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Preface

Since establishment of the Power Reactor and Nuclear Fuel

Development Corporation (PNC), various research work and

development have been carried out to make clear the sodium

fire mechanism, and most of the studies were performed under

contracts between PNC and some organizations. A lot of

information obtained by these studies was applied to the

sodium fire prevention system of LMFBRs and the experimental

facilities in Japan.

In the design of the experimental fast reactor JOYO,

which reached the nominal power of first stage (50MWt) in

July 1978, the means of sodium fire protection is as

follows:

Piping of the primary cooling system is of double-waJ.l

structure filled with inert gas in the annular space so

that any leaked sodium may be retained there without

reaction.

Although inside of the primary system containment room is

usually filled with inert gas, it is replaced with the

air atmosphere during the reactor maintenance. Powder

extinguishers are provided against potential sodium fire

in this maintenance period.

- Piping of the secondary colling system is single-walled

one and exposed to the air atmosphere, so any leaked sodium

may catch fire and react with the thermal insulator.

Powder extinguishers are provided for incipient fire fighting

in this sodium leakage.

In addition, all compartments are divided in sections by

barrage to limit surface area of the pool of spilt sodium,

and equipment with a pit connected by passages to each

compartment so that leaked sodium can be collected and

safely retained.

As for the prototype fast breeder reactor "MONJU", the

Construction Preliminary Design (II) is in progress, and

the establishment of the sodium fires protection techniques

are under way. In this paper, three typical reports are

summarized concerning sodium fire protection techniques.
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1. Experiment on High Temperature Sodium

Fire Extinguishment

Abstract

From the above standpoints, this experiment is intended to

grasp quantitatively the relationship between the required

amount of fire extinguishing agent needed and sodium temperature

and its depth under the condition of atmosphere.

The fourteen different experiments were performed using such

types of agent as Na2CO3 and Nacl.
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The existing facilities of sodium technology develop-

ment and liquid sodium cooled fast breeder reactors equip

with fire-extinguishing powder capable of putting out fire

by smothering in case of accidental sodium fire induced by

the leakage of high temperature sodium from the circulating

system. The purpose of this experiment is to obtain quanti-

tatively the relationship between such a fire-extinguishing

powder needed and sodium temperature and its depth. The

Fourteen different experiments were performed using Na2CO3

type and Nacl type powder both of which are authorized as

fire-extinguishing agent under the present governmental

regulation, and the sodium (25 cm deep in the test container)

being heated up to 300°C and 600°C and burned.

The present experiment has shown the prospective that

the amount of fire extinguishing powder of 45 kg/m2 at maximum

is sufficient to control the accidental sodium fire under the

foreseeable circumstances.

Introduction

It is well known that sodium fire is limited to the mild

combustion at the sodium surface directly exposed to the

atmosphere.

It is, therefore, not adequate to determine the volume of

fire extinguishing agent needed for putting out sodium fire

on the basis of the total inventory of sodium within the fire

zone. It should be decided on the basis of the sodium surface

area directly exposed to the atmosphere within the fire zone.

Test condition

- Used agents : Agents used in this test are two kinds of

powdered agents based on Na2CC>3 and Nacl, both of which

are smothering type, and commercially available.

Depth of sodium : In order to test whether or not the sprayed

agent goes down below the sodium level, becoming ineffective

for smothering, 25 cm was selected as the depth of sodium.

- Sodium temperature : In this test, 600°C and 300°C were

selected as the burning temperature, to confirm the heat

resisting performance of the agent at 600°C, and to observe

the behavior of the agent at 300°C.

And further, in order to simulate a large quantity of sodium,

thereby making its cooling rate low, the sodium container

was kept heated with the propane gas burner for 30 minutes

even after the fire was extinguished. (Heat holding)

Quantity of sprayed agent : Two different quantity were

selected for the two kinds of agents so that they may form

the layers on the sodium surface with thickness of about

3 cm and 6 cm respectively.

Sodium surface area : In this test, the surface area was

made sufficiently small so that it showed the apparent effect

of the container wall. The test container with inner diameter

of 500 mm (= 0.2 m2 in area) was used.

- Sodium firing period : Deciding the firing period for the

test is not an easy problem.

