INTERNATIONAL HALON REPLACEMENT WORKING GROUP

A Message From The Coordinator's Office

July 30, 1996

Dear International Halon Replacement Working Group Members:

Enclosed is the Minutes Package from the July 16-17, 1996, meeting held at the
William J. Hughes Federal Aviation Administration (FAA) Technical Center.

This package includes a copy of the ‘Lavatory Disposal Receptacle Built-In Extinguisher
Halon Replacement Proposed Minimum Performance Standard’. Any comments on this
proposed standard should be directed to Tim Marker at 609-485-6469 or by fax at
609-485-5580. The ‘Proposed Minimum Performance Standards for Aircraft Engine and
APU Compartment Fire Extinguishing Agents/Systems’ is also included in this package.
Any comments on this proposed standard should be directed to Doug Ingerson at
609-485-4945 or by fax at 609-646-5229,

The next meeting will be held on October 9-10, 1996, in the London area. A complete
meeting details package will be mailed to all working group members as soon as it is
available.

Thank you for another successful meeting.
Sincerely yours,
N févzem
M~
April Horner

Enclosures

Sponsored by:
Federal Aviation

Administration
Technical Center



INTERNATIONAL HALON REPLACEMENT WORKING GROUP MEETING
Held at the Federal Aviation Administration (FAA) Technical Center
July 16-17, 1996

TUESDAY, JULY 16, 1996

R. Hill spoke about possible impact of ValuJet accident earlier this summer in Florida and
the conversion of Class D cargo compartments to Class C cargo compartments on transport
aircraft.

Review of Minutes of March 26-27, 1996 Meeting

No comments from group.

Schedule for Halon Replacement - R. Hill

Engine work is on schedule provided minimum performance standards are worked out.
Cargo work is about 3-4 months behind schedule due to ValuJet accident investigation.
Lavatory test method is progressing. There have been several meeting since the March WG
meeting on the lavatory test method. We (at the FAATC) have set up the handheld test
apparatus here and begun testing. B. Glaser: Will you include John Petrakis’ Halon
Replacement schedule in the minutes and will it include all of these areas? R. Hill: Yes, we
will include it and we will include all of these areas in it.

CARGO - FULL SCALE TESTING - D. Blake

Presented results of Hydrogen Fluoride TC10 Cargo Test Cargo Compartment at 3'6”.
Discussed future tests planned. Dave showed a few photos from the ValuJet investigation.
A. Gupta: Is there something we can learn from this accident? Heat seems to be a major
factor. D. Blake: A lot of work could be done in this area and we have a project we would
like to do, but at present, we are understaffed for all the tests we would like to conduct.

R. Hill

We have talked in the past about what threat you want to prevent against. There has been
quite a bit of discussion about what material should and should not be carried in a cargo
compartment recently.

Water Mist - R. Hill

We (FAATC) have done some tests with water mist systems with containerized loads. We
are going to be doing some water mist testing after we finish with the gaseous agents
probably late in the fail. We have recommended to the FAA Certification Personnel that we
should do the additional water mist testing sooner than that. A. Gupta: Would it help the
FAA if we reconvene the Task Group on cargo compartment tests? R. Hill: If you feel it
would be useful to make additional comments/recommendations, we are open to additional
comments. A. Gupta: Would the Task Group members like to reconvene? S. Hariram:
Yes.

FIREDASS PROJECT - N. Povey

Gave brief presentation on the structure of the FIREDASS PROJECT and its intent.
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ENGINE - FULL SCALE TESTING - D. Ingerson

Presented status of FAATC Nacelle Simulator. Discussed the progress of the group
currently working on the he Minimum Performance Standard for Engines and the proposed
testing at Wright Patterson Air Force Base for August 1996. Presented a list of reports he
found with a number of agents on engine live fires from the 1940’s through 1970. B.
Grosshandler: How do you see your simulator interfacing with the WPAFB simulator
eventually? Do you see using your facility early in the game and then shifting the more
detailed work to WPAFB or doing all of the work here? D. Ingerson: Qur intent is to be able
to do the same work here with the simulator.

MPSE Member Comment: The first draft of the MPSE that we are working on with Doug
does not address all issues.

R. Hill: With the Minimum Performance Standards we are not trying to change the
requirement or the level of safety. We are trying to equate the agent or system to what is
presently used.

The proposed Minimum Performance Standard for the Engine/APU compartment has been

completed. The proposed standard has a generic approach to Halon replacement in the

engine/APU compartment. The general test cycle involves:

1. developing a nacelle simulator of specified geometry and environment

2. producing a certification quality Halon distribution within the nacelle simulator

3. finding fire scenarios which demonstrate a statistical suppression behavior as a result of
Halon 1301 fire suppression performance

4. challenging the fire scenarios found in (3} with an alternate suppression technology

5. finding the alternate suppression technology equivalent to Halon 1301 performance by
the bench mark of the fire scenarios found in (3).

Representatives supporting individual suppression technologies would be expected to work

out details with the parties of interest (e.g. manufacturer, test facility, and certification

authority) for the testing to generate valuable information and see to the correct individuals

receiving that information. D. Ingerson and H. Mehta respectfully acknowledged the effort of

the group members, past and present.

HANDHELD - N. Povey

Gave brief update on Minimum Performance Standard for Handheld Extinguishers - In this
Standard, we defined all the criteria an extinguisher must meet. We will be doing some
toxicity work. D. Catchpole: Has the CAA done any tests with the alternative agents? N.
Povey: J. O’Sullivan has been closely involved in one of the tests we did. One concern is
extensive training for the flight attendants so that they know what to expect when they
discharge the agent.

R. Hill: The FAA did a study a number of years ago on cabin fires/smoke. Some of the
most common fires were small fires in lavatories, galiey fires in various locations (microwave
ovens, etc.). We specified Halon 1211 in the requirement because of the specific threat we
indicated that 1211 {or the equivalent) must be used to extinguish a fire with a handheld
extinguisher. A. Gupta: | received a brochure in the mail about an FAA approved fire
extinguisher for ground applications. This could be misinterpreted. |Is there some way to
bring attention to this? J. Petrakis: We could put out a bulletin. R. Hill: We will take this
up as an Action Item. B. Stacho: What about the Appendix 2 as indicated in the Handheld
Minimum Performance Standard draft? R. Hill: We will discuss this later when we are out
at the facility.
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LAVATORY TRASH RECEPTACLE EXTINGUISHVIENT TESTING - T. Maker

Gave a brief presentation on the testing at the FAATC to date. Traveled to Walter-Kidde
facility in North Carolina to compare test procedures. Walter-Kidde reps and Pacific
Scientific reps visited FAATC to work on Minimum Performance Standard. Presented
update on Minimum Performance Standard revised at the June meeting at the FAATC with
Walter-Kidde and Pacific Scientific. B. Grosshandler: Is the FAATC comfortable with 20°F?
T. Marker: I'm leaving that open for discussion with this WG during this afternoon’s
discussions at the test facilities.

GENERAL DISCUSSION ON AVAILABILITY OF DETECTION SYSTEMS FOR PRESENT
CLASS D CARGO COMPARTNIENTS - R. Hill

R. Hill: What is the problem associated with requiring Halon 1301 systems for all Class D
cargo compartments? |s there enough agent out there? We are talking about 3,500
airplanes in the U.S. fleet with Class D cargo compartments of 500 cubic feet or less. You
would have to be able to get an initial discharge of 5% keeping the concentration above
3%. Most of these planes are used for shorter flights not for long over water flights -- 2 to
3 cargo compartments per plane. Does anybody see a problem for quantities of 1301 if a
system was required now and 1301 was allowed. J. O’'Sullivan: What is the quantity
needed per hold? R. Hill: 15 pounds per compartment. Member comment: Would you
legally be allowed under legislation to require 1301? R. Hill: The FAA will not require the
use of 1301 specifically. We are looking at putting a requirement out to require a
suppression system in the Class D compartments. This may also put pressure on industry
develop a system/agent to replace Halon 1301 for cargo compartments. J. O'Sullivan:
There are a number of areas that need to be looked at first. B. Grosshandler: How do you
factor in the uncertainty of the availability of 1301? R. Hill: Right now we are assuming
that there is no problem requiring for 1301 because it is available based on this WG's
response. It will take some time to put out a rule (a year or two or more). By that time an
alternative agent may be approved. It will take some time for this rule to be in place unless
there is a Congressional directive. D. Catchpole: Why doesn’t the FAA say they don’t want
to use 13017 R. Hill: We have no mandate by law to tell users they cannot use 1301 if it
is still allowed to be used {(if there is no law making it illegal to use 1301). B. Leach: There
is already a push for alternative agents. R. Rubenstein: The aviation industry is not one of
the critical areas where what little Halon that is left should be used. There are other
applications where only Halon can be used at present. This is where our remaining Halon
can be used. R. Hill: There is no mention of 1301 in the requirements. H. Mehta: | think
that there are several issues being mixed up here. 1) Do Class D need a fire detection and
suppression system. 2) Some of this is political and out of this WG’s hands. 3} We are
here to try to come up with minimum requirements for alternative agents. A. Gupta: There
are better ways to make it safer--one is better training of baggage handlers and banning
aerosol cans from checked baggage (allow it to be carry-on luggage only which remains in
the cabin and is not stored in the cargo compartment).

