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Abstract— With the development of more complex industrial
operations and processes and with the advancement in
technology i.e. Generators, turbines, servers, electrical panels
etc., there is a need to develop a more efficient and reliable
firefighting system for early detection and suppression of fire
without harming the equipment, environment as well as
humans if involved. Gaseous flooding system provides a
reliable and effective fire detection and fire extinguishing
system in an enclosure. With the development of new and
improved extinguishing agents, the system is now safe for
equipment, environment and humans. Like two sides of a
coin, gaseous flooding system has its own disadvantages and
limitations, major disadvantage is its high cost. So there is a
need to develop a system which is more reliable, efficient but
also cost effective. The result is total internal flooding system
which can protect electrical stations and substations, turbine
and generator rooms and server rooms more effectively than
any other fixed fire extinguishing system. Total internal
flooding system is a new innovation in the field of fixed fire
extinguishing system. With more research and development,
the system can be developed further and can be used in
control rooms and their technical areas in an industry.
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. INTRODUCTION

Total internal flooding system is a modification of gaseous
flooding system which is now a days most effective and
efficient fixed fire extinguishing system. Internal flooding
system is a combination of both total flooding system and
local application system as in [2]. Thus, the system releases
and distributes the gaseous extinguishing agent directly above
the flames as well as maintain the desired design
concentration of extinguishing agent in the enclosure.

Electrical stations and substations are very critical
locations in an industrial workplace. Dealing with low
voltage as well as high voltage, there is a huge possibility of
class c i.e. electrical fire hazard in such locations as in [3].
This system is much more effective and reliable than any
other fixed fire extinguishing system against class c¢ fire
hazard. The system is installed inside the electrical panel
boxes thus, it can extinguish fire in its incipient or growth
stage which prevents the expansion of fire from one panel to
another.

The objectives behind this paper are to study about
the development of gaseous flooding system and its sub
classification i.e. Total flooding system and local application
system, study about different extinguishing agents used in
such systems, development of total internal flooding system
and its complete design for a typical full size electrical panel
box.

Il. THEORY & METHODOLOGY

With the advancement of new technology and development
of more expansive generators and servers there is a need to
develop a more effective fixed firefighting system for early
detection and suppression without harming affected
equipment and environment. Gaseous flooding system is a
type of fixed firefighting system which helps to fight fire in
any enclosed space in a much effective and safer manner as
in [5].

From the invention of the clean agent system up to
till date much improvement had been done in this system to
make it more effective, quick and safe for humans as well as
environment. At first, halon were used in the system as
extinguishing clean agent but since it has a high oxygen
depletion potential as in [6]. It was banned for general
purposes in 1994 under Montreal Protocol, 1987. After this
various halon replacements are invented as clean
extinguishing agent, but no ideal replacement has been found
till date.

A. Application of Gaseous Flooding System

— Data processing centre

—  Telecommunications

— Commercial and military aviation

— Medical facilities

— Oil and petroleum facilities

—  Control rooms

—  Electrical sub stations

—  Turbine and generator rooms

In industrial applications, gaseous flooding system is used in
electrical stations and substations, control rooms and turbine
and generator rooms.

B. Classification of Gaseous Flooding System

On a broad level, gaseous flooding system can be divided into
— Total flooding system and
— Local application system

C. Total Flooding System

A system consisting of an agent supply and distribution
network designed to achieve a total flooding condition in a
hazard volume as in [8]. Total flooding clean agent fire
extinguishing systems are used primarily to protect hazards
that are in enclosures or equipment that, in itself, includes an
enclosure to contain the agent.

D. Agents Used For Total Flooding

— Halon 1301 (CBrF3)
— Argon gas (1G-01)

— Nitrogen gas (1G-100)
— Argonite gas (1G-55)
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—  Carbon dioxide gas (COy)

— Inergen (1G-541)

— Fe-13 (HFC-23, CHF3)

— Fm-200 (HFC-227ea, CF3CHFCFs)

—  Novec 1230 (FK-5-1-12, CFsCF,C(O)CF(cf3)2)

E. Local Application System

In local application system any agent is discharged directly
on the burning surfaces through nozzles designed for this
purpose as in [9]. The intent is to cover all combustible area
with nozzle located so they will extinguish all flames as
quickly as possible.

-

. Agents used for Local Application

— Halon 1211 (cbrclfy)

— Argon gas (ig-01)

— Nitrogen gas (ig-100)

— Argonite gas (ig-55)

—  Carbon dioxide (co2)

— Inergen (ig-541)

—  Fe-25 (hfc-125, czhfy)

—  Fe-36 (hfc-236fa, c3hafs)

G. Disadvantages of Gaseous Flooding System

Despite of gaseous flooding system efficiency and usability,
one of the main disadvantage of this system is its high cost.
New clean agents are much more effective and safe for both
humans and environment than halons but their cost is also
high for example cost of Novec 1230 is 1,584 per kg which
far overweight the advantages of this clean agent. Gaseous
flooding system.also requires an integral fire detection system
to sense fire. VVarious instrumentations controls are needed for
the complete functioning of system as in [8].