The actual fire fighting work largely depends on the condition

of ventilation around the firing position, or the control of

the white fume peculiar to the sodium fire. In this test,



the sodium firing period, i.e. the time required for the

firing spot spread over the whole sodium surface, was assumed

2 minutes in case of sodium temperature is 600°C and 3 ^ 5

minutes in case of it is 300°C from the start of catching fire.

Spray;

Each agent was sprayed with a pressurized extinguisher..

Since it was difficult to measure the thickness of agent

during its spray, a method was adopted where the predetermined

volume of agent was put into the extinguisher and the desired

thickness of the sprayed agent layer can be obtained when all

the agent in the extinguisher was sprayed out.

Table 1 summarizes the test condition mentioned above,

and Table 2 shows experimental parameters.

Test apparatus

As shown in Fig. 1, the test apparatus consists of a con-

tainer for sodium firing and its stand, a propane gas burner

for heating, a windbreak tube around the container. Two

units of this apparatus with the auxiliary equipment of movable

hood and duct for air discharge were used in this test. For

the spray of two kinds of agents, two pressurized portable

extinguisher was used.

Test procedure

1. The sodium firing container filled with solid sodium of

25 cm depth was installed on the stand.

2. The sealing cover was removed and replaced with a temporary

cover having a N2 gas injection port and a hole for the

thermocouple stand.

3. The container was directly heated from the bottom with a

propane gas burner while purging N2 gas.

4. After the sodium was melted, the six thermocouples mounted

on the stand were inserted at the center of container and

the temperature recording was started.

5. Sodium was heated up to 300°C or 600°C.

6. As sodium temperature reach 300°C or 600°C, purging N2

gas was stopped and the cover was completely removed to

allow the spontaneous burning at sodium surface for a

planned firing period counted from the moment of the cover

was removed.

7. After the firing period elapsed, the agent began to be

sprayed.

8. The whole contents of the extinguisher was gradually sprayed

out, in order to obtain an even layer of the agent over the

sodium surface.

9. After finishing the spray of the agent, the sodium tempera-

ture was maintained at 300°C or 600°C fpr 30 minutes with

the burner turned on while watching the temperature, except-

ing RUN No. 1, 2, 8, 9.

In case of RUN No. 1, 2, 8, 9, the burner was stopped

immediately after the firing period reached.

10. Lastly, sodium was cooled naturally, and thermocouple stand

was taken out before the sodium was solidified.

Test result

The test condition can be classified as below.

(1) Immediately after extinguishment of sodium fire at 600°C,

the burner is turned off and the sodium is allowed to cool.

(2) After the extinguishment of sodium fire at 600°C, sodium

temperature is maintained for about 30 minutes and then

left to be cooled.

(3) After the extinguishment of sodium fire at 300°C, the sodium

temperature is maintained for about 30 minutes and then

left to be cooled.

The condition of fire extinction after the spray of the agent
are summarized in Table 3.
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Conclusion

4.

Both types of fire extinguishing agent used could expectedly

suppress the occurrence of fume (sodium oxide) by the

sodium burning and temporarily extinguish the sodium fire

immediately after it was sprayed over the sodium surface.

It was therefore confirmed that even if the first spray

could not put out the fire completely, it is effective in

affording the time to make the second fire fighting work.

The smothering characteristics of these agents are that

Na2CC>3 type agent smother by formation of not a particularly

hard layer but layers like "biscuit" scattered over the whole

sodium surface, while NaCl type agent puts out the fire by

forming a layer like "sandstone" produced through reaction

with comparatively high temperature sodium.

In this experiment, it was confirmed that the function of

agents is affected by sodium temperature and its duration

which depends upon the heat capacity of sodium related to

its depth.

In this experiment, the fire extinguishing agents were

sprayed by the extinguisher while visually watching the fire,

but in the case of actual large-scale sodium fire, the fire

place becomes invisible and difficult of access owing to the

harmful fume, so that a method of uniform spray using fixed

piping must be considered.

According to these test results, the volume (in weight

par unit area) of fire extinguishing agent required for

sodium fire in general is summarized as below.

(1) About 15 kg/m2 when the sodium temperature is cooled

down to 400°C or below during 10 minutes after the fire

was extinguished.

(This is the case where the fire is a surface one and

the sodium is quickly cooled after the fire was extinguished.)

