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Large Scale Sodium Fire Test (II)
(Large Scale Test of Sodium Spray Fire in Air, Run-E1)

Tadashi Morii *, Taira Fukuchi *,

Toshio VYamada® , Yoshiaki Himeno *

Abstract i

Un Sept. 27, 1985, a large scale sodium spray fire test (RUN-EI) has been conducted in an air atmospher
e using the SOLFA-2 test vessel (100m’ made frem SUS) of the SAPFIRE facility. The major test conditions
are as follows,
| Spray Rate : 510 g/sec
Spray Period : 18060 sec
Spray Inlet Temperature : 505 T
Spray Falling Height codm
As a sodium spray started, the gas pressure and temperature rose rapidly and reached to the maximum
values 1. 2dke/cd-g and T00°C, respectively, after about 1.2 minutes, The oxygen in the test vessel was
consumed completely after 4 minutes, From oxygen consumption rate during this time, ﬁurning rate of sodium
was calculated to be 160gz-Na/sec that was equivalent to about 30% of the sodium spray rate (under the
assumption of 100% Na.0. production),

Yany thermo-couples installed in a spray corn region have been failed due to their exposure te the high

temerature above 1000 ¢ ,which suggested the existence of & burning zone around the sodium droplets,

No remarkable distribution of oxygen concentration was ohserved in the vertical direction of the vessel
during a spray, indicating that the gas within the vessel was well mixed by natural convection due 10 gas
temperature difference between the ontside and the inside of a spray corn,

ferosol concentratian has reached the maximum value of 17 5g-Na/m' after ) min and decreased below 1g-

Na/mr after 20 min,

* FBR Plant Safety Sec., Safety Engineering Div., OEC.
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Table 1.1

COMPARISON OF SPPAY FIRE TESTS PERFORMED IN JAPAN

AND DESIGN BASIS SODIUM LEAK ACCIDENT POSTURATED F.OR MONJUY
Sproa YVessel Spray Average
Dire ion Volume Period Spray Rate

(m?) (sec) (g/sec)

Hitachi up rd 1.9 3 §-210 20-50

Mitsubishi down rd 21 60 300

OEC/PNC down rd 100 1800 500

(Present Test)

"MONJU'T down rd 2000 3800 3000

1/4Dt Pipe

Leak of IHTS

(PSS-SFE-313)

¥21-98 01V6NL-ONd
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Table 31
Progression of RUN-E1 Test
Time Test Progression
9/26
14: 33 Sodium Charge in Sodium Heater Tank
15: 19- Start of Heating of Sodium in Heater Tank ------- 250 ¢
8/27 |
9 : 5§ Input of Stop Conditions for CENTUN
13: 22 Start of Aerosol Scrubber
31 Completion of Heating of Sodium «--eervseeserreeaneanaes HOHT
T 42 Stop of Cover Gas Control
: 50 Start of Cover Gas Control of Sodium Heater Tank
1 52 Switch off of SCR Coatrol Heater
Y Start of Data Recording
: 57 Sodium Spray Start ( Flow Rate : 36.7£ /min)
14 : 30 Sodium Spray End {(Total Supplied Sodium:1101£)
232 | Stop of Cover Gas Control of Sodium Heater Tank
D 4] Change of Temperature Level of Pre-Heating of ‘Sodium Piping
| (505T —250%)
: 55 Evacuation of Sedimentation Tank
15 01 Drain of Remaining Sodium In Fire Suppression Bucket
: 01 Stop of Aerosol Scrubber
9/28
| 017 Start of Cover Gas Control of Test Vessel
- 1 01 Stop of Data Recording

(PSS-SFE-314)
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Table 32 Test Conditionsg of RUN-EI1

Spray Conditions

(1) Sodium Temperature 505 T

(20 Spray Flow Rate 36.7 £ /min

(3) Mass of Supplied Sodium 1101 £

@ Spray Duration 30 min

() Height of Falling Nozzle 4,23 m

(6 Delibery Pressure at Spray Nozzle 1.5 kg/cm®-g

(7) Mean Droplet Diameter* 1.6mm (Surface Mean Diameter)

