MPS code and its post-processor are developed by PNC.
Numerical analysis of the experiment is carried out by using these codes. The dispersed water
distribution roughly agrees with the experimental ones, though the flow along the duct surface
is not calculated. This is because the flow rate is not large enough to represent the fluid with a
satisfactory number of particles for the interactions among them.

* Nuclear Engineering Research Laboratory, Faculty of Engineering, The University of Tokyo
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ROKAFLODMFICET TS, RKORRELEL <. HFFEEIHIH25mT
H5. MEA150cc/seciZ/zDd & DA > TREBDRLZD, FiE20cmDALEICET
T 5,

ﬁﬁﬂﬁfhmfy?ﬂ%ﬁw47fﬁgl@%%KDHT@\ﬁEﬁ%wmt‘
50cclsecd E5 5 bRKICE D HEDRMET, MH0cmOHBECHFT 5. BED
POERMMKENDT, HEERNTEEKRKBZOZEOEWTHIAICFEIVTTRUH
LThabDEBDNS, RMEN100cc/seciZ/nd &, WRANRBROOEICHBT S
5D, EEETRETT S, £, —ROKIRRO L DBFCRET S, #
BA150cc/sectz e B &, SEEIIRIRO OB OBITADME L, BH20emOBIT %
75,

2RI, BEANIWE, BRKZILORETEZ k. RRICETIZET
THREARD S, RMENVHEZ DL, ABBROOBRIIAET S Z LI DHENIE X
N, RABEML <7235, WROOBRITKIET ZHEITIE. fiFANCAETIUEH
T, EHRNICAE TSR AAICREKIIETT 2. REROOBROZEELL T,

-12-



MEROEBEIXA > F THo>THIBA U FTHoTh, FiCAERLBVIEZRS A
a0z, HERICDWTIL 341 L F LD b1+1/21 > FOHFRNEROZEBMNEL .
RBRNVN S WHSICRRASHAF RO TERBES e, ChooREEE D
T&2-1ITRT,

2.3.2 BT KD

% PROAHOREIZIZERY 7 NOBEWEBNTIT > . K2-22Ic FAS T
CENEVWRETORKROBT 2RT. F2-22-@RBRRONSZRY Y MEED O
FRMERZODTH D, WEBKNERES 7 MEEHOME LICE T L TWSHETFND
15, K2-22-0O)I3ERAS 7 MEBEHEO TRHOKRTFTH 5, BRAKODEL Y Y b
By OMEZ2E-> TFRKRE VAL, HECETFLTWEOAREAS, H2-22-()
BIRED LRSS 7 MEEYORORRAZRELZDDTH S, BEFLTWBKIX
XKLL TETREFEFTFLTLAA, EFENTIIRL., HiohrhTns, K2-22-(d)
BRI ON S ORIBANZERSY 7 MEIBEWICHERL TWB LI A EBALEZDOTH
2. RYVw 7DTEOHRLOE EICRRONDH 5, HREAREELDPPEH (<
TROHD ITFNTN S, H=L ZKITHIE10emDB BRI ERD | RS 7 Mg
BYZEEO>TNBIENGNE, H2-22-(0) ERDF NS DRy 7 NEED O
TRTH 2, WRIIZERS 7 S eEo THLIZ-> THI< 2D, EEETETHEYD A
ATHSHECHEFL TS, K2-22-00 122705 & b 8830 O Rl O A SE T,
BEYOTETRVAALLEKS, BHBIZBES TKEER->TETRLTWS,

ERT D MEFMOTICETKZT 2BEVWEEBO, 2N ENOREOKMLEE22
IRY . BERE2ICH D LS. EHRS Y MEEYOERPROETEEAEL.
XEIEED 5 RTEFRNE, yHlZFE? S R TEMOFANE, &Lk, KERN
OREPERLTL B&, ZOLCETLEASBR TAROREIC bEELE52 5,
TIT REOES100mmIcH L, TOEIEBEETTREB LR LESERERZ S
ZEeliz, NV, ZRFMIZ4DMER - =, EROBT2N2- 23177, E
2-23-@QICHB XD, Z=RY I MEEMEX A D7 SNV HREEIZ-> T, BFK
RIEZHDITENE D 2/{RI o . EREBIETAZITICAN 2T > TWBETFIX

-13-



B2-23-b) RSN TN B,

BG2-24iIZF FAKAL 2R T . KIZBRO LV DPRXXEETEDORICETLE -
0, BTKRAHAOEDHEIRo TND, EDITBNT by>-30cm TR 115 & 48
<V FU PERESKIT. BRTRBEET LRV EMthM s, x=0cm Tldy<-40cm
TRUBEL 72D, BREEITy=68.787cmTHB. CHEDydhEiz5 e, Kirid
BEZH STV, ABHTHOEEY Y N Y ONERNmTHD . TOH L
Hildy=-45cmD EZ A TH B, TNE Dy WRIORBEOKMLEWERIT. ¥
MR TELKRS 7 b 2MNTETTAMBR BB I Zy="45m2 0N, &5
BEORTMREZR > THNS LD TH B, x=7.071cmB L T-7.071emT FEH D
BERAEH D, LHLANS, x=14.142cmB L -14.142cmD B T, y=-40cm® K E
ZNSNE=IRHD, ZIHBREBEICER,TNS, Zhid. B2-2flcbdX iz,
50 b OB E (y=-45cm) . TRo T ERAMN, & SIEAENDD, KERIC
BOTHEFTDDTHD. ZOKBOEIBRIDOHN. ¥ FeESHRNOENSY