WEDNESDAY, JULY 17, 1996

Report Publication Update

DOT/FAA/AR-96/8 “User Preferred Fire Suppression Agent for Lavatory Trash Container
Fire Protection” - Published April 1996

Update to “Chemical Options to Halon for Aircraft Use” - to be published August 1996
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“User Preferred Fire Extinguishing Agent for Aircraft Cargo Compartments” - to be published
August 1996

“User Preferred Fir Extinguishing Agent for Engine and APU Compartments” - to be
published August 1996

Task Group Leader Presentations/Updates

Cargo Detection False Alarm Survey - J. O'Sullivan

100 surveys sent out only 13 responses from airlines to date, 2 responses from
manufacturers, and 1 from a regulatory authority. Responses were due to John O’Sullivan
by June 30, 1996. Over a 5 year period there were 75 events reported by the 13 airline
respondents. There were 2 real fires out of these 75. Member question: Why don’t we try
to find out how many alarms there were in Class C cargo compartments and how many
were undetected? Also, how many fires there were in Class D cargo compartments? R.
Hill: We can’t even get the airlines to reply with the basic information how will we be able
to get responses on more specific information from them? J. O’'Sullivan: | think that is
broadening the base on what we are asking for significantly. Member question: Do they all
use the same detection system. B. Gibbs: There are number of different manufacturers but
most systems operate under the same basic principles. A copy of the survey responses to
ate is included in this package.

Halon Restrictions Update - J. O’Sullivan/D. Ball

Supplied information on September 11-12, 1996, Conference in England on Halon.

D. Ball gave presentation on Decision VIi/12 and the Aerospace Industry and some details
on the Halon provisions in the Montreal Protocol and some amendments to the Montreal
Protocol. A copy of his presentation is included in this package.

It is important for us to publicize what we are doing in this Working Group to find alternative
agents for Halon in the aviation industry. R. Rubenstein: An engineering effort may need to
made to make the alternative agents/systems (for halon) available work in aviation
applications.

DISCUSSION ON MINIMUM PERFORNMANCE STANDARDS

Minimum Performance Standard for Handheld Extinquishers

R. Hill/N. Povey - Are there any questions or areas of concern on this Minimum Performance
Standard? B. Grosshandler: How did you arrive at the volume in the Minimum Performance
Standard? N. Povey: The volume we wanted to represent some of the aircraft structure.
The volume with the airflow gets you to an extinguishing concentration in some areas
absolutely. A volume which you could use as a benchmark which you could say better than
or worse than this volume. D. Ball: Is there going to be something specific in the handheld
minimum performance standard on toxicology? N. Povey: If it approved as a handheld
extinguisher one assumes that the agent is not going to be toxic. Meaning it won’t have
too irritating an effect on the user so that the user cannot use it {more difficult to use). The
agent in an approved extinguisher, we like to assume, will not be lethally toxic. D. Ball: We
have to define the acceptable toxicity of the alternative agent. R. Hill: In doing that we may
run the risk of comparing the toxicity of the by-products of two or more agents. B.
Grosshandler: Have you tried your system with CO, or water-based systems? N. Povey:
CO, did not perform as well as Halon 1211. | haven’t been involved with any water-based
testing. R. Hill: We are trying to replace 1211 with an agent that gives us an equivalent
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level of safety. C. Lewis: What confidence do we have in extinguishing fires in the test
apparatus to a real fire? N. Povey: We are trying to come up with a benchmark for 1211 to
compare the other agents to. We are confident that this will be an accurate comparison.
Member Question: When will you develop pass/fail criteria? N. Povey: When we are
confident that our test apparatus is reproducible in the U.S. (when the FAATC gets the
same results with their test apparatus that we got with our apparatus). D. Ball: Who is
developing the toxicity standard? N. Povey: Currently, we don’t have any wording other
than something along the lines of “the agent will not cause undo hazard”. B. Grosshandier:
Who will make the judgment as to what is acceptable? R. Hill: You have to get someone
within the FAA to agree that what you put in the extinguisher is equivalent. You will have
to convince that person. Concerning the toxicity, you will have to prove that the alternative
agent is not more hazardous than Halon 1211. N. Povey: By the next meeting | think we
will have enough information to see if we have a problem area. R. Rubenstein: Do you set
the air exchange rate? R. Hill: Yes, we do set the air exchange rate. You can do certain
things to increase the air exchange rate if it is absolutely positively needed (for example, if
there is a lot of smoke). R. Rubenstein: What about if you had a small area fire on an
aircraft? Would you change the air exchange rate? R. Hill: Not necessarily, unless there
was a lot of smoke. R. Rubenstein: Is there a time limit you can set for the air exchange
rate? R. Hill: Yes, that is what we do in the test. We set the airflow and take
measurements. B. Grosshandler: | recommend that you handie the toxicity issue separately
by running a toxicity tests. R. Hill: | would like to hold off until we have run a number of
tests before we run toxicity tests, because we may find the that the fire produces more
smoke than the agent extinguishing the fire as in the case of Halon 1211. N. Povey: By the
time we meet in October the FAATC will have done some testing. We also have some
testing work going on at CEAT. At the next meeting CEAT will give an update on their
work.

Minimum Performance Standards for Lavatory Trash Receptacle Fire Extinquishers

T. Marker: Does anyone have any general comments on the Minimum Performance
Standard? D. Dierdorf: | suggest that we change some of the wording about the
requirement for the amount of agent in the first part of the Minimum Performance Standard.
B. Grosshandler: Why have the amount of agent needlessly restrictive since it will be used
in a trash container (an enclosed area)? A. Gupta: You can not count on the ventilation in
the lavatory, because when the aircraft is on the ground the ventilation is different than
when it is in flight. H. Humfeldt/A. Gupta: Maybe include some wording along the lines of
“not to exceed a certain volume”. H. Humfeldt: Didn’t you say why implement restrictions,
give the end users a chance? R. Hill: Yes, | did. D. Dierdorf: I'd like to propose some
wording taken from the Handheld Minimum Performance Standard such as: “in confined
spaces such as the lavatory at no time should the agent present an unacceptable health
hazard....leakage”. R. Hill: | have no problem with that statement as long as some numbers
are included in that. G. Sarkos: How about a statement such as: “the quantity of agent
should be limited by the lowest adverse...”. B. Gibbs: | think maybe it is the definition of
‘total flood’ that we need to clarify. R. Hill: We'll draft something up and send it around for
comment on this. T. Marker: How about the number of extinguishers? R. Hill: Does 4 out
of 4 or 5 out of b mean 4 in arow or b in a row? R. Mazzone: | really haven’t seen very
much in the way of confidence level that will give us 4 out of 4 or 5 out of 5. B. Glaser:
Aren’t you guys going to run a series? Do you have data that shows 100%? We are going
to run about 10 more tests to get the statistical data. T. Marker: What are we going to
agree on as to the discharge temperature of the agent? What about 20°F? B. Glaser:
Based on the bottle and our amount of testing, | would say 30°F not 20°F. C. Lewis: I'm
not too sure that we have enough sampling to make that decision. T. Marker: We’ll
(FAATC) run some more tests and Walter-Kidde will run some more tests and see what we
come up with. B. Bowen: Was the word ‘functioning’ used? R. Hill: Yes, the word
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‘functioning’ was used. R. Mazzone: What is the temperature that all three test facilities
have had success with? T. Marker: 30°F, based on the tests that we've (all three facilities)
run so far. R. Hill: By the next meeting we should have a temperature that the three test
facilities agree upon. R. Mazzone: Is there a way we can measure the moisture content in
the towels? R. Hill: By weight would be the only way {weigh the a certain number of
towels). The latest version of the Lavatory Minimum Performance Standard is included in
this package.

Minimum Performance Standard for Engine Nacelle/APU

D. Ingerson gave update on results of this group’s meetings. A copy of the Minimum
Performance Standard for Engine Nacelle/APU is enclosed in this package. B. Grosshandler:
Will pan and spray fires be lighted simultaneously? D. Ingerson: No, individually.

