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ABSTRACT

The prediction of released heat fluxes from fires is mandatory for any fire safety strategy. Indeed, the
spreading time and directions of thermal fluxes are particularly critical in the situations of fuel warehouses,
where temperature levels can induce primary and secondary inflammations in the neighbouring depots.
Moreover, firefighters should operate in areas where the thermal environment is tolerable and in favour of
efficient egress operations.

Several correlative models provided by some industrial organizations are applied to the study case of
Naftal-Chiffa fuel warehouse (Blida, Algeria).

Various fire characteristics are predicted, in particular height and inclination of jet flames, in addition to the
spatial distribution of heat fluxes on solid targets (human bodies and structures).

The analyses reveal that the safety distances corresponding to the threshold fluxes of 3 kw/m?, 5 kw/m?
and 8 kw/m? as provided by the IT-89 correlations, exhibit an important dispersion when relative humidity
was different from 70% and the fuel tank was had no longer a square shape. In this direction, the present
study was completed with a parametric analysis on the effects of climatic conditions (ambient temperature,
relative humidity, wind speed) and storage tanks geometry on the distances relates to critical thermal
fluxes.

Keywords: Fire, Liquid fuel, Warehouse, Correlative model, Heat fluxes, Safety distances.
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‘I Introduction

The prediction of released heat fluxes from fires is
mandatory for any fire safety strategy.

Specifically, these fluxes are particularly critical in the case of the fuel tank fires where
5 can induce inflammation in the nearby deposits and even impair the personal
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Pool fire

Pool fire or puddle fire, describes a blaze resulting from the combustion of
pool of a liquid fuel in an open atmosphere. This phenomenon mainly
e in contact with the air. The dimensions
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8 kW/mz, threshold of significative lethal effects delimiting the « zone of very serious dangers to human life » mentioned in
article L.515-16 of the environment code.

2. Effects on structures

NV/m2, threshold for significant window destruction.

esponding to threshold of serious damage to structures.
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;-Sh: ?llj;? i?]a:O:rrI](ei |snzia§[il(|)?1h;nhyi?]rec;carbon gl=e Diesel fuel must have, unlike gasoline, a strong
: park igniti gines. _ tendancy to the self-ignition since the operating
Physical characteristics of gasoline: e : .
_ principle of the Diesel engine is based on the
Density at 15°C : from 0.730 to 0.770 ignition of the fuel injected under high pressure in
Reid vapor pressure : 0.650 b the previously compressed air.

NO0A 0°C . . .
Physical characterictics of Diesel fuel.

Density at 15°C : from 0.810 to 0.860
at 65% (250°C)
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l Vitesse de
combustion

Si la vitesse de combustion est inférieure a I'onde chaleur,
risque de Boil-over
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Predictive models

Models for Heat release rate (Fizero)

Modéle Mudan et Croce :

Do = Dmax X e(—SD) ¢ qumées X (1

Modéele TNO Modéle 11-89 :

Bo = Omax X (1 —¢) + B0t X¢ D =0oXF(r)xI(r)

avec !

le pouvoir émissif est consic?fré

comme constant ; il a été pris égala ¥
29720 W/m?. '

—— - “‘
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Modeéele de Heskestad : Modéle de Thomas :
a. vent<1lm/s:

. 0.61
m
L=42xDex( )

Pair X /g X Deq

1
H=(-1.02+156N5) xD

N = CPo TO Necomb X m’ rs3
g AHc Pa D?

b. vent>1m/s :

. \ 0.67
L ) X (u*)-021

Pair X /9 X Deq

x+y/4+z/2
12x+y+ 162

r, = 137.87

L=55xDeqx(
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 fre Winds effect
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A Inclinaison de la flamme :

la formule établie par 'American Gas Association (AGA) u*=—"* _Siu*<l alors cos@ =1
(gxm"xD)§
Pair 7
sinon cos@ = = 7=
0.07 0.8 -0.6
Welker et Sliepcevitch ane 3, Du‘” [ ] [ ]
cos @ Pa

—-0.49
La formule de Thomas cosé = 0.7 —uw—1
(gle"xD)§

a

Détermination de 1a hauteur de flamme :

Thomas propose la corrélation suivante :

n . 5
H=62XD X [mad]oz & X [ulo] gl

ml

Pa. /gD

et:myy =

(-
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1 L L | (A-2%) , AX-1) 1 Y1 Formule IT-89 :
o n—XArc tan (x2-1) + - [X\/Z'E Arctan BXTD) }Arc tan x_+1]

1 X—1 (X?-1+1% AX—-1) Dans 1T-89, le fa
F, = —|Arctan -

[ X +1 VAB die B(X+1) se calcule donc s
suivante :
ou: R=D/2 A= (X+1) 2+L?
L=H/R B = (X-1) +L?