In total flooding system, the entire hazard area will
be flooded by agent no matter how small is the fire.
Sometimes it is very difficult for humans to escape from the
hazard area because some agents like co, reduces the
visibility of the area almost to 0 making it impossible to see
and escape as in [11].

Some agents like Argonite and Inergen reduces the
oxygen concentration in area to suffocate the fire making it
impossible for humans to survive as well in that area. This
system also requires that hazard area is completely air tight
or sealed for efficient functioning. A pressure release vent is
also required in the hazard area to release the over pressure
build in the area when an agent is released in the area as in
[10].

Local application system overcomes these problems
to some extent but its efficiency and reliability is less
compared to total application system.

H. Total Internal Flooding System

Total internal flooding system is a new revolution if gaseous
flooding system. It is the combination of both total flooding
system and local application system i.e. In total internal
flooding system the agent is released directly above the
flames and an appropriate concentration of agent as per
NFPA 2001 is also maintained in the enclosure. The system
can work with any desired agent i.e. it can work with both
total flooding system agents as well as local application
system agents.

The idea behind the system is taken from NFPA
handbook 2011 and APF magazine (October 2015 edition).
This system is mainly used for high end protection in
electrical stations and substation, turbine and generator rooms
and somewhat in server rooms. It is highly successful in
electrical stations and substations. In electrical stations,
mainly electrical panels are installed and they are indeed the
initiating source of fire in electrical stations. Total internal
flooding system is installed in these electrical panels, a
complete system for a particular panel. In this way by
dividing the hazard into small volumes, the amount of agent
required for a hazard area is also reduced thus overall cost of
agent is reduced. System does not need an integral fire
detection system which further reduces the overall cost. It is
more effective then gaseous flooding system because it is able
to extinguish fire in its incipient stage or in some cases in
growth stage thus prevent the spread of fire from one panel to
other and eventually to complete room. The volume of room
does not increase to such extent that a pressure release
mechanism is needed. Also the system is independent of area
being sealed or not.

I. Total Internal Flooding System Components

1) Desired Agent Cylinders

Cylinders used in internal flooding systems are seamless steel
cylinder. These cylinders are super-pressurized with the
nitrogen at 25 bar gauge at 21°c. Cylinders are provided with
pressure gauges. Cylinders are manufactured and tested in
accordance with the 1S-7285 standard and approved by peso
(petroleum and explosives safety organization). System
equipment’s operating temperature ranges from -17°c to 54°c
(to prevent freezing and excessive vaporization of agent).
Maximum fill density for Novec 1230 is 1121 kg/m?.

2) Distribution Pipes

Piping network is needed to distribute the agent from cylinder
to nozzle. Unlike gaseous flooding system, in this system the
distribution pipes are always filled with agent under normal
working conditions as in [10].

3) Distribution Nozzles

There are two types of distribution nozzles

— 180° nozzle and

— 360°nozzle

180° nozzles have a throw of 180° and are mainly used for
sidewall protection. 360° nozzles have a throw of 360° and
are placed in the center of the wall. They must be placed the
center of the ceiling. In this system 360° nozzle is used and is
placed in centre of the electrical panel.

4) Elvax Polymer Seal

Elvax is a copolymer of ethylene and vinyl acetate. At low
co-monomer levels, the EVA copolymer has a high degree of
polyethylene (PE) crystallinity. As the percent VA increases,
the VA disrupts the PE crystallinity. This results in a lower
melting and freezing point as in [7].

There are various types of Elvax polymers
(manufactured by DuPont) available based on their
temperature range. For this system, Elvax polymer known as
40W (40% Vinyl Acetate & 60% Ethylene) which has a
melting point of 47° C is used as in [8].
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J. Design & Operation of Total Internal Flooding System for
Electrical Panels

The system design is very simple and is similar to total
flooding system design but the system does not need detectors
to sense the fire. The agent cylinder is kept at some distance
from the electrical panel preferably outside the electrical
station because cylinders may pose the danger of sudden burst
or explosion. The piping network travel from cylinder to the
centre of electrical panel where a 360° nozzle is placed
enabling the flow of agent from cylinder to nozzle. Inside of
electrical panels, there is a cable tray at top and above which
there is sufficient space to run the piping network and
installing the nozzle. The nozzle holes are sealed with HDP
polymer. On account of fire, the rise in temperature will melt
off the seal thus enabling the agent to release from nozzle thus
extinguishing the fire as in [1].

