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ABSTRACT

ABSTRACT

Keywords: Fire-extinguishment or Fire Control Performance, Water Mist System,
Desmoke System, System Integration, Simulation Model of Water Mist
System

1. Motivation:

In order to mitigate the global warming, the industrial countries signed the
Montreal Protocol in 1987 to limit the manufacture, sale and use of CFCs related
products. Under such circumstance, the fire suppression systems of Halon series are
now in the processes of replacement and usage-postponing. Therefore, the fire
laboratories, researchers and fire protection equipment suppliers are working hard to
find the proper Halon replacements.  One of them is the water mist fire suppression
system, which has good fire suppression efficiency and no harm to environment,
making such system to be an excellent Halon replacement.  Via intensive fire tests,
the water mist fire suppression system has been proved to be effective for the genera
combustible, jet, combustible/flammable liquid and appliance fires, therefore, its has

wide applications.

2. Research methodologies and process

Aiming on the fire control/suppression by applying and integrating the water
mist system with the ventilation and desmoke systems, the office fire was selected as
the scenario, which specified the crib (wooden) fire as the fire source, including its
fire load. The smoke flows, extinction times of standard fire sources, and field
temperatures were observed and measured by varying the working pressure, desmoke
condition and relative orientation between fire source and smoke exhaust to
investigate the relationship between the water mist and desmoke systems.

3. Important findings
From the experimental results, it found that water mist system even under the

desmoking condition still can effectively put out the pool fire. However, the fire

X1
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extinction time is greatly affected by the desmoke capacity. The extinction time
becomes longer as the desmoke capacity is higher that also can reduce the smoke
density, CO, and CO concentrations, and temperature. In other words, it can
mitigate the fire hazard and extend the occupant egress time.

In the crib fire tests, water mist system was found to be able to control the fire
and reduce the field temperature. It was found as well that the toxic gas
concentration is reduced comparing to that of regular sprinkler system so that the
occupancy evacuation becomes safer.

From the Laser measurements, SMDs and diameters for most of mist drops were
found under 500u. Based on the sizing definition according to 99 percentage of the
accumulated volume of relative particle size, such mist sprinkler nozzle generates the
droplet sizes ranged from 800 to 850um. It indicates that the appearance of large
water mist can increase the averaged water mist size.

From simulation results, the activation of water mist could enhance the effect of
desmoke action that can reduce the toxic gas concentration and temperature. The
mitigation of fire hazard by water mist become more apparent as the desmoke
capacity is greater. The predicted behaviors completely agree with the
corresponding ones appeared in experiments.

Since there are no codes or standards regulating the water mist systems and
equipments in Taiwan, therefore, this study collects the standards and test items from
IMO, UL and FM to serve as the references and research tools for the researchers,
venders and manufacturers, who may interest in the field test or the simulation
design.

4. Suggestions and recommendations

From this study, It can find that the water mist suppression system is very
effective to control the office fire that can enhance the occupancy evacuation
capability. However, such application is not so poplar now because there exist many

appliances, such as personal computers, plugs and electrical wires, in a genera office

X1V
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that may cause a great concern on property loss due to water damage, the second
hazard. Therefore, this study proposes to investigate the influence and damage level
of the appliances in an office fire by using water mist system as the suppression

means in the near future.
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DET NORSKE VERITAS
EC TYPE-EXAMINATION CERTIFICATE

of: Council Directive 96/98/EC of 20 December 1996 on Marine Equipment as amended by directive 2002/75
issued as "Forskrift om Skipsutstyr" by the Norwegian Maritime Directorate. This certificate is issued by Det Norske
Veritas under the authority of the Government of the Kingdom of Norway.

CERTIFICATE NO. MED-B-2067
This Certificate consists of 5 pages

Thisis to certify that the product

Fixed water based local application fire fighting systems componentsfor useir
category " A" machinery spaces

A.1/3.48
with the type designation(s)
SEM-SAFE
Manufactured by

Semco Maritime (Esbjerg)

Esbjerg V, Denmark
is found to comply with the requirements in the following Regulations/Standar ds:

Annex A.1, item No. A.1/3.48 and Annex B, Module B in Directive. SOLAS 74 as amended Regulation I1-
2/1.2.2.4,11-2/10.5.6 & X/3 and 2000 HSC Code 7.7.3.2.1.

Further details of the product and conditions for certification are given overleaf.
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Place and date This Certificate is valid until
Havik, 2003-12-19 2008-12-31
for Det Norske Veritas AS
Notified Body No. 0575
Henning B. Karlsen Anders Tosseviken
Manager, MTPNO370 Surveyor

Department Systems & Components
DNV local office:

DNV Fredericia
Product description

"SEM-SAFE", is awater mist system, composed of spray heads, stainless steel piping, manual or automatic section
valves, strainers, standby pump, electrical motors and high pressure pumps. The system is to be designed according
to principal requirements for the system, IMO M SC/Circ. 913 and SOLAS Ch.11-2, Reg.10.5.6.

Applicationg/Limitations
The spray heads are to be installed above the protected objects according to the following specifications:

Alternative 1: high levels- 100 bar

Maximum horizontal spacing: 40 m

Minimum vertical distance from object: 19 m

Maximum vertical distance from object: 10.6 m

Minimum operation pressure: 100 bar (at spray heads)
Spray head type: 7-01-56-5-19-00
K-factor, spray head (using Q = k x p/2): 1.87

Drawing, spray head DL1: 7-01-56-5-19-00

Spray heads are to cover the area out to the periphery of the protected object.