F=1.38
X =x%/R

Fv : Facteur de forme pour une cible verticale

Fh : Facteur de forme pour une cible horizontale.

Cas d’un plan vertical :

1 X am e
E, = o ——,_ 5 Arctg ( S
'=h/c
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1. La corrélation de Brzustowski et

Sommer : 2. La corrélation de Lannoy :Elle est donnée
Elle donne le meilleur compromis entre

par la relation suivante :

précision et complexité. 7= 0.33 + 0.67.exp(—0.0002.w. d)

7= 0.79 x (100/d)"/*¢
X (30.5/RH)/1°

4. Corrélation de Wavne :

3. La corrélation de Bagster :

Elle est donnée par la relation suivant

Elle est donnée par la relation suivante :

7= 2.02.(ppd) 22
Avec:

r = 1.006 — 0.017 log X (H20)

—0.2368( log x (H20))*—0.03188 logx (€02))? ] 3

532
' p, = RH. (V41145 ~7a).1.013 x 10°

W
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21.944640
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23.688710
66.112860
71.371930
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-71.3 For a rounded
-73.6 oo o pool:
-73.5 30 80 Err=-0.93
-75.8 60 -8
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For a square pool:

Err=-0.93

Rounded pool:

Err=-0.72
Square pool :

Err=-1.59
Rounded pool =
55
Square pool =-6.6

For a rounded
pool :

Err=65.2

For a square pool :
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Calculations with wind Ag,.= 50 m? Calculations without wind Ag,,= 50 m?

HRR ( kW /m?)
HRR (kw /m?)

1:bac rond
2: bac carré
TNOL  TNO2  GTDLIS] Mudan i TNO 1

1: round bin TNO 2 GTDLIIS] Mudan 1 mydan 2

2: square bin
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38.112520
51.789520
47.612410

41.657330
38.112520

0

0
27.047900
28.764570

0

0
27.047900
28.764570

0

0

27.047900
28.764570

29.72
29.72
29.72
29.72

26.038580
25.749270
27.87200
27.588460
20.157850
20.336180
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20.336180
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For a round bin:

Err=-0.93

For a square bin :

Err=-0.93

Round bin:4.7
Square bin : 3.6
Round bin :0.97
Square bin : 0.21

For a round bin :

Err=0.78

For a square bin :

Err=1.68

ipb

INSTITUTO 2OLITECHICO
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Flame hight

Emissivity ( KW /m?)

1: round bin

TNOT TNO2 U] Mudan 1 mudan 2 2: square bin

Without wind 30 A .=2400 m?
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vent5 vent5 vent5 2 :square bin
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Emissivity ( KW /m?)
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1. Correlations of Brzustowski and Sommer . Correlations of Bagster
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1. Correlations of Brzustowski and Sommer 2. Correlations of Bagster
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Calculations without wind , round bin
A.=706.85m?; Fuel=GO
44.86
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- - i /£ 01.06 Calculations without wind A,,=201,06 m? ;
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Calculations with wind A;.=201,06 m?; Calculations with wind Ag,,=201,06 m?
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The type of view factor (plane or
cylindrical) will be chosen according
to the different types of fire (the
geometry of the pool on fire).

AJEAU

{ For Fizéro's, Mudan’s and Croce’s
calculations is the most suitable
model but for large surface fire tanks;
on the other hand for small surfaces
the model of TNO is the most
adapted in which the effects with
wind and without wind are both
Important.

For the atmospheric transmissivity factor,
we see that it is advisable to specify the
absolute humidity of the site in the
Lannoy model which does not seem
suitable for small distances, on the other
hand the Bagster and Brzustowski and
Sommer models appear to be Being the
most suitable models for the evaluation
of GammaAir in the humidity value has
little influence on the atmospheric

transmissivity factor.

It was also noted that the effect distances in the
values of the regulatory thresholds for heat
fluxes are 3kW / m?, 5 kW / m2 and 8kW / m
calculated by us are smaller compared to the
distances of 1T-89 in both case RH = 40% and
RH = 70%.
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