Minimum Performance Standard for Cargo Compartments

R. Hill: Does anyone have any comments on the copies that were distributed yesterday
through Nick Povey? We can’t get into the toxicity issue right now because the toxicity
concentration in the cargo compartment depends on the design of the aircraft. B.
Grosshandler: Who is responsible for the measurements on carbon dioxide concentration?
R. Hill: Nick Povey. Take any questions specific to the numbers in that copy up with Nick
Povey. N. Povey: Please get any comments you have on this document back to me or GEC
Marconi. This document is written to cover all types of agents. R. Hill: It is a combination
of the Minimum Performance Standard for Cargo Compartments that we initially wrote up
and cargo compartment water mist testing that is being worked on at GEC Marconi. B.
Grosshandler: Are you going to be doing the pressurized aerosol can test? R. Hill: Yes, we
will develop something that we feel is representative.

B. Bowen: Should the minimum performance standard include a user impact statement
(dealing with corrosiveness of substance, long term odors, what kind of servicing might be
necessary, what kind of clean up is necessary, etc.}). How will the airlines and airframe
manufacturers get this information--from the agent/system manufacturers? R. Hill: The
members of the Working Group as operators and users stated in previous meetings that this
type of information should not be included in the minimum performance standards, but leave
it up to the end users to get this information for themselves (this is similar to the health and
safety concerns about the agent}). B. Bowen: |I'm talking about something in the Minimum
Performance Standard that would require the supplier to provide an impact statement. R.
Hill: Let's have the airlines make a list of some of these concerns such as clean up, etc.,
that they would like addressed for discussion at the next meeting. We’ll talk to Bob
Tapscott about maybe including information like this in the third version of the report. D.
Moore: As a manufacturer, I'd be happy to answer any questions concerning the agents we
manufacture. B. Bowen: | will go to the ATA and see what kind of list they can provide.
R.Hill: Send it to April or bring it to the next meeting. We'll discuss it at the next meeting.

Fire Safety Section Internet Information

Information about the International Halon Replacement Working Group and the International
Aircraft Materials Fire Test Working Group is now located on the Internet as well as other
information about work being done by the Fire Safety Section at the FAATC. The home
page address is: http://www.asp.tc.faa.gov/FAATC/AAR422/index.html
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Working Group Member Presentations

A. Moussa

FAATC (G. Sarkos) will chair a Task Group to publicize what this Working Group has been
doing (work, reports, etc.). He will coordinate with J. O’Sullivan. Contact G. Sarkos or A.
Horner if you are interested in participating in this project.

CONVERSION OF CLASS D CARGO CONMPARTMENTS TO CLASS C CARGO
COMPARTMENTS - R. Hill

Are there any additional comments at this time? |s there any idea based on the fact that
what we are talking about on D compartments are small compartments is that the agent is
not accessible? We are not talking about a whole lot of extra weight since these are small
compartments. Does anyone have any idea of the cost {maybe compared to that of Halon
1301 for this size area)? D. Dierdorf: You are going to have different costs for different
technologies. A number of group members stated that the cost would be similar to that of
Halon 1301 for most of the gaseous agents because the plumbing is the same for these as
for Halon 1301, the cost of the other agents would be close to that of Halon 1301. The
cost of the agent is trivial according to a number of WG members (agent manufacturers).

NEXT MEETING

October 9-10, 1996, in the London area. Further details will be sent out to all group
members when available.
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CARGO HOLD DETECTION STUDY

AIRLINES NB OF ACT NB OF EVENTS
(a) 21 NIl
(b) N.L 1
(c) 19 1
(d) 16 5
(¢) N.L 5
¢)) N.L 33
() 124 2
(h) 69 10
) 60 b)
1)) 3 i
(k) 150 4
{ NI
(m) 24 NIL
AUTHORITIES
(a) N/A 470 APPROX
MANUFACTURERS
(a) N.L
(b) 29
AIRLINES 13 (75)
AUTHORITIES L (470)
MANUFACTURERS 2 (1)
TOTAL RESPONSES 16
EVENTS 556
RESEARCH 15
ATRLINES:  SYSTEM ACTIVATED 75
DIVERSIONS 18
ACTUAL FIRES 2
* NOTE: This information not yet reviewed.

N.L

No information.

DET/RIS

YES
YES
YES
YES
YES
YES
YES
YES
YES
Y ES
YES
YES
YES

YES
YES

103680

TOTAL P.

a2
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LAVATORY TRASH RECEPTACLE EX

LAVATORY TRASH RECEPTACLE X
Background
10553/96 INTTIAL TESTING OF AGENTS UPDATED MINIMUM PERFORMANCE STANDARD
© HALON 1301
© FM00 AMBIENT TEST CONDITIONS: 80 F +- 20'F
9 EPCRS
© WATER CRUMPLING MBTHOD STANDARD: 1§ X I§" X 18" FILLED WITH 340 TOWELS ( » 10 TOWELS)
© ENVIROGEL

OOMPRESSION OF TOWELS TO HALF VOLUME: REMOVED
396 WO MEETING IN ROME REVEALS LAROB DIFFERENCES IN TEST RESULTS
AGENT DISCHARGE TEMPERATURE: 20 F OR BELOW (WHEN RELEASED)
run additional tests.
STANDARDIZATION OF TOWEL

CFOLD, 2PLY BLEACHED HAND{FOLD

596 FAATC TO WEA

< TYPE OF TOWEL USED
< MEBTBOD OF CRUMPLING 1025 x 1325

@ COMPRBSSION OF CRUMPLED TOWELS IN RECEPTACLE TIME LIMIT ON EXTINGUISHER DISCHARGE AFTER IGNITION (6 MINUTES)

run additional tests_
STANDARDIZATION OF TEST RECEPTACLE VIEWING WINDOW

6/96 WEA & PAC SUI to PAATC 95 - 05 W X 85"+~ 05H

6 +~ Q5 fram basc
¢ RHPINEMENT OF MINIMUM PERFORMANCE STANDARD

@ NEW PHILOSOPHY ON CONTROLLING CRUMPLING MAX AIR VELOCITY : 50 FPM ADIACENT TO TBST RECEPTACLE
© 0'F AGENT DISCHARGE TEMP TOO LOW

run additional tests.

LAUATORY TRASH RECFFTACLE EXTRICUISIMERT TESTRG
DETERMINATION OF FIRE LOAD LAURTORY TRASH RECEPTACLE

B asg BEE ean EPFECT OF TEMPERATURE ON BUTECTIC OPERATION
BR me 0 ] mss

E1 nomaaL esiaas ES} INOOMPLETE BUTBCTIC RELEASH

¥4 —

T
RN

R

LADATORY TRASH RECEPTACLE
DEVELOPMENT OF TIMB LIMIT CRITERIA

ER roa vor oo

LRVATORY TRASH RECEPTACLE EXTING

SUMMARY OF UNRESOLVED ITEMS (assignments in parenthesis)
section (a) NOAEL wording (HAWG)
section (b}, SNAP wording (THAWG)
section (d), Largest Trash Receptacle volume in use ((HAWG)
section (eXD), # of successful extinguisher tests for a pass ((HAWG)

8
§

= section (f)X3), agent temperature at discharge (IHHAWG)

A

5
SRR

SO

o

%

section (gX), re-draw figure 1 (PAC SCI)

=

e
RERRREIN

AR

section (g)2), temperature of ignitor, method of measurement (WKA)

section (h)i), towel specification; wet strength, sbsorption (FAATC)

ELAPSED TIME, IGNITOR ENERGIZED TO LAVEX DISCHARGE (MIN)
o
| I

P



FRONT VIEW

05" Standoff |~ Lid & ~
for air gap v -
| | A
| 62 inch opening ‘
A . )
Viewing Window
{one side only) g
85"/-05"
Thermocouple T2
SIDE y | SIDE
Y
-~ 9505 T
l -2 9" - ‘ 6-0"*/-0.5“
| Ignitor Position l
2" ______________ I —_— N . . _
Q0O -0 OO0 Yy oy
A
Te— N\ ] = ]

1 inch diameter vent holes equally spaced,
six each side (12 total)

05" Standoff SIDE YIEW TOP VIEW
for air gap Lid
| - | bl
“ 62 inch opening o
g 63'136:122"

Note: all dimensions interior

o

2 inch diameter hole for
electrical resistance ignitor

Figure 1. Standard Lavatory Disposal Receptacle For Evaluating Fire Extinguishing Agents
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II.

I11.

Working on the following systems (percentage indicates completion):

A.  Inlet air flow conditioning, measurement, and control. 0%
B.  Fuel delivery and fire scenario systems. 55%
C.  Agent conditioning and delivery system. 35%

Scenarios will be in compliance with Minimum Performance Standard
for the Engines (MPSE).