2.2mm (Volume Mean Diameter)

* These Data are obtained by the results of water spray test

Test Vessel Conditions

(1) Oxygen Concentration 21 ¥
(2) Gas Pressure atmospheric pressure
(3) Vessel Volume 95.5 m®

Sodium Drainage

After an hour from-sodium_spray discharge, sodium temperature decreased

below 400 € and sodium was drained to the tank,

(PSS-SFE-315)



Cold
Evaporater

Gas Header

Note for Keys

(T Thermocouple

{© Level meter

(® Pressure meter

g, Oxygen meter

&) Hydrogen meter

@© Aerosol concentration meter

#

Sodium
Heat Tank

Fig.2.1

Storage Tank

SOLFA-2

Rupture Disk

i {1.71kg/cm?)

A *_= Scrubber

Test Cell

Fire Suppression
Bord

OB

;H Water Jacket

b

Spray Nozzle Drain Pipe (Dummy)

Liner

Electro Magnetic

Bucket

X
\ Sodium Drain Pipe

Drain Tank

Arrangement of Test Rig for Run-E1 (PSS-SFE-3186)

¥¢1-98 0T1V6NL-ONd
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975

00 T
mj
()
&
(G Ruiomais Sampir >

Sodium Spray Nozzle
{Figure 2.5 shows this detail)

Rupture Disk
/{Working Pressure

o 1.71kg/em?)
E. {Gxygan and Hydrogen Ana!ysar>

Test Cell

Sodium s
{temp 505°C})

Water Jacket

10816

43600'°

Settling Aerosol
Automatic Sampler

3080

Protection Steel

ygen and Hiydrogen Andfyeer m-:: /

{ On-line Gas Ch.romalographyl] 5153400"J

- 17100 J Al Apparatus for Sodium fire Suppression
2 I —4! } - (For further details the reader

a . . should refer to Fig. 2.4 )

o o

X K\\

él{% _ Sodium Drain Pipe

Fig.2.2 SOLFA2 Overview (PSS-SFE-317)
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Test Cell

Drain Pipe (Dummy)

= L o .
e I K885 | 1 L—-I )
- | #1083
= pila g |
.mla.s — ﬁf
S ]
B oot s - s [ B-B description
L M1 LI i P
i 0 _g
480

i A-A description
(Top View)

$3600 25

#3400 & Fire Suppression Bord

L

Vent Hole for Gas Release

\ 1200 ,

Space for Drain Sodium j

_ \Tﬂlnclfnaﬁon 1/100
~ Bottom Liner g =
T

-

250i

— |~ Bucket

|| ~ Test Cell

==
}Eﬂg___.
i

(Side View)
Fig.2.3 Apparatus for Sodium Fire Suppression  (ss-sre3is

_2‘? —
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Spray Nozzle

4/ l‘\\‘
Na Spray M!' \\

Fire Suppression Plate /, I 1 H\\\

Fire Suppression
Bucket

oy

1Y
Ay
E> i ;\1\;‘\\ :>

Drain Pipe (Dummy)

{1} Sodium has been sprayed at
the flow rate of 39 g/min from
the nozzle.
© Sodium Temperature 505°C

{2) Sprayed sodium has falled
down on the fire suppression
plate.

(1) Sodium has flowed into the
drain pipe along a decline of
‘the plate.

(2) Sodium has flowed down
through a gap between the

drain pipe and the fire suppression
plate and gathered in the bucket.

Fix
H

.-»Lz-_{

il “k
ji, |:>
/ln'll '.\\\

TR

Vi ik

N

N

{1) Excessive gas equivalent to
a volume of sodium inflow and
thermally expanding gas has
been relieved through the vent.

Fig.2.4 Mechanism of Fire Suppression

(1) Sodium has stopped burning
due to consumption of oxygen
gas in the bucket.

