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Basic Test on Sodium Fire Protection Systems
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*

Minoru Sato

Abstract

At Sodium Leak-Fire Basic Test Rig(SOFT-1), three tests were performed, which were :

- (1) Run-Al : For the aim of understanding the sodium combustion phenomena, 180 £ sodium was
burnt in an open pool, and temperature transients in sodium was measured and burning rate
were determined.

{2) Run-Bl: For the evaluation of efficiency of fire suppression board, burning sodium was
covered by a slitted board and change in burning rate was observed and drain test was
performed using 530 C sodium to confirm the function and integrity of draining pipe.

(38} Run-B2: In order to clarify the burning-hydraulic behavior of sodium on liner, 3505°C,
180 2 sodium was discharged onto 1.2mX 2.4m sieel plate with 1/100 gradient, and tem-

perature transients and mass of residuum were measured,

% FBR Safety Engineering Division, Plant Safety Section.

% Present : Daido Special Metals Co. Ltd Nagova.
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Following results were gbtained.

(i) When sodium was heated up to 400°C and exposed to air, the sodium was ignited.

(ii) The surface temperature reached 650 °C, T min. after the ignition and tﬁe temperature

| was-almoét constant from that.

(iii) Under a conservative condition where air flowed over the fire suppression board by
forced convection, the sodium burning rate and the aerosol generating rate whefe pool
surface were covered hy fire suppression board (opening area 1%) was about § % and 5%
of those in open pool burning respectively.

(iv) The maximum heat flux to the draining pipe wall reached 1.2 %X 108 W/nf.‘ﬁny cracking,
however, was not found on the draining pipe wall even by color check,

(v) In the liner test Run-B2, om the liner there remained Iérge amount of sodium oxide,
which worked as wick, and the soaked sodium burned after sodium supplying finished,
resulting liner temperature 643 °C which was higher than the supplied sodium temperature.
The amount of sodium oxide was 8.Tkg/m on the liner after the test.

(vi) The maximum temperature, flow velocity and burning rate of sodium on liner and max imum
heat tramsfar coefficient to the liner were 700 °C, 0.1 m/s, 5 g Na/nfs and 1200 W/ niC
respectively.

(vi) The entrained solid mass into the draining pipe was 0.14%% of supplied sodium.

(vii) The maximum aerosol generating rate and maximum aerosol concentration observed were 1.8g

Na/nfs and 32 g Na/nd.
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Table 1 Test Cases in SOFT-1

Run No. Objectives
Run - Al | to study a sodium pool combustion phenomena
Bl to study performance of fire suppression floor and
R % effectiveness of draining pipe
Run - B2 to understand leak sodium behavior on liner
(PSS-SFE-001)
Table 2 Specifications of SOFT-1 Components
(unit: mm)
Comﬁonents Items Specifications
Size ’ 1,400 x 1,400 x 1,400
Combustion Cell =
Wall Material 5841 3.2
81ze 8004, 400"
Combustion Vessgel Diameter of Nozzle 4B
Material SUS304, st
Motor Valve Diameter : 4B
Diameter _ 3B
Draining Pipe
Material STPG38 Sch20
Size 3,000 x 3,000 x 3,000
Test Cell T
Wall Material 5541 3.2
Exhaust Gas Duct Diameter 3504
Sexrubber Diameter _ 8004
Blower Air Flow Rate Max. 100 m3/min.
Water Pump Water Flow Rate Max. 300 £/min.

(PSS-SFE-002)
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Table 3 Test Conditions of Run-Al

Ttems Values

Amount of Charged Sodium 162.0 kg
Temperature of Sodium at Test Start 400°C
Room Temperature 12:2°¢
Relative Humidity 78%

0 ~ 8 min. 0.33 m3/s
Air Flow Rate into Combustion Cell

8 v 15 min. 0.21 m3/s
Duration of Fire Suppression Board being Opened 15 min.

