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78 U PRACTICAL SITUATION

IT HAS BEEN SHOWN BY GLOBAL MODELING OF EXPERIMENTAL DATA THAT FIRE CAN BE
LIMITED IN ITS PROPAGATION BY TWO FACTORS:

® LACK OF 02 (VENTILATION, ENCLOSURE VOLUME)
e LACK OF FUEL (FUEL LOAD, FUEL SURFACE)
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ol PRACYICAL SITUATION

: (contd)

IT HAS ADDITIONALLY BEEN OBSERVED THAT:

® THE OUTCOME OF THE FIRE IS STRONGLY INFLUENCED BY VENTILATION PATTERNS
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e THE OUTCOME OF THE FIRE IS STRONGLY INFLUENCED BY THE LOCATION OF THE FIRE

® THERE IS A STRONG TEMPERATURE CHANGE NOT ONLY [N THE HORIZONTAL, BUT
ALSQ !N THE VERTICAL DIRECTION DUE TO AIR BUOYANCY

® SURFACES, OTHER THAN THOSE BURNING, ARE FURTHER IGNITED DUE TO
RADIATION AND/OR CONVECTION FROM THE EXISTING FIRE

GLOBAL MODELING CANNOT PREDICT THESE LATTER FIRE CHARACTERISTICS
—= A DETAILED ANALYTICAL MODEL IS NEEDED
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3)

4)
5)

6)
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DIFFICULTIES IN ESTABLISHING A MATHEMATICAL
MODEL DESCRIBING FIRE IN AIRCRAFT

GEOMETRICAL ASPECTS

TURBULENT ASPECTS

LACK OF DATA TO INDICATE LEVELS OF TURBULENCE TRANSPORT
(cme/sEC)

COMBUSTION ASPECTS

LACK OF KNOWLEDGE ON THE DETAILED CHEMICAL MECHANISM, LACK

oF DATA (E AND A) TO APPROXIMATE THOSE MECHANISMS BY A ONE

STEP REACTION,

DESCRIPTION OF THE COUPLING BETWEEN COMBUSTION AND TURBULENCE
RADIATION ASPECTS

VIEW FACTORS, EMISSIVITIES, GAS PHASE ABSORPTANCE AND TRANSMITTANCE
BOUNDARY CONDITIONS AND WALL EFFECTS

DIFFICULT TO CORRECTLY APPROXIMATE BOTH WALL AND CORE PHENOMENA

WITHIN REASONABLE CONSTRAINTS (MONEY, TIME, COMPUTER TIME)

LACK OF THERMOPHYSICAL AND THERMOCHEMICAL CONSTANTS FOR VARIOUS
MATERIALS THAT ARE USED IN AIRCRAFT,
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1-“9 APPROX!MATION OF T-E PRACT'CAL SITUATION
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MATHEMAT' CAL MODEL!NG INCLUDES:

e WRITING TUE CONSERVATION EQUATIONS FOR TURBULENT ELOW

o MODEL'NG THE COMBUST!ION TERMS IN THESE EQUATIONS
o MONEUING TRE RANIATION TERMS 'N THESE EQUATIONS

o WRITING THE 30UNDARY CONDIT!ONS SOR A GIVEN S!TUATION

o0 WRITING TRZ INITIAL CONDITIONS "CR A GIVEN SITUATICON

o FINDING THE VALUS OF THE RELEVANT BAS!C CONSTANTS THAT ARE RELATED
TC MATERITAL PROPERTIES



011

R’DL«') THE CONSERAVATION EQUATIONS

(1 of 3)
MASS
82, aleu) . alpv) 0
at L 3y |
transient  convective terms
term
X=-MOMENTUM COMPONENT
2y 9y LovdU_ . _ 3P _
P33 +‘°L”ax+‘°vay X gpsing@+
transient  convective terms pressure buoyancy
term change term
term
20(-2, \(ou, 8y ] 2y, 24), o[, (du,av
ax [< 3 “T)(ax * ay) > (’J'XT ax) * By ["yT (ay * ax)]
b — —

viscous stress terms (turbulent)
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el THE CONSERVATION EQUATIONS