(2) About 30 kg/m2 when the sodium temperature is cooled to

400 'v 500°C during 10 minutes after the fire was extin-
guished.

(This is the case where the sodium depth is thick but

the cooling speed is large and the sodium temperature

is low.)

(3) About 45 kg/m2 when the sodium temperature stays at 500

-\i 600°C about 10 minutes after the fire was extinguished.

(This is the case where the sodium depth is thick and

the cooling speed is extremely slow.)
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TABLE 1 TEST CONDITION

Sodium depth
Sodium surface area.
Sodium temperature.
Quantity of agent (thickness)
Used agent
Sodium firing period in time
Heat hold time
Cooling

25 cm
0.2 m2 (0.5 m<j>)
300°C, 600°C
about 3 cm and 6 cm
Na2CO3 type and Nacl type
2 min, 3 min, 5 min
Considered
Natural air cooling

TABLE 2 EXPERIMENTAL PARAMETERS

Sodium
Temperature

°C

600

600

600

600

300

300

300

Thickness of
sprayed agent

cm

6

3

6

3

6

3

3

Heat hold
time

min

-

-

30

30

30

30

30

Firing period
in time

min

2

2

2

2

3

3

5

RUN

Na2CO3

1

2

3

4

5

6

7

NO

NaCl

8

9

10

11

12

13

14
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TABLE 3 FIRE EXTINCTION CONDITION

(l)600°C-»
cooled

(2)600°C-»
maintained
for 30 min.

(3)300°C-»
maintained
for 30 min.

Firing
period
(min.)

2

2

3

5

NazCos type agent

Sprayed
thickness

(cm)

6

3

6

3

6

3

3

Run
No.

1

2

3

4

5

6

7

Extinction condition

Completely extinguished

Fire occurred from around the
circumferential wall and the
thermocouple stand, but extin-
guished by additional spray.

Fire occurred from around the
circumferential wall and grad-
ually spread, but put out by
additional spray.

Apart from the circumferential
wall, the fire occurred again
at the neutral position 22 min.
after its temporal extinguish-
ment and spread gradually, but
put out by additional spray.
(Fig 2)

Completely extinguished

Ditto

Ditto

NaCl type agent

Sprayed
thickness

(cm)

6

3

6

3

6

3

3

Run
No.

8

9

10

11

12

13

14

Extinction condition

Completely extinguished

Ditto

Ditto

Fire occurred from the
central part and gradually
spread, but put out by
additional spray.
(Fig 3)

Fire occurred at the central
part but went off by itself
after 2 minutes.

Fire occurred several times
at the central part but went
off by itself.

Completely extinguished.
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FIG. 3. TEMPERATURE HISTORY OF SODIUM

2. Test of an optical sodium leak detector

for air cooler of secondary cooling system

required as a sodium leak detector for the air cooler is as

follows.

(1) Adequate sensitivity to leaked sodium detection

(2) Not to make false response by external lights

(3) Adequate reliability and durability

Objectives of tests are to confirm that the detector

satisfies these requirements and to verify the adequacy of

design specifications.

In conclusion, from the test result, the smoke detector,

including the circuits, has no problem in the aspect of

durability.

Introduction

Since air cooler which use for secondary cooling system

of "JOYO" has many complex cooling pipes in the inside, it

is said that accident will expand in a short time when so-

dium leakage does not detects in its early stage. The pre-

sent experiment examined some operational characteristics

of a optical sodium leak detector for leaked sodium change

into white fume in the cooler. Tests were carried particu-

larly on sensitivity, disturbance and life about the detector,

and some designs of the detector were improved according to

the test results.
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Abstract

An air cooler adopted for "JOYO" secondary coolant

loop comprises a blower, finned radiating pipes, air ducts,

etc., and their constructions are complicated. Therefore,

it is difficult for continuity type or spark-plug type

sodium leak detector, which were developed for pipings or

valves, to apply for the air cooler, and its effectiveness,

even if it were applied, would be suspicious. From these

aspects, the optical sodium leak detector (smoke detector)

is to be adopted for this application. The performance

Operation principle

The smoke detector comprises a projector (light source),

a receiver (detector), control circuits, and an electric

power source. The lamp of the projector is applied with

high voltage and simultaneously modulated with frequency of

about 2 KH and with the amplitude of ± 25V. Only thisz
alternating component of a light source is used as a signal.

