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1  Introduction 
 
1.1   Scope and purpose of manual 

This manual is a comprehensive guide containing all recommendations necessary to design and install the 
“HFC125”, “HFC227ea” e “HFC23” Gas Extinguishing Systems. In this manual “system” refers to the 
extinguishing equipment and does not include any electrical system which may initiate an agent release. 
Furthermore the manual includes some information about “HFC125”, “HFC227ea” e “HFC23” chemical 
and physical characteristics, and contains design technical specifications and safety requirements.            
Users of this manual are assumed to be competent fire engineers with a basic knowledge of such systems 

 
1.2  Standards and Code of practice 

Systems that use extinguishing Halocarbon HFC125, HFC227EA and HFC23 agents  are designed according 
to these standards: 

 EN 15004‐1:2008 “Fixed firefighting systems. Gas extinguishing systems. Part 1: Design, 
installation and maintenance”. 

 EN 15004‐4:2008 “Fixed firefighting systems. Gas extinguishing systems. Part 4: Physical 
Properties And System Design Of Gas Extinguishing Systems For Hfc 125 Extinguishant”. 

 EN 15004‐5:2008 “Fixed firefighting systems. Gas extinguishing systems Part 5: Physical 
properties and system design of gas extinguishing systems for HFC 227ea extinguishant”. 

 EN 15004‐6:2008 “Fixed firefighting systems. Gas extinguishing systems ‐ Part 6: Physical 
properties and system design of gas extinguishing systems for HFC 23 extinguishant”. 

 
Components used in the system that use extinguishing Halocarbon HFC125, HFC227EA and HFC23 agents 
meet the requirements of the following standards: 

 EN 12094‐4:2004 “Fixed firefighting systems. Components for gas extinguishing systems. 
Requirements and test methods for container valve assemblies and their actuators”. 

 EN 12094‐5:2004 “Fixed firefighting systems. Components for gas extinguishing systems. 
Requirements and test methods for high and low pressure selector valves and their actuators”. 

 EN 12094‐6:2006 “Fixed firefighting systems. Components for gas extinguishing systems. 
Requirements and test methods for non‐electrical disable devices”. 

 EN 12094‐8:2006 “Fixed firefighting systems. Components for gas extinguishing systems. 
Requirements and test methods for flexible connectors”. 

 EN 12094‐10:2004 “Fixed firefighting systems ‐ Components for gas extinguishing systems . 
Requirements and test methods for pressure gauges and pressure switches” 

 EN 12094‐13:2002 “Fixed firefighting systems. Components for gas extinguishing systems. 
Requirements and test methods for check valves and non‐return valves”. 

 
Systems that use extinguishing Halocarbon HFC125, HFC227EA and HFC23 agents must be maintened 
according to these standards: 

 EN 15004‐1:2008 “Fixed firefighting systems. Gas extinguishing systems. Part 1: Design, 
installation and maintenance”. Chapter.9 

 UNI 11280 (Italian standard) “preliminary inspection and maintenance of the gaseous fire–
extinguishing system. (this standard is more stringent compared to the EN 15004:2008‐1 and ISO 
14520:2006:1) 

 
1.3  Approval / Certification of agent 

L’“HFC125”, “HFC227ea” e “HFC23” were approved as an extinguishing gases by: 
• EPA (Environmental Protection Agency – USA) 
• UL (Underwriters Laboratories) 

 
1.4  Terminology and Definitions 

For the purposes of this manual the following terms and definitions apply: 
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‐Approved: acceptable to a relevant authority. 
NOTE: in determining the acceptability of installation or procedures, equipment or materials, the 
authority may base acceptance on compliance with the appropriate standards. 
 
‐Authority: organisation, office or individual responsible for approving equipment, installation or 
procedures. 

 
‐Automatic/Manual switch: means of converting the system from automatic to manual actuation. 
NOTE: This may be in the form of manual switch on the control panel or other units, or a personnel door 
interlock. In all cases, this changes the actuation mode of the system from automatic and manual to 
manual only or vice versa. 

 
‐Extinguishant: electrically non‐conducting gaseous fire extinguishant that does not leave a residue upon 
evaporation. 
 
‐Extinguishing Concentration: minimum concentration of extinguishant required to extinguish fire 
involving particular fuel under defined experimental conditions excluding any safety factor.   

 
‐Engineered system: system in which the supply of extinguishant stored centrally is discharged through a 
system of pipe and nozzles in which the size of each section of pipe and nozzle orifice has been 
calculated in accordance with relevant parts of EN 15004. 
 
‐Design Concentration: concentration of extinguishant, including a safety factor, required for system 
design purpose. 
 
‐Maximum Concentration: concentration achieved from the actual extinguishant quantity at the 
maximum ambient temperature in the protected area. 

 
‐Maximum Working Pressure: equilibrium pressure within a container at the maximum working 
temperature. 
 
‐Fill density: mass of extinguishant per unit volume of container. 
 
‐Liquefied gas: gas or gas mixture (normally a halocarbon) which is liquid at the container pressurization 
level at room temperature (20 °C). 
 
‐Non Liquefied Gas: gas or gas mixture which, under service pressure and allowable service temperature 
conditions, is always present in the gaseous form. 
 
‐Flooding Quantity: mass or volume of extinguishant required to achieve the design concentration within 
the protected volume within the specified discharge time. 
 
‐Protected Volume: volume enclosed by the building elements around the protected enclosure , minus 
the volume of any permanent impermeable building elements within the enclosure. 
 
‐Hold Time: period of time during which a concentration of extinguishant greater than the fire 
extinguishing concentration surround the hazard 
 
‐LOAEL (lowest observed adverse effect level): lowest concentration at which an adverse toxicological or 
physiological effect has been observed. 
 
‐NOAEL (no observed adverse effect level): highest concentration at which no adverse toxicological or 
physiological effect has been observed. 
 



 

Via Disraeli, 8 42124 REGGIO EMILIA ‐ ITALY 
Tel. +39 0522 369711 Fax +39 0522 791052 

E‐mail: info@bettatiantincendio.it 
P.IVA – C.F.  01979170352 

 

Revised 05/2010 
 

6 
 

 

‐Normally Unoccupied Area: area not normally occupied by people but which may entered occasionally 
for brief periods. 
 
‐Selector Valve: valve installed in the discharge piping downstream of the extinguishant containers, to 
direct the extinguishant to the appropriate hazard enclosure. 
 
‐Total Flooding System: system arranged to discharge extinguishant into an enclosed space to achieve 
the appropriate design concentration. 
 

