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Sodium Fire Test at Broad Ranges of Temperature and Dxygen Concentration (D)

- The sodium burning rate and aerosol release rate in Nitrogen atmosphere -

K. KAWATA® S. OHND *

S, MORIKAWA* and Y HIMENO*

abstract

{Purpose) A sodium pool fire test has been conducted in low oxygen containing
nitrogen atmosphere to determine the sodium burning rate and aerosol release
rate and compare them with calculated results by the SOFIRE-MII code,

[(Method) After installing a burning pan in a 3m® test vessel, FRAT-1, the
test vessel was filled with nitrogen gas including 3% in volume 0of oxygen gas,
Then, the test was started by supplying a sodium (175 ~400 ) in the burning
pan, . |
The sodium burning rate was determined [rom the consumption rate of oxygen in
the test vessel, The aerosol release rate was determined from total aerosol
mass recovered,

[(Resuit) {1) The sodium burning rate depends on the sodium pool temperature,
As the result of a comparison of the experimental sodium burning rate values
with the calculated ones by the SOFIRE-MI code, it was cleared that the
former was lower than the latter in case of sodium pool temperature below 400
T and its differance was more than one order of magnitud at 175%T.

This reason is based on the fact that the burming rate is controlled by the
mass transfer of oxygen at high pool temperature, while it is controlled by the
reaction hetween oxygen and sodium at low peool temperature, '

In final, an empirical formula that agree with the experimental results was
derived,

(2) The aerosol release rate also depends on the sodium pool temperature, It
is less than about 10% of the sodium burning rate, Assuming that the aerosol
release rate is propotional to the sodium burning rate, an empirical formula
which dependends on sodium pool temperature giving the maximum value at each

sodium pool temperature was decided,

% Plant Safety Engineering Section, Safety Engineering Division, OEC
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¥omenclature
A : Reaction assignment of Sodium and Uxygen (kg®*/kg®?)
B.R : Sodium Burning Rate (kg/m’sec)
Coz : Oxygen Concentration {(v/¥% )
Cox,g : Oxygen Concentration of Gas (v/% )
Cox,s : Oxygen Concentration of surface on Sodium {v/% )
Df : Piffusion Coefficient {cif/sec)
B : Activation Energy (J)
Gr ¢ Grasthoft Number(-)
g : Acceleration of gravity (g=9.8 m/sec?)
4 : Molecular Weight  (kg/mol)
Moz ¢ Molecular Weight of Oxygen {kg/motl)
Nu : Nusselt Number{-)
P : Gas Pressure (Pa)
Pr : Prandt] Number (-)
R : Gas Constant (J mol-' deg™')
B.R : Aerosol Release Rate (kg/m’sec)
Ra : Total Aerosol quantity (g)
S : Sodium Pool Area (nof)
Sc : Schoidt Number ()
Soz : Oxygen Gas Supply (keg/sec)
T : Gas Temperature (° k )}
Twa ¢ Sodium Temperature (° k)
t : Test Time (sec)
V : Vessel Volume (m')
a, . Mass Transfer Coefficient (m/sec)
B : Coefficient of Bxpansion (1/T)
A : leat Conductivity {Kcal/m hT)
7 : Coefficient of Kineﬁatic Viscosity (mf/sec)
o : Density of Oxygen (kg/m’)
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Table 1

Test Conditions

Test No. RUN RUN RUN RUN RUN RUN RUN RUM RUN

. F2-2 F2-3 F2-4 F2-5 F2-6 F2-7 F2-8 F2-9 F2-10
Test Date | 5.62.11.18/562.12.16/5.63.3.15/5.63.1.19(5.63.1.27|5.63.2.17/5.63.2.26/ 5.63.3.8 | 5.63.4.7
Sodium Pool Temp. ('C) | 350 300 400 350 300 250 200 150 175
Initial Oxygen (%) 3
Sodium Pool Area (m) 0.0707
Used Sodium (kg) 10
Oxygen Gas Supply non yes non yes non
Test Time (min) 115 120 35 40 120 180 295 685 600

PSS-SFE-682

¥91-88 OTV6NL-ONd



Table 2 Test Results

Sodium | Gas | Initial Burning Rate Total Aerosol Release Rate
T N Pool Temp. |Humidity aerosol n(1/gexp
est No. Temp. ('c) (%) |SOFIRE Calculated| Experimental | mass* Another Experiment| Experimental |  — 1/4cod)
¢C) {g/ cwre sC) (g/cmesec) (&) (g/cmesec) (g/cwesec)
RUN-F2-4 400 70 _— 1.3x10™ 9.43%X107° | 19.87 1.0xX107° 1.24X107° 7.98
RUN-F2-2 62 1.4 5.82X107° | 0.021 4.23%X107° 9.09
350 1.2X10™*  —
RUN-F2-5 55 — 8.95xX107° | 558 3.23%X10°° 7.96
RUN-F2-3 50 4.0 454x107° | 0.096 1.89%X107° 9.47
300 1.1X10™* 55X1077
RUN-F2-6 50 —_— 3.50x107° | 0.012 1.81X107® 9.88
RUN-F2-7 250 40 9.8%x10°° 2.06x10™ | 8.96 —_ 1.17X107® 10.56
RUN-F2-8 200 30 12.3 86x10°° 3.45x107° 10.0489 1.1X1077 391X107° 12.54
RUN-F2-9 150 30 27.8 7.2X107° non —_— —_ e —_—
RUN-F2-10 175 30 1.03 7.8%X107° 2.17X10"° | 0.059 E— 2.32X10°F 13.01

* Corrected Value

PSS-SFE-683

¥9T-88 0TV6NL-ONd
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Fig.3 Comparison of Sodium burning rate against Pool
Temperature between Calculation and test
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Fig. 4 Model of Empirical Formula
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Fig.6 Relation between sodium pool temperature and
sodium vapor pressure
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Fig.7 Relation between liquid sodium temperature and
diffusion coefficient of sodium vapor in Nitrogen
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