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Sodium Fire Test at Broad Ranges of Temperature and Oxygen Concentration (IV)

— Low Temperature Sodium Spray Fire Tests —
Koji Kawata™l, Takuo Matsuki*?, Shinya Miyahara*?
Abstract

Sodium spray fire tests at the initial sodium temperature of 250°C were
conducted under the atmospheric conditions of air and 8% oxygen containing
nitrogen to determine the sodium burning rate and the aerosol release fraction and
compare them with the test results at the initial sodium temperature of 500°C in
air atmosphere.

In the tests, sodium was supplied using a commercial spray nozzle into a
stainless steel vessel of 100 m3 volume (SOLFA-2). The sodium burning rate was
calculated from two independent methods : the consumption rate of oxygen in the
vessel and the enthalpy change of vessel components during the test. The aerosol
release fraction was determined from the comparison between the measured aerosol
concentrations and the calculated ones by the ABC-INTG code.

The main conclusions were as follows,

(1) In air atmosphere,
a) sodium droplets ignited instantaneously and the spray fire was observed, and
b) the sodium burning rate was about 440 g-Na/s and the fraction of supplied
sodium was about 70%.
(2) In 3% oxygen containing nitrogen,
a) ignition of sodium droplets was not observed, and
b) the sodium burning rate was about 44 g-Na/s and the fraction of supplied

sodium was less than 10%.

*1 Research and Development Coordination Section, O-arai Engineering Center
*2 Inspection Development Company
*3 Thermochemistry Safety Engineering Group, Advanced Technology Division,

O-arai Engineering Center
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4. 2 ERFBEEFEAZKE (Run-E4-1)

4. 2. 1 BREERR

EEAZEE (3%) FHK THHIEEN 250°CH Na # A7 L—RIZHAWV S
B BEOBREEIRZ . RBRARMIBETREBNOET A ATICIVBELT,
T OBED D WAV LT Na OIRFEITZEREATAR Run-E4-2) L &2
BRKTHBZERLSEZETFT L, =7 a /ARl RBELEZOATH-T, T, ZTOB
BN AT L) A X o> TR SN a— v OAEIRN 27° THY., K
BRCE LN RDOK 25° LIFIFSELWI L ERER LT,

4. 2. 2 RBANHTAEN

B 7 CRBREBRNO S RENEERT, RRECORE A E K
0.5kg/em?G &, BEICFEMR LI ZERFFHSTHAR TORERMU ALK 1.0kglem?G
DY THD, ZhiL, ERREERHL CEHRBERLOBE T b2 2o
kI NaBEKLRVEDTHD, Lizds>T, Na Bk - BT 55ER
FIMTAIR L Y B 4 R IENILEL 725,

4. 2. 3 ZRBAVRAEE

X 19 IZHRBRAFABRANT ARELRLE, AT L—a—VNlL SMIlB LRV
— ) A BRI R, A b—a—rNAlOER&ET ARER, IRVl
72 Na OFIHIEETH 5 250CE Y bE W 350CE2 R Lz, ZDZ b, B
HREN 3%DRBERESFAK CIIIRAWV L NalZgk L2V 00, FH
L[FIZ 3% TFET DBRIC L 2BRESINIE L TWSL Z LD,
—F., AP —a—UAMAB LR T L— ) A B oRE T ARER., K
ZWNa{BELY BEWVEICE EEY AT L—a— ML b A L—/ X
WV ESOEFREVRE L RoTz, '

4. 2. 4 BIEEEMRE

BT RF & ABEDSMANEEE %K 20 1R, ARBRIIEREFATRBRO%
WCERE L CEBLZ7ZD, WIS AIEEIZFRI V&SV, RBRICE5E
B ERIIRIBENK 10°C, AIBEEED 5CLLT & W b ZER SRR
BB EENZ RO D,

