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This research aimed to study, simulate and design of fire protection of aircraft compartment
by fire dynamics simulation. There are 3 package programs utilized which comprise of Fire
Dynamics Simulation, Smokeview and PyroSim. The objective focused on aircraft type Airbus
380(A380) which has a capacity of more than 555 passengers. The simulation covered the fire

dynamics study, the heat detector design at the front compartment.

The results found that the worst case of fire spread through aircraft was within 206
second and the temperature was between 500 — 2,000°C. The paper boxes; a source of fire,
had heat flux between 240 - 350 kW/m® within 30 second. The heat had spread over an entire
front compartment. The temperature in the source of fire container was 790°C. At the front
compartment was 879°C and on the first floor and second floor were 1,190°C and 1,920°C.
After evaluated by FDS, the aircraft compartment should have an installation of 32 heat

detector system for monitoring the heat increment within 1 minute.
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2. MstloanudnRNeN 1A UITITN (Active Fire Safety) A0 NIAAAITZLIL

[ Y]

[ A [ a o UZR
anaduaiunIonlal Iuazszuuaumasdn Tuiia

9
a

o [ (% =) A A v A
2.1 szuudyanusuaiunionlanr il Tasszuuminzauiazande fo

' ' '
= a 9 A o

<3| [ qgj 1% 1 I Y
RTINSV AR IS Photoelectric W?@ Ionization @1d1.!usz1Jumﬂmﬁuﬂmwmﬁmumm 2!

N

o Y Y a 9 wa A o Y Y Yo o o v g
ﬁlzm"lmz‘ummwm"lwumiummqm Llﬁgﬁﬂﬂllﬁ]\iﬂﬁiﬁﬂ‘]Jﬂ‘]JG]‘L!NVIL‘]J‘L!ﬂUﬂ'J‘UﬂiJ

G

=).

d‘ a A [ v
nTealuLazgnTonI 1 Taedn Tuiia

o a o va A o v o o @ A
22 srvvdumaede ludatlussuuimhauswduszuuduaiunsenlal v
9 { A I g o a ] o a
FeszuvunfenlFeziunaszvuuuuseiumaang (Fire Suppression) 111+ Il 1¥iAa
anudsyenuemasunIy ansageuuguuazihndun el mziioann
Tunsdinermasudueguuiesihudrnziidlasennernumsmyuieuvesermand

o q ¥ Y s A & o o o a A Yo o 9

o1 1d rlgnawIdednesiaiizaiu dmsuszundumasnaunsaldldiu dnegld
1% a a { g @ :’ .
sruuumassiaduiifauuueiasu (Halon Nozzle)HIouuunueniii(Water Mist)

:JI v v a A Ad v A z . . .
Fnaszdealitsumassianduuuudifada une1meeuae (Hand Held Fire Extinguisher)
d! 1 9 9 d‘ 1 1 1
Feluuaazszuvazded lduasguauianaumsvudeseridsamaseninaysena

[IATA] (2004) fviuaien 13

a @ A @ a o Ao . P 4
MIAIVANLASVINTTIANITLNYINUNITINABANNY (Manage Fire) @l']ll“lflulﬂllﬁﬂ\‘lll?

v A

: @ s A [ 1 a 1Y o’/’ 4
Tunna 4 ﬁﬂﬁq‘ﬂﬁgﬁ\‘lﬂLﬁﬂaﬂﬂu@iTﬂLlaZﬂTiuWﬁéUfJ"IfJGU’E)\iﬂ"IiLﬂWﬂﬂﬂﬂfJ 3')1]1/]\1Lwdﬂaﬂ

9
v A

a o AaAw Y 9 A a a ] 9 I
Waﬂi%ﬁ‘ﬂ‘]_li]"lﬂﬂ”lﬁlﬂﬂ@ﬂﬂﬂfﬂﬁl!@ﬂﬂﬁﬂ TﬂElmm’;mmﬂm!,m“lmﬂumu

1. ﬂ’J”lJﬂﬂJﬂix‘]J’mmiLmhlﬁfll (Control Combustion Process) llgﬁlﬂl N1TAILAN

Y Y
ﬂimmvﬁamm NIIangUNY m‘uqummmmzmwau%mm

2. mugumsw Ind TaouazesnuuuliIaseadwemeeuliinnuanso
T 31119 (Control Fire by Construction) 191 MIBAUUNNMUIAINTTUND 11 InTaaiig