Timeline => 79

| FAA Technical Center Nacelle Simulator Status: I

{l Wright-Patterson Air Force Base (WPAFB) Testing, August 1996: I

L

II.

III.

IV.

Scheduled for 9-30 August 1996.
Tests will meet intent of MPSE.

Four agents examined will include:

A. Halon 1301.
B. CF;l.

C. HFCI125.
D. HFC227ea.

Fire and concentration testing will be performed.

Report will be issued after completion of test sequence.

[HRWG Minutes 8 July 16-17, 1996



Historical

Record of Agent Concentration Recorder Development and

the Half Second, Volumetric 6% Halon 1301 Rule

L. Several FAA reports spanning the 1940’s through 1970 chronicle engine live fire testing on era
aircraft and development of agent concentration measurement equipment. This is not an all-
inclusive listing,

A

Agent Concentration measurement equipment:
Aircraft Fire Extinguishment, Part 111 - An Instrument for Evaluating,
Extinguishing Systems, Technical Development Report No. 206, June, 1953.
Aircraft Installation and Operation of an Extinguishing Agent Recorder, Technical
Development Report No. 403, September, 1959,
Criteria for Aircraft Installation and Utilization of an Extinguishing Agent
Recorder, Report No. FAA-DS-70-3, March, 1970.

Engine Fire Testing;

Aircraft Fire Extinguishment. Part I - A Study of Factors Influencing Extinguishing
System Design, Technical Development Report No. 184, October, 1952.

Aircraft Fire Extinguishment. Part II - The Effect of Air Flow on Extinguishing
Requirements of a Jet Power-Plant Fire Zone, Technical Development Report No. 205,
June, 1953,

Aircraft Fire Extinguishment, Part IV - Evaluation of a Bromochloromethane Fire
Extinguishing System for the XB-45 Airplane, Technical Development Report No.
240, June, 1954,

Aircraft Fire Extinguishment, Part V - Preliminary Report on High-Rate-Discharge
Fire Extinguishing Systems for Aircraft Power Plants, Technical Development Report
No. 260, February, 1956.

An Investigation of In-Flight Fire Protection with a Turbofan Powerplant
Installation, Report No. NA-69-26, April 1969.

1L There is evidence of another series of reports titled “Determination of Means to Safeguard
Aircraft from Power Plant Fires In-FLight”. I have not had the opportunity to locate any of these

reports.

IHRWG Minutes

9 July 16-17, 1996



Lavatory Disposal Receptacle Built-In Extinguisher
Halon Replacement Proposed Minimum Performance Standard

As required by 14 CFR 121.308(b), since April 29, 1987, each lavatory in every passenger
carrying transport category airplane is equipped with a built-in automatic discharge fire
extinguisher for each disposal receptacle for towels, paper, or waste located within the
lavatory. Fire extinguishers, to be evaluated as a replacement for the currently used Halon
lavatory extinguisher, must meet the performance regulations specified in BCA SCD 10-61909
and comply with the following proposed minimum performance standards:

(a) The agent, for use in areas occupied by humans, must be demonstrated to meet or exceed
recognized national or international standards. The quantity of agent shall not exceed the
LOAEL when distributed homogenously within the lavatory.

(b) The agent must be approved under the Environmental Protection Agency (EPA) Clean Air
Act, Significant New Alternatives Policy (SNAP) program. Approved agents on the SNAP list
must not exceed the established criteria for Ozone Depletion Potential (ODP) and toxicity.

(c) The fire extinguisher must successfully extinguish a test fire contained in the test receptacle
after automatically discharging into the test receptacle in accordance with the test procedures
specified below.

(d) Additional testing may be required to substantiate agent/system effectiveness in trash
receptacles larger than the 1.333 cu ft volume test article. If an extinguishing system is to be
used on receptacles of with internal volume larger than 1.333 cu ft, it is the responsibility of
the manufacturer to demonstrate the effectiveness of a particular agent amount.

(e) Acceptance Criteria. Each lavatory receptacle automatic discharge extinguisher must meet
the following criteria:

(1) Four extinguishers must be tested (the extinguisher must extinguish the fire during
four successive tests).

(2) The discharge performance of the extinguisher must meet the requirements of BCA
SCD 10-61909, which specifies maximum allowable design discharge temperature (usually
170°F + 10°F).

(3) The test fire must be extinguished and must not re-ignite or flare-up after the access
panel to the test receptacle has been opened.

(4) An extinguisher that meets the requirements for use in trash receptacles up to 1.333
cu ft (based on volume and cross-section) is acceptable for use in a smaller receptacle, with a
similar installation, without additional testing.

(f) Test Conditions. Each test must be performed under the following conditions:

(1) The ambient temperature must be 80°F + 20°F



(2) The fire load materials described in (h) must be conditioned to 70°F + S°F and a
maximum of 55% relative humidity until moisture equilibrium is reached for 24 hours.
Note: the test must be initiated within 30 minutes of removal of fire load materials from the
conditioning chamber if the atmospheric conditions within the test area are different.

(3) Agent Temperature. Temperature of extinguishant must be at or below 30°F at the
time the agent is discharged into the receptacle. This can be accomplished several ways, all of
which can be left at the discretion of the testing facility or the appropriate certification
authority (in a TSO, the FAA would typically use the standards of RTCA DO-160C,
Environmental Conditions and Test Procedures for Airborne Equipment, 12/89, which in this
case calls for a low temperature of 5°F. However, the original halon fire extinguising bottles
with eutectic devices do not function properly below temperatures of 25°F, therefore all
replacement agents must only be tested/discharged at or below 30°F).

Example 1. Keep agent in a separate cold chamber during the test, ensuring that the
temperature will be at or below 30°F. The chamber should allow the agent bottle to be as close
to the discharge point as possible, to allow for the shortest possible transfer plumbing.

Example 2. Overcooling of agent. This method could be used when an accurate estimate of
the elapsed time can be determined for the eutectic device to open (i.e. temperature in the
receptacle to reach 170°F at the top) after initiation of the ignitor. This would allow the tester
to back calculate the maximum amount of time available to ensure that the agent is at or below
30°F, once it is removed from the cold chamber.

(g) Test Apparatus. The test receptacle and extinguisher bottle installation is described below:

(1) Trash Receptacle Test Article. The test receptacle must be constructed of either
aluminum or steel. The test receptacle apparatus for trash containers up to 1.333 cubic feet
(.038 m3) volume is shown in figure 1. All receptacle dimensions are internal measurements.

(i) The front of the test receptacle must contain a clear access panel constructed
of fire resistant polycarbonate or glass to facilitate the visual observation. The access panel
must be 9.5 inches wide + .5 inches by 8.5 inches high + .5 inches with the lower edge of
the panel positioned 6 inches + .5 inches from the bottom surface.

(ii) A 2.0 inch (5.08 cm) diameter hole must be centered 2 inches up the side
of the test receptacle for ignitor insertion and must be sealed after insertion of the ignitor.

(iii) The front and back face of the test receptacle must have six 1.00 inch
(2.54 cm) diameter holes (12 holes total) equally spaced for ventilation which are equipped
with a mechanism for quick opening or closing.

(iv) A waste tlap opening must be provided at the top of the test receptacle.
The opening must be 6.20 inches (15.75 cm) by 6.20 (15.75 cm). A plate which is no more
than .50 inches (1.27 cm) larger than the opening must be mounted .50 inches (1.27 cm) above
the opening.

(v) The agent discharge tube should be centered in the top of the test
receptacle, pointing straight down.

(2) Ignition Source. A standard electrical resistance ignitor must be used. The ignitor
shall consist of a nichrome wire (nominal 0.025 inch diameter) with 15 loops of 0.25 inch
diameter. THE VOLTAGE THROUGH THE IGNITOR SHALL BE ADJUSTED TO



PROVIDE X°F TEMPERATURE WHEN MEASURED AT THE CENTER OF THE
IGNITOR.

note: a clipping device or other non-intrusive means to prevent the ignition source from
skewing left or right when the paper is being loaded is helpful.

(3) Thermocouples. The three thermocouples to be used for testing must be type K

grounded with a nominal 30 American Wire Gauge (AWG) size conductor.

(i) One thermocouple must be installed on the fire extinguisher to measure
surface temperature.
Note: in order to obtain the most accurate reading of the agent temperature, it is
reccommended that the thermocouple be placed over a non-painted area on the agent vessel and
covered using adhesive tape (this may necessitate light sanding of the painted exterior of the
agent vessel).