1.5  Unit of measurement system 
The units of measurement are complying to the modern metric system known as International System of 
Unit (SI).Two units (litre and bar) are not included into SI but acknowledged by it and they are generally 
used in fire‐fighting field as well 
 

1.6  Contacts 
Technical data of this manual are given for information only. 
Bettati Antincendio S.r.l. ensures that information contained in this manual are careful and disclaims all 
responsibility about a not correct use of data here displayed.  
If you cannot understand any part of this manual, or you have any queries concerning a system, please 
contact: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

BETTATI ANTINCENDIO srl 
Via B. Disraeli, 8 A‐B  
42124 Reggio Emilia 

Tel. +39 0522/369711 
Fax. +39 0522/791052 

e‐mail: info@bettatiantincendio.it 
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2  Use and Limitations of extinguishing agents 
 
2.1 Introduction 

The design, installation, service and maintenance of gaseous fire‐extinguishing systems “HFC125”, 
“HFC227ea” and “HFC23” shall be performed by competent person in fire extinguishing system 
technology. 
Total flooding fire‐extinguishing systems are used primarily for protection against hazards that are in 
enclosures or equipment that, in itself, includes an enclosure to contain the extinguishant. 
The following are typical of such hazards, but the list is not exhaustive: 

1. Electrical and electronic hazards; 
2. Telecommunications facilities; 
3. Flammable and combustible liquids and gases; 
4. Other high‐value assets. 

 
2.2  Extinguishing agents and chemical and physical properties 

“HFC125”, “HFC227ea” and “HFC23” are a safe, clean, and electrically nonconductive agents. 
HFC227EA demonstrates the closest physical property match to Halon 1301 in terms of both flow 
characteristics and vapour pressure. 
 
“HFC125”, “HFC227ea” and “HFC23” extinguishe fires by both physical and chemical means. Primarily, it 
raises the total heat capacity of the environment to the point that the atmosphere will not support 
combustion. In practice, however, extinguishment occurs at concentrations less than the theoretical 
heat capacity value. This is explained by assuming that the agent also removes the free radicals that 
serve to maintain the combustion process. 
 
The table below shows the chemical and physical properties of the “HFC125”, “HFC227ea” and “HFC23” 
extinguishing agents 

 
Tab. – Chemical and Physical properties 

Proprietà Units HFC125 HFC227ea HFC23 
Molecular mass — 120,02 170 70 
Boiling point at 
1,013 bar (absolute) °C ‐48,09 ‐16,4 ‐82,0 

Freezing point °C ‐101 ‐127 ‐155,2 
Critical temperature °C 66,02 101,7 25,9 
Critical pressure bar abs 36,18 29,26 48,36 
Critical volume cm3/mol 210 274 133 

Critical density kg/m3 573,6 573 525 
Vapour pressure 
20 °C bar abs 12,05 3,9 41,8 

Liquid density 20 °C Kg/m3 1.1218,0 1.410,0 806,6 
Saturated vapour 
density 20 °C Kg/m3 77,97 31,035 263,0 

Specific volume of 
superheated vapour 
at 1,013 bar and 
20 °C 

m3/kg 0,1972 0,1374 0,3409 

Chemical formula 
Chemical name  CF3CHF2 CF3CHFCF3 

CHF3 

Critical temperature  Pentafluoroetano Eptafluoropropano Trifluorometano 
 

 
 



 

Via Disraeli, 8 42124 REGGIO EMILIA ‐ ITALY 
Tel. +39 0522 369711 Fax +39 0522 791052 

E‐mail: info@bettatiantincendio.it 
P.IVA – C.F.  01979170352 

 

Revised 05/2010 
 

8 
 

 

2.3  Applications 
“HFC125”, “HFC227ea” and “HFC23” are an ideal replacement for Halon 1301 for the total flooding of 
enclosures. They can be used in applications where people are normally present (normally occupied 
spaces) for Class‐A fire assets. 
“HFC125”, “HFC227ea” and “HFC23” demonstrate the closest match to the flow characteristics of Halon 
1301. 
Typical areas that can be protected by an “HFC125”, “HFC227ea” and “HFC23” systems are detailed 
below; the list is by no means exhaustive: 

• Bank Vaults 
• Libraries 
• Rare book stores 
• Archive Storage Rooms 
• Electronic Data Processing 
• Telephone Exchanges 
• Studios 
• Communication Centres 
• Transformer and Switchrooms 
• Control Rooms 
• Test Laboratories 
• Flammable Liquid Stores 
• Computer and Control Rooms 
• Tape Stores 
• Electrical Cabinets 
• Electrical Switchgear 
• Telecommunication Equipment 

 
WARNING ‐ HFC125, HFC227ea and HFC23 are not suitable for use with materials such as: 

1. Reactive Metals, e.g. sodium, potassium, magnesium, titanium, metal hybrids 
2. Chemicals capable of oxidation without air, e.g. cellulose nitrate, gun powder 

 
2.4  The extinguishing agent effects on personell (Ref. Annex G EN 15004 Ed. 2008) 

The safety precautions required by this document is not toxicological or physiological effects associated 
with products of combustion caused by the fire. The maximum time exposure taken by the safety 
precautions in this paragraph is 5 min. Exposure times greater than 5 min may involve physiological or 
toxicological effects not covered here 

 
2.5  Hazards to personnel (Reference:: EN‐15004 ed 2008 ANNEX G) 

Agent Itself 
The discharge of gaseous agent systems to extinguish a fire could create a hazard to personnel from the 
natural form of the agent itself or from the products of decomposition that result from exposure of the 
agent to the fire or hot surfaces. Unnecessary exposure of personnel either to the natural agent or to the 
decomposition products should be avoided. 
 
Noise 
Discharge of a system can cause noise loud enough to be startling but ordinarily insufficient to cause 
traumatic injury. 
 
Cold Temperature 
Direct contact with liquefied extinguishants being discharged from a system will have a strong chilling 
effect on objects and can cause frostbite burns to the skin.  The liquid phase vapourizes rapidly when 
mixed with air and thus limits the hazard to the immediate vicinity of the discharge point. In humid 
atmospheres, minor reduction in visibility can occur for a brief period due to the condensation of water 
vapour. 
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Turbulence 
High‐velocity discharge from nozzles could be sufficient to dislodge substantial objects directly in the 
path.  System discharge can cause enough general turbulence in the enclosures to move unsecured paper 
and light objects. 

 
2.6 Physiological Effects of Halocarbon Agents 

For halocarbons covered in this annex, the NOAEL and LOAEL are based on the toxicological effect known 
as cardiac sensitization.  Cardiac sensitization occurs when a chemical causes an increased sensitivity of 
the heart to adrenaline, a naturally occurring substance produced by the body during times  of stress, 
leading to the sudden onset of irregular heart beats and possibly heart attack.   
 
An appropriate protocol measures the effect in a stepwise manner such that the interval between the 
LOAEL and NOAEL is sufficiently small to be acceptable to the competent regulatory authority.  The EPA 
includes in its SNAP evaluation this aspect (of the rigour) of the test protocol. 
 
 
Table 2.2 provides information on the toxicological effects of halocarbon agents covered by this standard.  
The NOAEL is the highest concentration at which no adverse physiological or toxicological effect has been 
observed.  The LOAEL is the lowest concentration at which an adverse physiological or toxicological effect 
has been observed. 