When a ray from the projector and several outer rays go

into the receiver, photoelectric current occurs approximately

proportional to their total density. The electronic circuit

amplifies the only 2 KH alternating component of the photo-

electric current.



The amplified signal is rectified synchronously by the

lock-in-amplifier and the phase of the modulation signal of

the projector is used as a reference for rectifying. By this

method, the effect of miscellaneous rays exclusive of the

regular projector ray can be removed. Ordinarily, the output

of the synchronous rectifier holds constant value (d.c. volt-

age) relating to the modulated ray signal from the projector.

Accordingly, the signal output decreases as the projector

ray attenuates by the sodium oxide smoke. Output of the

derivative circuit, or differenciator, corresponds to the

change rate of the synchronous rectifier output. No output

signal is gained to the input signal which changes slowly

in a long period of time.

The warning circuit operates when the output of the

derivative circuit goes over the set value. The alarm

level is set to ± 0.1V, which corresponds to the step out-

put of 3mV or the ramp output of 3mV/sec. of the rectifier.

Since the ordinal output signal of the rectifier is ad-

justed to 0.3V, 3mV corresponds to 1% of relative changing

rate of the input ray signal. Therefore, rapid attenuation

of ray signal over 1% can send warning signal.

Test apparatus

The constructions of the projector and the receiver are

shown in Fig-1. The projector is comprised of a lamp, a

lens, a protective glass window and holding structures.

Hg-Ar lamp is adopted for its characteristic having majority

components of short wave length ( 2,500 'v 5,800A). This

lamp is adjustable in two directions (perpendicular and

horizontal) to optimize the optical axis. The receiver is

comprised of a receiver element, a lens, a protective glass

window and holding structures. The receiver element is a

silicon diode (PIN-10), and its sensitivity is about 0.4yA/yW,

and its sensitive wave length band extends 4,000 to ll,000A.

The constitution of the control circuit and the electrical

power source is described previously. Those circuits are

commercial ones.

The simulated air cooler duct has dimensions of 3,000W x

500D x 2000H which was decided to have taken the dimensions

of facilities of "JOYO" into consideration, and has a de-

tachable upper lid for the test on an external light source.

It has also a window to take in the smake below the side

panel. The projector and the detector are installed in the

longitudinal direction of this duct.

Test method

— Characteristic test

(a) Effect of external light

A false response and change of the sensitivity

are investigated by irradiation or turning on and

off of a mercury lamp, a fluorescence lamp or an

infrared lamp, which are installed at upper or low-

er part of the duct. As the sensitivity of the

smoke detector (which is defined as the output

change of the derivative circuit to the change of

the ray signal) is proportional to the ordinal out-

put of lock-in-amplifier, this output is to be

monitored. As a reference, an illumination meter

is placed by the receiver inside the duct in order

to measure the intensity of miscellaneous rays.

(b) Effect of air perturbation

To investigate this, a gas stove is settled in

the duct, and the outputs of the lock-in-amplifier

and the derivative circuit are measured for 30

minutes.

(c) Effect of cloudiness of protective glass window

The relation between the sensitivity and the

transmission factor of the protective glass window

is investigated by the optical filter whose trans-

mission factor is predetermined.
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(d) Operation characteristics of control circuits to

step response

The output of the derivative circuit is measured

when the optical filter is inserted quickly on the

optical axis.

(e) Smoke detection test

The period of time from occurrence of the smoke

to generation of the warning signal is measured by

letting the smoke (sodium oxide, or cigarette smoke,

etc.) flow into the duct.

- Continuous operation test for a month

The periodical tests are made in a month to examine

the outputs of lock-in-amplifier and the derivative

circuit, and whether a false response occurs as a whole.

Test result

Characteristic test

(a) Effect of external light

No effect of external light was observed.

The result is shown in Table 1.

(b) Effect of air purturbation

No output of circuits changed and no false

response occurred.

(c) Effect of cloudiness of protective glass window

The result showd that the cloudiness of the

window can be compensated by the attenuator in the

lock-in-amplifier.

(d) Operation characteristics of control circuits to

step response

The result showed that considerable cloudiness

(down to 50% of transmission factor for example) can

be allowed for the measurement.

