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Falling Sodium Droplet Experiment (FD-3)

Norihiro Doda*, Hiroyasu Ishikawa*,
Shuji Ohno* , Shinya Miyahara*

Abstract

The burning behavior of a single sodium droplet has been studied for understanding of
spray combustion which is one of the combustion forms in sodium leakage. This study
serves as the basis of the mechanistic sodium fire analysis method. A burning experiment
with initial droplet size of 3.34mm and 5.85mm different from FD-2 experiment condition
(4.75mm), an inert gas condition experiment and a polypropylene sphere experiment were
performed to investigate the relation between initial droplet size and burnt mass, and the

effect of burning phenomena on the droplet motion.

(1) Drag coefficient of a burning sodium droplet is 1.4 ~ 2.2 times greater than that of a solid

sphere of the same size.

(2) The increase in drag force of a burning sodium droplet is mainly due to the increase in
gaseous viscosity around the droplet with heat of combustion. Sodium droplet has the
ellipsoidal shape with aspect ratio 0.89 when falling by about 8 meters, but the effect of
droplet deformation is negligible small. In addition, evaporation and buoyancy have also

little effect on the increase in drag force.

(8) The burning of sodium droplet follows the D2-law when the initial droplet diameter changes.
In the calculation which assumes that the sodium combustion quantity agrees with the
measurement and that combustion of sodium droplet obeys that law, the Na20 ratio of

reaction products becomes 0.51-0.75.

*Thermochemistry Safety Engineering Group. Advanced Technology Division
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IR TIE, BRRE» L OEREIC L DERMRPIERERMOESN 2 EF S8, KHATHRER
ERMIMDIENZE /NS L, ENERBBDT D, £z, BRERED D OEERRIC X - TH
FHOBESEHELS 20, AEEFR OB $ 5, RBESUIMBROBHICHSTEMNT L5 TH
BH, MOBHFABADT D OIS TEDOHRITNESEHEND, BERNTIT, RIEEHOK
FUREIMABRIZ TN S 725, BEICHERIR OBEFREOBEHNE L OEBRAEUTIC
Y

I OEH AR EE OB (Bisenklam 5) [10] :

24 2+B B(4+Re)

Cp = -
Re (2+%B]—§6—Re(2+3) 32+8)

722U, Re<l (FEEDOHA) (4-10)

FRIE - PREETRTE OB D B Muggia) [10] :

1

Cp === Co.s 72721, 0.1<Re<3 (BREEER) . 0.1<Re<40 (FFHK) (4-11)
K
1 qY '
B=—|CIT,  -T)+2— (4-12)
e negy]

T 2T, BIMRER H3IRFEEE ¢ TRTRRBER, VIIT A PERREN R, VIZRES T &,
v XA R B & BN D MRENVERERT,

VA VAERFRE LA ) VAR Re~100) KV b R&EL A2d L, &L JEABAT R & oHExt
HESTRE A E 2 @R T 5EE GEREE) 2 K& < EEY, EROYDRITEINTIEL 2D,
TR U AR Gt &4 AR - A9 3~Tmm) O HHE TEBORS. O LA JVAEITE
TN L/ 0.03 T 100 L EE 725, T MU U LAKFEA 8. 02m ¥ T3 2 REM OBIEMEITHY 1.4
~1L8HMTHANL KHOEE FIREIZR LT M U AOERBEPEFBEICEEL KT TR
FEW, BRELT, TNV AOERBPERIEIICE 2 2R EIIEH T 5,

Q) EHRD FT o T2k b%

IRBEBACIRD b N IRIBEEO N R L ZDRABOBRTIZ NG A DEEATEL D LA, i
HOGBITERTOILEND LR, B—EHOBEITEHRTE 5,

(4) WA T A DWYEfE Chitk) O&Afb
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FERDT BV U LRBREATICBIT 5 MY U AR OZSESHA T, FRE (FEIATR
EE) OFAEMEETTIREROEZLKIBER THEIN TS, LELARYELH, EROERHE
BON AT Y U AREACRES ER L, TR THEREML T\, EREAEDOT
RIBEE 1200°C (1473K) BELEETDH &, FR (BR) OREREIX. 25°C (298K) FFDAI 3
&% (300K : 18. 62 u Pa*s, 1500K : 56. 11 yPa-s) [11], BEEII#AY 543 1 (300K : 1. 176kg/m*, 1500K :
0.236kg/m’) [11]& 725, LA ) VXEk (pvDfp) Tl 25CROK 16 53D 1 &72d, FESET
Wi, VA 2 NV RABMEWIE SEFURECS M T AR B H Y . EBEOT M U ARHOHBE TS,
WG R B 2 DR O _LHEE OBRFURB OISR B> T D EEZ NS,