 
Tabella 2.2 

Agent LC50 o ALC 
(%) 

NOAEL 
(%) 

LOAEL 
(%) 

HFC125 >70 7,5 10,0 
HFC227ea >80  9,0 10,5 

HFC23 >65 50 >50 
 
NOTE 1 LC50 is the concentration lethal to 50 percent of a rat population during a 4‐hour exposure. The 
ALC is the approximate lethal concentration. 
NOTE 2 The cardiac sensitization levels are based on the observance or non‐observance of serious heart 
arrhythmias in a dog. The usual protocol is a 5‐minute exposure followed by a challenge with 
epinephrine. 
NOTE 3 High concentration values are determined with the addition of oxygen to prevent asphyxiation 
 

2.7  Safe Exposure Guidelines for Halocarbon Agents (Rif. Annex G EN 15004‐1 Ed. 2008) 
Any unnecessary exposure to halocarbon clean agents, even at NOAEL concentrations, and halocarbon 
decomposition products shall be avoided.  The requirements for pre‐discharge alarms and time delays 
are intended to prevent human exposure to agents.  The following additional provisions shall apply in 
order to account for failure of these safeguards: 
Halocarbon systems for spaces that are normally occupied and designed to concentrations up to the 
NOAEL (see Table 2.2) shall be permitted provided that the maximum exposure time does not exceed 
five minutes (i.e. escape of all occupants must be achieved within 5 minutes). 
Halocarbon systems for spaces that are normally occupied and designed to concentrations above the 
NOAEL and up to the LOAEL (see Table 2.2 and EN 15004 Parts 2, 5, 6 and 8 through 14), shall be 
permitted, given that exposure is limited to no longer than the time specified in Table 2.3 corresponding 
to the given design concentration. 
 

Human exposure time for HFC‐125 agent 
HFC‐125 Concentration % 

v/v 
Human Exposure Time 

(minutes) 
7,5 5,00 
8,0 5,00 
8,5 5,00 
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9,0 5,00 
9,5 5,00 

10,0 5,00 
10,5 5,00 
11,0 5,00 
11,5 5,00 
12,0 1,67 
12,5 0,59 
13,0 0,54 
13,5 0,49 

NOTE 1 Data derived from the EPA‐approved and peer‐reviewed 
physiologically based pharmacokinetic (PBPK) model or its equivalent.  
NOTE 2 Based on LOAEL of 10.0 percent in dogs. 

 
Human exposure time for HFC227ea agent 

HFC227ea Concentration % 
v/v 

Human Exposure Time 
(minutes) 

9,0 5,00 
9,5 5,00 

10,0 5,00 
10,5 5,00 
11,0 1,13 
11,5 0,60 
12,0 0,49 

NOTE 1 Data derived from the EPA‐approved and peer‐reviewed 
physiologically based pharmacokinetic (PBPK) model or its equivalent.  
NOTE 2 Based on LOAEL of 10.0 percent in dogs. 

 
2.7.1 For spaces that are normally occupied 

In areas which are protected by total flooding systems and which are capable of being occupied, the 
following shall be provided. 

 
Table ‐ (Ref. EN  15004‐ 1) 

Maximum concentration 
Pre‐

discharge 
alarm 

Time delay 
device 

Automatic/ manual 
switch 

Lock‐off device 

Up to and including the NOAEL Required Required Not required Not required 

Above the NOAEL and up to the 
LOAEL 

Required Required Required Not required 

LOAEL and above Required Required Required Required 
NOTE The intent of this table is to avoid unnecessary exposure of occupants to the discharged extinguishant. Factors such as 
the time for egress and the risk to the occupants by the fire should be considered when determining the system discharge time 
delay. Where national standards require other precautions, these should be implemented. 
 

WARNING!! – Any change to the enclosure volume , or addition or removal of fixed contents that was 
not covered in the original design will affect the concentration of extinguishant.  In such instances the 
system shall be recalculated to ensure that the required design concentration is achieved and the 
maximum concentration is consistent with maximum pipework spans. 
 

2.7.2  For spaces that are not normally occupied 
The concentrations must be above the LOAEL (see Table 2.2), and where personnel could possibly be 
exposed, exposure times are limited to those given in Table 2.3. 
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2.7.3 Spaces  that CANNOT be occupied 

The maximum concentration can exceeding the LOAEL for the extinguishing agent used, without having 
to install a device of exclusion 

 
2.7.4  Safety precautions for personnel 

In areas which are protected by total flooding systems and which are capable of being occupied, the 
following shall be provided: 
a) Time delay devices: 

1) for applications where a discharge delay does not significantly increase the threat from 
fire to life or property, extinguishing systems shall incorporate a pre‐discharge alarm with 
a time delay sufficient to allow personnel evacuation prior to discharge; 

2) time delay devices shall be used only for personnel evacuation or to prepare the hazard 
area for discharge. 

b) Automatic/manual switch, and lock‐off devices where required in accordance with 2.4.  

c) Exit routes, which shall be kept clear at all times, and emergency lighting and adequate direction 
signs to minimize travel distances. 

d) Outward‐swinging self‐closing doors which can be opened from the inside, including when locked 
from the outside. 

e) Continuous visual and audible alarms at entrances and designated exits inside the protected area 
and continuous visual alarms outside the protected area which operate until the protected area has 
been made safe. 

f) Appropriate warning and instructions signs. 

g) Where required, pre‐discharge alarms within such areas that are distinctive from all other alarm 
signals, that will operate immediately on commencement of time delay upon detection of the fire 

h) Means for prompt natural or forced‐draft ventilation of such areas after any discharge of 
extinguishant. Forced‐draft ventilation will often be necessary. Care shall be taken to completely 
dissipate hazardous atmospheres and not just move them to other locations. 

i) Instructions and drills of all personnel within or in the vicinity of protected areas, including 
maintenance or construction personnel who may be brought into the area, to ensure their correct 
actions when the system operates. 

2.8  Hazard to environment  
HFC125, HFC227ea and HFC23 is environmentally acceptable with an ODP=0 (Ozone Depletion Potential) 
as it is shown in Table 2.5 

Tab. ‐ Environmental impact 
 A.L.T. (years) 

Atmospheric Life Time 
G.W.P. 

Global Warming Potential 
O.D.P. 

Ozone Depletion Potential 

HFC‐125 33 2800 0 

HFC‐227ea 37 2900 0 



 

Via Disraeli, 8 42124 REGGIO EMILIA ‐ ITALY 
Tel. +39 0522 369711 Fax +39 0522 791052 

E‐mail: info@bettatiantincendio.it 
P.IVA – C.F.  01979170352 

 

Revised 05/2010 
 

12 
 

 

HFC‐23 264 11700 0 

 
2.9  Hazard from electrostatic discharge in igniting flammable atmosphere 

Care shall be taken discharging extinguishant into potentially explosive atmospheres. 
Electrostatic charging of conductors not bonded to earth may occur during the discharge of extinguishant. 
These conductors may discharge to other objects with sufficient energy to initiate an explosion. 
Pipework shall be adequately bonded and earthed 
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3  Basis of Halocarbon Systems Design 
 

This section of the manual will detail the steps necessary to design an halocarbon gas extinguishing 
System . 
The system designer must do a complete hazard analysis applying the guidelines from EN 15004 Next 
Edition and consultation with all the authorities having jurisdiction. 
The designer must carefully consider such items as room volume, room integrity, unclosable openings, 
fuel involved, concentration values, available cylinder storage, nozzle placement, etc. 
 