(#10cm) KD BIENZD, y=40mD EZBICE— YV BECEOTH B, ZZH/Y 7
FMEEV TR TORE T, ETAZIORORBETORENS D, ETFRZTOHN
ZZENEKRBEL BB,

RIT. TR/ 7 SRR IR KO E T RO HOBELE2 30 &
2-4(x<ONTRT . EBREFREII02 THok., T—FDORENSH D DI, KEDBHK B
FEET, RPN TLE B DTH D, HRO YT 7 %K2-25x>0) &2-26(x<0)
R EOyOMBICBNTS, BRAKMIIBE X Ex=65em®D & Z B IHND,
7z x=150emZ B X TEH IR KIZBEE N, i, x=25cmORETHRUER H
D, x<20emDAMBIZE T LAKSH 2 EBbNBN, 2FChANTRIEL 2N,
TROL, ZERTETLEZKADD S, ZRHY 7 MEEBHOME IR ADRE 1T
ERENTNEEEZLNS,

REIZ. RRAKOBROFMEEITRD. RRAKIZ50cc/sec THRH IV, £9. =
DORBIZ DWW TOREFE 272D . REFHITIA r—IV TEE%LL N &R =
NTNRD, TIVAT—NiZ10UminTH Y, RRAKFEIE3 VninTH 5, ZNEdE
5%EF B &, 0.15 YminS 72 B2 5cc/secDBEICRD. RESHIBAITHEAED.

-14-



BZAEM L. WESTO1BHEDIIZ02 VminTH V. BX20.05 IminfREDFEAR D
REVNEZION D, THIX167cclseciind. BEFT B E. 4.17cc/sec 720 RIRAR
BD8.34%L78 %, KIZ. HBTFKZIOREICHE > 2K TH 2. BRIV Mg
YT ERT9,570cc/4min TH V. 39.875cc/seciZMY T B, —H., ¥ NMEBEWRIS TIX
[EAE & 4¥37,350c¢/90min TH B, TF—FREMICONTIR. HROKEO EHHE &
{59 % &£2,420cc/90min& 720 . &E+39,770c/0minTH B. T 3L7.365¢c/sectAH Y
5. HPRORMISERZLT, BRITEZHAARL TBY. InmBfTHD, o
T, 0.5 mmEBEDOHRAMDBEND S LEX 5NN, REMEERZTHTBERC
NI BMEBINELAZBOEEZISND, £, F—IREBIOVTE,
0.448cc/sectTHEE L. B E50cc/secD I%ICELBRNDO T, FOBEERERL W, F
L EF2SICRT. ENRKROAEHIA 2 4ccksecTH D, HE5lccsecd D BAE A,
ZDEE, ERENEN-ERERAEELSNS. ZORIX2.76cclecd D, 24D
5.52%THB. ¥7 MEEYO T TOEFT KRS OBETIE, & TAZTONANI
BESDKPETLEEEZASNDOT,. RENGOREZIZZTEbNEEZLD
NB, L. FFROBRICH T HHEEIN1Tcc/lsec ERBENTVWBDO T, RE

UK OREBH0~6.93cc/sec DM TE A BRETH S, BRELT. BEADSE B

BLEBRITERY 7 NERME GO TEFOTHICETL. B D15%0FiHIcBE
LB TE S,

2DODHET—F &, il (x=0cm)iZiH> THEUEFRRI S D OO HICBE L0 %
B2-27TTR . &7 MEEMRITFICHISKL0 b, EEWE TAETEI AkOK R
EENZHZENZ ERah5,

-15-



2.4 BE

2.4.1 IREHE
RRREVRRVEOEAS2EE I OVWTERT S, £7. XERTORRKEC
Lo T, WMROTEDEEOREIZRZNEFHEL TH S, REODEREE25mm &
THL, BEBNI49Im?TH D, ZOBEM» SH—ICiRT3 L. ThThORK
WERIZHL T, ROWHEIZ/ILS,

T2 25 50 100 150 cc/sec
i 0.051 0.102 0.204 0.306 m/sec

—75. AKFERERLNSREOETOER. 341 > FHE TBmm. 1+1/21 >Fil
BET2mmTH 2, COBEBOEBRETEZEZXS &, 341 > F & T0.827Tm/sec,
1+1/21 > F T T1.187Tm/secD¥E FEEIC /252, Thid, REOICHL TH—IZHKH
THELERELD BIRBDIZKENDT, ARL S OREHIE—ITEHITNR D
B—ICRHT 5 Z LRV, COXSBBEAVRERERATAZEEZELASNAWN
DT, FMTELSNB LD, BRARBROSEICIVENSRNBOEEZILNS,
HHETHELS —RENEL <R 5WEIL. 341 > FHE T405cc/sec. 1+121 >~
F B T582cc/ecTH B, TS DL D bAFVHB TR, RESTIRMIEIC Y E
ZHEZBXDITRBEEILNS,