F R AR OSSR b TR Y R IR D BHA R B T2 OTHIEEAE 3. 34mm, 4. T5mm,
5.85mm OF kU 7 AHERHICOWT, BFEEVABELZ T A—F L LEHELZERLUE, SHEH
BRIz LT, BEESY AEES 25°C, 400°C., 800°C, 1200°C ¢ LTHERITo7z, HEHEREEZK
44~ 4-6 [oTT, HETIE. BREVARED LR T N Y AREOZESIERAEML, %
7. BABEEN AEETEEREOF M U ARHOE TEBIGEVERERE O, ZOHE
IR S AR % Nay0 : 60%. Nay0, : 40% & RE Lz b D TH DN, OFE THEROKER TH-
- COREND. BEET AEED LRI L A AEEORMS, TR v A KEOERIESR
ZEMEIETCWAEERBRTHHZ P05,

SHOBEIT. BES (FEEVR) L U TR LKHBETADRESMZEE L, T h)
v LRI DZERIEGHEN S & ERIICTHET 52 & TH D,

4.2. F Y LEEORESE)
421, F UG LEEDEX

F U AEEIIERBRSICR SN S L IRERE IR SRR L. £ 0%H 5 A T
(LRI LT L. 3636 (BK) %t 5. RILARRRE. Hl2i3~7 % L OEAIL,
B L RIS S N BE A B IR T O BRL A S B CITIREE 28 L U WRTIR S 2338 R
CERE LA TRAT AR, TR Y AOBAE I CRERIEOTR - BELL VD ek R
B3, F MY UAEHOBEKR T T RAOFEMTONTIE, BT MY v AREOBFEEKE
BRCIEED NEEMRBE - BIgE{To T 5 [12],

FD-2 EBRLAEOERTERE LT N U AREOBEKXKENERT —% %M 4-7 [ZR7,
FD-3-1 & FD-3-2 D/ — R 2 l#T 5 & HEEBPRE VWHFREABNUREIARV WO HmAR
b, Zhid, BREEE (EERERE T 2REEEOEEPRIEROENE L b
T 570, WHOBBEENRELRY, WHOBELFREI 2200 THD, 72/ZL, FD-2 O
r—RZ{Z FD-3 ¥ U —XDZ OFEFIZ—FK LRV, i, FD-2 EEROFFAKSEMEH FD-3 v U —
X BRVERSBE ThoTol20, WHREICKBILT N U ADRERERINIZNL LS
Z2bN5, 7 U ABEERIZLERBEE CRENSO ;T MY U ARREICRAH LT
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WAL, KEET VD LARBREED T 4 VAR TERBALOF MU T LA EZLZITHN—T 51
MRD%. TOZH, FXENVRHRIEEHEIRED F)-2 D —ATELZo72EEZ 5N 5,

422 PHIRRERET MUY ARBERBIUREERE
BAXBROBRBEZBRNT DIIHI->T, FMIVLBRHRBIUCREREZUTORNTEREL 2.

Am=m, -m, (4-13)
iy = — A | 4-14)
Si . ttotal —tig

T Ap EF NI DLRER. o BOIERER,. o BEIRHER. » I JREEE, S
RO R, 1,0 | IRE T, 1,38 KBNRRERT,

F U ARBER SRR R RIRER TEELEbOER 4-8 ITRT. MU U ARERIT

YRR OB E & B ITHMNL . REEHE IR E OB > TR T B EAND 5.

VIR OHEMITHES TH MU U ARBERIENT 201, WHED 2 RICWH L TR
THIBRREAMEAREMT 572D TH5. BREFEEICTOVWTIE, RETEETS,

423 FbYUDAREORBETR
(1) 5 b U & LR OMBHH

F U D AREAEK LRI, MEOXRR RS IRHRED 5 ORETHS. o T,
FRU T LOREETHT S I & TR EIIT S Z LA TES,

Bk U7z BU D LARBOBRBEIC DOVNT, WBEROZR (TabbXREH) ORMELRIT
—ETHS & FEIN TS (18],

WIERBED DRI -

dD’ -
— :K _15
— | | (4-15)

T, DIIHHER. NE3RRREERT,
X7z, BIEEEROKRAREKIL. BEEOBRBREEREAVWTUTTSA5N0% [14].