(e) Smoke detection test

The result is shown in Table 2.

Continuous operation test for a month

The outputs of the lock-in-amplifier and the derivative

circuits were stable for a month. The detector made a

false response when another large electric load connected

with the same power source turned on and off.

Evaluation

— Characteristic test

(a) Effect of external light

No effect to the output of the lock-in-amplifier

is observed even if lamps outside are turned on and

off, as shown in Table 1, and the effect transformed

into the ray signal is within 1%. This means the

detector never makes a false response by building

or natural lighting.

(b) Effect of air perturbation

From the test results, it is not conceivable for

the smoke detector to make a false response with

regard to the air perturbation in the'duct.

(c) Effect of cloudiness of protective glass window

The output of the lock-in-amplifier falls, when

the incident ray to the receiver attenuates. This

result suggests the window needs to be cleaned

periodically, when installed in the practical facil-

ity, and the smoke detector must be considered to

be removed off easily, i.e. good maintenability.

As abrupt attachment of dusts to the window is an-

ticipated when the blower starts up, the alarm level

for practical use should be higher than that used

in the test (±0.1V). As described before, the out-

put of the lock-in-amplifier is differentiated, a

slow change of the output raises no false alarm.

(d) Operation characteristics of control circuits

to step response
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The output signal of the derivative circuit or

the differentiator increases proportionally to the

step decrease of the ray.

(e) Smoke detection test

As shown in table 2, some amount of fluctuation

of detection delay are observed. This is because

that the test was carried out without air flow in

the duct. When installed in the practical duct,

the smoke will be detected with fast response because

of air flow. According to the evaluation of the

principal examination performed in 1971, this smoke

detection method can detect a leak rate of about

14g/sec. on the planning operating condition of

"JOYO". From these test results, the detector seems

to have adequate characteristics.

- Continuous operation test for a month

From the test result, the smoke detector, including

the circuits, has no problem in the aspect of durability.

Conclusion

(a) The smoke detector will never make a false response

by means of indoor or natural lightings.

(b) The maximum operating environmental temperature of

the detector is 60°C with the receiver element

(photo diode PIN-6LC).

(c) The detector is to be fixed to the building wall

and be connected with belows to the duct to avoid

its vibration.

(d) No effect are expected with regard to the air per-

turbation in the duct.

(e) The detector has adequate sensitivity to the sodium

oxide smoke.

(f) The detector has sufficient durability.
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TABLE I . EFFECT OF EXTERNAL LIGHT

Lamp

Fluorescent Lamp

Mercury Lamp

Fluorescent Lamp +

Mercury Lamp

Infrared Lamp

Fluorescent Lamp+
Mercury Lamp +
Infrared Lamp

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Illumination (Lux)

60

9.5

11

9.5

68

12.5

85

4.5

100

26

Output of Lock-in Amplifier (mV)

627

627

618

618

- 603

603

624

624

300

300

TABLE 2. SMOKE DETECTION TEST

Smoking Material

3 Incense sticks

6 Incense sticks

a Cigarette

0.1 gram Sodium+Water

Detection Delay (sec)

1190

40
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3. Experiment on a Multilayer Type Air Filter for J38

Filtration of Sodium Aerosol

• Silicon dilde receiver element
(approx. 0. 40A$W)

• Silica glass lens
(focal length : 50mm)

• Protective glass window
Receiver

Optical Axis

Simulated Air-cooler
Duct

•Smoke inlet window

• Protective glass window

• Silica glass lens
(focal length : 50 mm)

• Hg-Ar lamp •
(wave length : 2,500~5,800A)

Projector

FIG. I . VIEW OF TEST APPARATUS

Abstract

This work has been carried out in order to develop the

Multilayer Type Air Filter for removal of high concentration

sodium aerosol by means of the emergency air cleaning system

in the Fast Breeder Reactor. The porous filter medium is

used for the Multilayer Type Air Filter. Its medium has a

lot of artificial openings placed in several layers.

Although the filter does not have a dust removal effi-

ciency such as HEPA-filter, however, the life of the filter

is extended by the openings. It is possible to prevent the

rapid raise of pressure drop and to increase the inertia's

effect. For utilizing this filter as pre-filter, A series

of the tests has been performed.