X, RRPEBCEEREAICIZRBROOBLIKEOABENRESNS, ThbE
Us&, RRONSDKDOBENPRPOARELL RS, ZERTRBEINNINESITIE
CDEIBMEFZELY, EBHNEELEH>THRIBLTWS, LALREXS, ZOHE
THHELSN TR, AKBRESESIRE>THERELENSETLTBD, &iTfH
BLTETITLDELEENRENRIARNVEELAOND, 3B, BEONENHDH
BT, EOMNBTHETIMNIED, KAEH. AN, H50WIIEHICHETRT 2,
ZTULT, EOMNBOBRENBTAHAINIIDODNVTIR, E&EoHERNR SN TN,
ZRZDNTIE, ERY I MEEMICET I3 MENE-> TS 50T, BRICEEN

-16-



BHLEEZLGNDN, FPHITEZZLIIRBTH 5.,

2.4.2 57 NMEEmETH ~\ DO REL

BT 7 MEBRYIRT R T B KROBE FRBOSHIC D W THRNICERT S,
AEBRTIE. BRAKROS B, BITI5%1Y 7 MERVRTHAREL TWS, 20
ARZALELT, () AEOBEHEE, Q FEHLRICL5RE. NEL5NS,

Y, KBOBEFRTHZM, KFZ2BIGBIRELBILT, &7 NEEY &
RICKORETBHLEZD, H2-28IFHRMBOERSR 27T, HRMECTOEEH
EEADE. THUIKTE AT I6TEOHEERL TS, KFEVEHETICLD &
BRRll T 5L408TmiseciCz . INTREBHEREEZZ DL, HEBROKE
ARFE E-4.33EDAEERL. KFHEEERS34.075m/sec, FEE HEHEER 7
70.309m/secTH H. TIUIZERSY 7 MEBWICBERET S Z Li3<. 0.7184sectB T
HELZETL. TONERSY Y MEBRYRIE2808mTH 3. T/, £ TOKBEHBEME
BRLIETDE, ETORNCOMBICETTBHZ&Ichs. Fix, EMMEMHET
ERBEOFEEAWNES < BoZELTH, EIMLFHRETTS Z LD,
EBRER TR DBEFICRE L 2ARBREEL, £, DANNHFO 1 rAigh
DIZER >TSS, ENHSBETIIRVWO T, EEFERRBOBETHIZ LIdE 2
IZ< 1,

RiT, EAERRIDMEICONT, ERT B, MESREZS>TRLEETFTT S
&, BREEBEZAD I LTIV EHERICEFNCEWENSRETS EEZZ 505,
EACEDZNEEFFNTH 50T, KiFYUHFNICH 3 - FEAINS, 4. H2-281C
FT&SI, BTANSEREROMTAIBADZ EEXD, TAAITERE
DI BITHET (x>00%) %1804 FIx0073 5 THEHLL . ZDH MO KA OERIC
KHIL-EHEDT B, TUT. BEILINZSEATNEFNOHERICERALEKOH
BrestREL. B THEZE<, TL T, HFFHSIEIEREFRIC10x10cmO KE T4
THE, TOETHROREICZEDONEADEAEMAS, Fh, RV MEE
BOPLBORBI TOEBRZEEL. INVEEYOPRICH DBEICIT. BB
BERLIZBDEARL, CHIBEUBMhD Z ¥ 7 MR R THNS &

-17-



ZZ. BHEMSBRINT B,

9. BRI 2m/sec D—EDHE R R E DD, A LICH—ICHHTHHD
EUTETHNEBZ2HAEL 2B R 2RK2-201257F Y. FHEicBkialz Kids K Fy=130~
150cmDFTIZERHF TS, £z, x=95emTHB L Fy=100~110cmD & = A iEHT 3,
Xz, EBRTRIEMICE DANETFL., AW IZEZETKROBRL B> TS
2, ZORBETIREAAICN > THDERTKBIEIBREEDS RV, INIIERBRE KX
E< RIS,

RIT, u=0~2m/secD BEST £F> TRET BHBWCOVTEHELE, £9, Bk
QRO EEDESHEWD /5 &, 0~ 2m/secDE T E T 5, HEETIZ1005H
THEREL., T ENOFEER DWW TERERICE I3 & U THE L., #E
ZRZ-30IRY . THd—BEEICLS 0 (K229) KDLERBREO—BMNE
W, ULBLERAS, yARIOY—7 28 Tidy=20~40cmTH B DIz L. EBRTIX
y=60~T0cmTH 5. Ff=. BHTIX. BRKOBERDS 6, ¥ MNEEYIcHE
RIBIEBSHERCETLEDOOEHERIDOTNIT048%TH DM, EBRTHEK
15%TH 5. RET DAKDOEE Zu=0~4n/secD—ENT & U -3 E R % 52-31
ICRY . BEEEZ2{ICLTH. 2602E TROSHMREDLS W, &7, &
L TKRVPRIL D IR, RETIE, y>150emici3fh ERBRATHRNDT, &
N> T, ¥/ MEBICEHRT 5 2 LR < E XTI L 2KOBIE
0.62% &, EKRELTAHRN,

T T u=0~2m/sec O Tl bBIT B0/ E DI TEHEL -, Thabb, RE
HENENDORDEL, HBNbORELEDTH 5, BREEK2-32IRT, #HE
AE—RICL 2BE ([M2-30&2-31) LHEL T, BAMICRET 2 AKOB
HIZBATNWD I Ebhd. 77 MEEMCEERETZ L <t bFTIEL =
KOBEEIR9.73% & A& HBINT 3,

