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Falling Sodium Droplet Experiment(FD-2)

Norihiro Doda*, Shuji Ohno*, Shinya Miyahara*

Abstract

Preliminarily sodium single droplet experiment of 2.7 meters fall had been
done as part of the studies for understanding the burning behavior of sodium
leakage combustion and establishment of the mechanistic evaluation method.
This experiment, Falling Droplet Test -2, was done in order to more clarify
the burning effect on falling movement of a sodium droplet with new
apparatus that could have 8 meters long of falling distance in maximum.

Falling time, ignition delay time and burned mass of sodium could be
measured in the case of 450°C of initial temperature and 5mm of initial
diameter of a sodium droplet. Additionally, we tried to ebserve the shape of
liquid surface of a falling and burning droplet. The experimental results
are as follows:

1) The falling velocity of a burning droplet was 11~23% slower than that of

conventional model calculation in which a droplet was assumed as a solid

sphere.

2) Ignition delay time had a wide distribution between 0.5~0.9 seconds. The
reason is guessed that a sodium droplet ignites, when its surface oxide film
melts uncertainly.

3) The falling sodium droplet combustion after ignited could be described by

the D? law with using the evaporation coefficient under forced convection

condition.

4) The shape of burning droplet’s liquid surface was not observed, because

the light of sodium flame could not be cut off with optical filter.

*Thermochemistry Safety Engineering Group, Advanced Technology Division, OEC
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Table 2-1 M ERIEDKIET— % (FD-2-2)

BREZ(mm) 4 5 6
70.8 89.5 107.6

IKMEF7 A (dot) 70.6 89.7 107.3
70.6 89.0 107.4
70.8 89.4 108.4

#E /7| (dot) 70.6 89.6 108.1
70.8 89.5 107.9

Table 2-2 SVEHIEDIRIE T — & (FD-2-3)

BRE 2 (mm) 4 5 6
69.5 88.3 106.6

Tk 77 mE(dot) 69.6 88.3 106.6
70.0 88.2 106.6
69.6 88.3 106.9

F2[E /7 [Fi(dot) 69.9 88.4 106.7
69.7 88.3 106.7

Table 2-3 7 b U U LYIHIGHOERAEMEDLLE (FD-2-3)

Ey S CV-750 mey FEFENTH mar | (Meymag)/mag X 100
F1 48.83 47.78 2.16%

¥2 47.91 47.63 0.58%

12 49.57 50.45 -1.77%

13 47.35 47.01 0.73%

14 47.12 47.66 -1.14%
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Fig.2-2 ETRMREFEEERERE.
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Fig.2-4 JRHEKEE TR L T DFEUER
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Fig.2-7 L —YE.
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Burning Droplet

/
Falling time

Fig.2-8 EEEBIATTHELLEETRES 3 VY Y LEE.
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Fig.2-9 A5—AA—IVY—THRE LT MUY LK.



JNC TN9400 2003-011

ety b
BT N U L ,
\\* i‘ TV HA
{

15cm.

¥

i

ANE AT AR

WENINS T 4

30cm
vngm BB NV U LREOERD SEEE TOT Ok X,



JNC TN9400 2003011

Fig.2-11 BT MU D LIRFEDENORF.
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Fig.3-1 E&TREFOF M) U LIKE



JNC TN9400 2003-011

10

) (L) =x (2t}

[W]z eouelsi(] Bul||e

2.0

Time [s]

Fig.4-1 Y& TR &% T EERE



JNC TN9400 2003-011

Burned mass of sodium [mg]

0 ? 4B : 10
Falling distance [m]

Fig. 4-2 & THEEEL T VY LRKER (FD-2-3).
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Appendix
11. NT T4 DHIZHRER L= MU D LED ST
(1) ENERONT T4 VICEEND T MY Y LEBORIE

R OB AWZIRT 7 4 & KBELRESR, MEVRRDOED
ZZERANC I —IC BT 555, KREVREDE DRI L TERICF > TEE
THLEZILND. TDH, NE1pm U EDOF MY LNFZ 1pm DT
FAT7ANBHTERL, 1lpm A TOF M T LNFETEL TZENENA
EZ2IT o7 M 1pm U EDEDICDVWTREBREETDTH T IVEL, 1
m DIFICDWTRIREMNE, PR, BREMED 8 m2Y 7Y VT Uik,
RIE 77T ICP-AES 7213 ICP-MS Z W /z. TableA-11Z, FD-2-0A (54
EEN) & FD-2-2 (5 #MEU) THERALNRZ 74 VICEENS T NIV LE
ZRY o FD-2-2 DEIURT T 4 VICFENTWIF MU D LEIE, 1.63mg ChE
B1lpm B E) +0.231mg CBifE 1pm L{FOFLHE) =1.861mg THB, HIY
Wi 1 WMHE0IET S L 03722mg THB, i, REEEE/IME
42.73mg X LT 0.87%, MABEtER/IMHE 12.82mg IZXf LT 8.02% TH 5, A%
BRCOMHEENEDOREL 224 TRUIZX ST 2.6%8E, E/MEET
MOFEEX 4.2. 81 TR L7z & 5 1% NEERE 8.0m D&M TIE 12.9~19.6%TH D,
WG D BN 7 1 2 A WARBROMBETHEIC 5 2 5 BIIEHTE 5, EIUEHE
K105 TH B FD-2-0AIKDNV T, F2F P Y LEN I0ZEETHD,
IR AERAME B Nz,