3.1  Hazard Analysis 
The system designer must first determine the hazard type. The hazard generally falls into one of the 
three following categories, and sometimes a combination thereof. The designer must be aware of the 
Hazard Type in order to determine the correct design concentration, agent quantity, etc. The three 
Hazard Types are: 
 
Surface Class A: wood, paper, plastic sheet (PMMA, PP, ABS) 
Higher Hazard Class A:  

• cable bundles greater than 100 mm in diameter, 
• cable trays with a fill density greater than 20 percent of the tray cross‐section; 
• horizontal or vertical stacks of cable trays (closer than 250 mm); 
• equipment energized during the extinguishment period where the collective power 

consumption exceeds 5 kW. 
Class B: flammable liquids 

 
3.2  Design Concentration 

The following is a guideline to be used in determining the Design Concentration for the hazard(s) being 
protected. Extinguishing concentration is the minimum concentration of extinguishant required to 
extinguish fire involving particular fuel under defined experimental conditions excluding any safety 
factor.   
The Design Concentrations listed below are based on the extinguishing concentration value established 
by EN‐15004 :2008 standard – Annex C. These values have been multiplied by a Safety Factor (1,3 for EN‐
15004) as required by the applicable standard 

 
Tab. 4 HFC227ea reference extinguishing and design concentrations EN‐15004‐5:2008 

Fuel 
Extinguishment 

% 
Minimum design 

% 

Class B 
Heptane (cup burner) 
Heptane (room test) 

 
6,7 
6,9 

9,0 

Surface Class A 
Wood Crib 
PMMA 
PP 
ABS 

 
4,9 
6,1 
6,1 
6,1 

7,9 

Higher Hazard Class A a 8,5 
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Tab. 4 HFC‐125 reference extinguishing and design concentrations EN‐15004‐4:2008 

Fuel 
Extinguishment 

% 
Minimum design 

% 

Class B 
Heptane (cup burner) 
Heptane (room test) 

 
9,3 
9,3 

12,1 

Surface Class A 
Wood Crib 
PMMA 
PP 
ABS 

 
6,7 
8,6 
8,6 
8,6 

11,2 

Higher Hazard Class A a 11,5 

 
Tab. 4 HFC23 reference extinguishing and design concentrations EN‐15004‐6:2008 

Fuel 
Extinguishment 

% 
Minimum design 

% 

Class B 
Heptane (cup burner) 
Heptane (room test) 

 
12,6 
12,3 

16,4 

Surface Class A 
Wood Crib 
PMMA 
PP 
ABS 

 
10,5 
12,5 
12,5 
12,4 

16,3 

Higher Hazard Class A a 16,3 

 
3.3  Required Agent quantity 

For this manual we will design an extinguishing HFC227ea system. 
The first step in designing the HFC227EA system is to determine the volume of the space(s) being 
protected. The volume is calculated by multiplying the length x width x height of the space.  Sometimes 
it is necessary to divide the protected space into smaller segments due to the configuration of the space.  
Each smaller segment is then added together to determine the total volume.  
As a general rule, the volume used to calculate the quantity of HFC227EA required should be based on 
the empty (gross) volume.  Additional considerations include: 

• The volume taken by solid, non‐permeable, and non‐removable objects can be deducted from 
the protected volume 

 
• Any volume that is open to the space being protected must be added (i.e. non‐dampered 

ductwork, unclosable openings, etc.) 
 
HFC227EA quantity per cubic meter of the protected area determination is obtained by the table 3.3. 
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Symbols: 

m/V is the agent mass requirements (kg/m3); i.e. mass, m, in kilograms of agent required per cubic 
metre of protected volume V to produce the indicated concentration at the temperature 
specified; 

V is the net volume of hazard (m3); i.e the enclosed volume minus the fixed structures impervious 
to extinguishant 

S
V

c
cm 








−

=
100

 
T is the temperature (°C); i.e. the design temperature in the hazard area; 

S is the specific volume (m3/kg); the specific volume of superheated HFC227EA vapour at a 
pressure of 1,013 bar may be approximated by the formula: 

S = k1 +k2 T 

where 

k1 =0,126 9 

k2 = 0,000 513 
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c is the concentration (%); i.e. the volumetric concentration of HFC227EA in air at the 
temperature indicated, and a pressure of 1,013 bar absolute. 

 
If concentration values wouldn’t be in the table, HFC227EA quantity per cubic meter of the protected 
area determination is obtained by the equation: 

 

Sc
cx 1

100 







−

=  

 
In this equation x represents the gaseous volume percent per unit of protected volume. 
To obtain Design quantity (kg) to discharge in 10 seconds there is to multiply  x, extinguishing agent 
density at 20°C, and the protected room’s volume. 
 
As an example follows the calculations for c = 7,9%. 

 

625374,0
100

5374235,62

5374235,62
9,7100

9,7
13716,0
100

100

13716,020 0,0005130,126921

===

=







−

⋅=







−
⋅=

=⋅+=⋅+=

V
mx

c
c

S
Vm

TkkS

 

 
NOTE – This value can be automatically calculated by using the Predimensioning.xls file. 

 
3.4  Additional Considerations 

Additional quantities of HFC227EA are required through the use of design factors to compensate for 
special conditions that may affect the ability of the system to extinguish the fire. The system designer 
MUST be aware of these criteria and make adjustments as necessary. Additional agent may be necessary 
for the following situation: 

 
3.4.1  Altitude Correction Factors  

The design quantity of HFC227EA shall be adjusted to compensate for ambient pressures that vary more 
than eleven percent [equivalent to approximately 1000m of elevation change] from standard sea level 
pressures [1,013 bar absolute]. 
The amount of agent required must be adjusted using the correction factors shown below to compensate 
for these effects.  (Reference: EN 15004) 

 
Table 3.4 

Equivalent altitude 
m 

Correction factor 
(for ideal gases) 

‐1000 1,130 

0 1,000 

1000 0,885 

1500 0,830 

2000 0,785 

2500 0,735 

3000 0,690 

3500 0,650 
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4000 0,610 

4500 0,565 

 
3.5  Discharge Time (ref. EN 15004‐1:2008 chapter 7.9) 

The liquefied extinguishant discharge shall be completed as quickly as possible to suppress the fire and 
limit the formation of decomposition products. In no case shall the discharge time required to achieve 
95 % of the design concentration exceed 10 s at 20 C, or as otherwise required by the authority. 
The discharge time period is defined as the time required to discharge from the nozzles 95 % of the 
extinguishant mass required to achieve the design concentration at 20 °C. For liquefied extinguishants, 
this can be approximated as the interval between the first appearance of liquid at the nozzle and the 
time when the discharge becomes predominantly gaseous. Hughes Associates hydraulic calculation 
software is used to demonstrate compliance with this clause. 
 

3.6  Duration of Protection (“Door Fan Test”) (ref. EN 15004‐1:2008 chapter 7.8) 
It is important that an effective extinguishant concentration not only be achieved, but is maintained for 
a sufficient period of time to allow effective emergency action. This is equally important in all classes of 
fires since a persistent ignition source (e.g. an arc, heat source, oxyacetylene torch, or "deep‐seated" 
fire) can lead to resurgence of the initial event once the extinguishant has dissipated. 