BLERUZFE TR ROBERO TR EEREREOUBIVUTOZENEZ LS.
BT ROR-BROEEL, EBTROIEERLD, BNEN20msec THBEE X
oNd, Xz, EBRTRSY 7 MEEMOIEBITET T 2KOENERMEL D S h-o
T, COEBBRELTIE, BRKORSFMEAEAICHL TR TRLNMASTH
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SLEEALND, EIR, ETRICXDABRIIFDHMIZEZ N, s, REL K
FLOBRICELBHR. ¥ MERYICHEERL ZBORRORE. Bk KoRHE
RMOBR, F7 MEBMELROTNORE, REBEILNS,

REFRTCYPEEOBNHICE > T, BERADOEL (85%EH) HZeR/S 7 Mg
haefmo TEEYTRICE T L., COF TR 2EEOBENSD. £ 1D,
U MNEEMEBNS L XCAFREEE D> TETFITSHDOT, ZOBEBSOETF XA
357 MEEMOPLEE D BRICZS, B 1DEY Y MEEMORIBME LD K
BER->TLAERZVEEDHOT, PLEMOETICETTS., 23 LAEBRKRIZDNT
X BRANRERETERMN R, ZOEBNEFMETRY 0. REEHD
ROVEOHESRICED ., ZhEFEETIINE U THEAAALTRERIT 2172 OXE
VTHA5. I37nE KRVELRLIBSICHEATE, ARV TFHIFER &
5,
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_OZ_

25 gfsec R
ET e

50 g/sec TR
% T

100 g/sec FE4R
ETME

150 g/sec FE IR
% MuiE

#21 RBROMNORBREE

3/4infh%E + 3/8inA%E

KRR, PERESED
=T

R, DPEREAED
BT

RO, PRRHED

Bl 5 25cm

RROSEIZAE. BRE
#755cm

34inithE +34inHE

REOICHS, T
H&5~10cm

RRR. PEREEFD
A5 5cm

RROICHE,. B
Bi525cm

RiROICME. B8R
i 5 20cm

1+1/2in#H4E + 3/8in &

HRIR
B4 20cm

iR
#1775 20cm

RROIAE., PEREEFD
HT

RIR, BERT
#520cm



7 2-2 BRY U MEBBYTE TOKA

EEREER ¢ 447, 10x10ecmEE WA [mm], (x,y) EE : KEOH[cm]

_'[Z_

y X |-42.426 | -35.355 | -28.284 | -21.213 | -14.142 | -7.071 | 0.0 | 7.071 | 14.142 | 21.213 | 28.284 | 35.355 | 42.426
-12.219 | 0.0 0.0 0.0 1.0 0.0 0.0 0.0
-19.290 0.0 0.0 2.0 2.0 0.0 0.0

-26.361 | 0.0 0.0 3.0 6.0 2.0 0.0 0.0
-33.432 0.0 3.0 16.0 12.0° 0.0 0.0

-40.503 | 0.0 1.0 29.0 59.0 12.0 0.0 0.0
-47.574 0.0 7.0 62.0 39.0 2.0 0.0

-54.645 | 0.0 2.0 27.0 66.0 10.0 0.0 0.0
-61.716 0.0 9.0 64.0 40.0 | 3.0 0.0

-68.787 { 0.0 3.0 28.0 | 67.0 11.0 0.0 0.0
-75.858 0.0 8.0 58.0 350 | 3.0 0.0

-82.929 3.0 27.0 55.0 9.0 - 0.0

-90.000 7.0 44.0 27.0 2.0

-97.071 12.0 36.0 5.0

-104.142 21.0 11.0

-111.213 | 6.0

ERRREDOES > e = 5



& 2-3 RS U MEBWMETS TOKREL (x<0DEER)

EREE : 9 047, BFE © 10x10cmEXE PR mm]. (x,y) BB : KE O $ 0 [em]

_ZZ-

X -95.0 -85.0 -75.0 -65.0 -55.0 -45.0 -35.0 -25.0 -15.0 -5.0
25.0 5.0 6.0 6.0 8.0 9.0 9.0 11.0 14.0 21.0 34.0
35.0 6.0 7.0 9.0 10.0 13.0 15.0 18.0 25.0 350 48.0
45.0 7.0 9.0 10.0 13.0 20.0 26.0 34.0 - 470
55.0 7.0 10.0 12.0 18.0 25.0 31.0 41.0 55.0 69.0
65.0 8.0 10.0 12.0 15.0 20.0 26.0 32.0 42.0 56.0 68.0
75.0 7.0 9.0 11.0 15.0 20.0 25.0 32.0 42.0 53.0 62.0
85.0 7.0 6.0 10.0 12.0 15.0 21.0 28.0 36.0 44.0 50.0
95.0 5.0 6.0 7.0 10.0 12.0 17.0 21.0 28.0 35.0
105.0 3.0 5.0 6.0 7.0 9.0 12.0 150 19.0 22.0 26.0
115.0 2.0 2.0 4.0 8.0 10.0 14.0 16.0
125.0 0.0 0.0 2.0 2.0 4.0 4.0 ' 8.0 9.0
135.0 0.0 0.0 0.0 0.0 3.0 2.0 3.0 3.0 4.0 4.0
145.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 2.0
155.0 0.0 00 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0
165.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
175.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
185.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
195.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
205.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
215.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 040 0.0 0.0

EREHET—FHRETE /Do EETS



R 24 ERY D SEEEMETE TOKE (x>0 FEiK)