81
K, =—* _In(1+B) (4-16)

s
p.gas p gas

ZZT Ags BHABMRER, (. IHABELLEY, 0, EHAEE, 2 REEER, HRAF s
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IR R T,

T3 A ORI, FILIER ORI (P BD 2R L2 C. < 0ERAK -
EEANE 2 O, —RIICIE. BIEEE ORI L ICRHEIRRE B E L REE#H T
UTORTEIND, EBREMR C.& L TO0.276 2 Frossling Ik » THE X b TW3B[10],

K=K, -(1+C,Re"” Pr') (4-17)
SLECHE SN B ROF MU YA, UTO2RTRIET 5 LEX5,

2Na (g) +1/20,(8) —Na0(s, 1) Ahyy0 20 = —634kJ / mol (4-18)

2Na (g) +0,(g) —=Na,0,(s, 1) Aly200208x = —131kJ [ mol (4-19)
DL OBREEE T 4%, SPHINCS = R3] CEASh TS, 727 L. MBI EREROMIE
TOEWVYD 5D,

@)F kU 7 A ORREEETAR

FD-2 EBk L S EOFEBROLME T LOREETFT NV OHEEZITV., T M) T AREEOHEME L
BIEEE LB Lz, Z0, UTCRTRIGERIEIGEZ T A—2 L LTERT,

D g (‘ZuNa 0)
Jix &)= : : -
(R AERWER) Ot M) (4-20)

T WRERAER T ORFRAOEAMEIE RS, Elo, WROW TRIER, % TR
AN B BT A RHR P O T TR & 5 % 7. |

FSAERDEE % 1(Na,0:100%) 36 Lt 0(Nay0:0%) ERE LIZHBEDT R v AREEORIEM L
HEFEOMBEAREK 4-9 27T, 2077 7hb, HEMEEBEHETERORMEEZRFOZ N
bnd, ZOOEMEEICET IEROREEOBRELZRTIIC, BT Y U OFEBHEBRENSH
l/\ Bnéo

v Y OFERFMEERREK

(x & yDI43E)

(x &y FHEIREL) = (xDIEAE(RZE)- (YO IE IR )

(4-21)
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REREE%E 1 BLO0 LIRELEZEAOHERE & HEEOSERMEBRENX 0.87 L7225,
— R TR BELR LAY 0. T~1. 0 ODBAITEVHEBERSH B Z LD, KREETVIZT MY U A
TETERBED S L<SEBEL TVD EVWE D,

R, RISERYOEEZFET 5 BT, F M o AREOREEDR D*ANCHED L DIED D
LT, TR U ARIBESEMRE BT ARG THELITo T, TOMRRER. RISERDEIEH
0.51~0.75 L 2o 7 b, F 1) U AOIRTREE CII@meLT F U v A X0 LT R Y U L5
S EREND LHEESND, BERDT FY T ART LA RBEOFNT T, 7 —VRBEEBRO MR
b &S ERISERYES % 0.6 (Na0 : 60%, Na0, : 40%) E{RELTWAR, KINERWEISZ 0.6
LIRE LA 0EMIZ, K4-10 1R T L9, EEE 220N T—&K LZ, Zb D&
PERIBNT DO ROSERIEI G DIREPZL THDHZ L EZRLTND,
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5. B YIC

WIEIER 3. 34, 5.85mm DF b U U MRS TRREESEER, FIHIEE 4. Tlom ORNEMFFEK T TOF |k
U AKEETER., R oL U BROBE TERZER LT,

BONIRERIL, UFOLBY Thb, |
(BT Y 7 N ORERARSE, R 1. 4~2.2 4T 5,

(m%%u?Aﬁ%@%ﬁ%ﬁﬁmwﬁib%k%miﬁ%@m\%ﬁ%ﬁt¥5ﬁﬁ%@ﬁx®%
PERAINCH B, T MY 7 AIEHEITE THICER L, £ 8n % TR CHEFELL 0. 89 OFEMEIZZ2 528,
FOEEIERINS, £, BHORRBIORADEEIZONTYH, FRRICERIND,

(3)F b U 7 AEHEOBREIIVIEIREEN ST LZEETH D AICES Z L3RR s vz, T Y
T AREE AR BIEBEIC RS 55T P RIREET VOHEEZITo 7256 RIERB T D
Na,0 El&% 0. 51~0. 75 L 725,

S%OREIL, DYEMREREEE ZE L ICIRER T X OREEEFRE 2TV, BRI
5 BRI A A DFEVEREINAS T R U U AR ORI ORE Th 5 2 & 2 ERANCFHET
5ZETHD,
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6. HiEE