It is essential to determine the likely period during which the extinguishing concentration will be 
maintained within the protected enclosure. This is known as the hold time. The predicted hold time 
shall be determined by the door fan test specified in EN 15004 annex E, or a full discharge test based 
on the following criteria: 

 
a. At the start of the hold time, the concentration throughout the enclosure shall be the design 

concentration. 
b. At the end of the hold time, the extinguishant concentration at 10%, 50% and 90% of the 

room height in the enclosure shall be not less than the fire extinguishing concentration. 
c. The hold time shall be not less than 10 min, unless otherwise specified by the authority. 

 
Annex E: “Door fan test for determination of minimum hold time”  
 
Here below  an example of door fan integrity test performed with Retrotec  Q5E Automated Blower 
Door  
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3.7  Overpressure in the enclosure volume   
In  halocarbon or inert gas fire fighting systems the overpressure inside the enclosure volume, after the 
gas discharge, depends on many factors related both the fire fighting system and the room. 
In particular, pressurization depends on: 

• total area of loss (openings and / or loss of volume); 
• design gas concentration; 
• Agent discharge speed (download time); 
• Type of agent used 

The type of the agent used characterizes directly the temporal evolution of the pressurization. The gas 
discharge generates a rapid increase in the pressure up to a maximum value followed by a relatively slow 
pressure reduction. The discharge of a Halocarbon instead generates an initial depressurization related 
to the cooling effects due to the changing phase (from liquid to vapour). Following an ambient 
pressurization caused by an heat transfer from the ambient to the cool air and the agent gas which is 
expanding . 
Figure 1 and 2 show typical pressure trend for inert and halocarbon gas respectively and derive from a 
study conducted by Hughes Associates Inc. The enclosure pressure is expressed in iwc (inch of water 
column) a  unit which is equal to 249.0889 Pa. 

 

 
Fig. 1: Time evolution of the ambient pressure during 
the discharge of an inert gas. 

 
Fig. 2: Time evolution of the ambient pressure during 
the discharge of an halocarbon gas. 
 

 
 

The pressurization of the enclosure volume must be carefully evaluated and, if necessary, must be 
provided appropriate relief surface 
The strength of the enclosure volume can be determined using tables such as in tab. 1 that refers to the 
resistance values of typical building materials. 
In practice, a resistance value of 500 Pa (50 mbar kgf/m2 or 5) is usually considered a conservative value. 
The incorrect assessment of the pressurization of the enclosure volume could lead to destructive events 
such as those shown in Figures 3‐5 
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Fig. 3: An example of a high pressurization of the 
enclosure volume (false ceiling) 

 
Fig. 4: An example of a high pressurization of the 
enclosure volume. 

 

 
Fig. 5: An example of a high pressurization of the 
enclosure volume. 
 

 
The calculation of the pressurization of the enclosure room and, therefore, the evaluation of devices for 
pressure reduction is not currently regulated by a precise standards. 
From a review of the literature, there are two methodologies that represent the state of the art: 

1. CEA directive (Comité Européen des Assurances, (www.cea.eu) “Fire extinguishing systems using 
liquefied halocarbon gases: planning and installation” e “Fire extinguishing systems using non‐
liquefied inert gases: planning and installation”; 

2. Experimental data provided by Retrotec Inc. (www.retrotec.com), on years of experience and 
researce 

 
CEA Directive 
CEA directive “Fire extinguishing systems using liquified halocarbon gases: planning and installation” and 
“Fire extinguishing systems using non‐liquefied inert gases: planning and installation” provides the following 
equation to calculate the area A [m2] pressure relief: 

 

2

*

C
vp
vMA
HOM

PP

⋅∆
⋅

=         (1) 

 
where 
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*
PM ...................= extinguishing gas flow  [kg/s] 

p∆ ....................= maximum allowable pressure of the structures of the protected volume ………..[Pa] 

pv ......................= extinguishing gas specific volume  [m3/kg] 

v HOM……….....................=   specific volume of the mixture  [m3/kg] 
 
Specific volume v HOM and density ρ HOM of the mixture are given by: 

ppairairHOM vxvxv ⋅+⋅=  

ppairairHOM ρερερ ⋅+⋅=  

where 
ε ........................= volume fraction  ≤ 1 
x .......................= mass fraction  ≤ 1 

ρ P ......................= extinguishing gas density [kg/m3] 

ρ HOM= ........................ mixture density  ……… [kg/m3] 

 
The coefficient C2 is set equal to: 

2
1

2
CC =  

 
Where coefficient C1 is given by: 

2
1 2 HOM

HOM wCp ρ
=∆  

 
where wHOM [m/s] is the flow velocity.  
The coefficient C1 depends on the geometry of the opening and, in most cases, it is included in the following 
range: 0.5<C1<2.5. CEA directive suggests putting C1 = 2 in the case of openings with a high resistance, this 
assumption simplifies the equation (1) because the coefficient C2 is equal to 1 

 
Experimental data Retrotec Inc. 
Retrotec Inc., a company of reference for "Enclosure integrity tests" in accordance with EN 15004 (or NFPA 
2001), has long been involved in a research project with the aim of assessing the pressurization of a room 
according to: 

• Extinguishing gas discharged; 
• VVR, venting to volume ratio, ie the ratio between the surface and the volume of openings in the 

same enclosure volume. 
Experimentation allowed to collect a database of experimental data from which were determined for each 
gas extinguishing of the regression lines of the type VVR=f(�p) [4]. The experimental curves have been 
implemented in a spreadsheet, shown in Figure.  
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Fig. 6: Retrotec Inc. spreadsheet 
Room characteristic 
The archive reports in the example above door fan has a volume of 1213m3. 
In the room are present openings that have been quantified by the Door Fan Test Integry in an area of 0.0734 
m2as follows. 
It is assumed that the facility type to withstand a pressure of 500 Pa (equal to 5 mbar or 50 kgf/m2) may be a 
reasonable maximum permissible value during discharge of the extinguisher. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Extinguishing system 
The room is protected with a fire extinguishing system fire extinguishing Halocarbon HFC227ea. In 
particular, the quantity needed to extinguish the fire, determined in accordance with the Italian standard EN 
15004:2008, corresponds to a final volume of 7,9 %. the fire extinguishing system has been sized to 
discharge the gas in 10 s. 

 
Calculation of the over pressure damper 
The determination of the surface relief of pressure was determined with the relations of experimental 
Retrotec Inc., considered more reliable than the CEA report. 
table 2 shows the characteristics of the environment to protect and plant shutdown required for 
determining the area of pressure relief. 

 
Tab. 2: Caratteristiche dell’ambiente da proteggere ed dell’impianto di spegnimento. 