RERFER] 0 9 043, EME : 10x10cmR EANKAL[mm]. (x,y) R : KE O Hl[em]

_Ez_

X 5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0 95.0
25.0 30.0 19.0 13.0 11.0 9.0 9.0 8.0 7.0 20 0.0
35.0 44.0 30.0 21.0 17.0 13.0 110 10.0 8.0 7.0 6.0
45.0 41.0 30.0 23.0 18.0 15.0 12.0 10.0 8.0
55.0 64.0 48.0 37.0 28.0 22,0 17.0 13.0 11.0 90 3.0
65.0 64.0 51.0 40.0 30.0 23.0 1.0 14.0 11.0 9.0 7.0
75.0 58.0 48.0 38.0 28.0 21.0 17.0 13.0 10.0 _ 8.0 7.0
85.0 49.0 41.0 - 320 25.0 19.0 16.0 11.0 9.0 7.0 6.0
95.0 37.0 32.0 26.0 20.0 16.0 12.0 9.0 7.0 . 6.0 4.0
105.0 24.0 23.0 18.0 13.0 11.0 9.0 7.0 5.0 4.0 3.0
115.0 12.0 14.0 110 9.0 7.0 6.0 5.0 3.0 0.0
125.0 7.0 5.0 5.0 4.0 3.0 2.0 0.0 0.0 0.0
135.0 5.0 4.0 4.0 3.0 2.0 2.0 0.0 0.0 - 0.0 0.0
145.0 2.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0
155.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
165.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
175.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0
185.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
195.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
205.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 6.0 0.0
2150 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

EMIFRT— I HRBTE o ks 2



#K2-5 IRIRIK DR O P

HET—%
KB E
&7 N TFETOERINA S 9,570 cc/4min
52 Neh
K& 37,350 cc/90min
F—H REMBTOEPKFHE 2,420 cc/90min
_%‘Jr 39,770 cc/90min
BN S NZho7=HD

-24-

18340
50 ce/sec

39.875 cc/sec

7.365 cofsec

2.76 ccfsec

EIE)
(100%)

(79.75%)

(14.73%)

(5.52%)
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72

¢25

(a) 3/41 > FHAE +3/41 > FHE
g 203

T ’lL

(b) 3/4-1 > FHE +3/81 > FHE

242

(© 1+1/21 > FHHE +3/81 > FAE

X 2-6 IBRO ORI

220

[mm]
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3.1 5 BEOd—R

3.1.1 3 RITMPS2—R

- MPSEETRKIFRY 7 DR TFIREE D TEL, HHOXESER SN FRMEER
CEEBRX TR RERFTETHS., ChETEM 2 RTOBKLMIAbRTLA
Bo7ets, SESED TN EZEM 3 KTTITHE Uz, MPSH: TR T RIAIE /A A8
RFHEBORME L THRINTWD D, ZRA2KRTENS SKIERSTH, &
EENCIIEICER OB ORI SBHOKTONREMABE T TLL, EHED L
DICEHHEITNZHOEMHEZ 20T TId N,

BREADBRZEL /= 3 RFTEMPS T — R 'mps3d" DBRZR3-110R T, I— RIZCSET
BONTBY, BRMITIZNETO2REI—RETOEE SKTITHBELZS D
THB, £ir. BERFOF—TNELT, EBCHERRETRSSETIINTS S
D&, FNXD BOPENREO OO 2 BEEAETAZ LT, BFEIBNTE
SRR 2 B E LT B EER T ORROBELEF RS TND, X512, AEUD
UL TEYIFI v/ IiTRSRE, SEERLHEEEOHKICbERINTN
5. | |
"'mps3d"EEA T, 2BEOT 7 AR BETH D, 1 DIIEEEEDHMES
EREABT—H7 74VT, HEF data" cko>TEINS, 5 1D, BFOD
THEBZE5X27 Uy R 74T #BEFgid" k- THRINB, 2hEhD
77 A NVOREHER3-2, 3-31RT, YUy RI77 LI TREBZ3ICRT LS ICAE
DEFETNICHE S DLV BREING, £FED5F TR X 5—EHOK.
B, MTRK. PEBINTVS, 208K, NTRROFEROT—IHnD5<,
FRENOTIF 1 DORTFOBBERLTWT, 1 FIHOBRIR FOME, 2~ 4
FIEH OREDERE (x, y, 2. 5~ 7HHOERIEE @, v, w). TORICEEIN: K
DA T —EHEBEPNT NS, A0 T—EKE. S, BERETHS.

2DDANT 7 A NEBELUTHEEHETS &, SFEORBICHEN, BEZ—FD
BB CHARES NS, BEHNOBIITY v K771 VERUERERS TN
T, HLWHAIORTFOBERNE Y 7 VOB IEIEIA TN, #-T. HAT ¥
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312 RA b FOvy Y

ATREROTR RA N Ty 2 27) EERELBRTIADICEETH S,
FiC, 3SATOHEMROSGBREBMET 7201013, 3KRITETIT T4 v 7 AERN
RABEPERATH D, MTETIE SHEATHIRTNEL D2 BEHL TN DT,
AERVBEESNTVBENRULEIT. V574 v VUERENTES. BETEL
PTNIRTHNBROBFRFENZTNE, I— FEREGSREIC RS,
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FIZBWTEELEOHRRI LI N,