(ii) One thermocouple must be installed at the centerline of the test receptacle.

(iii) One thermocouple must be placed to measure ambient temperature.

(4) Instrumentation. A data acquisition system or other suitable instrument with an
appropriate range must be used to measure and record the output of the thermocouples.

(5) Timing Device. A stopwatch or other device must be used to measure the time of
ignition energizing, smoke generation, open flaming, agent discharge, and extinguishment.

(h) Test Fire Load.

(i) Towel specification. The fuel source used in the tests must be C-fold, 2-ply
bleached handifold towels having dimensions of 10.25 inches by 13.25 inches. The weight of
each towel shall be 4.5 + 0.1 g.

Towels manufactured by:
Fort Howard Corporation
Green Bay, WI 54307
1-800-558-7325

part number 244-00

Towels distributed by:
W.W. Grainger Inc.
(713) 748-8280

part number 2U215

WET STRENGTH SPECIFICATION: TO BE DETERMINED BY MANUFACTURER
ABSORPTION SPECIFICATION: TO BE DETERMINED BY MANUFACTURER

(i) Paper crumpling specification. Prior to loading the paper towels into the test
receptacle, they must be opened and crumpled to simulate used hand towels. This can be
accomplished by performing a free fill density procedure in which 340 paper towels, + 10
towels are crumpled to fill an 18 X 18 X 18 inch container to the top level to ensure similarity
of crumpling between the various testing facilities (note: this procedure may require several



attempts in order to achieve the proper crumpling tightness). A total of 815 g + 5 g of the
crumpled paper towels will then be used in each test.

(i) Test Booth or Chamber. The test receptacle should be located in a booth or room
containing adequate ventilation capabilities. The maximum air velocity directly adjacent to the
test receptacle should not exceed 50 feet per minute.

(j) Test Procedure.
(1)Condition the fire load
(2) Weigh the extinguisher and record the value
(3) Set up data acquisition system

(4) Install and clamp the ignitor in the test receptacle 1 inch above the ventilation holes
at the approximate centerline of the receptacle.

(5) Installation of fire load. Ensure that the entire bottom of the test receptacle is fully
covered with a layer of pre-crumpled towels (also pack one or two pre-crumpled hand towels
under the ignitor to prevent damage during subsequent loading). Finish loading remainder of
815 g + 5 g of crumpled towels into the receptacle through the bin flap, making certain that
the observation window is closed. If there is difficulty in fitting the entire 815 g of crumpled
towels into the test receptacle, it can be shaken lightly to provide adequate space.

Note: the test must be initiated within 30 minutes of removal of fire load materials from the
conditioning chamber if the atmospheric conditions within the test area or booth are different.

(6) Mount the conditioned fire extinguisher per manufacturers installation drawing.
Note: ensure that the agent temperature will be at or below 30°F at the time of discharge, as
described above.

(7) Record initial ambient, extinguisher surface, and test receptacle temperatures.
(8) Start data acqusition system

(9) Energize the ignitor (time =0) and begin to record the times to relevant events as
described in k2.

(10) Upon extinguisher discharge:
(i) Remove power from the ignitor
(ii) Close all ventilation holes in the test receptacle
Note: if extinguisher does not discharge within 5 minutes of ignitor energizing, the test should
be aborted and considered a non-test.

(11) After 5 minutes:
(i) if the temperature and visual observations indicate that combustion has

ceased, open the access panel and secure it open.

(12) If after a further 2 minutes re-ignition does not occur:



(i) empty the compartment and spread the waste into a single layer.

(ii) observe and note any residual smoldering. Record the extent of fire load
consumption, presence or lack of smoldering, etc. If residual smoldering is present, the test is
a failure.

(13) if re-ignition does occur, the test is a failure:
(i) Extinguish the fire using water or other environmentally friendly method

(14) Weigh the discharged extinguisher to determine and record weight of agent
discharged.

(k) Test Report. The test report must include the following:

(1) A complete description of the test receptacle and the fire extinguisher, including
photographs, if appropriate.

(2) Details of the test results should include the temperature of the extinguisher
surface, temperature of the receptacle, and the times from ignition energizing to generation of:
smoke, open flaming, agent discharge, and end of test.

SUMMARY OF ITEMS STILL UNRESOLVED/WORK ASSIGNMENTS:

(g)(2) temperature of ignitor? How is this measured? (WKA)
(h)(i) towel specification; wet strength? Absorption? (FAATC)



International Halon Replacement Working Group

Minimum Performance Standards for Aircraft Engine and APU
Compartment Fire Extinguishing Agents/Systems

Introduction

Engine and APU (Auxiliary Power Unit) compartment firc extinguishing systems are
required by FAR/JAR 23.1195, 25.1195 including JAR 25A.1195, 27.1195 and
29.1195. The current fire extinguishing systers using Halon 1301 as the extinguishing
agent are deemed to satisty these requirements if the system can produce
concentrations of Halon 1301 specitied in FAA AC 20-100 (FAA Advisory Circular).
This AC was based on the performance of Halon 1301 in developmental testing
including large scale fire tests. 'T'he standards described herein are intended for use in
large scale fire testing for the purpose of developing performance criteria for systems
using alternative agents. These standards are also applicable to other FAR/JAR
pertaining to fire suppression in aircraft.

These standards are not necessarily the same as for Halon based systems nor are they
acomplete listing of techniques which may be required for certifying an aircraftengine
and APU fire extinguishing systen.

There are two major parts to these standards. Section | addresses the requirements for
alternative agents/systems. Section 2 addresses test apparatus and mcthods nccessary
tor cvaluating agents/systems.

Background

Historically, [Talon 1301 has proven to be an extremely effective total flooding agent
for extinguishing fires. A comparison of the performance of candidate replacement
agents to date, in terms of either the agent concentration or the total mass of an agent
required to extinguish fires, has shown that they are not as cffective as Halon 1301,
The goal of these minimum performance standards is to identily critevia tor alternative
agents/systems to ensure that the current level of fire satety will be maintained for the
engine and APU compartment.

The current level of safety, as recognized by the FAA, is that provided by a volumetric
concentration of 6 % Halon 1301 throughout a protected tire zone for a duration ot 0.5
second for a given agent discharge scenario. In evaluating the performance of
altcrnative agents using this standard, the test apparatus must have the agent
distribution system to demonstrate the current level of fire safety with Halon 1301. A
successful application of the standards described herein, including the comparison of
performance of [lalon 1301 with that of the alternative agent, will allow the detinition

/16

T /7T A TTICH LA T arF_:Mm:‘accT CTTO Oem Ccom

hkm/07.26.1996/THRWG




International Halon Replacement Working Group

of an equivalent level of safety in terms of the performance of the alternative agent.
At that point, it will be possible to define or evalnate the equivalent Icvel of safety
without using Ilalon 1301 as the standard.

References

The following reterences torm the basis of current [Talon 1301 performance criteria
for aircraft engine and APU fire extinguishing systems.

1. Advisory Circular FAA AC 20-100

2. Aircraft Fire Extinguishment, Part [— A Study of Factors Influencing Extinguishing
Systemn Design, Technical Development Report No. 184, October, 1952.

3. Aircratt Fire Extinguishment, Part I — The Etfect of Air Flow on Extinguishing
Requirements of a Jet Power-Plant Fire Zone, Technical Development Report No.
2085, June, 1953.

4. Aircraft lire Extinguishment, Part TTT - An Instrament for Evaluating Extinguishing
Systems, Technical Development Report No. 206, June, 1953.

5. Aircraft Fire Extinguishment, Part [V — Evaluation of a Bromochloromethane [Fire
Extinguishing System for the XB-43 Aimlane, Technical Developruent Report No.
240, June, 1954.

6. Aircraft Fire Extinguishment, Part V - Preliminary Report on High—Rate Discharge
Fire Extinguishing Systems for Aircraft Power Plants, Technical Development Report
No. 260, February, 1956.

7. An Investigation of In-Flight Fire Protection with a Turbofan Powerplant
Installation, Report No. NA-69-26, April, 1969.
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International Halon Replacement Working Group

1.0 Rcquirements for Agents/Systems

‘The agentand the tire extinguishing system must comply with the following minimum
performance standards.

1.1 Environmental Characteristics

The environmental characteristics of the fire extinguishing agent must comply
with international laws and agreements. Agents approved by the rcgulatory
agencies for use in areas not normally occupied by humans arc acceprable if
they also satisfy the requirements defined in Section 1.3.

1.2 Tire Extinguishing Performance
1.2.1 Fire Threat

The agent (which satisfies requirement 1.1 above) when deployed through
a suitablc system must be capable of extinguishing any probable [ires in the
aireraft engine designated fire zone or in the Auxiliary Power Unit (APU)
compartment for which the system is intended.