 
Volume 1213 m3 

Maximum allowable pressure 500 Pa 
Extinguishing gas concentration 7,9 % 

Discharge time 10 s 
“Natural” room opening 0,0734 m2 

 
The Retrotec Inc. spreadsheet, as shown in figure, indicates for the protected room a relief surface of 36 cm2 
(0.0366 m2). Since the openings already present in the room is equal to 0.0496 m2 (quantified by Integrity 
Testing Door Fan), it is unnecessary to introduce any further area of pressure relief. Table 3 shows the 
results of calculating the pressure dampers. 
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Fig 8: Determining the area of pressure relief using spreadsheet Retrotec Inc 
 

Tab. 3: Over pressure damper determination. 
Area required for the vent overpressure 0,263 m2 

No of overpressure damper 1  
500x500 

 
 

Endnote 
The analysis has dealt with the pressurization of the protected volume following the discharge of an 
extinguishing agent. In particular, it was done calculating the number of pressure reducing devices 
(overpressure dampers). The calculation was done based on experimental data collected by Retrotec Inc. 
and implemented in a spreadsheet. The Bettati overpressure damper requires no protective grill because, at 
rest, the damper is normally closed 
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3.8  Nozzle selection and location (ref. EN 15004:1 chapter 6.3.6) 
The number of nozzles required is based on the hazard size and configuration and the coverage provided by 
the nozzle. 
Nozzles are available in multi‐port versions with calibrated plate to provide 180 or 360 degree discharge 
patterns respectively. The orifice plate hole diameter is determined by the Hughes Associates Inc. flow 
programme. 
When considering the optimum nozzle location, the following factors should be taken into account. 

• Nozzle location is effected by the shape of the hazard area. 
• Design concentration has to be achieved in all parts of protected volume by a correct nozzle 

location. 
• The maximum discharge area for a 360° and a 180° nozzle is 30m² (normative CEA). 
• Nozzle orifices must be not placed where they may discharge into nearby objects. 
• For 360° nozzles, nozzles must be installed within 300 mm of the ceiling. 
• m maximum protection height for single 360° and 180° nozzle 

 
 

 
 
Bettati Antincendio srl has performed tests for verifying the characteristics of distribution of its nozzles at 
the Institute for Research and Testing, “M. Masini" the test was conducted according to the draft prEN 
12094‐7:2005, following the procedure described in section 5.4.3 of the standard. 
The test room used had an area of 39.8 square meters and a volume of 139.4 m3. 
The results confirmed that all requirements are expressed by the standard in terms of distribution and 
concentration of oxygen delivered mass (flooding) declared by the manufacturer. 
The value of oxygen after the download is included in the 13 ±  difference measured by different sensors is 
equal to 0.4% less than 0.7% indicated by the standard measured within 60 seconds to download. 
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3.9  Pipeline and Fitting 
 

The most important considerations about pipework distribution are: 
 

• Room shape 
• Nozzles location  

 
Each pipe selection shall be cleaned internally after preparation and before assembly by means of swabbing, 
utilizing a suitable non‐flammable cleaner. 
The pipe network shall be free of particulate matter and oil residue before installation of nozzles or discharge 
devices. 

Table: Pipe type for extinguishing gas system HFC125 HFC227ea 

 Pipe Schedule 
Diameter 
(inches) 

Material Thread Pipe 

Placed after 
the orifice 
plate 
without 
directional 
valves 

API 5LGRB 40 

½” 
¾” 
1” 

1”1/4 
1”1/2 

2” 
2”1/2 

3” 

2.77 
2.87 
3.38 
3.56 
3.68 
3.91 
5.16 
5.49 

ASTM A‐106 
Galvanized 
seamless 

NPT 

 
Table: Pipe type for extinguishing gas system HFC23 

 Pipe Schedule 
Diameter 
(inches) 

Material Thread Pipe 

Placed after 
the orifice 
plate 
without 
directional 
valves 

API 5LGRB 40 

1” 
1”1/4 
1”1/2 

2” 
2”1/2 

3” 

3.38 
3.56 
3.68 
3.91 
5.16 
5.49 

ASTM A‐106 
Galvanized 
seamless 

NPT 

 

Fittings Type Material Screw thread 

Placed after the orifice 
plate without 
directional valves 

ASA 3000 
ASTM A‐105 
galvanized 

NPT 
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3.10  Tee Orientation 
The Tee orientation is an important characteristic in maintaining consistency of flow split percentages. 
Therefore, a simple rule MUST be observed concerning tee orientation: EVERY OUTLET of every tee MUST be 
orientated in the horizontal plane. 

 
 
3.11  Estimating Pipe Sizes 
 

The following are approximate flow rate for estimating pipe sizes: 
 

HFC‐125 Sch40 

Inches Kg/sec x 10sec 
1/2” 0‐16 
3/4“ 17‐27 
1” 28‐39 

1”1/4 40‐60 
1”1/2 61‐90 

2” 91‐160 
2”1/2 161‐270 

3” 271‐440 
4” 441‐600 

 
HFC‐23 Sch80 

Inches Kg/sec x 10sec 
1/2” 0‐8 

3/4“ 9‐15 
1” 16‐25 

1”1/4 26‐40 
1”1/2 41‐80 

2” 81‐140 
2”1/2 141‐190 

3” 191‐265 
4” 266‐380 

 

NOTE – The Hughes Associates Inc. flow calculation programme must be used to verify exact pipe sizes, 
nozzles orifices for all systems designs and installations. 

3.12  Pipes Hangers and Support (EN 15004‐1 chapter. 6.3.4) 

HFC‐227ea Sch40 
Inches Kg/sec x 10sec 

1/2” 0‐14 
3/4“ 15‐24 
1” 25‐40 

1”1/4 41‐60 
1”1/2 61‐90 

2” 91‐150 
2”1/2 151‐210 

3” 211‐270 
4” 271‐400 
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All support and parts thereof shall conform to the requirements for EN‐15004. 
 

TABLE 3.8 ‐ Maximum pipework spans 
Nominal diameter of pipe 

DN 

Maximum pipework span 

m 

6 0,5 

10 1,0 

15 1,5 

20 1,8 

25 2,1 

32 2,4 

40 2,7 

50 3,4 

65 3,5 

80 3,7 

100 4,3 

125 4,8 
 
3.13  Design example calculation according to EN 15004 

The main step to follow when designing a extinguishing gas system are: 
1. Inspection to verify the volumes to be protected 
2. Risk analysis 
3. Choosing gas extinguishing  
4. Choice of system components EN12094 and CE marked PED \ TPED 
5. Preliminary calculation of the quantity of gas extinguishing 
6. Design of distribution network 
7. Verification of the above by hydraulic calculation software 
8. System Installation 
9. System start‐up 
10. Carry out the door fan integrity test 
11. Management (the ordinary and extraordinary maintenance) 

 
3.13.1 Inspection 
 
During the inspection is necessary to note the following information if not already in our possession 
 

Data to be collected during the inspection 
  Room Location 
  

Application   
  System to be 

implemented   
Altitude a.s.l   Temperature °C   

If not available dimension of the room   
Type of masonry and / or celing   
Cylinder displacement    
Possible path distribution pipes and nozzles   
Presence of primary air conditioning system   

Mechanical system 
surveys to be 

carried out and 
indicated in the 

plan 

Any facilities that may affect the placement of cylinders, nozzles, tubes   



 

Via Disraeli, 8 42124 REGGIO EMILIA ‐ ITALY 
Tel. +39 0522 369711 Fax +39 0522 791052 

E‐mail: info@bettatiantincendio.it 
P.IVA – C.F.  01979170352 

 

Revised 05/2010 34  34 
 

and accessories 
Presence openings can not be eliminated   
State of the supports   
Any openings not confined to unprotected adjacent areas   

Any existing installation: brand / model tanks - brand / model valve - 
charge / gas extinguishing type - diameter / length of existing pipe   

 
3.13.2 Risk analisys  

The risk for this example is a paper archive a risk class A 
 

Table 4 ‐ (Ref. EN 15004‐4 Ed.2008) 

Fuel 
Exinguishing 

% 
Minimum design 

% 

Class B 
Heptane (cup burner) 
Heptane (room test) 

 
6,7 
6,7 

 
9,0 

Class A 
Wood crib 
PMMA 
PP 
ABS 

 
4,9 
6,1 
6,1 
6,1 

 
7,9 

Class A High Hazard a 8,5 

 
3.13.3  Gas extinguishing choosing  

Depending on the requests received by the customer we have decided to install a fire extinguishing gas 
Halocarbon. 

