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Study on Aerosol Behaviors in Sodium Pool Fire

- Development of chemical reaction mode] and evaluation of aerosol transport -

Hisashi Ninokata *, Norihiro Doda *, Yasushi Okano**

ABSTRACT

Since the sodium leakage event from the secondary loop in Monju December 1995, attention has
been called upon to the mechanisms of aerosol generation and transport. In particular it is considered
important to determine the fractions of the aerosol that is transported into the atmosphere and onto the
sodium pool surface, because they are important parameters in evaluating the sodivm fire and the floor
temperature. In order to estimate the fractions, the flame structure such as the velocity, the density of
chemical species and the temperature distributions must be analyzed. In an initial attempt, we have
assumed the system in which the steady-state natural convection is gemerated by the fire in the
compartment. It is also assumed that sodiulh—oxygen reactions are controlled by an instantaneous
chemical equilibrium and the aerosols transport is due to a sum of the drag force, the thermal force and
the gravity. Finally we solve the boundary layer equations for the mass, momentum, chemical species,
and energy based on the theory of the laminar diffusion flame which has been studied well.

From these results, it is estimated that the calculation results for burning rate are in good
agreement with the experimental results. The release fraction of around 0.3, which is used in the
conventional calculation, is adequate for the pool temperature of about 1000K.

To develop the models of the sodium fire on the floor and the aerosols transport is performed by
Tokyo Institute of Technology (TIT), and that of the chemical equilibrium is by Japan Nuclear Cycle
Development Institute {JNC).

* Tokyo Institute of Technology, Research Laboratory for Nuclear Reactors
** Japan Nuclear Cycle Development Institute, O-arai Engineering Center,
System Engineering Technology Division, Thermal-Hydraulics Research Group
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=
® 1 KEDEE
EROEHRERC, 3.7x10°% {cm]
7 S NVRELSHOEEREs  |20[]
=T a Y NORNTEE p, 0.3 [g/om’]

F 2 EKIOMEEE L BEEEL]

T[K] 4 [x10° kg/m-s] A[W/m-K]
600 0.0003018 0.04659
650 0.0003177 0.04953
700 0.0003332 0.0523
750 ' 0.0003481 0.05509
800 0.0003625 0.05779
850 0.0003765 0.06028
900 0.0003899 0.06279
9350 0.0004023 ’ 0.06525
1000 0.0004152 0.06752
1100 ' 0.000444 0.0732
1200 0.000469 0.0782
1300 , 0.000493 0.0837
1400 0.000517 0.0891
1500 0.00054 0.0946
1600 0.000563 0.100
1700 0.000585 0.105
1800 ' 0.000607 0.111
1900 0.000629 0.117

2000 0.00065 0.124

# 3 BELBFEOBRRENT. BFRIBRE p 06

Substance T.[K] P, [atm]
N, 126.2 - . 33.5
0, 154.4 49.7
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#F 4 NaDLhEh #& 56 BEOLENY #F 6  EFROLEN
TIK] | Cp[VkgK] T[K] Cp [VkgK] T[K] Cp /kgK]
500 3335.825 900 1073.5938 298 1039.8
600 3142.772 1000 1089.6875 300 1039.8
700 2956.413 1100 1103.125 400 1044.1
800 2776.748 1200 1114.5938 500 1055.9
900 2603.777 1300 1124.625 600 1074.9
1000 2437.5 1400 1133.6563 700 1097.9
1100 2277917 1500 1142.0 800 1122.1
1200 2125.028 1600 1149.875 900 1145.7
1300 1978.833 1700 1157.5 1000 11674
1400 1839.332 1800 1164.9063 1100 1186.8
1500 1706.525 1900 1172.1875 1200 1204.1 .
2000 1179.4063 1300 1219.2

#7 HBEUEERO—E

Reference %0, Characteristic pool dimension
and pool area
Newman and Payne (1976)  (for calculation) 21 0.1m; 0.0079m?
Kooniz et al. (1969,1966) 21 0.6096m;0.292 m?
21 0.2032m;0.032 m?
Huber et al. (1974) 21 Im;1.1 m?

21 2.1m;4.5 m?

21 0.41m:0.18 m?
Lauben (1966) . 21 0.6096m;0.292 m*

21 0.267m;0.056 m?
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