2) RERY Y TVIBD/INS T 4 VICEENS T ) T LBORIE

BRERY Y TINVHDING T 4 2L U, KBHELL, ICP-AES 7z
& ICP - MS TF MUY LEZRRIE Ul U ¥V TIVFERICINT T ¢ U ~NIEBLL
e FUYLE (TableA-2 O&£F MY LE) REEHEED 1% T TH
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D, BEIREHEEAE TIZERTE S,
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Table A-1. [EINAEEBRD/INT T 4 N LIz MU D LE
ME1Lpm L EDOF VT LKNF

e o | (YT TAVER | TNULRE ETNYVLAE

Bk | BREERAL o (mg/L) (mg)

FD-2-0A 2% 4.30 2.09 8.98

FD-2-2 2 4.23 0.384 1.63

RZE1pm LD F YT LKF

e g | INTTAVER | TNUVLRE EFTNYLAE

ek | BEERAL ) (/L) (me)
W 0.388 1.67

FD-2-0A | ¥&Hk 4.30 0.373 1.60
KeasEfHr 0.463 1.99
AT N plin 0.0450 0.191

FD-2-2 TR e 4.23 0.0376 0.159
REEfMT 0.0814 0.344

. TR AT <0.01 <0.04

a4 —

S R g 4.40 <0.01 <0.04
BERIET <0.01 <0.04

Table A-2. IRERY Y TIHED/IRS T 4 B LIz F FNU Y LE

oy NG T4V | TMNIVLEE | 27N ULE | BEIEHER
(mL) (mg/L) (pg (mg)

FD-2-2-1 9.8 0.31 3.04 44.381+1.11
FD-2-2-2 8.1 1.3 10.8 44.0411.11
FD-2-2-3 10.4 4.3 45.1 42.731+1.07
FD-2-3-1 10.3 3.4 35.3 39.531+0.99
FD-2-3-2 9.8 1.2 11.5 39.1410.98
FD-2-3-3 10.8 1.5 16.2 44.451+1.12
FD-2-3-4 9.8 0.39 3.86 41.40%+1.04
FD-2-3-5 114 0.21 2.43 47.18+1.18
FD-2-3-6 10.0 0.87 8.70 48.70+1.22
FD-2-3-7 13.0 0.27 3.56 46.881t1.18
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1.2. WEETEHOHE

B RS BEERTEICIX, F1, BERUCEKIHLOFINMbEEEZ LN
5, ThUE, —fRICLUTORTERT BENTE, 4 ROIV/T 7y ZETHN
77o

fi’i=(p‘pgm)g_i&pﬁyz )
. at P 4d p

Z T, VIAIEEETORE, pl3EE, g BRENIMEE, ¢RIUIRN 4K
HOBEBSEMERED 5D,

EIEOBRBEIEIC D 5 ZeQUEHI, WHOEH, FEEAAEE FRICXS
W EOZL, WIHREORRIC & 5 WHEBEE £ic &k D AWARRICID 3 2 h
LIZER BN, BEOHF U LR BIGER RE Lz,

FHRR OB L U TROBIMIRDRE V72 (3],

C, =24/Re ; Re<0.1 (2)
C,=2.6+23.71/Re ; 0.1<Re<6 3
C, =18.5/Re" ; 6<Re<500 (4)
Cp =4/9 ; Re=500 (5)
Re=p,.Vd /i, 6)
PR TK] OBEEE UTATICTRY,
FRUTLEE p [kg/m*] 1 p=950.14T(~0.22976 + T)(—1.46x107° +5.638x10° T)
T A P g kg /M ! P =1.293/(1+0.00367T,, )
REPEGRE 1 [Pass] D p=42x10°T%
FMRERE A [cal/cmes K] P A=1.05° 7
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1.3. FFUDLBRBEEDHE

BXFE (ETHED D ENENRHLER) »SREEINE TOF MUY
LB ZETE Ulz, MEMRBREET NV E LT, fiFl2l L[ U < s@mfxsi FTo
TR B A FFREZ AW D2AICE D ITFOETIVE AV,

=3 2 1n(1+ BY1+0.276Re Br*) 0,
pC,

B=-! [C (T.-T )+&] @®
Hfg o\ gas strface Wy

Re=p,Vd/u,, 9

Pr=v/a (10)

CET, M, o MY T LEE, A Cp RIEHREEN R OREE
RERERS, BISEEM, ReldL A/ VAR, Prid 7Sy FMTH S, 1,
T OTERER, Q3T B P L 1g DMEERE, Y, 13 A OBEE LAE,

WEBEATR, vISEERSE D OF P UYL LRSS BBREOELETS
Bo o RIEREE, VL L BSOS, dI3% FlaEORREy
B, b v ISZER ORI BRI, o REROREEEE TS S,

(LRSI LFD 2 REEEL,

2Na(g)+1/20,(g) — Na,0(sl) (1D

2Na(g) +0,(g) — Na,0,(sl) (12)
RISERIID NagOs iR DEIVTH Xnazoe Z AT TEZ T, vERDIE,

yo2X Nazozzz.lg/: 9(;- X ezos )} (13)
WD U T L 1g DRBERE qlcal/glid, UTOXD5RDTz,
q=3275X yyppy +3TTT(A= X y13,,) (14

Wi & BEERSUAOMNEE VIX, & TS 1.9m, 3. 7n, 5. 7n, 8. On THIE L%
TR 53R 6D T SHEHE 2 AV Tz,
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ERALEMHEERIUATOEBDTHB, 2T, TKIRIREZERT,

F MUY LEE p [kg/n’] ' p=950.1+T(~0.22976 + T)(~1.46x10~ +5.638x10°T)
AT P s [kg/m] D P =1.293/(1+0.00367T,,)

A AREEARE p [Pass] D u=42x107°T%

HABMEEE A [cal/cmes+K] D A=1.05° T

A AEELCEA Cp[cal /g-K] ! Cp=0.2316+4.61x10"T,,

T U LORFAEER Hy,[cal/g] © 925.6