 
3.13.4 Choice of system components EN12094 and CE marked PED \ TPED  

Marking according to European Directive PED 97/23/EC transposed in Italy by DL 93, 25/02/2000: 
Applies to the design, manufacture and conformity assessment of pressure equipment (vessels, piping, 
safety accessories and pressure accessories) and assemblies with a maximum allowable pressure PS 
exceeding 0,5 bar. 
Marking according to European Directive CE 89/106/EC transposed CPD DPR 246, 21/04/93: 
This directive is born, as well as the PED and TPED, within the European Community Programme designed 
to remove technical barriers to trade and fall under the directives of such new approach to technical and 
regulatory. 
The aim is to harmonize the national laws of individual member states for the design, construction, testing 
and conformity assessment of the components of firefighting equipment in order to introduce into the 
market products that respect because of harmonized technical standards, performance requirements and 
we common security and mutually accepted by member states 
Bettati Antincendio srl has submitted its products to the assessment of notified bodies that have 
certified compliance with Directive 97/23/EC (PED) and verified compliance with the harmonized 
standards EN 12094 series of CPD. 
 
 
 

Product Notified body 
Serial ID  

Notified body 
Standard reference 

Inert gas valve and Consortium 0474 97/23/CE ‐ PED 
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actuator 
VHFCx 

RINA‐OMECO 

Inert gas valve and 
actuator 

VHFCx 

Testin and research 
istitute “M. Masini”  

068 
EN 12094 

part 4:2004 

Directional valve and 
actuator 

 

Testin and research 
istitute “M. Masini” 

068 
EN12094 

Part 5:2006 

Check valve and non‐
returne valve  

VNRH 

Testin and research 
istitute “M. Masini” 

068 
EN 12094 

part 13:2002 

Flex hose 
Testin and research 
istitute “M. Masini” 

068 
EN 12094 

part 8:2006 
 
 
3.13.5 Preliminary calculation of the quantity of gas extinguishing 
 

The risk is represented by a paper archive. 

8500

300

3000

ARCHIVIO
VOLUME DA PROTEGGERE 306 mc
AREA COPERTA 102 mq

3000

12000

LOCALE BOMBOLE

 
 

Volume = 306 m³ 
Local temperature = 20°C 
Minimum project concentration of HFC227EA according to the EN 15004.4 Ed.2008 
 c = 6,1%+30% = 7,9% 
Using the following equation (EN 15004 parte 4 Ed.2008): 

 

CYLINDERS’ ROOM

ENCLOSURE VOLUME 3063 

ENCLOSURE AREA 1022 
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The value was obtained as 7,9% is not present in table 3.3. 
 
The project quantity of HFC227EA in Kg is: 8913237,190  [kg] 

 
Qreal = Qdesign + 0,1086763=191 [kg] 

 
                                                

Number of cylinders:  24211,1
120

12,1/
⇒== realQ

N  x 120lt Cylinders 
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Formulas taken from EN 15004 – 4  Ed. 2008 
 

  

DATE         
  
MINIMUM DESIGN CONCENTRATION  7,9 
TEMPERATURE 
[°C]       20 
ROOM VOLUME* [m^3] 306 
SPECIFIC VOLUME AT 20°C [m^3/KG]   0,1373 
MAXIMUM FILL DENSITY kg/l     1,12 
MINIMUM FILL DENSITY kg/l   0,5 
DISCHARGE TIME [s]   10 
  

RESULTS       
  
  
QUANTITY OF HFC227ea Kg   190,88 
* For deductible part we mean volume  impermeable to gas 
CYLINDERS lt Kg min. Kg max n. cylinders 

14 7 15,68 13 
27 13,5 30,24 7 
50 25 56 4 
60 30 67,2 3 
75 37,5 84 3 

120 60 134,4 2 
  150 75 168 2 
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3.13.6 Design of distribution network  
 

 
Depending on the room geometry has adopted this balanced distribution to H 

 
Isometric view of the distribution of diameters and lengths between cylinders and nipples 
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SINGLE CYLINDER 
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MULTIPLE CYLINDERS 
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3.13.7 Verification of the above by hydraulic calculation software 
 

BETTATI ANTINCENDIO SRL 
 VIA DISRAELI, 8 
 42100 REGGIO EMILIA 
 ITALY 
 Phone: +39 522 369711 
 AgentCalcs for HFC-227ea - 42 bar (600 psi) 
 File Name: C:\Programmi\Hughes Associates\AgentCalcs for HFC-227ea GEN310\Projects\manuale 
 Calculation Date/Time: martedì 18 maggio 2010, 15:46:25 
 
 Consolidated Report 
 Customer Information 
 
 Company Name: 
 Address: 

 
 Phone: 
 Contact: 
 Title: 
 
 Project Data 
 Project Name: 
 Designer: Bettati Antincendio srl 
 Number: 
 Account: 
 Location: 
 Description: 
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 Consolidated Report 
 Enclosure Information 
 
 Elevation: 0 m (relative to sea level) 
 Atmospheric Correction Factor: 1 
 
 Enclosure Number: 1 
 Name: Ambiente 
 Enclosure Temperature... 
 Minimum: 20,0 C 
 Maximum: 20,0 C 
 Maximum Concentration: 7,910 % 
 Design Concentration... 
 Adjusted: 7,910 % 
 Minimum: 7,900 % 
 Minimum Agent Required: 191,8 kg 

 Width: 0,00 m 
 Length: 0,00 m 
 Height: 0,00 m 

 Volume: 306,00 cubic m 
 Non-permeable: 0,00 cubic m 

 Total Volume: 306,00 cubic m 

 Adjusted Agent Required: 192,0 kg 
 Number of Nozzles: 4 
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Consolidated Report 
 Agent Information 

 
 Agent: HFC-227ea / Propellant N2 

 
 Adjusted Agent Required: 192,0 kg 
 Container Name: 120 L 
 Container Part Number: 
 Number of Main Containers: 2 
 Number of Reserve Containers: 0 
 Manifold: Baseline, Center, 2 Cyls, Up 
 
 Pipe Take Off Direction: Up 
 Agent Per Container: 96,0 kg 
 Fill Density: 0,800 kg / l 
 Container Empty Weight: 0,0 kg 
 Weight, All Containers + Agent: 192,0 kg 
 Floor Area Per Container: 0,00 square m 
 Floor Loading Per Container: 0 kg /square m 
 