X 211213, Na REMOEEENE Na F—LrDF L & HITRT, Na 7 —
VETH (Na BEME Y EHE 1mm) OFHIERERX, ERFHAKARIZE S Na
DD US> TWAB DI 100°C LB WA, AL L—RTRIZB O THHEHE Na
BETHS 250CETLALRELTOARY, Na F—VEFEAHE (Na BRI &
DEE 70mm) THEHAT L—BtEE 1 45< 50T 500°CEL EDIREE & 72> T
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B, T LRSS Lo THEER EF L NaBERE T Lz Lick
HHDEHET D, NaRBEILIZ, ZOJEMIZESH 350mm DOWEE % 5R1T T
HAHZD, BRREICII Na F—VIBELIZITE L o T3,

4. 2. 5 PRFEEE

X 22 ICBERREE L E T, RRELITORBREBRNBREREIZ, 20/l
Fhi L e ZERKEBRRIABROEENZ D H> T B - DIZHEFTOE VI K 5 0%
BHBHZEERLTNWD, A7 L—HIBFOBREREORDOARIL, RS
THOBBFREHIRE L, PHE EFXZFER U TH o,

4. 2. 6 NaBREBEHE

Na BRBEEE 1L, ZREHIAR & FEOFET, BERELL & FWIEEL
fENBHEH U, K23 ICBRREREER(LORD - Na BRERELRT, Z 0k
Rn | BBRFREZHASKABR TO Na MREEHE T, RBRAR T OSREEST
(CO-101) IZ X P2BMBRRERINOROFHEENLRPEVELZ TR LTS, —
77, FEIREZED D3RO Na REGEE 2K 24 [ORTH, & OFERIZFEY
% &#) 45g-Nals L 72V | 3 DOMKRREFC L 5BRRELI,»ORDIHER
BB Uz Na BVEHEE THHH 43g-Nals LIZITZE LY, LEBR-T, 2hbd
? Na BREEEEIIZ YRR TH D LT S, TOMEIE Na IR ED 10%
K THD, ZOFRE, K16 125R L7z Na 8B 5 Na BREESEHEE D
FE 2 Na lBEICOWTER LERKICRT &, ZREAK TIIWH Na BE
DEED 30%BRETH-T-DITHAT, BBRREERBK TR ILIZMEISh
TWBZ ERrd,

4. 2. 7 =T7uluBHEES

T u Y VEHEIG ORI, ZREAKRBROBA LA, =T uY L
BERCILERICOWT T v Y LEEIHENT = — FABC-INTG 2 & A fRHTRE R &
ERFERP—ET DL ICRE Lz, BT CRE LT v VikHEE I,
BEIC 52 U 7o (KIRSR IR BE 77— VIR BERABR O COMEMHK 20% Th o722 &b,
20% & L7z, B 25 1227 v Y JUREEIC OV T DMENTIE R & RBRE R o bl |
26 (I 7 a Y MEBRICOVWTOREE, FREhRT, =7 ny VEE
DWTIE, MHERO—BIXZERIFTH D, —FH. =7 a VIMEBREIZSW T,
ETOHMIC DIz o TR ENEBREREZ TR > T3, ZOEHEIZ., 28
FIARFRER & [FARRIC, EBR T Na R ORZ R B89 7Y » ZILCIBA LT
b HEINS,
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5. %

k=i
=i

%5 250°C DAKIE Na (2 & 5 X 7 U —RBERBRZ | BRRIREE D R/ 5 FHHR KM
T2 —R (ZERFHER. 3%ERMFBEFMR) £hiL., Th o Na bt
WEE L =7 u S NVERHEIE 2P, TSR RmER T,

5. 1 ZERERHEHKHR

(1) 22K EEKTiE, Na BEN 250C LR TH-ThH, AT L —RIFx
WLZZGEEIEE Kk - BBET 5,

(2) Na JABEEE I 400g-Na/s & 72V | Na AR EICKT 5 EE51358 70%
L5,

(3) NaMEEHEEIZH T 227 vy AVHHEIGER30% LIRELT=T 1Y v
EEENT 1T O L ERERO T o Y NVBESLAFERTE 5,

5. 2 [RERRIEEFEIER
(1) EEFEESFES T, 250 CHIEE Na RA T L—RIZKZWVWLTHE

KITAET R,
(2) Na BREEHFEITH 44g-Na/s T, Na AT EICKT 5 E| &1L 10% R TH
)