AII@ ative 2: low levels - 100 bar
MaX|mum horizontal spacin ’40m

Mlnlmum verti caI distance from object: 1 Om

MaX|mum vertical distance from object: 3 0Om
Minimum operation pressure: 100 bar (at spray heads)
Sorav head type: 7-01 56-5-12-00

IS factor, spray head (using Q = k x pY/2): 1 19
|na spray head ’DL 1: 7-01-56-5-12-00

ra heads are to cover the area out to the periphery of the protected object.




’Alternative 3: low levels - 80 bar

]Maximum horizontal spacing: ’3.5 m

’Minimum vertical distance from object: ’1.5 m

]Maximum vertical distance from object: ’3.0 m

’M inimum operation pressure: ’80 bar (at spray heads)
|Spray head type: [7-01-56-5-12-00
’K-factor, spray head (using Q = k x pY/2): ’1.19

Drawing, spray head IDL1; 7-01-56-5-12-00

’Spray heads are to cover the area out to the periphery of the protected object.

’Alternative 4: low levels - 80 bar

’Maximum horizontal spacing: ’3.0 m

’Minimum vertical distance from object: ’1.5 m

’Maximum vertical distance from object: ’3.0 m

’M inimum operation pressure: ’80 bar (at spray heads)
'Spray head type: 7-01-48-4-17-00
’K-factor, spray head (using Q = k x pY/2): ’1.34

Drawing, spray head IDL1: 7-01-48-4-17-00

’Spray heads are to cover the area out to the periphery of the protected object.

For all systems

Only stainless steel piping is to be applied (to avoid clogging of spray heads). Turbo machinery equipment,
ar intakes and preferably also essential electrical equipment shall not be directly exposed to the water
discharge. Electrical equipment as per DNV rules (Pt.4 Ch.8 Sec.10, Table B1) may be accepted as adequate
protection for newbuildings.

System components are to be certified or inspected in accordance with DNV Rules or equivalent standards
acceptable to the Flag State. Ambient room temperature for pump unit should be between + 4 °C and + 55 °C.

Thefollowing documents areto be approved and filed by the Flag State Administr ation:

- System arrangement plans including location of nozzles, sections valves, rel ease stations and pump-unit

- Capacity of pumps and pressure vessel system, including pressure drop calculations and power supply (electrical e
control system within pump unit is covered by this certificate)

- Qualification of welders and approval of welding procedures, if applicable.
- Specification of pipes, electrical motor, electrical & control system, pumps and associated components

- Arrangement of interface to fire detection and alarm system (where applicable)
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- Manual containing operating and maintenance instructions

Other documents:

- Water pump(s) are to be delivered with DNV DIN 3.1C certificates, or equivalent.

- Documentation for other components (according to DIN 3.1B and DIN 2.2, or equivalent) is to be filed at maker
premises, where DNV or Flag State may carry out audits.

Installation testing:

- A 30 seconds water mist discharge isto be carried out for at least one section

- Testing of alarms (SOLAS Ch. 11-2, Reg.10.5.6.4)

- Cleaning according to Sem-Safe installation procedure

- Pressure testing of water pipe system to at least 1,5 times maximum working pressure
- Testing of automatic start of system (in case of unattended machinery spaces)

- Other tests according to type approval manual

Periodical testing:

- Periodical control and inspection to be in accordance with type approval manual

Type Examination documentation

Semco Maritime Type Approval Documentation - Local Application Systems (LA Design Manual), November 200
Fire Performance Test Report:

STF22 F00832, July 2000 SINTEF, Norway

NBL 10 F02126, September 2002 SINTEF, Norway

Component testing of water mist nozzles:

DNV Report no. 97-1069, rev. 06, Sept 1998, DNV, Norway

DNV Report no. 2000-1237, rev.1, August 2000, DNV, Norway

Full-scale test with engines running:

Semco report, February 2002.



Tested according to IMO M SC/Circ. 913 (fire tests) and relevant part of IMO Circ. 668/728 (component tests).

Marking of product

The spray head isto be marked with type designation whereas pump / control unit is to be marked with name of
manufacturer and type designation

Mark of conformity

The manufacturer is allowed to affix the Mark of Conformity according to Article 11 in the Council Directive

96/98/EC on Marine Equipment and issue a Declaration of Conformity, only when the module D or E or F of Anne;
B in the same directive is fully complied with.

Module D: The quality system for production and testing shall be approved by the Notified Body.

Module E: The quality system for inspection and testing shall be approved by the Notified Body.

Module F: Compliance of the products to type as described in this EC Type-Examination Certificate
must be verified by the Notified Body who also shall issue a Certificate of Conformity.

END OF CERTIFICATE

The certificate is subject to terms and conditions overleaf. Any significant changes in design or construction of the product, or amendments to the
or Standards referenced above may render this certificate invalid. The product liability rests with the manufacturer or his representative in accordance wi
Council Directive 96/98/EC, as amended. The Mark of Conformity may only be affixed to the product and a Declaration of Conformity may only be issut
the production/product assessment module referred to in the council directive, isfully complied with.

person suffers loss or damage which is proved to have been caused by any negligent act or omission of Det Norske Veritas, then Det
Veritas shall pay compensation to such person for his proved direct loss or damage. However, the compensation shall not exceed an
equal to ten times the fee charged for the service in question, provided that the maximum compensation shall never exceed USD 2 millic
this provision "Det Norske Veritas" shall mean the Foundation Det Norske Veritas as well as all its subsidiaries, directors, officers, employees,
and any other acting on behalf of Det Norske Veritas.

NORSKE VERITAS AS - VERITASVEIEN 1, 1322 HBVIK, NORWAY - TEL: (+47) 67 57 99 00 - FAX: (+47) 67 57 99 11
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