Here a probable fire implies a fire likely to occur in modern aireraft engine
installations. Since precise detinition of a likely firc in terms of measurable
quantitics has not been previously developed, the likely [ire will be defined
for the purpose of these standards by using test parameters such as the fuel
type and flow rate. Combined with the simulation of hot engine
environment, the simulated fire will adequately represent a real engine fire
threat.

A rcalfire could be large, engulfing most of the protected fire zone in flames
or it could be small, localized fire depending on the source and quantity ot
fuel and other conditions such as the air tlow. The requirement for the fire
extinguishing system s to defeat the fire anywhere in the zone including the
entire zone. [For the purpose of evaluating the agents, it is nccessary to create
a representative fire ina representative fire zone and show that the candidate
agent can be distributed effectively in that zonc to extinguish the fire; then
determine the condition (concentration of the agent in the fire zone) at the
location ol the fire that resulted in successtul extinguishment. Tt is not
necessary to have a fire everywhere in the zone because if it can be shown
that a specific real system can produce the rcquired agent distribution
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throughout the zone which satisties the condition determined in the fire test
then it ensures that a fire will be defeated throughout the zone.

1.2.1.1 Physical Parameters

A fire in an engine or an APU compartment is probable when a fuel and
air mixture comes in contact with an ignition source. Airflow through an
engine or APU compartment is normal and a luel (combustible tluid)
source is possible due to leakage of aviation engine fuel, hydraulic fluid
orenginc oil orduc to a failure expelling these fuels. The ignition source
could be any surface at a temperature above the hot surface ignition
temperature forthe fuel in the compartment. lgnition can also occur if the
fuel enters an environment in which rapid heating causes it to cxceed itg
autoignition temperature. Three typical combustible fluids for the fire
must be considered: aviation engine fucl, hydraulic tluid and engine otl.
The consideration of probable fircs must cover the range of physical
parameters in the fire zone for the operational envelope of the engine or
of the APU. These physical parameters include: the zone volume, cross
sectional area and shape, the zone air tctaperature and tlow rate, the
surface temperatures, the fuel type and flow rate, the amount of clutter
within the zone and the temperature of the agent/system (inservice
ternperatures betore a discharge).

For the purpose of this standard, the current level of safety will be
determined by tests using 6 % volumectric concentration ot Flalon 1301
tor ().5 second in the fire zone with probable fires that caver the range of
the physical parameters.

To describe simulated fires corresponding to near maximum challenge
tor Halon [301 in extinguishing fires at the current level of safety, the
term Robust Fire will be used in these standards. This is defined in more
detail in Section 2.4.

It 1s possible that fires in some locations in the fire zone may be more
difficult to extinguish than in other locations. The alternative
agent/system must be able to extinguish probable fires anywhere in the
firc zone. When comparing the performance of the alternative agent with
that of [lalon 1301, equivalent level of safety implies the same
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probability of cxtinguishment with both agents. That s, in five fire tests
under similar conditions it Flalon 13010 is successtul four times,
equivalent level of safety would require the alternative agent to be
successful in at least four rests.

1.2.1.2 Fire Extinguishment

A tire will be considered extinguished it there are no visible signs of a
flame for cight seconds. In aircraft engine nacelles, tucl (combustible
fluid) may still be available after the inttial extinguishment of fire. The
presence of surfaces which might be cooling dowu but still hot enough
to actas an ignition source could result in a re—ignited fire. to distinguish
the original fire trom the re—ignited fire, an eight seccond time interval
should be adequate. This 1s based on test expericnce and a consensus
opinion of firc safety experts.

[.3 [lealth and Satcty

The fire extinguishing agent/system for an engine compartment or an APU

conliguration must satisty the following safcty and health requirements.

L.3.1 Health and Safety in Handling

The agent/system should be designed to minimize exposure ot workers to
unsafe conditions during installation and normal maintenance of the system.
Safety features incorporated in the equipment and handling procedures for
the agent/system which mitigate this hazard should be taken into account
while assessing compliance with this provision.

1.3.2 Flight Safety

‘The use and operation of the agent/system in the aircraft should not result

in any additional hazard such as:

() Malfunction of components critical for flight control necessary tor
continued satety of (light.

(b) Damage to other critical components and arcas within the compartment
being protected, which would create a hazard either unmediately or
remain undetected and be a hazard atter a passage of time.

(¢) Corrosion of the aircraft structure.

(d) [guttion saurces in any area ot the airceratt not designed for
accommodating ignition sources.
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2.0 Test Methods for Agent/System Evaluation

Tests will be necessary to evaluate the fire extinguishing performance of an
agent/system and to determine if i will satisfy the requirements stated in 1.2. There
are two types of these tests.

The first type of tests will evaluate the effectiveness of candidate agents in
extinguishing an actual fire it terms of the “quantity” of the agent required to
cxtinguish the fire within the zone.

It has become the normal practice to specily the performance of a gascous agent
(such as Halon 1301 aftcr a discharge) in terms of the volumetric concentration
required to extinguish the fire. A particularreplacement agentcould be inasolid,
liquid or gaseous phase when interacting with the fire and its effectiveness might
be dependent on both the state and the quantity of the agent. For example, the
particle size of a solid agent or the droplet size of a liquid agent could influcnce
its performance. The standards herein are meant to apply to any type of agent
including liquid and solid. However, acceptable mcthods to specity
concentration of solid or liquid agents have not been identified for aircraft
applications. Therctore, the generic term "quantity™ is uscd here. Forhalocarbon
agents, which are in gaseous form as they intcract with the fire, the practice of
specifying extinguishing concentration is acceptable. In the following sections,
whenever the term concentration is used for this purpose, it 15 not meant to
cxclude the applicability of these standards to other type of agents. [t will be
necessary to develop suitable methods for specifying the performance ol solid
or liquid agents prior to their evaluation tests. Any paramcters critical to these
ncw methods such as line sizes, line temperatures, nozzle configurations etc.
must be controlled during tests. If the effectiveness of the agent is highly
dependent upon a certain parameter, it should be investigated through additional
testing and documented.

Volumetric concentration of the agent and the time required to extinguish the fire
should be recorded. 1t it is not practical to record the agent concentration in a
fire test, back to back tests must be conducted. That is, tests must be conducted
with and without the fire with the same fire simulation parameters. The agent
would be discharged in both tests in identical manners. "I'he concentration
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measurement in the test without the fire would correspond to the extinguishing
pertormance in the test with the fire.

As stated in 1.2.1.2, in aircraft engine nacelles, fuel and ignition sources may
still be available alter the initial extinguishment of fire and a re-ignition of fire
is possible. Surface temperature of a strategic location in the vicinity of the fire
should be monitored to gain further understanding of the extinguishment
process.

The second type of tests are system validation tests. They will apply to awrcraft
specific designs in a manner similar to Halon 1301 systems. They will verity the
effectiveness of the specific delivery system in transporting the required quantity
of the agent at the potential location of the [ire. Thus, the agent evaluation tests
will provide the basis for: (1) the design and engineering of the system and (2) the
system validation tests.

‘The test methods proposed here address the first type of tests. These tests should
be planncd and conducted so as to provide complete data for stating the
performance criteria for successful fire extinguishing agents/systems.
2.1 Test Apparatus

2.1.1 Aircralt Engine Compartment Simulator

EFor the purpose of these tests, the engine compartment (nacelle) simulator
should have an annular fire zone having a minimum volume ot 65 cubic feet
and a minimum cross sectional area of the annulus of 5.5 square feet, both
before reductions due to clutter simulation. It should be equipped to
simulate test parameters described in 2.2.1. The inner cylinder in this
configuration will represent the engiue case. The test section must be
equipped to allow a real time visual indication of fire. A schematic diagram
of a simulator is shown in Figure 1. The agent distribution systcm must be
capable of extinguishing fires within the overall zone or in any isolated
location within the firec zone. ltmustbe possible to demonstrate the currently
acceptable level of satety with Halon 1301. That is, it should be possiblc to
achieve 6 % volumetric concentration of [Lalon 1301 lor 0.5 sccond in the
entire zone. The facility must provide simulation of a flaring tire (leaking
tucl stream on fire, also called spray fire) and a residual tire (baffle stabilized
pan fire due to ignition of accumulated fuel in some part of the fire zone).
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‘The size of the zone was sclected on the basis of the range of tire zonc sizes
of actual aircratt installations and considerations for a practical simulator
where physical parameters can be properly simulated and controlled. If an
agent/system is successtul with a fire zone of this size, it is highly likely to
be successtul in both larger and smaller zones with appropriatc agent
quantities and system designs. The purpose here is to define the minimum
performance standards with probable fire scenarios in a typical fire zone.
As statcd in 1.2.1, it is not necessary to have a fire everywhere in the zone.
However, there may be specific applications which may bencfit trom thesc
test data but may require additional considerations which are not a part of
these minimum performance standards,

A scparate simulator for APU compartments is not necessary because
experience in recent testing by the U. S, Air Force has shown that the
requirenicnts developed lor the engine compartment provide equal orhigher
level of safety tor the APU compartment.