Reasonable opening diameter and opening ratio on the

filter medium are found by making examination. The examination

is executed in accordance with the following conditions.

(1)

(2)

(3)

(4)

The filter medium used: High silica contents
fiber mat

The aerosol used: 0 .6'v 0 .8g/m3 of sodium oxide
aerosol

Air flow rate: 28m3/ min

Filter size: 610mm x 610mm

Adoption of the above medium for the filter has been

successful in keeping low the pressure drop due to the clog

attached on the filter.

Introduction

In the LMFBR, an emergency air cleaning system is necessary

to prevent the release of aerosol of sodium oxide and plutonium

produced by severe accident to the environment. The blower

capacity of the emergency exhaust system of MONJU is about



10,000 m3/h, and the air cleaning system should remove about

4 kg (in sodium) of sodium aerosol. When the airflow rate is

assumed to be 28 m3/min per filter system considering the

performance of charcoal filter and HEPA filter, 6 filter system

will be needed. Namely, each filter system must take in about

700 g (in sodium) of sodium aerosol.

Sodium aerosol has a characteristic of producing high pres-

sure loss than by dust in the air collected on a ordinary

filter layer. In order to obtain a large loading quantity,

therefore, it is necessary to provide a blower which can work

in spite of high pressure loss or to control the air flow rate

very low.

A multi-layer type air filter has been developed as a pre-

filter of the above-mentioned filter system. This multi-

layer filter was made of plural porous filter elements having

artificial openings and the filter elements were arranged with

a given space to each other in the cross direction of the air

flow. These openings are arranged not to line up in the

direction of air flow. Though removal efficiency as a single

filter layer is not so high, the openings provide the function

of preventing the rapid raise of pressure loss and also collect-

ing the aerosol through impingement against the filter by

inertia effect. Thus, a small filter unit with filtration

area of 0.36 mz (standard size: 610 mm x 610 mm) will endure

the operation in the air flow rate of about 130 cm/sec.

The main test items

— Test on the multi-layer type air filter.

The opening diameters and the opening ratios in the

filter elements are optimized and placed in 5 layers at

intervals of 20 nun to have high removal efficiency and

high loading capacity.

— Test on HEPA and middle filters

The middle filter is used to minimize the sodium load

on HEPA filter. The applicability of the high silica

content fiber mat as the middle filter is examined.

— Test on filter system

The performance a filter system where prefilter (Multi-

layer air filter) is combined with middle filter and HEPA

is finally confirmed to have the loading capacity of 700cj

of sodium aerosol set as the target for the emergency a:

cleaning system.

Test apparatus and method

— Test apparatus

The test apparatus consists of aerosol generator,

test section and instruments.

A schematic diagram of the test apparatus is shown in

Fig. 1. The test section with the real scale of 610 mm

x 610 mm contains pre-, middle and final filters arranged

in series, and sampling hole and static pressure hole,

both located in front of and behind each filter.

A turbofan with the capacity of 77 m3/min and 500 mmAq

was used as the blower, and the airflow rate was measured

by an orifice flow meter. The airflow rate in the filter

is kept constant to 28 m3/min with a damper to controll

the airflow, which is necessary when the pressure loss

increases by collection of sodium oxide aerosol.

— Generation of sodium oxide aerosol

The sodium oxide aerosol used in the test was produced

by burning the sodium in a burning pan (300 mm x 150 mm

x 45 mm) exposed to air flow. In order to keep the

aerosol concentration constantly, the burning was contin-

ued while 60 ^ 70g of sodium blocks were added to the

burning pan so that the scattering light intensity indi-

cate a constant value with the digital meter at the filter

inlet.

— Measurement of aerosol particle size distribution

After collection by a thermal precipitator, the aero-

sol particles were examined by electron microscope and

particle analyser (Carl Zeiss. TRZ-3) to obtain count

median diameter (CMD) and geometric standard deviation

( H ) •
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— Examination of filter performance

(a) Pressure loss The pressure loss of filter during

the test was continuously recorded.

(b) Removal efficiency Removal efficiency measured

by the light scattering digital counter.

The probe of the digital counter is connected with

sampling tube provided in front of and behind the filter.

Test Results and examination

— Generation of sodium aerosol.

The sodium concentration was 0.6 ^ 0.8 g/m3 in average,

which estimated from the amount of aerosol collected on

the overall filter system and from burning period.

