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1.0  Short overview of actual radiation models

0 Semi-empirical models

These models are widespread

o Zone models

o 2-20 zones

o Conservation equations for overall mass and energy

o Relatively simple, short computational time
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O Field models
Time averaged Navier-Stokes-equations of fluid flow with sub-models

o In general no combustion is involved
o Mathematically complex

o Significant run times on large computer systems

0 Integral models
A compromise between semi-empirical models and field models

o Mathematically formulated in the same way as field models. They can contain
sub-models of the turbulence structure, combustion and heat transfer processes.

o Demanding far less computer time than field models

o Up to the present there are no integral models which could be used for the

prediction of large-scale pool fire hazard consequences
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o Computational Fluid Dynamics (CFD) field modeling approaches

o DNS field model for pool flames with d <2 c¢m [4. Schénbucher, Th. Koch,
S. Staus, 1996]

o  Extended DNS field model for pool flames with d < 30 cm [4. Schénbucher,
S. Staus, 1999]

o Commercial ANSYS CFX-5.7.1 CFD software; ANSYS ICEM CFD 5.1
[A. Schonbucher, C. Kuhr (since 2000), 1. Vela (since 2003)]
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Steady state, semi-empirical simulation models for pool fires on land

el Point source radiation model (PS):

J. Moorhouse (1982)

1.2 Surface emitter models
1.2.1  Solid flame radiation model (ZFS):
P.G. Seeger (1971)

1.2.2  Two zone radiation model (ZZ):
K.S. Mudan (1993)

1.2.3  Organized Structures RAdiation MOdel (OSRAMO II):
A. Schénbucher et al. (1985, 1991, 1999)
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1.1 Point source radiation model (PS)

fradrh'tzlxp (— Ahc) ffﬂnges

By =
PS 3 2
4anAy 4anAy
x! 3
//- s s E,s (Ay) [W/m? thermal radiation flux resp. irradiance of the
y Ei =Ty S
e \\\.‘AFE flame
o RN ; fraa (d,fuel) [—] fraction of the combustion energy radiated from
1, ~f! the flame surface
/ / | \\ \ A
A | [ | J \k \ y 3 1
{ K > f 1 m; [kg/(m?s)] mass burning rate;
\ ] / / mf = prva [va [m/s] : burning velocity resp.
T - e i burning rate
\\ % : / a empirical factor (a = 1)
g Ahe  [Jkg] specific combustion enthalpy
A p i A // ; E
~ IO Ap [m?] pool sectional area; Ap = nd?/ 4
POOl y Ay [m] distance between the source and the receiver
d element of area;
spherical surface: Arg = 4 © Ay?
Application: WHAZAN (a1): Qm W] total heat p9wer resp. total heat release rate
-l g of the fire; =qiA, =mf(-Ah )A
e Ay >5d Ap=md /406";ﬂdH, Qges = A (- Ah A,
= : 00 f
» for gas fires a=cym; +1; a [W/m? total heat power per pool sectional area
122 L0.61 1, -0.61 :
o for pool/tank fires CiET2 mi s kg,
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1.2 Surface emitter models
1.2.1 Solid flame radiation model (ZFS, conventional)

frad(d) C.')ges

SEP,. = =go(T -T)

x4 L1
i Assumed cylindrical flame n d H( d)
e R IS T N g
Bewee: aaeeE o o e
e g__Z,FS SEP [w/m? time-averaged Surface Emissive Power
|
F| : 3 '_fF £F [=1] emissivity of the flame
| 1
- g j ;' Bt c [W/(m?2K*)] Stefan - Boltzmann - constant
|
‘ faa (d) [-1] fraction of the combustion energy radiated
e i ——— fraa (d) = frad, max e™ with frad, max = 0.35,
; i absorption coefficient k = 0.05 m™'
¥ H
i ¥
Pool y T K] time-averaged flame temperature
d

H(d) [m] time-averaged flame length resp. -height

nd H(d) [m? time-averaged flame surface (surface of a
cylinder)
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1.2.2 Two Zone radiation model (ZZS)

SEPzzs(d) = SEPy a, (d) +SEPr a,(d)

SEPr [W/m?] surface emissive power of the luminous
regions o f the flame (ca.140 kW/m?)

SEPr [W/m? surface emissive power of the sooty regions of
the flame (ca. 20 kW/m?)

as(d)=e3? [-] area fraction of the luminous flame region

ar(d) = (1- e %) [ - ] area fraction of the sooty regions of the
flame; agr(d) + avis(d) =1

s [1/m] absorption coefficient; s = 0.12 m
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2.0 Experimental work

Pool fires: 1<d<25m;
n-pentane, premium gasoline,
regular grade gasoline, diesel fuel and JP-4

o Instantaneous VIS-radiance structures: 04 <A<0.75 pm

[High-speed photography]
o Instantaneous IR-radiance structures : 2 <A<5.6 pm

[Thermographic camera system with a video mixing unit, digital image

analysis]

o Time-averaged irradiances E(Ay/d): 06<A<15um

[Pyroelectrical and ellipsoidal radiometry]

o Meteorological data

UNIVERSITAT

DUISBURDG
E S5 EN

Axel Schénbucher 10/32 Institute of Chemical Engineering



3.0 Organized Structures RAdiation MOdel (OSRAMO II)

3.1 Basic Ideas

(1) Reaction zones (re):
Emitting, very hot (T, ), homogeneous volumina of flame gas/soot particles:
they emit the fraction f,,4 of the heat power of reaction Qs

= radiant exitance: M, (d)

(2) Hot spots (hs):
Intensively emitting, absorbing and transmitting hot ( T}, ), homogeneous volumina of
flame gas/soot particles which are moving to the flame surface:

they emit the largest fraction of the absorbed M, as heat radiation

= Surface Emissive Power SEPhs(d)
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1 S précts (R

Strongly absorbing, relatively weakly emitting and transmitting, less hot (Tgg),
homogeneous volumina of flame gas/soot particles which are formed at the flame

surface: a large fraction of the absorbed M, will be transformed to nonradiant energy

(blockage effect of the heat radiation); due to this effect the temperature of the relative

cold soot particles existing in a great number, will increase for a few degree Celsius.

= surface emissive power: SEPRrg(d)

et parces (50







