2.2 Test Conditions
2.2.1 Engine Compartment Test Paramcters

A number of tests will be necessary to cover the range of conditions.
Depending on thesc couditions, different amounts of agent might be
required to establish the extinguishing concentration.

2.2.1.1 Aurflow Rate

At least two internal (ventilation) airflow rates should be sclected, one
each [rom the tollowing two ranges.

(a) High 2.5 - 3.0 [bm/sec.

(b) Low 0.2 - 0.9 lbm/scc.
Section 2.2.1.1 (a) corresponds to about 57 air changes per minute tor the
fire zone having 65 cubic feet volurne and 5.5 square feet cross sectional
area. For significantly ditferent volume and cross section, the airtlow
rates should be adjusted appropriately. These flow rates cover the
significant range of air flows in modern engine installations. This
information is based on a US Air Force survey. Note that ventilation
airflow is a commonly used term (or airflow through the enginc
compartment.
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2.2.1.2  Air Temperatures
At least two (ventilation) air temperatures of 100 °F and 400 °F.

The above temperatures cover a signiticant range of air temperatures in

enginc compartments.
Ventilation air temperature as low as —40 °F could exist in some cases
under cxtremely cold atmospheric conditions ut high altitudes.
However, under these conditions an engine ftire threat is extremely
unlikely due to low power demand from the engine, cold fucl and
relatively cooler surfaces in the lire zone. [n addition, these conditions
could delay the detection of a small fire which could result in an
increase in air temperature. These are adequate reasons to conclude
that this fire threat could be casily overcome by a system designed for
larger fire threats which arc likely when the air and surface
temperatures arc higher. Therefore, it is not necessary to simulate air
termperatures below the ambient conditions in the test facility.
[Towever, for consistency between tests conducted during different
ambient conditions, a controlled air temperature - is  preferred.
Therefore 100 °F is selected  to represent the lower end of the
temperature range.

2.2.1.3 Surface Temperature

At least a portion, about 2 feet long and encompassing a 90° arc, of the
surface of the test article simulating the engine core (inner cylindrical
surface) must attain temperature in the range 900 — 1300 °F The tests
to cstablish robust fires (Section 2.4) should begin with the highest
surface temperature in this range. Lower temperatures should be used
as a last resort parameter Lo adjust in trying to get successtul
extinguishment with Halon 1301, The surface temperature must be
monitored during the test. After initiating the discharge of the agent,
heating of the surface should be discontinued.

In a test, since the fire location would be close to this surlace, it could
attain higher temperature than the control temperature. As the fire begins
to be extinguished, this temperature may decrease. To represent an actual
situation in which the engine is shut down priorto the agentdischarge and
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(o be able to observe the elfect of the agent on the lire, it is appropriafe
to turn the surface heating off as the agent is discharged in the test.

2.2.1.4 Clutter

The simulated blockage or clutter should have up to 50 % reduction in
the local cross sectional area and the resultant volume reduction,

The above estimate is based on visual inspection of clutter in actual
engine installations. It is possible that some installations have very high
clutter factors. The purpose here is to simulate clutter in a practical
manncr. For installations with high clutter, the system validation tests
will be more important where agent distribution ¢ven in such highly
cluttered zone must be praven. If the extinguishing concentration can be
achieved, the system would have the required level ol safety.

2.2.1.5 Fuel Parameters

A fuel (combustible fluid) flow rate of 0.1 to L gpm (gallon per minute)
at a controlled temperature of 150 °F should be provided. The fuel flow
rale should be adjusted to attain a five threat which 1s just bavely
extinguished by Halon 1301. The tests should begin with a high fuel flow
rate in the above range to establish robust fires (Section 2.4). Lower fuel
flow rates should be successively used if at higher flow rates [lalon 1301
cannot extinguish tires.

"This method would create a realistic fire threat to evaluate the agents. Tt
1§ possible that in some aircralt fire scenarios, the flow rate could be
higher than | gpm which could result ina spread of fire to a larger portion
of the zone. However, as it has been stated carlicr in this standard, if the
extinguishing concentration 1s present in the entire zone, the fire should
be extinguished everywhere.

‘The fucl flow must remain on before and after the discharge of the agent
to ensure that the extinguishment is the result of the action of the agent
and not due o lack of fuel. As the surfaces might still be hot, this
procedure (rather than [uel shut ol al the beginning of agent discharge)
would increase the chance of a re--ignited fire. Theretore, to address these
two concerns in a practical way, criteria for firc extinguishment is that
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{A) Engine Nacelle Simulator

48 fuch
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(B) Suggested Additional Clutter Simnulation
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to plpe section sized to slip over simulator lnger body
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slmulator on
foner and cuter walls

Figure 1. Schematic of the Proposed Aircraft Engine Nacelle Simulator for Fire Tests
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merntioned in Section 1.2.1.2, viz. no visible signs of fire for eight
seconds.
Proper operation of the fuel delivery system, including nozzles, should
be checked to assure that the fire size and intensity are roughly
reproducible in tests with similar conditions. A measurement of heat flux
density to characterize the fire is not necessary. Undue importance could
he attached to this parameter as a means to determine reproducibility of
fires while the measurement itsell could depend on a variety ol dillerent
[actors.
A baffle stabilized pan fire (residual fuel fire) simulation should be
provided with an initial 0.25 gallon of tucl at a controlled temperature of
150 °F at the beginning of the test. The fuel level should be controlled at
1.5 in. below the top of the batfle to ensuwre repeatable fire conditions.
Fuel quantity in the pan should be adjusted it nccessary in tests to define
robust fires (Section 2.4).

2.2.1.0 TFire Location
Axial location of the flaring fire must be over the surface which is at the
controlled, high temyperature (900 °F — 1300 °F) and downstream of the
simulated clutter (some clutter could be in the fire). Circumterential
location of this firc should be in the upper half of the zone.
L.ocation of the simulated residual tire (baftle stabilized pan fire) can be
chosen in the zone where convenient. Locations where the extinguishing

agent can directly impinge on for the given distribution systcm must be
avoided.

2.2.1.7 Prcburn

A preburn time 1s the time elapsed between the initiation of fire (ignition)
and the initiation of agent discharge. A minimum preburn time ol 5
seconds is required tor the spraying fire simulation,

The battle stabilized pan fire should have a minimum prcbum time of 1§
seconds.

In an aireraft installation, when the fire alarm is received an action is
witiated resulting i a sequence of events. The engine tuel supply is shut
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off first. Hot air and electrical sources may also be shut off before
activation of'the tire extinguishing system. [f the alarm occurs during the
climb phase of the flight, more than a minute may clapse belween the
alarm and the discharge o the agent. Inother cases, this elapsed time may
be shorter than a minute. For the purpose of these standards, a shorter
preburn is sclected to protect test equipinent from exposure (o repeated
intense [ires.

2.2.1.8 Agent Storage Temperature

Three agent storage temperatures will be used in different wsts to cover
the range of possible operational temperatures. Details of how these
temperatures should be used are given in 2.4
(a) 100 °1-.
A controlled bottle temperature is necessary to cosure consistent
results from the tests. ‘T'he variation in ambient temperatures
would not provide a uniform basis for comparison. This
temperature (100 °FF) will be easy to attain for bulk of the testing.
(b)--65 °F,

This condition is based on the fact that Halon (301 bottlesin some
current aireraft models could experience temperatures this low.
Halon 1301 docs not solidify at this temperature. Actual aircraft
installations will be designed for addressing the requirements
based on (he operational envelope of the aircratt. This may
translatc into a diftcrent low temperature requirement. The
alternative agent in an operating aircralt system must not be
stored at temperatures lower than the lowest tested temperature
which resulted 1 a satistactory fire extinguishing pertormance.
(¢) 200 °F.
This condition is based on some installations tor the APU fire
extinguishing systems where such high temperatures are
possible.

2.3 Fuels

Perform tests with all the appropriate test conditions speceiticd in 2.2 using
the following luels:

(a) aviation engine fuel (turbine fuel, Avgas)

(b) engine lubricating oil

(¢) hydraulic fluid
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2.4 'fests

‘The agent evaluation tests for any given test apparatus will have two parts. Inthe
first part, the current level of safety will be defined in terms of Robust Fires. The
sccond part of tests will be agent evaluation using the robust tires defined in the
first part.

