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Study on sodium combustion behavior (III)

- NRIFD/INC Joint Research Project -

National Research Institute of Fire and Disaster
Japan Nuclear Cycle Development Institute

Abstract

On the research related to combustion behavior in coolant sodium leak in the fast
reactor, it is important to phenomenologically clarify the behavior 1n addition to
conventional engineering challenge.

National Research Institute of Fire and Disaster(NRIFD) and Japan Nuclear Cycle
Development Institute(JNC) have done cooperative research since the 1998 fiscal year
for the purpose of deepening understanding on the sodium combustion behavior by the
information exchange on basic experiment and analysis of sodium combustion behavior
carried out in each institute.

This report coordinated results such as information exchange conference in the 2001

~ 2002 fiscal year.

This report arranged results such as information exchange meetings carried out by
cooperative research between NRIFD and INC.

The chief staffs : Project Research Division director Naoshi Saito (2001.4~2002.3)

Special Fire Research Group leéader Takashi Tsuruda (2002.4~2003.3)
Advanced Technology Division director Yusaku Wada
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Research on the ignition delay time of sodium droplet
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The Stabilization of the Sodium Combustion Residuum
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Experimental Study on Buming Behavior of Sadium Falling Droplet(3)
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Table 1. Pata of measurements
Total Ignition Tnitial Collected Falling time at some distance
falling time delay mass mass Burmed Tals)
CASE | distance | te@ | mimg | mlmg | "
o Ammg) | z=188(m) | z=8.67m) | =567(m) | z=8.02(m)
1-1 8.02 0.540+0.008 56,63+ 1.42 46,63+1.17 10.004:1,84 0.652:30.001 | 0.968x0.001 { 12800001 | 1.6524:0.001
1-2 £8.02 0.610£0.008 | 657.05:£1.48 44.98%1.11 12.67:1:1:_8_1 0.550==0,001 | 10270001 | 1.3520.00]1 | L687=:0.001
1-3 8.02 0.7200.008 | 56,962:1.41 44.0441,1], 1232179 * X X x
1-4 8.02 0.710£0.008 | 56.5541.42 42.78%+1.07 13.82:+1.78 0.686:£0.001 | 0.5800.00% | 1.844:+0,001 | 1.778:%0.001
2-1 8.02 >0,864 4745119 89.59::0,99 792+ 1,66 0.841::0.001 | 0.9883:0.001 | 1.889:£0.001 | 178020001
2-2 8.02 0.790%:0.008 | 47.61%1.19 $39.14£0.98 B.87£1.64 0.642:£0.001 | 0.567::0.001 | 1.2734:0,001 | 1.6152:0.001
23 5.87 >0.864 47.63+1.20 44.453+1.12 §.18:£1.64 . - - -
24 5.87 0.864:1:0.008 | 45.21+1.13 41.40::1,04 3.811.54
2-5 8.67 0.8404:0.008 | 47.92::1.20 47.18+1.18 0.74::1.68
2-6 1.88 * 47.5821.20 48,70%1.22 *0.72%1.71
27 188 47.07£118 46.88+1,18 0.19%:1.67
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Effects of Oxygen Concentration, Dreplet diameter, Initial Temperature, and Relative Speed on the Ignition Delay of Sodium.
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A Study on the Structure of Sodium Vapor Layer
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Contact behavior between molten sodivm and sodium peroxide reagent
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Fig.2 Coexistence of moiten sodlum and sodium
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(a) temperature-time diagram

(b} direct pictures .

Fig.2 Temperature-time diagram recorded and correspond-
ing direct pictures. 77 = 400 °C, D= 3.96 mm. /= 20
cm/s
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1-8-1209 - LIQUID METAL POOL COMBUSTION ANALYSIS COUPLED WITH AEROSOL DYNAMICS

Akira Yamaguchi and Yuji Tajima
Japan Nuclear Cycle Research Institute
4002 Narita, O-arai, Ibaraki, 311-1393, Japan

Pool combustion of liquid sodiem, that is the coolant of a fast reactor, has been investigated using
numetical simulation technique. Navier-Stokes equations are solved coupled with aerosol dynamic
equations, conservation equations of energy and chemical species. Radiation heat transfer is
evaluated based on the space-dependent temperature and aerosol concenization,

Since the heat of vaporization of sodium (105kJ/mol} is as much as one third of the heat of combustion
(316ki/mol), a latge part of combustion heat has to be transferred to the sodinm poal to evaporate
sufficient sodium to sustain the combustion. The vaporization pressure of sodium is only ~1kPa at the
operating temperature (8300K) of the fast reactor. Therefore, the flame lies very close to the pool
surface (~1mm). Immediately above the pool surface, diffusion and thermal conduction are dominant,
beyond which convention tums}d be dominant (Fig, ).