(3) NaRBEEEIK$ 27 v Y VEIHEIG 2/20% L REL T=T v/ L
HENT AT O LEBREROT a ) VRERLEBHRTE 2,

PEDZ &b, 250°CHOKE Na RZEFFARIUCA 7 v —IRIZKZAW L5
H12iX. Na ok - BRIENER Z V., 500°CRREDOEE Na BRRA 7 L—RIZIKZ
WLZBE L REOBRIERREZ B9 5, —FH . BBRIRED 3% DREHFR AR
RTIE, Na i3FKET, FFEFITROCHRIREERILE 72D,
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P
ARBMRELRM T DITH72 Y, REEMR TR OSARTIE KIZIE, RBRE

& D USRI O TR D R - Bl - BB B W TE KR IR AETER L 72,
CZICHEBEERLET,
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=B

D I, @, (LE, EEF, TR Y U ARERRERR () —Z=5KF

2)

3)

4)

5)

FRIZB T 2 KM Na X7 L—BREERER Run-E1—], PNC TN9410
86-124, 1986 4F 12 H

JUE, B, K3, EE, [AEE - KEBRRRESET M U ARERER (1)
—F F U 7 ABREER S RESREABR— ), PNC TN9410 88-004, 19884F 1 A
KEF, IRE, [ AL DT A Y TIZEIT 5 Na RiREHICB T A FRERB R,
PNC ZD0135 88-001, 1988 4F 12 A

KEF, JIE, ), EE, [ U o ABRRGRBATERER — R ERE L =
7Y AFAEEE—], PNC TN 9410 89-154, 1989 4 11 A

JIE, KB, ZR)I, (S, AR - JARRREGEAT MY v A8 (1)
—KEAREEFRAEK TO Na 7 —/VRBEEE L =7 oV VRHEE — |, PNC
TN9410 88-164, 1988 4E 12 A
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#1 Run-E4 !t Run-E1 OB

T tews Run-E4—1 | Run-BE4-2 Run-El

Sodium Temperature 2487 2497 © BOBT

| Spray Flow Rate 38.4 2 /nin 3.4 2/min 36,7 £/min
Mass of Supplied Sodim | - 1922 18724 11012

1} Spray Duration 5,1 min 5.1 min " 80 min
Height of Palling Nozzle 4 m 4 m - 3.98m ‘
Hean Droplet Diameisr
(1) Surface Yean Diameter 184 mm .84 mm L8 mm
(2 Volime Mean Diameter 2.58 mm 258 mm 2.2 mm
Initial Oxvgen 33 % 208 % 21 %

A Concentration '
Initial Relative < 1 % T % e
Humidi by

Gias Pressure

Atmospheric. Pressure

Yessel Volume

100 m™
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# 2 Run-E4 0FEBRRE

Time Test Progression
2/28  8:58 Sodium Charge in Sodium Heater Tank

10:21 Start of Data Recording
10:25 Start of Sodium Feed for Run-E4-2
10:30 -Stop of Sodium Feed
10:50 Drain of Remaining Sodium in Pan
15:28 ' Start of Sodium Fee§ for Run-E4-1
15:33 Stop of Sodium Feed
15:34 Drain of Remaining Sodium in Pan
19:00- Stob of Data Recording
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1.00

| 01§0 1 D.?O |

BURNING RATE (KG-NA/SEC)
D.40
]

D.%D

fey

0.00

1 i i ] i | { 1 I
D.0O 60.00 120.00 180,00  240.00  300.00
TIME (8EC)

15 ZEREEKABRICEBIT 2EWIEELL OB U Na AR
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Combustion Rate (-)

1.0

0.8

0.6

0.4

0.2

O
E1
o E4-2
O
E3-3
E4-1
O

0.0
0

X 16

100 200 300 400 500 600
Sodium Temperature (deg-C)

F13 Na #RLEE & Na & B34 S RBEEE OFIS
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1.00

BURNING RATE (KG-NA/SEC)
020 , 040 0.0 | 0.80

FAWA

0.00 60.00 120.00  180.00 240.00  300.00
TIME (SEC)
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