A Robust Fire is a diagnostic test fire which establishes the current level of safcty
provided by Halon 1301 as follows:

(a) The standard Tlalon 1301 distribution conditions are 6 % volumetric
concentration in all parts of the fire zone for 0.5 scconds.

(b) The standard distribution conditions must be achieved with the bottle
ternperature at -65 °F.

(¢) Arobust fire will be extinguished in 70-90 % of repeated fire tests with standard
distribution of [Ialon 1301, (a).

(d) Robust fires will be determined with the agent stored at 100 °L-,

(c) At least five tests with identical conditions must be performed to determine the
probability of successtul fire extinguishment.

A success rate of 70-90 % is chosen to define the robust fire because it assurcs that
the fire threat is sufticiently large foreven Halon 1301 to be unsuccesstul in some
case.

2.4.1 Robust Fire Characterization

‘This series of tests will establish physical test parameters Lo characterize
robust fires with Halon 1301 as the extinguishing agent.

2.4.1.1 [lalon 1301 Standard Distribution

Develop and implement an agent distribution system for halocarbon
agents which will assure [Talon 1301 volume concentration of 6 % tora
minimum of 0.5 second and a maximurn of | second throughout the fire
zone ol the test apparatus. The maximum concentration of [Talon 1301
should not exceed 8 % in any location and the minimum concentration
should not be greater than 6.6%. Replicate the distribution performance
inthree consecutive tests. This distribution should be achievable with the
Halon 1301 bottle temperature of —6S ©F.
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After achieving successful distribution with agent bottle at =05 °F, keep
the agent mass the same and repeat the concentration measurement tests
with the bottle temperature at: (a) 100 °I° and (b) 200 °[F,

2.4.1.2 Halon 1301 Fire Tests

Select test conditions as specified in Section 2.3 and conduct fire tests to
achieve at least two combinations of test conditions resulting in robust
fires. Perform these tests with the [Tafon 1301 bottle at 100 °f< While
covering the range ol test conditions, begin with the values likely to
provide more ditficult fires to extinguish. For example, begin with fuel
tlow rate of 1 gpm, surface temperature ol [300°F and airllow ratc ot 2.5
bim/sec. Modity the valucs appropriately, if Halon 1301 (ails to achieve
the required success rate. Lower the surface tempceralure only as a last
resort, atter changes in other physical parameters tail to produce required
success rute with Flalon 1301, Where the prescribed range specifics at
least two selections one each [rom a sub—range, selections trom each
sub~range should be made. These tests could provide more than just two
combinations of test conditions cefining robust fires. Identify at least two
robust fires with test fuel from two different categorics indicated in
Section 2.3.

There should be at least onc baftle stabilized pan (ire which can be
defined as a robust fire.

Proccdure:

The tests should be performed using the tollowing gencral procedure.,

1. Select the test conditions and prepare the test equipment.

2. After attaining the desired level of stcadiness with the test conditious,
initiate the fuel (combustible fluid) flow and ignite the fire.

3. While observing the fire, let the preburn time elapse.

4. Initiatc the agent discharge, obscrving its cffect on the [re. Record the
time for discharge of the system and extinguishment of the fire.

5. If the fire is extinguished and remains so for cight seconds
continuously, the agent is successtul in extinguishing the fire,

6. It the fire 1s not extinguishied, the agent has failed.
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Perform tests with different conditions undil at lcast the requircd number
of robust fires have becn defined.

2.4.1.3 Additional Halon 1301 Fire Tests

Repeat the test conditions tor robust fires identified in 2.4.1.2 with bottle
temperatures: (1) —65 °Fand (b) 200 °F. [f the success rate is less than 40
%, repeat tests with different test conditions which satisly the robust fire
definition until a success rate of 40 % or better is achieved with bottle
temperatures: (a) =65 °F and (b) 200 °F,

2.4.2 Alternative Agents Evaluation

These tests will be performed in a manner similar to tests described in 2.4.1
but with well defined test conditions (that is the conditions defining robust
tircs). They will ditter in that the quantity of agent required in different tests
would be subject to estimates and trials.

2.4.2.1 Alternative Agents Fire ‘lests

Alternative agents shall be evaluated against the robust (ires defined in
Section 2.4.1.2. BEstimated quantitics of the agent for different test
conditions will be used initially and adjusted subscquently based on the
performance of the agent.. Test procedure will be similar to 2.4.1.2.
Agents must be tested using at least two robust fires in the spray fire
catcgory and a robust battle stabilized pan fire.

‘The alternative agent evaluated in this manner will be considercd tohave

an equivalent level of satety as Halon 1301 1f its probability of success
in extinguishing fires is equal or superior to that ol Halon 1301.

In addition, fuels not covered by the robust fires can be qualificd if a
successtul extinguishment of a battle stabilized pan fire with those fucls
is demonstrated.

If the alternative agent cannot perform with storage temperatures of
~065 °F or 200 °F, the range of temperature in which it can perform should
be established. The agent will then be qualified to be cttective within that
storage temperature rangc only.
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2.4.2.2 Alterative Agents Distribution

Tests to determing the agent concentration will be necessary to provide
a basis for specific system design and the performance criteria forsystem
validation tests. In these tests, determine the agent concentration profiles
and lhistories while duplicating conditions corresponding to  the
successful extinguishments of robust fircs. These concentration
measurements should encompass all conditions necessary (o establish
the operational range of storage temperatures.

Enough tests should be conducted and results evaluated to develop a
consistent correlation between the agent quantity, agent concentration
and agent distribution.
Conelusion
The Minimum Pertormance Standards described herein should lead to an accurate
defmition of fires likely to occur in aircraft engine installations which can be
currcntly extinguished with [Talon 1301 providing the currently acceptable level
of safety. Evaluation of altcrnative agents against these standards is expected (o
lead to the development of performance criteria (or aircraft engine and APU fire
extinguishing systems based on these agents. Subsequently, advisory material for
the alternative agents should be developed. This will ensure that the current level
of lire safety will continue to be maintained in future for aireralt engine and APU
installations.
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AGENDA
INTERNATIONAL HALON REPLACEMENT WORKING GROUP NMEETING
July 16-17, 1996
Held at the FAA Technical Center, Atlantic City Airport, New Jersey

TUESDAY, JULY 16, 1996

8:30-8:45 Introduction/Background/General Information
8:45-9:00 Review of Minutes of March 26-27, 1996 Meeting
9:00-9:15 Schedule for Halon Replacement Program
9:15-12:00 Subgroup Leader Reviews/Presentations

9:15-9:45 Cargo - Full Scale Testing
Water Mist
9:45-10:156 Engine - Full Scale Testing

10:15-10:30 Break

10:30-11:00 Handheld
11:00-11:30 Lavatory

11:30-12:00 Discussion on Handheld Minimum Performance Standard
12:00-1:30 Lunch

1:30-2:00 General Tour and Walkthrough of Test Facilities in Bldg. #287 & #275
2:00-3:00 Opportunity for Specific Questions at Each of the Test Areas
3:00-3:30 Final Discussion on Cargo

3:30-4:00 Final Discussion on Lavatory

4:00-4:30 Final Discussion on Handheld

4:30-5:00 Final Discussion on Engine

5:00 Adjourn for Day

WEDNESDAY, JULY 17, 1996

8:30-9:00 - Comments on Published Reports/Status of Unpublished Reports

- Published April 1996 - “User Preferred Fire Suppression Agent for Lavatory Trash
Container Fire Protection”, Report # DOT/FAA/AR-96/8

- Pending Reports:
e
Update to “Chemical Options to Halon For Aircraft Use” - B. Tapscott / “-’:@ff
At Editor "User Preferred Fire Extinguishing Agent for Cargo Compartments"/‘ '
At Editor “User Preferred Fire Extinguishing Agent for Engine and APU
Compartments”

8:00-10:30  Task Group Leader Presentations/Updates
Cargo Detection False Alarm Survey - J. O’Sullivan

Halon Restrictions Update - J. O’Sullivan
Agent Concentration - D. Dierdorf



10:30-10:45 Break
10:45-12:00 Discussion on Engine Minimum Performance Standard
12:00-1:00 Lunch
1:00-1:30 Continue Discussion on Minimum Performance Standards
1:30-2:00 Additional Discussion
2:00-4:00 Working Group Member Presentations
- Albert Moussa (Blaze Tech) 20 minutes on “The Simulation of

Clutter in Fire Suppression Tests in Aircraft Bays”

4:00-4:30 Next Meeting/Closing



