Engine Nacelle, Halon
Replacement

Reconsidering Carbon Dioxide as a
Fire Extinguishant ~ Status
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Presentation Overview

* Review nacelle fire simulator [FAATC NFS]

 Describe:

— Fire extinguisher [VV02/C]
— CO2 being used
— Gas analyzer [Hal02 RBLT]

« Show CO2 test results to date

 |ldentify future plans.
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FAATC NFS

Wall-Mounted Fans

“Red” Exhaust Duct

Test Section

- - - Approach Duct

Air-Supply, Blower & Electrical Heaters
(not shown)
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Atmospheric Gap (36 in)
Fire Threats
Inlet Diffuser, Candidate Injection
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24 INCH (0.61 m) OD CORE
| ~10.25 FEET (3.12 m) LONG

TS

q

TEST SECTION DIMENSIONS
FAATC N FS 48 INCH (1.22 m) OD SHELL

&

".-,.--‘q

b
®
3.

¥’
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FAATC NFS

fuel spray " -

nozzle, right o8 | -
: '

fuel spray

location of the
former massive
hot plate

corerib [
sta 502

nozzle, left

- . ! tube array, hot

.- . ! surface ignition
. R | Y < threat, sta512 §

y Y b - g ! ; "\

e ] :
. core rib shell rib
sta 428 \

Halon 1301

Inje ction Plumbing Branch
Nozzle Orientation line

Low Ventilation

Halon 1301
Tnjection Plumbing
HNezzle Orientation
e High Ventilation

-‘.\

"*\!

b

Core Rib
Sta 431
Core 1ib
Stad53
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FAATC NFS

2 FUEL SPRAY NOZZLES 7 “PROTECTED” VOLUME

CONCENTRATION ANALYZER (18.8 ft%, 0.53 m?)
SAMPLE POINT (typical), 12 points

AUTOIGNITION SOURCE l«——061m@f) >l< INJECTION CROSS-SECTION —%ﬁl
EXTERNAL SHELLj : : APPROXIMATELY 1.83m (6 ft) |

APPROXIMATE e 12:00 :
~ ; NUEN

VISUAL CAMERA—~A\+—277 ||~ " |~
UP

VIEWFIELDS
FWD

LOOKING AT THE 2 |
- . -
RIGHT SIDE/03:00 |

DISTANCE TO CANDIDATE

| % } 1 » ! CONCENTRIC
POOL FIRE 7/ CORE/SHELL
RIBS (typical),
5 cm tall

06:00
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e

3 x 1 kW BAND HEATERS

h { , 2% ;{%: i

VV02/C STORAGE VESSEL

VV02/C MOUNTED IN FRAME FOR TEST
STRADDLING THE INLET DIFFUSER

[ VVO2 IS MANUALLY DISCHARGED ]

%N%\oe Administration
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1.VV02 purged s
with UHP-air

2.CO2 drawn from local “low”-
pressure bulk source

3. Pump used to fill VV02 with
CO2 to needed test weight.
- d@ Other Notes : 10

“==J A.Only using PURE CO2 in | 1§
VV02 for this testing.

B. Chilling VV02 to fill.

%\ Federal Aviation
:/ Administration
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CO2 Distribution in the FAATC NFS

1.Local Gas Analyzer is “Hal02 RBLT”

2. Modified Pacific Scientific Halonyzer 2; a
Statham-derivative gas analyzer.

3. Analyzer is locally maintained.
A. Recently cleaned & calibrated for CO2 in air.

B. Used a local gas dilution system to create mixtures
of 1, 3, 7, 18, 28, 34, 37, & 45%v/v CO2 in air; also
exposed to 100%v/v CO2.

4. Currently installed for use in FAATC NFS.
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CO2 Distribution in the FAATC NFS

EXPOSING THE GAS ANALYZER
TO CO2 & AIR MIXTURES
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Recent CO2 Fire Suppression Results

1. Working @:
A. “high” ventilation : = 2.5-3.0 Ibm/s @ 125°F
B. JP-8/Jet-A spray fire : = 0.25 US gal/min @ 150°F
C. CO2 injected at 38°C & its vapor pressure

2.FAATC NFS fire suppression threshold
A. Spot-checked baseline in Oct 2016
B. Final outcomes to be based on thorough review

3. Recent CO2 results bracket threshold
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Recent CO2 Fire Suppression Results

CO2 Superior p —

%) ¢ &

Spot-check
threshold

CO2 Inferior

©RTD/chk : HiVsprJP8 [sec]

+ RTD/inf : HiVsprJP8 [sec]

/
<
KX

RTD/thr : HiVsprIPg [sec]

+ RTD/sup : HiVsprJP8 [sec]
A ORTD/chk : HiVpdlIP8 [sec]

1.5 4

I

Reignition Time Delay [sec]
|

@®RTD/inf: HiVpdlIPg [sec]
» RTD/thr : HiVpdlIP8 [sec]