Convaction
The authors have found a boundary layer approximation  dominant
is 2 reasonable approach and the computational resulis ™ain fows
were in  good agreement with predecessor’s s goem
experimental observations,  However, it neglects
pressure gradient in normal direction to the pool surface
and can be applied only to the diffusion dominant Diffusion m PEEEHEHEED
region. The present methodology treats both regions gg::gz’; ReacEE =t
and simulates the natural convection and buoyancy jpayer~tom
effect as well as multi-dimensional effect. Natyral | T A
convection and combustion of Sem radius sodium pool - et = e
has been simulated. Computational domain is a
cylinder of 20cm radius and 6cm height. Reaction Figure 1 Schematics of liquid metal pool fire.
product aerosol size is assumed to follow a chopped lognormal distribution and is divided into 20
groups between 0.5-100pum. Figure 2 shows snapshots of velocity vector and aerosol mass
concenirations axisymmetric cylindrical region (radial coordinate is 0-6cm) above the pool surface.
Resulting burning rate and aerosol release mass fraction agrees with the earlier experiments. It is seen
from Fig. 2 that aerosol behavior with various diameters is simulated considering chemical
reaction, natural convection flow and heat transfer.
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Figure 2 Computational results (6cm x 6cm axisymmetric region)
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1- 8-1210 COMPUTATIONAL STUDY ON BUOYANCY-DRIVEN NATURAL VENTILATION BETWEEN
ADJOINING ROOMS

T.Takata and A.Yamaguchi
Japan Nuclear Cycle Development Institute
4002 Narita, O-arai, Ibaraki, 311-1393, Japan

In a fast reactor plant using liquid sodium as the coolant, sodium fire might take place when
sodium leaks out of the heat transport system. The authors have developed a multi-dimensional
numerical analysis method to investigate the sodium fire in a rector building. For the numerical
evaluation of a sodium fire, it is important that buoyancy-driven natural ventilation through
doorways and penetrations between adjoining rooms (Fig. 1) be predicted accurately. In the
present study, numerical investigation is' camied cut on the horizontal ventilation flow in two
experiments: two cuboid chambers with different temperatures and a propane fire in one of two
large rooms with doorway opening,

Horizontal ventilation flow is sitmiated in a single- and multi-
opening-systems and the authors evaluate influence of the mesh
size assigned to the opening on the ventilation flow. The numerical
results agree with experiments [1] as shown in Fig. 2, It is

indicated that only a few number of computational meshes are
enough to reproduce the ventilation flow accurately if one definesa
computational node at the neutral elevation.

. ] Figure 1:Schematic of ventilation
A numerical analysis of propane fire experiment [2] is also son0 T
camried out to check applicability at indoor fire phenomena. 3000 ’1‘;‘_4’:
Figure 3 shows the test cell and numerical results of isothermal 2000 H 52»?“"‘
surface of gas temperature with and without radiant heat transfer. 0., F.!M?\/ AT
Although the gas temperature distributions differ considerably & oI
in the two resuits, there is no great difference in the ventilation = =TIt Al T e o
flow rate. The flow rate agrecs with the experiment within 10% 500 [z ] .‘j‘.’_-z".; e ]
difference as shown in Fig. 3. The ventilation flow rate depends N e ;ﬁ _
on a horizontal temperature gradient near the opening and ipgp_. il ' ':7'.‘"‘.‘: ;'.'i':'fr
almost the same gradient is obtained in the two computations. 1F 2 34 6810 3 34 6 8IS