RA 7Oy b—OERER3AIGRYT, - RIZCEETENN. EROT ¥
AV Emakell &> T1DOEFTOY 5 AEHED, 3RTY ST 4 w7 AECHSCL
ZATIVDT 72 a RO T I LK >TEBREINS, GLILSilicon
Graphicstt DV 57 4 w7 - U~ A5 —3 a3 > L TEIET 5,

ERA MO v Y-k L BEHOFAERISIRT. KA ROy $—i3Ed
WA T 7 A IV (* prof) R A, MHD 3RTEEGEEFRT D, T1—F—iFT™ X
DBEETTADORY > 2MAADEDZ LT, BEL B, K- B/h 0&oT
HAREBETDIENTES, Z0EIHIRI—F—0EFICI-THERHSART X
SNHT LN, 3RTHLHHEBEMT BEDIFARTH B, T, TTYZDAR
FoDF Lo TAVL R« A2 a—HBH350E3 ICEREIN, EFLEVIT
YREZRDZADOH—VIVEBELEE, Ry E2FTITHIEE0aT Y REERF
IND. "Vector"lZHEENRT NIVDERFE, "Scalartd R B 5 —EEROAT I L BHER.
"Time Control"ldR R L TV BRI OEE T, FEOET OH I EERICERT S T
EBHTED,

-60-



3.2 itE &t

3.2.1 ZEWS & R

arRI 3 RTIMPSI— R2RNTIT o k. BMFOREXIZ1em3& L. 5232F D%
FTZERY 7 DEFEMERS-60 X SR L., HEOEARICL2T3EEICTIEO K
TRz, TNRAEHTHIOEICZD ., BRADEFTRE2SDIMOHREEET.
RIS F RIS (1. 11%) 16 L Tl A0 B S 0360mmic i L C36BORT 2
W, BESHEIH L TR T 2T, £, EH R ERIO240# (30.568) 17 3
LT, B5 RORE 20mm izt U T2EOR F2 W, B FRICH L TUEOR T
ANz, T UHEEIL, AEFRETALVBWEBOY 7 MK FIIRRE &
BLENOT, ZW5 Y NI FORERS LA BARE KT 50 TS 5. H37
CRITIC K> TRLURZZERSY 7 MEBEYOTFINERT. ZHIISEH22@808TF &
DRI TS,

3.2.2 I{mK ,

% FKIE50cc/secE Ly HIELD OB E36mMSHTEEYITHHBET S5, X
AT 1AOKRE SR1ccTHZOT, 0.020MBIC 1 DRRFEREXES, he
EBIT, FERIABORK EZ0.02BICHIET 2. EBICIE. 7—F B0
UL<20, ZNED® 1 HBENSWHBAAETHEINS, EBRTHROND X
ST, WBKBREHRL, POERVELSTETTHOT, HETHINEEE
LT, SRR FAEEZ DL TOBE X B, AR TAEIE. BEEQ0.33, 0.0,
3.6} Im] 20T, FR00ImOMHBE L2BEIHS, ZOBROAKE S 17.198 (5
7 »T0.3)./0.028 &L /=,

x=0.01sin@ +0.33
y=0.01cos@
z2=3.6

(3.1)

0= 17.19L
0.02
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33 FIEHRBIUVER
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RERATTNVRENESOHERE LRS- UTRT .. HE L ZEMIZ600HE T,
4 X W KR FOREIZ30,000. S B EE TET LbDDEIZ29,942M T H
3. RO OSEICOVNTI. HEKTHTETRTOLOTHS, B FLIAKT O
35, -100<x<100, -45<y<205 cm DEHEAIZA 72 H O1325,339F T, 84.6%TH 5.
S & PRI IS 12 D DEFA LMD, KL E LTELESDOHEB-10TH 5.
y=30cmD & Z BIHNWE—I HH 2 A, TNUIKETRERS 7 MRENE2ED &
BEMBTHD. o T TOWHITONTRERICIIZERY 7 b2E-> T, FHIK
BEDRAATRSHEIZETTESHDEELLNS,

ZOE—2UNDEZADREERBIDICAT— IV B EZAET KM EK3I-11
ITRY, E— WA ERNTD, EREHBRL TR ~ 2 GHE TiEHx<0DETK
Zx>0DRIZMA TWBH, H2-25%2-26 TR ENENOROSMLARINTW A
NWZERER) OEMENDHD. T, y>150emDEF ICIHER THEHBERBL TW
R, FETREDOERIH B,

332 RABHETNNHDBEOERR

HHIZ K> TIERENLERERDETNVEHLBE OFEBERELR3-2ITRY., &
HU/=Fef131,3808M T, FEAEI B /2KM FOBEIL69,000M8, > 5 EFETET
LEbDDEII68 9408 TH S, HF LAEKKRTFDI B, -100<x<100, -45<y<205 cm
DHHIZA > 72D DIX61,507E T, 89.2% TH 5. EREFRDIOFEH 72D DET
KERED, KEELTERLAEDBORKS-12TH . y=30cm®D & ZAIZEHNE—7 48
HBN, REEINRBOWEELDBZOE-IVHIOKRIZTPPEZ Lo TS, &
Nk, REEHEFNASSE, WRONSZERY Y FETETT MR THE W
CHETAZECE 2T, DA TRTREIEREANEL, LOEN>TERY I b
IR S50 THD, RMN->THERTIE, BREEADBELLRYD, o TREED
BT D, TD5H, BRIV NEBOENIBOERDZKENEZ D,