RTD/sup : HiVpdlIPg [sec] [ |
+ RTD/chk : LoVsprJP8 [sec]
ARTD/inf: LoVsprIP8 [sec]
ARTD/thr : LoVsprJP8 [sec]
ARTD/sup : LoVsprJP8 [sec]
RTD/chk : LoVpdlJP8 [sec]

0.5 -

RTD/inf: LoVpdlIP8 [sec]
RTD/thr : LoVpdlIP8 [sec]

Frx Agent Weight Discharged [Ibf] RSe[|

5 5.5 6 6.5 7 7.5 8 8.5 9
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COZ Distribution in the FAATC NFS

"HIGH" VENTILATION NSg20171020.xls
SPRAY FIRE, JP-8/Jet-A CO_2 2017102003 c03
L| . "hivent" INJECTION PLUMBING
40 STl T CO2 STORAGE VOLUME : 211 in3 SRR A
i ; T4 INJECTED CO2 WEIGHT: 7.3 Ibf
e B R EA e ChO1 : fwd / 03..00
*13 A
X kR Cho8 : fwd / 06..00
[ { 'L: A VLA
30 - € gty 5 W
) 3 \ x Ch04 : fwd / 09..00
= e A Wi
. ®© X o \ [CylsT T T
B b 1
25 | € ) AT Ch02 : mid / 12..00
= o y
[ S T} RN H = == Ch07 : mid / 04..30
20 1 oy 5 A
[ 8 : ‘){. ] \" 733_ = == Ch09 : mid / pan lip wake
| h f:_ ;
15 : J . '. o,
e 2 .\ = == Ch05 : mid / 07..30
10 N BN , ¥ o "-i Ch10: aft / 12..00
w1 CO2 Superior M
HIR . W Y I ) PP Ch12: aft / 03..00
5 5 2 gl A Ay '0\ \ A | ]
5 V4 TP 1=
] 070 % -2 XeF AT AR 20 20 | W RIS ChO6 : aft / 06..00
_'l _T_ - r 5 .
0 5 PN
i VIS | o Cho3 : aft / 09..00
Time [ sec]
_5 ! | lI ||
123 124 125 126 127 128 129 130 131 132 133 134
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COZ Distribution in the FAATC NFS

40

35

30

25

20

15

10

NSg20171024.xls
CO_2 2017102403 c03

fwd /12..00

fwd / 03..00

fwd / 06..00

fwd /09..00

mid / 12..00

mid / 04..30

mid / pan lip wake

mid / 07..30

aft / 12..00

aft / 03..00

aft / 06..00

aft / 09..00

"HIGH" VENTILATION
SPRAY FIRE, JP-8/Jet-A
P ) - "hivent" INJECTION PLUMBING S
1 CO2 STORAGE VOLUME : 211 in"3 ‘
%;‘ INJECTED CO2 WEIGHT: 6.5 Ibf
[ ~— \ A E Rt e ChO1 :
1 ; v 4 I
>
PR o Chos :
1 £ Y L 5 y
e : At Cho4 :
. © ARVRS
- 1 3 HE
{= ) g = Cho2 :
Q J . .._:_
8- d 1 X “:E&?‘
[ S | Hil iTA M Vgl — =Ch07:
s : : .::.,1
O U i NS 1 — =Cho9:
K i | 3
Pq {,_-. s — —chos:
o - DL !‘j
. i .'. 0..-‘
/4 i \ | Ch10:
X o1 - Ch12:
1 . Y] A \
5l CO2 Inferior X1 i [l IR Cho :
P D WNOEDE RS | Cho3:
Time [ sec] —
! L1 1 ! Ll
134 135 136 137 138 139 140 141 142 143 144 145

Federal Aviation

Administration
IASFPWG Meeting, Atlantic City, NJ, USA, 1-2Nov2017

14 of 21



in the FAATC NFS
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in the FAATC NFS
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Near-term plans

1. Finish “high”-vent CO2 distribution testing.

2. Work with CO2 vs “high”-vent/pool fire.
A. Establish acceptable fire suppression conditions.
B. Capture associated CO2 distribution.

3. Review collected information & determine if
further testing will occur.

\2 Federal Aviation 17 of 21

2 oe Administration
st/ | ASFPWG Meeting, Atlantic City, NJ, USA, 1-2Nov2017




A P P E N D I X. References.

1) Advisory Circular 20-100, 1977, "General Guidelines for Measuring Fire-Extinguishing Agent Concentrations in Powerplant
Compartments," United States Department of Transportation, Federal Aviation Administration, Washington, D.C.
http://www.faa.gov/documentLibrary/media/Advisory_Circular/AC20-100.pdf

2) Ingerson, D., 2010, “Minimum Performance Standards for Halon 1301 Replacement in the Fire Extinguishing
Agents/Systems of Civil Aircraft Engine and Auxiliary Power Unit Compartments, revision 04”, draft/working document,
United States Department of Transportation, Federal Aviation Administration, W.J. Hughes, Technical Center, Atlantic City,
NJ. http://www.fire.tc.faa.gov/pdf/systems/MPSErev04_MPSeRev04doc-02submtd.pdf

3) Zabetakis, M. G., “Flammability Characteristics of Combustible Gases and Vapors,” Bulletin 627, U.S. Department of the
Interior, Bureau of Mines, Washington, DC, November 1965.