Y
9
vosomasuny I ldeuuanniu



11

v v A w

<3| @ { A Y
3. MUAUIAzIZIUSARNY (Suppress Fire) 1 utunnamssamsinedoany
o a v v Ao [ A a v A w dg’ 9 . .
nMsdumaazsziusaassmuuuIMInaInIniinamadanseay 1udq (Fire Protection)
Taeliatmsduiivau 2 guuy Ae MmsvenuuuszDAUWAYIaNsatu 1doa Tuia

nazeonuuy i szuuRudIeMIAIugNINUY Y

Manage
Fire
®
| 1
Control Control fire
combustion
process construction
Contral Provide
le):;l:ﬂl PES?;I_?"‘::;I mevement of structural
= fire stability
Limitin Control Control .
Control fuel fual 9 Control fuel physical chemical Vent Confine/
properties uantity distribution properties of properties of fire contain fire
9 environment environment
Suppress
Fire
1 1
Automatically Manually
Suppress Suppress
fire fire
Apply . " Apply
Dcllect Sufficient Dellcct Com rpunlcatc Doqidc Resp«lmd Sufficient
fire fire signal action to site
suppressant suppressant

MW 4 1UIAAUBINITINIT UV BINUSARNBUDI NFPA 550
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R - Paveningilsmeuenszrdnalad luuazifhvune (Configuration or
View factor between flame and target)
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(Compartment Fire Model)
117: Federal Aviation Administration (2005)
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Cabin Material Kilograms Weight Cabin Material Kilograms Weight
per Aircraft per Aircraft
Acoustical Insulation 100 - 400 Paint 5
Blankets 20 - 250 Passenger Service Unit 250 - 350
Cargo Liners > 50 Partitions and Sidewall 100 — 1000
Carpeting 100 — 400 Pillows 5-70
Ceiling 600 Thermoplastic parts 250

Curtain 0-100 Seat Belt 5-160
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Cabin Material Kilograms Weight Cabin Material Kilograms Weight
per Aircraft per Aircraft

Ducting 450 Seat Cushions 175 -900

Elastomers 250 Seat Upholstery 80 —430

Emergency Slides 25 -500 Seat Trim 40 — 200
Floor Panels 70 — 450 Wall Covering 50

Floor Covering 10-100 Windows 200 — 350
Life Rafts 160 — 530 Window Shades 100

Life Vests 50-250 Wire Insulation 150 - 200

Total Combustibles 3,300 — 8,400

137: FAA (2000)
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2nh 7 msna viaznsnszaeaTuiuy Buoyant Plume

17: FAA (2003)
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i PyroSim 2005.1 - InstallShield Wizard
Welcome to the InstallShield Wizard for
PyroSim 2005.1
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Program Maintenance

Modify, repair, or remaove the program,

(*) Modify
Change which program features are installed, This option displays the
@ Custam Selection dialog in which vou can change the way features are
installed,
) Repair

Repair installation errors in the program. This option fixes missing or
corrupk Files, shortcuts, and registry entries,

O Remove
@ Remoyve PyroSim 2005, 1 From your computer,
%
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i PyroSim 2005.1 - InstallShield Wizard

Custom Setup

Select the program features you want installed.

Click on an icon in the list below to change how a Feature is installed,

Feature Description

This Feature requires OKE on
vour hard drive,
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1 o [ a

v k4 v 9
MNNNT 04 taastuneulumsideniegdimsunisanaelysunsu

u

109



110

(e PyroSim 2005.1 - InstallShield Wizard

Ready to Modify the Program L

The wizard is ready bo begin installation,

Click, Inskall to begin the installation.

IF wou want ko review or change any of wour installation settings, dlick Back, Click Cancel to
exit the wizard,
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Yoyanug1ululd databased.data voalilsunsu FDS

Database file for FDS 4 (Version 4.0, July, 2004)

Note the entries in this file are meant to serve as

examples of gas and solid phase properties used in

FDS. The user of FDS is solely responsible for

verifying whether or not these parameters are appropriate

for the problem at hand. Each number should be independently

verified.

&REAC ID="PROPANE'
FYI="Propane, C 3 H §'
MW_FUEL=44
NU_02=5.

NU_CO2=3.
NU_H20=4.

SOOT YIELD=0.01/

&REAC ID=METHANE'
FYI='Methane, C H 4'
MW _FUEL=16
NU_02=2.
NU_CO2=1.
NU_H20=2.
RADIATIVE_FRACTION=0.15
SOOT_YIELD=0.01/
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&REAC ID=ETHANOL'
FYI='Ethanol, C 2H 6 O'
EPUMO2=12842.

MW _FUEL=46.
NU_02=3.
NU_H20=3.
NU_CO2=2.
SOOT_YIELD=0.008

RADIATIVE FRACTION=0.20/

&REAC ID=ETHYLENE'
FYI='"Ethylene, C_ 2 H_4'
NU_02=3.

NU_CO2=2.
NU_H20=2.

MW _FUEL=28.
SOOT YIELD=0.010

RADIATIVE FRACTION=0.20/

&REAC ID=METHANOL'
FYI='Methyl Alcohol, CH 4 O'
MW _FUEL=32.