Figure 2:Compariosn of ventilation
{O :present result)
—— e T ———

W’thoutradmnan e With radiatz‘on/’ =

U

@w@ BE

Ventilation flow raie 070 fke/s] Ventilation flow rite: 0.72 [rg/s]
(Experiment: 0.77 [kg/s5])
Figure 3:Test cell and numerical result of isothermal surface (rooml)
[1] W. G. Brown et. aL,, Int. J. Heat Mass Transfer, Vol. 5, 859-868, 1962
[2] 1. Nakaya et. al,, Fire Safety Journal, 10, 1986
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1 - 8-1256 - LIGHT EMISSION FROM SODIUM VAPOR IN MONOATOMIC GASES

Takashi TSURUDA, LIAO Chihong, and Naoshi SAITO
National Research Institute of Fire and Disaster
3-14-1 Nakahara, Mitaka, Tokyo 181-8633 JAPAN

ABSTRACT

Sodium is a typical alkali metal with low melting point, low density, and high chemical
reactivity. These characteristics are expected to achieve high-energy efficiency in power
systems. In these systems, leakage of liquid sodium results fire in normal atmosphere.
To minimize fire damages on these systems, the sodium flame has been studied. A series
of sodium heating experiments have been carried out in argon and belium at normal |
pressure, In both gascs, flame like light emitting area is observed with and without room
light. The light emission is observed from liquid sodium above 493 K. In nitrogen, no_
compatible light emission is observed under same temperature condition. This light
emission indicates that 1) the electron state of sedium in monatomic gas is different thatin
diatomic gas, nitrogen and 2) the loss of light emission is not the sign of the termination of
combustion process. Formation of particulates is observed near the end of the emission
image at the downstream. This observation indicates that the phase change of sodium is the
possible energy source for the observed emission. Landau and Lifshitz discuss this kind
of reaction front as condensation {discontinuities, Considering these conditioﬁs, the
observed emission is a temperature gradient induced ﬂuorgscence.
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1 - 8-1307 - EXPERIMENTAL STUDY OF PREVENTION MEASURES AGAINST SODIUM COMBUSTION
RESIDUUM REIGNITION

Hiroyasu Ishikawa, Shuji Ohno and Shinya Miyahara
0-ara1 Engineering Center, Japan Nuclear Cycle Development Institute
4002, Narita-cho, O-arai-machi, Ibaraki-ken, 311-1393, Japan

Nitrogen gas can be an exiinguisher or a mitigating material in the case of sodium
leak and fire accident in an air atmosphere, which may occur at a liquid metal cooled
nucléar power plant. However sodium combustion residunm sometimes reignites in the
air atmosphere even at room temperature when it was produced by nitrogen gas injection
to the burning sodium. In this study we have been investigating the cause of reignition
and prevention measures.

Experiments were carried out with two types of test equipment, which can handle
sodium fire and extinguishment. One is a small type for 1g order sodium fire, and the
other is for several kg orders. Sodium combustion residua, which were made by our
equipment and sampled, were analyzed by X-ray diffraction and chemical anatysis.

The chemical analysis of reignitable residua showed that the residunm contained
metallic sodivm of about 40wt-%(61m0l-%) to 60-wi%(76mol-%) and most of the Test
was sodium-nonoxide (Na,0). Sodivm-peroxide (Ma,0,) was also included in less than

* Twt-% of the residoum. Sodium or Na,0O cannot ignite by itself in the air atruos;:here at
Toom temperature in a few minutes. Therefore the reignition seems to be due to increase
in the local temperature that is caused by oxidizing heat of Na and by adlabatlc effect of
Na,O. -

It is important to deactivate this dispersed sodium on oxygen for prevention of the
residuum reignition, hence it is considered as a rational measure to change the sodium to
sodium-carbonate. Our experiments showed that the dispersed sodium on the exterior of
residuum could be changed to carbonate without reignition by a mixture of carbon-
dioxide (C0;).gas (2 to 8vol-%), humidity (0.6 to 3vol-%) and nitrogen gas. It is

~ desirable to keep the concentration of CO, and humidity at an appropriate value because
their reaction causes the temperature rise of the residuum. The deactivated residuum did
not reigaite in the air atmosphere below 473K.

Regidwim without carbonation Residuum after carbonation
(Reignited in the air atmosphere (Non-reignited in the air atmosphere
at 323K) at473K)
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