(PSS-SFE-319)

¥21-98 0T1V6NL-ONd



Sodium Ejection Hole

Fig.2.5 Spray Nozzle

(PSS-SFE-320)
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Flow Capacity : 2/min

Test Results (Water)

{ ) : Calculated as a sodium

Condition
Nozzle Type TEX4400-0N
Spray Patern ~ Fuil Cone
Pressure 1.5 kg/cm?
Flow Capacity (367 4/min)
Spre{y Angle 35°
Mean Surface Diameter 1.6 mm
Mean V.OIUI'I-WB Diameter 22 mm

Flow Capacity Curve (Water)

80

60

40

201

Pressure (4P) : kg/cm?

Water Pressure Meter

Spray Nozzie

/——

A
IR

fina
N
Micro Flash Amplifer //,,/ﬁ"'[ AR

~
2000

_ " T

Release Shutter

Camera

Camera Box

Fig.2.6 Measurement of Spray Droplets Size

(Water test) (PSS-SFE-321)

V21-98 01V6NL-ONd
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I~
TE2015 = 360\ 360\ 360\ 320 g
TE2016 -*  TE2089 T T
—L| M 17100 % 1 -
I : "L!J K~
TE0B0  TE2087 N§ TE2038 » hh-
Y | ) o
TE2018 3| oo 900 \EB 450
TE2019 900 = ;\ TE2017
TE2090 " o =|  TE2001 T 8
“ 200 900 -
TE2092
180
600(" TE2020

TE2021 AT T TE2022
TE2023 ~ == 1100 \TE2100

Fig.2.7 Arrangement of Thermo-couples
(PSS-SFE-322)
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100

100

100

50

Spot Welding

Fig.2.8 Setting of Heat Flux Meter on Vessel Wall (pss-SFE-323)

Vessel Wall

7,

Equal Level to

Spray Nozzle
L4

Heat
Flux Meter

200

2.3t

\ Shielding Plate

A-A’ View
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Pressure (kg/cm?)

180

160

120

1100

-1 80

60

140

-1 20

0

Fig.4.1

2(|)O 400 600 800 1000 1200 1400 160%

Time (sec)

Gas Pressure and Sodium Spray Rate

140

Flow Rate (2/min)

(PSS-SFE-324)
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Temperature (deg-C)

1000

900}
800}
700
600 [t
500 |f

400

300

200}
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H——A Outer Gas of Corn (C)
O—— Inner Gas of Corn (B}

 C————-11 Upper Gas of Vesssi (A}

1 1 1 T L

(A)

0

200

| | | | [
400 600 800 1000 1200
Time (sec)

Fig.4.2 Gas Temperature

1400 1600

(PSS-SFE-325)
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1000

T
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i
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- (2046) 1
- (2052}
3. +(2058)

¥
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8004

T T
3

700 §4

600
500+

400

300-

Temperature (deg-C)

200

1004

]

0 200 400 600 800 1000 1200 1400 1600
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Fig.4.3 Gas Temperature above Spray
Nozzle on a Center Line
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900 SRR,
5 (z049). i
800 {2055) « i
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700{ {%
600

500+ 1

400

Temperature (deg-C)

3004

200

100-}

0 200 400 600 800 1000 1200 1400 1600
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Fig.4.4 Gas Temperature above Spray
Nozzle on 20 cm away from a
Center Line (PSS-SFE-326)
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|

i - I—

Spray Nozzle

\ o (2078)
W

(2075)| 360/(2076)

®

NN

1080

1

}

|

L
(2077) | %07g) 7 \1(2079)

[ ]
2
380 A
(2080) 30 1(2081)
] |
3
360 360 1360
{2082)  (2063) (2084) {2085)
[u]
5 i

|
1 -

(7360 360, 960 320
(20271 (2086) (20?7) (2088) (2089)

~

®) means “failure"

nuit  mrm

Fig.4.5 Positions of Thermo-couples below
Spray Nozzie (PSS-SFE-327)
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