Table 4 Sequence of Operation in Run-Bl

(PSS—SFE-003)

Time

Operation

Sodium Charge into Combustion Vessel

9

:00

Start Heat up of Combustion Vessel

:58

Start Water Scrubber Operation

i3

+13

Start Data Acquisition System

13

s 14

Lift up Fire Suppression Board and 8lit Board

13

129

Put down Slit Board

14

123

Lift up S8lit Board

14

227

Open Drain Valve

14

257

Put down Fire Suppression Board

15:

16

Stop Data Acquisition System

(PSS-SFE-004)
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Table 5 Test Conditions of Run-Bl

Ttems Values
Amount of Charged Sodium 162.3 kg
Temperature of Sodium at Test Start 400°C
Room Temperature 22.1°C
Relative Humidity 66%
Air Flow Rate into Combustion Cell 0.10 m3/s

(PSS-SFE-005)

Table 6 Aerosol Generating Rate Determined in Test Run-Bl

Aerosol Gen~ Aerosol/ Aerosol Cone,

erating Rate Burnt Na in Exhaust Gas
Open Pool 2 g Na/m2s 22% 10 g Na/m3
With S1it Board 0.1 g Na/m’s 37% 0.5 g Na/m3

32
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Table 7 Distribution of Residual Sodium in the Forms of Metal,
Oxide, and Aercsol Deposits after Test Run-Bl

Form Position Mass (kg)*-
Combustion Vessel 23,7
Drainiﬁg Pipe 3.9
Solid Sodium
(with Oxide) Stop Valve 0.2
Storage Tank 142.,0
d Sub-total 169.8
I
Combustion Cell 0.07
Air Duct 0.30
Fire Suppression Board
S1lit Board 0.21
Aerosol Deposit
Heater Box 0.002
Scrubber 3.83
i Sub-total 4.4
|
Total 174.2

(PSS-SFE-007)

.Table 8 Test Conditions of Run-B2

Items Values
Amount of Supplied Sedium 150.5 kg
Temperature of Supplied Sodium 505°C
Flow Rate of Supplied Scdium/Supplying Duration 1 %/s, 185s
Preheat Temperature of Mesh Tank 400°C
Room Temperature 14.6°C
Relative Humidity 304 7
Air Flow Rate into Test Cell 0.083 m3/s

(PSS-SFE-008)
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Table 9 Distribution of Residual Sodium in the Forms of Metal, Oxide,
and Aerosol Deposits after Test Run—B2

Item . Mass
Sodium*#*
Sodium Supplied to Liner 150.5 kg | Distribution
Undrained { Residuum on Liner 23.75 14.7%
1st Mesh #1 0g
Mesh 2nd Mesh #2 | 40 g
Tank 0.21
Drained 3rd Mesh #5 (110 ¢ .
135.1 kg 83.4%
4th Mesh #10| 60 g
Draining Pipe 0.035 Aerosol
Distri-
Drain Tank 134.9 bution
Floor, Wall of Test Cell 0.7535% 24.4% | Scrubber
. Trap
Exhaust Gas Duct 0,2717% 8.8% | Efficiency
%
Water 1865.8g | 95.7%
Aerosol | o bber|Demister 2.53% | 1.9416% 1.9% 0.13
3.09 kg o
_ 63.2%
HEPA Filter| 72.23% 3.76
Discharge to Atmosphere*** {(0.008)% 0.41
Gas Sampling Tube etc. 0.1116% 3.6%

*  Sodium Mass, Determined by Acidimetry.
The others determined by Weight, include Sodium Oxide,

#*% Distribution Ratio caleculated without distinction of Sodium and
Sodium Oxide.

*%% Determined by Aerosol Sampling Data.

(PSS-SFE-009)
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Fig. 1 Schematiecs of SOFT-1
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Fig. 2 Structure of Combustion Cell and Combustion Vessel
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Fig. 14 Temperatures of Sodium and Liner at Run-B2
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Fig. 18 Width of Sodium Stream on Liner at Run-B2
(PSS-SFE-027)

Ve1-v8 TV6eNL-ONd



Y

Depth (mm)

10

Distance from Nozzle: 660 mm

Distance from Nozzle: 1,860 mm

|
N
‘1

TR I R T T EREN B BED R BETEETEN B A N A B B R RN B R R R R

10 20 30 40
Time (8)
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Fig. 21 Velocity of Sodium Stream on Liner at Run-B2

(PSS-SFE-030)

VeT1-v8 TV6NL-ONd



PNC-TN941 84-124

15 i

C(l\ ~~
H 1 §
S o
2 &
~ 10+ _ g
- :
=] 0
bt —5 ]
-% m

w
P4 o
Uy 4 0]
© o
& 5k 413 8
o0 [31
P g
= : = 2 ﬁ

-1
] I | I | | | I i ! g

Distance from Nozzle (m)

Fig. 22 Amount of Residuum on Liner after Run-B2

(PSS-SFE-031)

o b