 
 Pipe Network 
 
 Part 1 - Pipe 
 Pipe 
 Description Start End Type Diameter Length Elevation 
 Main Cyl. X 2 0 1 1,00 m 1,00 m 
 Manifold X 2 1 2 40T 50 mm 0,50 m 0,31 m 
 Manifold X 2 2 3 40T 65 mm 0,46 m 0,00 m 
 Pipe 3 4 US40G 65 mm 0,10 m 0,10 m 
 TS 
 Pipe 4 5 US40G 65 mm 0,10 m 0,00 m 
 TS 
 Pipe 5 6 US40G 65 mm 3,24 m 0,00 m 
 TS 
 Pipe 6 7 US40G 65 mm 4,15 m 0,00 m 
 TS 
 Pipe 7 8 US40G 50 mm 3,00 m 0,00 m 
 TS 
 Pipe 8 9 US40G 32 mm 2,12 m 0,00 m 
 TS 
 Pipe/E1-N1 9 10 US40G 25 mm 0,20 m -0,20 m 
 TS 
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Consolidated Report 
 Part 1 - Pipe 
 Pipe 
 Description Start End Type Diameter Length Elevation 
 Pipe 8 11 US40G 32 mm 2,12 m 0,00 m 
 TS 
 Pipe/E1-N2 11 12 US40G 25 mm 0,20 m -0,20 m 
 TS 
 Pipe 7 13 US40G 50 mm 3,00 m 0,00 m 
 TS 
 Pipe 13 14 US40G 32 mm 2,12 m 0,00 m 
 TS 
 Pipe/E1-N4 14 15 US40G 25 mm 0,20 m -0,20 m 
 TS 
 Pipe 13 16 US40G 32 mm 2,12 m 0,00 m 
 TS 
 Pipe/E1-N3 16 17 US40G 25 mm 0,20 m -0,20 m 
 
 TS 
 
 Part 2 - Equivalent Length 
 Start End 90 45 Thru Side Union Other Added Total 
 
 0 1 0 0 0 0 0 0,00 m 4,60 m 
 1 2 0 0 0 0 0 3,00 m 3,47 m 
 2 3 1 0 0 1 0 0,00 m 6,55 m 
 3 4 0 0 0 0 0 0,00 m 0,09 m 
 4 5 1 0 0 0 0 0,00 m 2,10 m 
 5 6 1 0 0 0 0 0,00 m 5,24 m 
 6 7 1 0 0 0 0 0,00 m 6,16 m 
 7 8 0 0 0 1 0 0,00 m 6,40 m 
 8 9 0 0 0 1 0 0,00 m 4,42 m 
 9 10 1 0 0 0 0 0,00 m 1,07 m 
 8 11 0 0 0 1 0 0,00 m 4,42 m 
 11 12 1 0 0 0 0 0,00 m 1,07 m 
 7 13 0 0 0 1 0 0,00 m 6,40 m 
 13 14 0 0 0 1 0 0,00 m 4,42 m 
 14 15 1 0 0 0 0 0,00 m 1,07 m 
 13 16 0 0 0 1 0 0,00 m 4,42 m 
 16 17 1 0 0 0 0 0,00 m 1,07 m 
 
 
 Part 3 - Nozzles 
 Start End Flow Name Size Type Nozzle Area 
 0 1 96,0 kg 
 1 2 96,0 kg 
 2 3 96,0 kg 
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 Consolidated Report 
 Part 3 - Nozzles 
 Start End Flow Name Size Type Nozzle Area 
 3 4 192,0 kg 
 4 5 192,0 kg 
 5 6 192,0 kg 
 6 7 192,0 kg 
 7 8 96,2 kg 
 8 9 48,1 kg 
 9 10 48,1 kg E1-N1 25 mm Metric 334,52 square mm 
 8 11 48,1 kg 
 11 12 48,1 kg E1-N2 25 mm Metric 334,52 square mm 
 7 13 95,8 kg 
 13 14 47,9 kg 
 14 15 47,9 kg E1-N4 25 mm Metric 334,52 square mm 
 13 16 47,9 kg 
 16 17 47,9 kg E1-N3 25 mm Metric 334,52 square mm 
 
 Parts Information 
 
 Total Agent Required: 192,0 kg 
 Container Name: 120 L 
 Number Of Containers: 2 
 Manifold: Baseline, Center, 2 Cyls, Up 
 
 Nozzle Type Diameter Nozzle Area Part Number 
 
 E1-N1 Metric 25 mm 334,52 square mm 

 E1-N2 Metric 25 mm 334,52 square mm 

 E1-N3 Metric 25 mm 334,52 square mm 

 E1-N4 Metric 25 mm 334,52 square mm 
 
 Nozzle Drill Diameter Drill Size 
 
 E1-N1 20,6000 mm 13/16 

 E1-N2 20,6000 mm 13/16 

 E1-N3 20,6000 mm 13/16 

 E1-N4 20,6000 mm 13/16 

 
 Pipe: Type Diameter Length 
 US40GTS 25 mm 0,80 m 
 
 Page: 5 of 7 
 Copyright (c) Hughes Associates, Inc. 



 

Via Disraeli, 8 42124 REGGIO EMILIA ‐ ITALY 
Tel. +39 0522 369711 Fax +39 0522 791052 

E‐mail: info@bettatiantincendio.it 
P.IVA – C.F.  01979170352 

 

Revised 05/2010 46  46 
 

 
 Consolidated Report 
 Pipe: Type Diameter Length 
 US40GTS 32 mm 8,48 m 
 US40GTS 50 mm 6,00 m 
 US40GTS 65 mm 7,59 m 
 40T 50 mm 1,00 m 
 40T 65 mm 0,91 m 

 
  
 List of 90 degree elbows: 
 4 - 25 mm 
 5 - 65 mm 
  
 List of Tees: 
 2 - 50 mm 
 1 - 65 mm 

 System Acceptance 
 
 System Discharge Time: 8,9 seconds 
 Percent Agent In Pipe: 38,6% 
 Percent Agent Before First Tee: 22,8% 

 Enclosure Number:  1 
 Enclosure Name: Ambiente 

 Minimum Design Concentration: 7,900% 
 Adjusted Design Concentration: 7,910% 
 Predicted Concentration: 7,910% 
 Maximum Expected Agent Concentration: 7,910% (At 20,0 C) 
 
 Minimum Adjusted Predicted Nozzle 
 Agent Agent Agent Pressure 
 Nozzle Required Required Delivered (Average) 

 E1-N1 48,0 kg 48,1 kg 48,0 kg 14,318 bar 
 E1-N2 48,0 kg 48,1 kg 48,0 kg 14,318 bar 
 E1-N3 47,9 kg 47,9 kg 48,0 kg 14,318 bar 
 E1-N4 47,9 kg 47,9 kg 48,0 kg 14,318 bar 
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 Consolidated Report 
 
 Standard Isometric View 
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3.13.8 System installation 
See: “Installation manual for halocarbon gas system” 
 
3.13.9 System start‐up 
See: “Installation manual for halocarbon gas system” 
 
3.13.10 Carry out the door fan integrity test  
See: “Installation manual for halocarbon gas system” 
 
3.13.11 Management (the ordinary and extraordinary maintenance) 
See: “Maintenance manual” 
 

 