Its generation was comparatively stable. Changes in the

concentration during the generation of aerosol was meas-

ured by light scattering digital counter method. The

count median diameter (CMD) of sodium oxide aerosol ob-

tained by the burning was 0.29y and geometric standard

deviation ( Og ) was 1.6

— Multi-layer air filter

There are many parameters which determine the performance

of the multi-layer air filter such as velocity of airflow,

number of layer, distance between adjacent layers, kind

of filter medium, diameter of the opening, opening ratio.

These parameters have different effects on pressure loss

AP, removal efficiency n, and loading capacity H. The

final evaluation of the performance is given by the design

parameter £p of filter medium. The high silica content

fiber mat was used as filter medium in view of its high

heat resistance.

The two parameters, opening diameter and opening ratio

were examined by the use of a filter having five layers

which arranged at intervals of 20 mm, with the constant

airflow rate at 125 cm/sec, when the airflow was set at

28 m 3/min to avoid complicating the test. The tested filter

medium having circular opening which was arranged in a

staggered cutting pattern as shown in Fig. 2 to facilitate

the calculation. For this staggered cutting pattern, a

general equation as shown below can be apply.

where P: pitch,

R = •" ̂ "— , D : opening diameter and

R: opening ratio.
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One cutting pattern is adopted per one filter unit, and

the condition P > 2D is necessary for the openings in one

layer not to align with those in the adjacent layer.

For this purpose, the opening ratio was calculated under

39% but set at 30% in maximum to expedite the fabrication.

The opening diameter was settled within the range of

10 ^ 35 mm, since the blockage in the filter by sodium

aerosol is comparatively few. Various shapes of the

openings used in this test are shown in Table 1.

The test was performed on these eleven cases.

Apart from the opening diameter, the interval between

layers is an important parameter. It is known by the theory

of cascade impacter, etc. that the collision efficiency

increase with the increase in the ratio of opening diameter

D to distance h.

In this test optimum opening diameter D and the

opening ratio R are searched with the distance h fixed

at 20 mm.

Fig. 3 shows the relation between the opening diameter

and the opening ratio as the parameter of the average

loading quantity per 1 mmAq of pressure loss. From this

figure, it is seen that a high pressure loss relative to

the loading quantity takes place under the conditions

Lines (T) and {2) but the removal efficiency further lowers

above Line (?), so that the optimum conditions lie in

Line (|) .

Fig. 4 shows the effects of opening ratio on the initial

pressure loss and average penetration (digital method).

It has become clear that the opening ratio must be around



20% to satisfy 30% of the removal efficiency (digital

method) and control the initial pressure loss under 40. mmAq.

HEPA and middle filters

HEPA has the filter paper with the total area of about

20 m2 and the removal efficiency (digital method) was

almost 100%.

The high silica contents fiber mat was used as, has the

middle filter material with the same corrugated structure

as HEPA filter and has the filtration area of about 8 m 2.

The collection efficiency is about 50% for 0.3y DOP parti-

cles and the initial pressure loss is 10 ^ 15 mmAq for the

airflow rate of 28 m3 min.

Test on filter system

The test on filter system is made to finally confirm

the overall function of a filter system where a multi-

layer type air filter, a middle filter and a HEPA filter

are combined to attaining the loading capacity of 700g of

sodium. Fig. 5 shows the arrangement of filter unit con-

sisting of three kinds of filters. The test was conduct-

ed on the filter medium having the opening ratios of

18.6%, 20.4% and 26.4% since the filter medium with the

opening ratio of about 20% have proved to be effective

in the above test.

The test results are summarized in Table 2. Photo 1

shows the sodium oxide on filter.

It was found that in the three tests where the

opening ratio was fixed at 20%, only the multi7layer

air filter could collect more than 500 g of sodium.

It could be confirmed that by using a multi-layer filter

with such a large capacity, it is possible to reduce

loads in the middle and HEPA filters and keep the final

pressure loss of the total system under 150 mmAq. Fig. 6

shows an example of the relation between aerosol removal

efficiency and pressure loss per single sodium removal

filter system.