1) System Design as per NFPA 2001 is as Follows

The typical dimensions of a full size electrical panel box are
(Fig 3.1):

Length (1) = 4 metres (m)

Width (w) = 2 metres

Height (h) = 6 metres

W

-+ L

L

Fig 3.1: Representation of Dimensions of an Electrical Panel
Box

Volume of the electrical panel is given by Eq 3.1.

V=LXWXH............ 3.1

V=4*%2%6

V = 48 cubic metres (m?)

As per NFPA 2001, the amount of agent required to

extinguish the fire in this area is given by Eq 3.2.

Where,
W = Weight of extinguishing agent required
V = Volume of protected area or hazard
C = Volumetric concentration of desired extinguishing agent
i.e. Novec 1230 (because Novec 1230 is best agent in market
now a days)
s = Specific volume of the agent used. It can be calculated
from the formula:
s =0.0664 + 0.0002741 t (From Appendix-A of NFPA 2001)
Where t = Temperature in degree Celsius
So: V=48m?

C=47%

s =0.0733 (for t = 25°)
Therefore: W = 32.30 kg

As per NFPA 2001, 10 % of above quantity should be added
to get the final amount of extinguishing agent (to prevent re-
ignition of fire):
So: W = (32.30) + (10 % of (32.30)) kg

W = 36 kg (approx.)
The coverage area of a single 360° nozzle is 24.2 m?. Thus
one nozzle is sufficient for a single electrical panel.
As per NFPA 2001, the entire amount of extinguishing agent
needs to be discharged in 10 seconds in the hazard area.
So: Flow rate = 36/10 kg/sec

Flow rate = 3.6 kg/sec
Now for pipe size estimation, the simulation is run on Pipe
sim software. The resulted pipe bore size for this flow rate is:
Pipe bore size = 32 mm
The complete system design is shown in Fig 3.2.

K. Advantages of Total Internal Flooding System

This system is much more effective and reliable in protecting
the electrical stations and substations than any other system
present in market. The system solves the major problem of
cost associated with gaseous flooding system. While
discharge there is no effect on visibility of the area or panel
room. System is independent of the main room or area being
completely air tight. System does not need an integral
automatic venting system to release over pressure while
agent is released in the hazard area.

4m 4m 2m

S I

Top View of Electrical Panel

References:

A - Nozzle

D - Pipe

Side View of Electrical Panel

Front View of Electrical Panel
Fig 3.2: Design of Total Internal Flooding System for
Electrical Panel
This also reduces the chances of room bursting to 0.
System does not need any integral detection system to detect
the fire. Main advantage is that the system is independent of
electricity thus provides more reliability even in case of
electricity failure. System design and installation is very
simple and easy. It does not require large number of discharge
nozzles. Maintenance of the system is quite simple.

Other main advantage of the system is that it
extinguishes the fire in incipient stage or growth stage.
System is capable of extinguishing the fire in the particular
panel in which it started which prevents fire expanding from
one panel to another thus protects the costly electrical
installation from damage. This reduces the direct as well as
indirect cost of the accident.

I1l. RESULTS

A new system which can protect the electrical station and
substation more effectively and is more reliable than any
other present system is developed and is designed as per
NFPA 2001 known as total internal flooding system. The
complete system design is included in the paper.
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Total internal flooding system is the combination of
total flooding and local application system.

System design is rather simple and easy. Only 4
components are required to design the system. System does
not need any integral detector or other controlling instruments
for functioning. It solves the high cost problem of gaseous
flooding system.

Few disadvantages of the system are once activated
it cannot be stopped. After use system needs immediate
refilling of agent cylinder and sealing of nozzles. There is no
manual activation in this system. It can only be activated in
fire situations.

IV. CONCLUSION

Gaseous flooding system is one of the most advanced system
present in market to extinguish fire in any enclosure. With the
development of new and improved agents, its efficiency and
reliability is further increased. Now a days with agents like
Novec 1230, gaseous flooding system is safe for both humans
and environment. Despite of all these advantages, the overall
cost of gaseous flooding system is very high. It needs an
integral detector system to detect fire and various other
instruments and controls to function properly. Its system
designing is somewhat complex.

A new and advanced system i.e. Total internal
flooding system provides solution to most of the problems
associated with gaseous flooding system especially high cost
issue. Presently it is developed for electrical stations and
substations, server rooms and turbine and generator rooms.
With further research and development, this system can be
used in other technical locations or areas like control rooms
etc. Presently it is the most reliable and effective system in
controlling fire hazards in any electrical station or substation.
The system is installed inside the electrical panel box thus can
extinguish fire in incipient or growth stage which prevents the
spread of fire from one panel to another thus preventing
further damage. This system is indeed a revolution in fire
protection system present in market now a days.
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