LOE-IUNDEZBDHHERD DAY =) 2E X - ETFAS % % K3-13
KRY. REBRAOLRWFEEUEL T, 205 FEROAFRICIZLDE OB
BRAH0, BHRACREDDRNEERER>TNWS, £/, y=10mDET B0 D
MNERE—IBBHD. AT BITHENE— 7 OyEEANE /2> T35, Zhik
ARAOEBHERTRLEXS . $3—EOBRIK 0EETIEEAIC—HICRE
LIEBEOBRT AN W ERCHIATSH 5. Pl 0 MEN20m/s DRE OB FAN M

BERR-20ITRENTVED, E—2Ry=150mD L2310 H 5, KFETRINLD
.%ﬁﬁwmﬁﬁ$éh&:5tﬁ—ﬁﬁﬁémf‘—ﬁt%@ﬁ@ﬁﬁ%fhémﬁ
TOEEIZ2.0msL D /I,

333 B8
XI3-14IC 22785 7 SR A5 D% TR D H (x=5, 65cm) DEBRFERBEN2 DD E
ERROBEEZRT. A7 —N2EATHELLTL LEbDER-15I0RT, 5tE
HMRTIRUTORBERHERERER>TNS,
() 2=\l 7 FMREMEEOBRSEMEBINTE ST, BEANBESTERY 7
NMREVIRIFICET L T3,
() ML K DRIZERE D 5B,

XY, )OFR—FERRDTR. SBEFERAETINOKER. $3 W3, HERE
EORBHOETIAL, Lo T, KBLTWARTFRIZARSEN, NI, EB
TERLELSIC, BRKOETHELL TR, BRENSIEERATLEDS R
WEEBZENDDT, KVRRKEZZE L THETSZEBEZSND, KETH
ERHDEN. RERTTTINIEYIEHS S Bbh3,

RiIZ. QDF—BURTH B, KORENIZEHY 7 FAOETFHAICB T 3%kA
BOEFIVEKREEKELTVWRED, COHRBICL>THEINZEEZZLND,
ZIZL., KIPZERSY 7 M mOBROHER TR DI EFINORBER TS &,
SRR TDKRODHOEDD LEZSNBDT, NEADETRHEL TN
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-.99_

KFE : 6005,

& 3-1 MPSIEIC K 2 TKOERBA MO EER (FEEAEFINARL)

% F/KREE : 29942cc. RENKE

Bt : 25339cc. EHHR @ 10x10cmX BN [cc]. (x,y) EBEE : REOH 0 [cm]

v 5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0 95.0
-400 0 0 0 0 0 0 0 0 0 0
-30.0 0 0 0 0 0 1 0 0 0 0
-20.0 0 0 0 0 0 0 0 0 0 0
-10.0 0 0 0 0 0 i 0 0 0 0

0.0 0 0 0 0 0 0 0 0 0 0

10.0 3 1 0 0 1 1 0 0 2 1

20.0 107 90 103 77 52 31 14 11 4 10
30.0 3899 3089 2277 1290 743 463 317 212 176 156
40.0 672 680 547 462 290 236 173 109 109 112
50.0 387 332 301 245 199 145 134 69 67 68
60.0 240 233 212 183 153 133 109 83 75 58
70.0 181 147 156 141 102 96 101 114 74 50
80.0 151 134 112 97 99 76 99 75 65 46
90.0 110 123 103 78 79 107 74 51 50 43
100.0 116 121 103 99 102 66 62 43 31 16
110.0 87 84 52 55 41 22 29 26 23 12
120.0 45 42 31 42 35 27 19 16 13 24
130.0 37 35 28 32 15 14 12 14 15 15
140.0 37 22 25 14 17 17 12 8 8 7

150.0 20 26 16 19 16 15 8 9 8 5
160.0 28 11 17 18 11 10 9 6 6
170.0 22 15 8 9 14 8 5 4 4
180.0 16 10 10 15 10 11 9 6 5
190.0 18 13 7 7 7 7 2
200.0 8 9 3 3 5 8 1




#3-2 MPSIEEIC X BB T AOEHMBAHAOHERE EEHEATTILHD)

Ryl @ 13808). % T/RKME : 68940cc, RKEHKRE : 61507cc. THEE 10x10cmXBE A [ec]\  (x,y) BEEE : KE D Hicm]

_L9_

v 5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0 95.0
-400 0 0 0 0 0 0 0 0 0 0
-30.0 0 0 0 0 0 0 0 0 0 0
-20.0 1 1 0 0 0 0 0 0 0 0
-10.0 0 0 0 0 0 0 0 0 0 0