TNV U MR TR ERL, REUSIR TR0 4 | BRI R, FIRE K,
WIS K, BRI, EEEETRK, £, KFOERRKSNE BRI IHHVEEE
¥ Ule, E£7o. BORKFUERENF — 2%, HBARTEETE ER K, FHMEM RS R S EE
MREICIE, Aoy b, fHmeEESE L, BRESMICEHF L ETET,
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% 3-3 8m Z T D AIE{E(FD-3-B1)

P & [ERES % TR ()
(mg) (mm) @1.9m @3.7Tm @5.7m @8.0m
B1-1 30.6 3.98 0.618 0.906 1.176 1.457
B1-4 30.4 3.97 0.610 0.901 1.171 1.463
B1-7 30.7 4.00 0.617 0.906 1.175 1.460
B1-12 28.5 4.00 0.618 0.901 1.171 1.458
B1-17 32.2 4.01 0.617 0.905 1.175 1.462
SE44 30.5 3.99 0.616 0.904 1.174 1.460
4y Hk 1.32 0.02 0.0031 0.0026 0.0022 0.0022
BZ(%) 4.3% 0.4% 0.5% 0.3% 0.2% 0.2%
e H& B & TEERE(s)
(mg) (mm) @1.9m @3.7m @5.7m @8.0m
B1-2 49.4 4.75 0.612 0.893 1.152 1.424
B1-5 48.4 4.76 0.612 0.892 1.151 1.422
B1-8 53.0 4.79 0.612 0.892 1.147 1.422
B1-13 53.4 4.83 0.612 0.888 1.147 1.418
B1-18 .52.0 481 - 0.606 0.888 1.153 1.425
D) 51.24 4.79 0.611 0.891 1.150 1.422
S 2.22 0.03 0.0028 0.0025 0.0028 0.0025
1= (%) 4.3% 0.7% 0.5% 0.3% 0.2% 0.2%
e =y [EXES : & T RE (o)
(mg) (mm) @1.9m @3.7m @5.7m @8.0m
B1-3 114.5 6.32 0.606 0.877 1.118 1.371
B1-6 117.3 6.33 0.606 0.873 1.119 1.375
B1-9 113.9 6.35 0.606 0.876 1.121 1.370
B1-14 122.4 6.35 0.606 0.877 1.122 1.374
B1-19 125.5 6.36 0.606 0.877 1.119 1.376
ST 118.7 6.34 0.606 0.876 1.120 1.373
4 ER 5.06 0.02 0.0002 0.0019 0.0017 0.0025
(%) 4.3% 0.3% 0.0% 0.2% 0.2% 0.2%
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% 3-4 8m EZETHDAIE(E(FD-3-B2)

b % EIVE & & % T IR AN
(mg) @1.9m | @3.7m | @5.7m | @8.0m | #t /4

B2-S1 0.631 | 0.914 | 1.178 | 1.452 —
B2-S2 0.630 X 1.171 | 1.450 —
B2-S3 0.629 X 1.169 | 1.452 —
B2-S4 0.629 | 0.905 | 1.167 | 1.449 —
B2-S5 0.628 | 0.909 | 1.166 | 1.443 —
B2-S6 0.627 X 1.164 | 1.441 —
B2-S7 0.627 | 0.907 | 1.169 | 1.446 —
B2-S8 0.626 | 0.906 | 1.162 | 1.439 —
B2-S9 0.626 X 1.161 | 1.444 —
B2-S10 X X X X —
B2-S11 X X X X —
B2-S12 X X X X —
B2-S13 46.4 0.625 | 0.898 | 1.158 | 1.434 —
B2-S14 0.625 | 0.902 | 1.162 | 1.434 —
B2-S15 — ~ — — 0.91
B2-S16 — - — — - 0.87
B2-S17 — — — — 0.84
B2-S18 — — — - 0.87
B2-S19 — — — — 0.89
B2-820 — — — — 0.85
B2-S21 — - — — 0.87
B2-S22 - — — - 0.85
B2-S23 - — — - 0.91
B2-S24 — - — — 0.89
B2-S25 — — — — 0.91
¥y 46.4 0.627 | 0.906 | 1.166 | 1.444 0.88
SrER — 0.0021 | 0.0052 | 0.0056 | 0.0065 | 0.026
FRZE(%) — 0.3% 0.6% 0.5% 0.5% 3.0%

— CEREARL. X JERT
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