NU_02=1.5
NU_H20=2.
NU_CO2=1.
EPUMO2=13290.
SOOT_YIELD=0.0,

RADIATIVE FRACTION=0.0 / Radiation will be based on CO2, H20 and Temperature
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&REAC ID='HEPTANE'
FYI="Heptane, C 7H 16
MW _FUEL=100.
NU_02=11.

NU_CO2=7.
NU_H20=8.
CO_YIELD=0.006

SOOT_YIELD=0.015/

&REAC ID='KEROSENE'
FYI='Kerosene, C 14 H 30, Tewarson, SFPE Handbook'
MW_FUEL=198.0
NU_02=21.5
NU_CO02=14.0
NU_H20=15.0
EPUMO2=12700.
CO_YIELD=0.012

SOOT_YIELD=0.042/

&REAC ID="WOOD'
FYI="Ritchie, et al., 5th IAFSS, C_ 3.4 H 620 2.5'
SOOT_YIELD = 0.01
NU 02 =37
NU CO2 =34
NU H20 =3.1
MW FUEL =87.

EPUMO2 =11020./
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&REAC ID='POLYURETHANE'
FYI='C 6.3 H 7.1 N O _2.1, NFPA Handbook, Babrauskas'
SOOT_YIELD =0.10
MW _FUEL =130.3
FUEL N2 =0.5
NU CO2 =63
NU H20 =3.55
NU 02 =7.025/

&REAC ID="MMA'
FYI="MMA monomer,C 5H 80 2'
EPUMO2=13125.
MW_FUEL=100.
NU_02=6.
NU_H20-4.
NU_CO2=5.

SOOT_YIELD=0.022/

&REAC ID='POLYSTYRENE'
FYI='Styrene, C 8 H &'
MW _FUEL=104.
NU_02=10.

NU_H20=4.
NU_CO2=8.

SOOT _YIELD=0.164
CO_YIELD=0.06

RADIATIVE FRACTION=0.45/
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&SURF ID = "UPHOLSTERY'
FYI='Fleischmann and Chen, 100% acrylic'
C DELTA RHO=1.29
TMPIGN= 280.
DENSITY=40.0
RGB =0.53,0.38,0.35
BURN _AWAY = .TRUE.
TEXTURE_MAP = 'brown.jpg'
BURNING RATE MAX =0.03
HEAT OF VAPORIZATION = 1500.

HEAT OF_COMBUSTION = 30000. /

&SURF ID="CONCRETE'
FYI="'Quintiere, Fire Behavior'
RGB = 0.66,0.66,0.66
C P=0.88
DENSITY=2100.

KS=1.0
TEXTURE_MAP = 'concrete.jpg'

DELTA=0.1/

&SURF ID="GYPSUM BOARD'
FYI ="'Quintiere, Fire Behavior'
RGB=0.80,0.80,0.70
HRRPUA = 100.

RAMP Q='GB'
KS=10.48

C P=0.84
DENSITY= 1440.

DELTA=0.013



142

TMPIGN = 400. /
&RAMP ID='GB',T= 0.0,F=0.0 /
&RAMP ID='GB',T= 1.0,F=0.5 /
&RAMP ID='GB',T=2.0,F=1.0 /
&RAMP ID='GB', T=10.0,F=1.0 /
&RAMP ID="GB', T=20.0,F=0.0 /

&RAMP ID='GB', T=30.0,F=0.0 /

&SURF ID="CARPET'
FYI='Ohlemiller cone data'
RGB=0.60,0.80,1.00
BACKING="INSULATED'
TMPIGN= 290.

KS=0.16

C P=9.0

DENSITY= 750.

DELTA= 0.006

FUEL FRACTION= 0.62

TEXTURE MAP="carpet_blue.jpg'
BURNING _RATE MAX=0.05
HEAT OF COMBUSTION = 22300.

HEAT OF VAPORIZATION= 2000. /

&SURF ID ='SPRUCE'
FYI='Charring material’
RGB=0.5,0.2,0.1
PHASE="'CHAR'

MOISTURE FRACTION=0.01
DELTA=0.028

TMPIGN= 360.0



HEAT OF VAPORIZATION = 500.

DENSITY= 450.

RAMP_KS='KS'

RAMP _C P='CPV'

RAMP C P CHAR='CPC'

RAMP _KS CHAR='KSC'

CHAR_DENSITY= 120.