0.0 3 0 0 0 0 0 0 0 0 0
10.0 9 3 3 0 2 1 0 0 1 1
20.0 324 299 200 140 76 43 24 18 14 5
30.0 14778 5693 2883 1539 877 570 374 249 196 193
40.0 4866 2168 1161 713 445 280 208 118 128 108
50.0 1525 1178 819 563 325 228 129 115 77 84
60.0 850 736 570 452 286 203 171 108 87 51
70.0 600 489 464 363 258 186 150 111 122 59
80.0 442 439 372 293 213 172 150 147 86 82
90.0 376 339 311 279 234 221 162 117 74 68
100.0 377 350 383 297 243 167 111 75 46 38
110.0 283 257 205 170 120 105 - 76 59 29 30
120.0 133 148 137 106 87 80 67 46 19 25
130.0 101 110 99 80 63 54 46 3 31 26
140.0 85 65 70 59 64 55 44 32 20 18
150.0 67 42 45 46 39 22 35 20 30 22
160.0 45 45 41 43 30 25 26 11 22 15
170.0 25 27 27 30 26 30 20 13 25 19
180.0 26 21 28 32 24 17 14 22 10 12
190.0 16 17 23 22 25 15 19 16 13 10
200.0 14 9 18 15 17 11 15 11 13 9




mps3d.h

mps3d.c

void main

void *mallocem
void *reallocem
FILE *fopenem
char *TimeStr

char *dFixStr

FILE *DbgMsgOut
FILE *RptMsgQOut
FILE *NulMsgNul
void DampMatrix
void CmdLine

void ReadParameter
void ReadParticleData
void WriteParticleData
double *LcVV
double Norm
double Norm2
double IpVV

void mulMV

double TimeStep
void AddList

void SetRadar

void SetNeigh

void NDensity
double weight
double WtIntR
double Wilnt
double DACoeff

mps3d

double MtKvTF
void GradP

void PCG

int ICD

int UUSolver
double Source
void CMatrix
void NrstWFDst
void ExitCode
void Collision ‘
void WritelatticeData

3-1 3KRITMPSI— RO

(mps3d.cAFOBDITT 7 > 7 a %)
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[Comment]

exp.data

exp.data : Parameter file for MPS3D.EXE

[Parameter)
MaxTime
MaxDt
MaxCourant
Convergence
MinPreslter
MaxPreslter
Outputlnterval
RadarIntervat
PTypeCount
AvrDistance
RRRadar
RRUncompress
RRICCG
RRDiffusion
RRCollision
RRSfTention
CollCoef
CollCoefBi
SurfaceTh
Gravity
RepresentPND
. n0Particle
FlagCollision
FlagViscose
FlagHeat
FlagSurface
FlagField
FlagReaction
FlagFlowgate
Flagl 0Digits

[Property]
Movable
PressCalc

. Density
Viscosity
HConductivity

6.0
0.02
0.2
1.0e-6

100
1.0
10

4
0.01
20.0
2.1
4.0
4.0
0.5
3.0
1.0
0.0
0.8
0.0
14.418575

o O O = 00000

1

1
1000.0
2.81e-4
72.3

/* Max Timelength of Simulation [s] */

/* Max Timestep [s] */

f* Max Coulant Number */

/* Convergence Condition */

/* Min Iteration Count */

/* Max Iteration Count */

/* Output Interval Time [s] (if 0 or negative, output every time step) */
/* Radar Table Update Interval */

/* Number of Particle Type */

/* Averaded Particle Distance [m] */

/* Range of Radar-list search */

/* Uncompressivity [-] */

/* Coefficient Matrix [-] */

/* Diffusion [-] */

/* Collision [-] ¥/

f* Collision [-] */

/* Collision Coeffisient */

f* Collision Coeffisient */

/* Threshold ratic of n to nQ for free surface */

0.0 -9.78 /* Gravity Acccelaration [m/s2] */
123.991565/* Representative Particle Number Density. n0, n0i */
* Representative Particle for n0, n0i. if n0=0 then this was used */
/* 1:Calculate Particle Collision */

/* Viscosity */

/* Heat Diffusion */

#* Surface Tention */

/* Field force of Air flow*/

/* Chemical Reaction */

/* Flow Gate of Particle */

/* 1:Qutput each value in 10 digits */

1 0 0

1 1 0

100.0 1000.0 1000.0 /* Density [kg/m3] */

2.81e-4 2.81e-4 2.81e4 /* Viscosity [kg/m s] */

72.3 48.0 48.0 {* Heat Conductivity [J/K m3 s] */

B 3-2 3XRITMPSO—RDOF—% 7 71 )LOH
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SpecHeat
StTension
SfEnthtopy

MeltTemp
PNDFactor

[Reaction]
OxidationRate
NumDensityTh
BurnHeat
YVFOxide
VFFreeze
FNaViscSatTh

[ForceField]
AirDensity
RngeX
RngeY
RngeZ
DivNumber
Field

Field

[FlowGate]
NpStart
NpEnd
NRate
TpChange
MaxPtbRatio
IniVeracity

1.3e3

0.6

100.0
1.0

0.9
0.8
1.7¢6
1.0e+5
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draw_particle

Bl 3-4 3RXTMPSI—FRORA BTty —D7 71 IVEBR

-72-

bin/ : src/
draw* cntr.c
data/ device.c
sample.dat draw.c
test. grid ' draw_contour.c
include/ draw_particle.c
DMYTlib/ draw_scalar.c
ITEMIib/ draw_vector.c
include/ file.c
usr_types.h _ irotate.c
itern/ item.c
button.c light.c
button.h main.c
dmain.c makefile
k.c menu.c
keyin.c next_data.c
keyin.h | particle.c
makefile proc_loop.c
menu.c read_data.c
plate.c read_geometry.c
plate.h reading data.c
slider.c rewind_data.c
NET_RMBVlIib/ slider.c
RMBVIib/ string.c
libVTR.a tags
libnaka.a timeset.c
vect.c
data.h window.c
file_io.h
geometry.h
screen.h
switch.h
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