Conclusion

Development test was conducted on the real scale filters

which simulate the emergency air cleaning system of LMFBR

to developing a filter system combining a prefilter (multi-

layer air filter), a middle filter and HEPA filter, which have

the loading capacity of 700 g of sodium aerosol. The test

was conducted under the test conditions of 28 m3/min of the

airflow, 0.6 ^ 0.8 g/m3(sodium) of aerosol concentration

and 610 mm x 610 mm of filter entrance area. As a result,

the following have become clear.

(1) Diameter of the openings in multi-layer air filter

has the correlation with blockage on filter medium by

aerosol, but hardly affects on removal efficiency and

pressure loss. The opening ratio affects the removal

efficiency and pressure loss, and must be within the

range of 18 "» 22% to satisfy the target value.

(2) In the filter system test, the performance of a multi-

layer air filter was confirmed by testing the unit

combining a prefilter (multi-layer air filter), a

middle and HEPA filter to attaining the loading

capacity of 700 g of sodium oxide aerosol. As a

result, it was confirmed that the optimum opening

ratios of openings in the filter medium of multi-

layer air filter were 18.6% and 20.4% for the total

filter system.
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TABLE I . EXPERIMENTAL PARAMETER OF FILTER MEDIA
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~~~~-~^^^ Diameter of
^•~~~-~-^_(3 peening

Opening Ratio ^~~~~--^^^

10%

15

20

25

30

Run No.

Opening Ratio (%)

Run No.

Opening Ratio (%)

Run No.

Opening Ratio (%)

Run No.

Opening Ratio (%)

Run No.

Opening Ratio (%)

lOmmjS

—

—

—

—

—

—

Runi

24.3

—

—

15mmjS

Run 2

21.4

—

Run 4

30.8

20mm ;i

—

—

Run 3

13.7

—

—

Run 5

24.3

—

—

25mm (5

—

—

—

—

Run 6

21.4

—

Run9

31.9

30mm fi

—

—

Run 7

13.7

—

—

RuniO

24.3

—

—

35mm si

Run 8

8.3

—

—

Runii

18.6

—

—

—

—

TABLE 2 RESULTS OF TOTAL FILTER SYSTEM TESTS

By-Pass

Sodium Oxide Aerosol
Generator

Run

No.

16

17

18

19

Dimeter

of

Opening

20 ntm^

25 ITIIT10

2Omm0

30 mmtf

Interval

of

Ratio

20.4%

26.4%

20.4%

18.6%

Interval of Layers

1, 2 Layers
20 mm

2 ~ 3 Layers
10 mm

1, 2 Layers
20 ram

2 ~ 3 Layers
10 mm

1—5 Layers

20 mm

1 — 5 Layers

20 mm

Test Filter

Item

Na Loading Each Filter

Final Pressure Drop

Na Loading Each Filter

Final Pressure Drop

Na Loading Each Filter

Final Pressure Drop

Na Loading Each Filter

Final Pressure Drop

Multilayer
Type Air

Filter
Total

532.5 g

70.5 mmAq

352.1 g

86.0 mmAq

510.6 g

58.0 mmAq

517.7 g

69.0 mmAq

Middle
•efficiency
•filter

106.5 g

29.3 mmAq

247.0 g

72.0 mmAq

105.6 g

31.5 mmAq

96.2 g

21.2 mmAq

HEPA

•filter

64.5 g

23.3 mmAq

54.4 g

23.7 mmAq

60.0 g

25.0 mmAq

50.0 g

23.0 mmAq

Filter
System
Total

703.5 g

123.1 mmAq

653.5 g

181.7 mmAq

676.2 g

114.5 mmAq

663.9 g

113.2 mmAq

Test Section

Multi-layer Type Air Filter

Blower

(77m3/min.500»mAq)

Aerosol Photo Counter
Pressure Drop Recoder
Thermal Precipitater

FIG. I . SODIUM OXIDE AEROSOL TEST APPARATUS

Media

Opening

u

1
D

n
FIG. 2. 45° STAGGERED CUTTING



Initial Pressure Drop A P (imAq)

3 2 S S I
Diameter of Opening (•«(*)

Average Penetration PD (—100%) (%)
(Digital Counting Method)

S 8 S S

Pressure Drop AP (mAq)

s s s s i i i i

Weight of sodium retained on filter

I I s • 1

P

m

m

o
-n

33

C/5

m

3

i i