Federal Aviation 18 of 21

Administration
IASFPWG Meeting, Atlantic City, NJ, USA, 1-2Nov2017




APPEND'X. Basic Justification for Reconsideration.

oL AVIOS

4 %\ Federal Aviation 19 of 21
@o Administration
wiste/ |ASFPWG Meeting, Atlantic City, NJ, USA, 1-2Nov2017




APPEND'X. Basic Justification for Reconsideration.

Bulletin 627
-y or & OF MINES A Bureau oF Mines|| | 36 FLAMMABILITY CHARACTERISTICS OF COMBUSTIBLE GASES AND VAPORS
JUNEAU, ALASKA 9803
4 T B E— T
% air = 100%~% combustible—4%; inert
o
¥
@
FLAMMABILITY CHARACTERISTICS g
OF COMBUSTIBLE GASES AND VAPORS s 3 [= 28 %v/v CO2}— — -
v
By Michael G. Zabetakis Pui
5 |
C
This book is for reference on'’ { g 2} /I
st not he taken from the { o -
' o Flammable N2 -
r mixtures
wl
-
o
o Cst
= 1 \ -
@
=
o
“ I
— L
Zabetakis, Michael George, 1924— \1’
Flammability characteristics of combustible gases and | | | 1
vapors. (Washington; U.S. Dept of the Interior, Bureau of
Mines (1965, 0 10 20 30 40 50
121 p. illus., tables. (U.S. Bureau of Mines. Bulletin 627)
Includes bibliography. ADDED INERT, volume-percent
1. Combustion gases. 2. Gases. 3. Vapors. I. Title. II. Title:
Combustible gases. (Series) 35 A te Limit f ¥l bl { Higl P My Hyd N C.H S Cart
T : ) ! ke S0, ~Approximate Limils o ammability o igher Paraflin Hydrocarbons (CoHyuiy, n2>5) in Carbon
N23.Us no. 621 62.2 06173 Dioxide-Air and Nitrogen-Air Mixtures at 25° C and Atmospheric l’neuu're.,
U.S. Dept. of the Int. Library.
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APPEND'X. Basic Justification for Reconsideration.

9/21/77 AC No. 20-100

AC Nlmoo L(/(ig}
NOVLL 1377 DATE: s/21/77 '

”BRARYADVISORY les of minimum trati fficient to extinguish
Examp ations sufficien s
CIRCULAR fire ax:i :rcvent itscgemc:?rcnce are as follows:
DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION: AUMINISTRATION BT | CONCENTRATION | IN PERCENT | RELATIVE CONCEVTRATION
PERCENT

SUBJECT: CEVERAL GUIDELINES FOR MEASURING FIRE-EXTINGUISHING AGENT BY WEIGHT BY VOLUME

* CONCENTRATIONS IN POWERFLAN]' CUMPARTMENTS

1. FURPUSE. 'The purpose ot this Advisory Circular is to deseribe the
installation and use of a model GA-2A fire extinguisher agent con- W2 h9 3; 100
centration recorder in determining the distribution and concentra-
tion of fire-extinguishing agents when discharged in an aircraft

powerplant compartment, CHB&‘ ”

2, REFERENCE.

15
25

15
15

c. PAR 21.21(b)(2) as it affects powerplant fire-extinguisher
installations accomplished on an optional basis. ~
3. BACKGROUND. From 1050 to 1068, the Federal Aviation Administration ~
FAA) was actively engaged in the evaluation of aircraft powerplant
fire-extinguishing systems. During this period, the PAA provided, Par 8 p 9
without charge, specialized fire-extinguishing agent concentration 889
recorder equipment and knowledgeable personnel to organizations
requesting assistance in the evaluation of aireraft fire-extin-
guishing oyotems, Testing was conducted and data was obtained for
STOL, VTOL, helicopters, large transport category aircraft, military
aireraft, executive aircraft, turbojet, turbopropellera, and recip-
rocating engine-powered aircraft, This evaluation program provided
information helpful in establishing criteria for the installation

recorder.  The TAA 5o Longer adkes evalostieas. This trpe. of vork ~ 28 %v/v CO2 per BoM Bulletin 627 < 37%v/v CO2 per FAA AC 20-100

is now being performed by private companies for a fee. The FAA

a. Report No. FAA-DS-70-3, "Criteria for Aircraft Installation and Q{zm 36
Utilization of an Extinguishing Agent Concentration Recorder,"
is available from the National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22151, under
Accession No. AD 712 191. cpwz %° 5

b. FAR Sections 25.1195(b), 29.1195(b), and 29.1195(c). cp3ml 22

ow B E

VA

Initioted by: Avs-140
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