(2 0f 3)
y-MOMENTUM COMPONENT
p V. , v o __ ¥ _
at +Lpz. o + pv 2y ¥ gphcose
transient  convective terms pressure  buoyancy
term change term
term

vax [ B0 8] By () (G5 328y

viscous stress terms
(turbulent)

SPECIES
3Y, aY, aY, aY - oY '
i L4y — . 2 L)y 2 I P
&Y Peu ot oy "o (DxT X )" 2y (Dy.r &, >+ @j
transient convective terms diffusive terms o source |
term {turbulent) or sink |
term |

i = fuel, oxygen, nitrogen, water, carbon dioxide.
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THE CONSERVATION EQUATIONS

(3 of 3)
ENERGY
aT T or , 2P 2 oT\, 2 aT
pcp at.+pu Cp X +pvcp ay at +ax (kxT ax>+ ay (kyT ay>
transient convective terms pressure conductive teFms (turbulent)
term change
term
-gpv + Qr + Rnet
work source of radiation
heat due term
to combustion
STATE

Y,
. !
p = poRT with R Ruzi wi
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> MODELING OF COMBUSTION

m m
CnHm+(n+—4—)02 — nC02+-2-H20
W,
. . X F 1
w.=¢, W with c, =
F 1 0 . 1 w m
2 02 n + a
w
Co
. . : 2 n
w = ~C, W with C, "=
2 2 W m
W
H.O
. . . 2 mf2
w = -C, W with C, "
2 4
¢ [0,]
A =t - 2 = _}— 2 H3 = .EIR-r



91T

Jol_s

PN

BOUNDARY CONDITIONS

WALLS [ INERT)

u=20 v=20

aY.
—a ;  nisthe direction perpendicular to the wall
an_
thin wall assumption
oT oT S is the direction
v _ ., oT . £ ) : .
6wprw ot kg aﬁ+qnet+'6‘s"<ksw a-§> ; aiong the wall;
rad | - {H fn=X
.f'-=-‘
ENTRANCE (x=0, ; y; <y <y,) \Lifn -y

APU = m_.  (forced ventilation)

v=_>0

P, T, YF’ YOZ, YNZ, YCO , YH

given
7 a0
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'PATY CONDITIONS (Coned)

e ~-
- EXIT X =L :y, <y <y,
T are found by forward

P, U, v, Yy, YooV Y i
! O Ny COY HOO ’ 3rannioting
c PN o G/(nu‘-u “.

POCL SURFACE (y = 2, 1
v =20
aYF
PV YF - pD é'r= MF
3Y,
( '__ 1 N 1!
g1 1 ! \H
T T YE 1’/ We

\
qU\Tb '/ -\.', v oo
' le.‘ \2mT, )
W. .

thin wa!' assimntion
T
6:! a-r . ) h.ﬂ l
'»r-'..n

- I, _.___.r.q

5, PC = =
R ey net -G
rad
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PRESENT AND FUTURE WORK

MODEL THE RADIATION TERMS

- IN THE ENERGY EQUATION

- IN THE BO'UNDARY CONDITIONS

""NCODE THE TQUATIONS

- SELECT A COMPUTATION SCHEME

- TRANSFORM THE EQUATIONS FROM A JIFFERENTIAL
TO A FINTTE FORM

- DEVZ.0OP A COMPUTER CODE

\SCERTAIN THYERMOPHYSICAL AND THERMOCHEMICAL CONSTANTS

"HAT ARE RE_EVENT TO AIRCRAFT MATERIALS
"HARACTERIZE THE FLOW CONDITIONS IN AIRCRAFT (LEVELS CF
TURBULENCE) USING AVAILABLE EXPERIMENTAL DATA
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