WALL POINTS=30

TEXTURE MAP='spruce.jpg’

BACKING="EXPOSED'/
&RAMP ID ='KS', T=20., F=0.13 /
&RAMP ID ='KS', T=500., F=0.29 /
&RAMP ID ='KSC', T=20., F=0.077/
&RAMP ID ="'KSC', T=900., F=0.16 /
&RAMP ID ='CPV', T=20.,, F=12 /
&RAMP ID ='CPV', T=500., F=3.0 /
&RAMP ID ='CPC', T=20., F=0.68 /
&RAMP ID ='CPC', T=400., F=1.5 /

&RAMP ID ='CPC', T=900., F=1.8 /

&SURF ID="ETHANOL'
PHASE='LIQUID'
RGB= 0.40,0.40,0.40
HEAT OF VAPORIZATION = 837.
HEAT OF COMBUSTION = 26800.
BURNING RATE MAX= 0.015
DELTA= 0.05
KS=0.16

C_P=2.4
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DENSITY= 780.
TMPIGN= 78.

SURFACE DENSITY=5.0/

&SURF ID="METHANOL'
RGB-= 0.40,0.40,0.40
HEAT_OF_VAPORIZATION = 1101.
HEAT_OF_COMBUSTION= 19800.
BURNING RATE_MAX=0.020
PHASE='LIQUID'

DELTA= 0.1
KS=0.20
DENSITY= 790.
C P=25
TMPIGN = 65. /

&SURF ID="HEPTANE'
RGB= 0.40,0.40,0.40
HEAT OF_VAPORIZATION = 316.
HEAT OF COMBUSTION=46112.
BURNING RATE _MAX= 0.065
PHASE = 'LIQUID'
DELTA=0.10
KS=0.16
C_P=224
DENSITY= 800.

TMPIGN=98. /
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&SURF ID="KEROSENE'
FYI="NIST Database, n-dodecane, C 12 H 26'
RGB=0.40,0.40,0.40
TMPIGN= 216.0
HEAT OF VAPORIZATION = 256.0
HEAT OF COMBUSTION= 42800.
DELTA=0.10
KS=0.109
DENSITY= 810.
C P=24

PHASE="LIQUID'/

&SURF ID="PMMA'
FYI="'Quintiere, Fire Behavior'
RGB=0.90,0.90,0.90
HEAT OF VAPORIZATION = 1620.
HEAT OF COMBUSTION= 25200.
BURNING RATE MAX=0.028
DELTA=0.012
KS=10.19
C P=142
DENSITY=1190.
BACKING="INSULATED'

TMPIGN=380. /

&SURF ID="MARINITE'
FYI="BNZ Materials, Marinite I'
RGB=0.70,0.70,0.70
BACKING="EXPOSED'

EMISSIVITY=0.8
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DENSITY = 737.

RAMP_C P='rampcp'

RAMP_KS= 'rampks'

DELTA=0.0254/
&RAMP ID="rampks',T= 24.,F=0.13 /
&RAMP ID="rampks',T=149.,F=0.12 /
&RAMP ID="rampks',T=538.,F=0.12 /
&RAMP ID="rampcp',T=93.,F=1.172/
&RAMP ID="rampcp', T=205.,F=1.255/
&RAMP ID="rampcp', T=316.,F=1.339 /

&RAMP ID="rampcp', T=425.,F=1.423 /

&SURF ID ="'CEILING TILE'
RGB =0.95,0.95,0.95
FYI='Armstrong Ceramaguard (Item 602B)'
ALPHA=2.6E-7
KS=0.0611

DELTA =0.016/

&SURF ID='SHEET METAL'
FYI="18 guage sheet metal’
RGB=0.20,0.20,0.20
C DELTA RHO=4.7

DELTA=0.0013/

&SURF ID="PLASTIC A'
FYI ="FMRC Standard Plastic Commodity'
HRRPUA= 500.
RAMP_Q='GAP'

C_DELTA RHO=1.0



TMPIGN = 370.
E_COEFFICIENT= 0.5
DENSITY= 12.5
BURN_AWAY=.TRUE.
HEAT_OF_COMBUSTION = 40000.
POROSITY=0.50 /
&RAMP ID='GAP',T= 0.0,F=0.0 /
&RAMP ID='GAP',T= 1.0,F=0.6 /
&RAMP ID='GAP",T= 30.0,F=0.2 /
&RAMP ID='GAP',T= 80.0,F=1.6 /

&RAMP ID="GAP',T= 100.0,F=1.0 /

&SURF ID="STEEL'
RGB=0.20,0.20,0.20
C_DELTA_RHO-= 20.

DELTA=0.005/

&SURF ID="BRICK'
FYI="'Quintiere, Fire Behavior'
RGB=0.65,0.16,0.16
KS=0.69
C P=0.84
DENSITY= 1600.

TEXTURE MAP= "brick.jpg'
TEXTURE WIDTH = 0.5
TEXTURE HEIGHT =0.5

DELTA=0.10/

&SURF ID="GLASS'

FYI="'Quintiere, Fire Behavior'
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RGB= 1.0,1.0,0.75
DELTA = 0.005
KS=0.76

C P=0.84
DENSITY= 2700.

BACKING="EXPOSED'/
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