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Extinction mechanisms

Understanding

« Gas phase cooling;
* Oxygen displacement and fuel vapor dilution;

* Fuel surface cooling and wetting;

Evaluating
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Ventilation

North Face

Weigher

Dampers

East Face

~ ¢ Pool diameters : 25 and 35 cm
~*HRRupto 75 kW

Metrology:
« 18 thermocouples

» Gas analyser for O,, CO,
and CO

* Load cell
* \VVideo camera

Water mist characteristics:
* Pressure = 10 bars

* Flow rate = 6.3 I/min/nozzle
* Injection angle = 130°

*D;, =112 pym



Extinction mechanisms observation
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Extinction mechanisms observation
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Experimental results: fuel oll
N° | Dpoor | To | tapp | Qapp | Taz200app | Blyig | Algas | Alyool SqE
[cm] [ [°C] | [s] [ [kW] [°C] [s] | [s] [ [s] @ Mech.
13| 35 [ 12 | 38 | s 1 ac | 35 | 25 F.C
14 [ 35 | 12 | o4 | 15 52 65 | 61 | '35 F.C
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Experimental results: fuel oll

N® DpooI TO tapp Qapp TA2,29O,app Atvid Atgas Atpool SqE
[cm] | [°C] | [s] | [kW] [°C] [s] | I[s] [s] | Mech.

| A hotter environment 21 40 | 35 | 39 F.C
| leads to « gas cooling » 32 65 61 65 F.C
extinction and a cooler to 52 10 8 24 G.C
[« fuel CO(.)”ﬂg >.) eXtin.CtiOn 61 16 17 61 G.C
L For « fuel Cooling » tests, 1 10 15 28 G.C
i Atvid = Atpool 52 8 10 30 G.C
42 65 58 /8 F.C

For « gas cooling » tests, 51 70 57 78 EC

| Aljg <<ABlpoq 62 26 | 26 | 56 | GcC
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Numerical model

regime,

Main parameters:

eCell size:5cmx5cmx5cm;

* HRR increase defined as a
ramp following the actual
measured curve until stationary

« After mist activation, HRR
guided toward a reduction
through extinction model.

Extinction model:m , . (¢) = m

with k() =a m_ (t)

n

pyro0 €

—Ik(t)dt




Mass and energy balances

Mass balances Energy balances

For « flame + gas » For « flame + gas »
1ty (1) = 1t (O) + it g, o (£) + 1., () | O(2) =

Qconv,glw (t) + Qrad,glw (t) + Qadv,g (t)

)
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Heating + Evaporation - [kKW]
Q|E,p - [kVV]
Qevapp - [KWI]
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Sum of heat transfers - [kW]
Qrad,g/p - [kVV]

Qconv,g/p - [kW]
Qyp - [KW]
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Fire extinction model

HRR reduction should be linked to fuel temperature during water

application

exp(-—2—) if Ty >T,

ign

m(£)=AJT, ,(&)-T,
Model: pyro( ) fuel( ) ign Tfuel ( t)
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Results on extinction time
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HRR - [kW]

* [dentical results for T, but extinction after 38 s with model.

* toxt.num £00 Short (te,; xp = 65 S), CcOrresponding to a gap of 42 %.
* First results with a full predictive model.
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Results on extinction time

N° 13114 120|212 (31|32 |33 |34 | 35| 36 | 37

textexp | 40 | 65 | 65 | 70 [ 31 | 30 | 69 | 99 [106 | 105 | 129
(S)
townum | 22 | 38 | 56 | 66 | 9 | 21 | 43 | 58 | 77 [ 100|134
(S)

Gap (18 | 27| 9 [ 4 | 22| 9 [26 41|29 5 | 5
()

Gap (45| 42|14 | 6 | 71|30 (38 |41|27 |5 | 4
(%)

* HRR reduction is always captured,;
* Gap between 4 and 41 s between experimental and model results;

 Model does not predict “wrong” extinction.




Conclusions

Understanding

,_ . Late application => Developed fire and hot
et environment => Strong evaporation => Quick
extinction by gas cooling and inerting effects;

Early application => “Cool” environment => Weak
avaporation => Longer extinction b el cooling fa
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Current work

Understanding

Improve model results through a modification of
particles / fuel exchanges modeling;

Determine FDS capability to determine extinction by
ame cooling and inerting effe in FDS 6
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Energy balances results

No a Qe.vap QI.E,p Qc?nv,g/p Qrgd,g/p Q.v?/p EXt
[m2/kg/s]|/0, /0, /0, /0, /0, Mech.
13 0.3 68% | 32% | 58 % 4 % 38 % F.C
14 0.15 4% Strong evaporation for « gas F.C
16 50 84 % | cooling » cases. In any case, G.C
17 20 86 % evaporation is stronger than G.C
18 30 87 % Ygr_lgtllon_ (')f_lvntlern'al_ ?n?rqy_. B e
19 90 83 % | ‘a’between 0 and 1 m2/kg/s G.C
20 0.6 75 % for (suited) « fuel cooling » FC
21 0.2 76 % | C25€s F.C
22 3.3 81% | 19% | 71 % 4 % 25 % G.C
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Energy balances results

N° a Qeyap ng,p chnv,g/p Qrgd,g/p Q.v?/p EXxt.
[m2/kg/s]|/0, /0, /0, /0, /0, Mech.
13 0.3 68 % 32 % 58 % 4 % 38 % F.C
14 0.15 74 % 26 % 62 % 4 % 34 % F.C
16 (0] 84 % 16 % 74 % 3% 23 % G.C
17 20 86 % 14 % 79 % 4 % 17 % G.C
18 30 87 % 13 % 713 % 3 % 24 % G.C
19 90 83 % 17 % 65 % 2 % 33 % G.C
20 0.6 75 % 25 % 71 % 4 % 24 % F.C
21 0.2 76 % 24 % 67 % 2 % 28 % F.C
22 3.3 81 % 19 % 71 % 4 % 25 % G.C
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Energy balances results

N° a Qeyap ng,p chnv,g/p Qrgd,g/p Q.v?/p EXxt.
[m2/kg/s]|/0, /0, /0, /0, /0, Mech.
31 1 65 % 35 % o/ % 4 % 39 % F.C
32 1 71 % 29 % 61 % 4 % 35 % F.C
33 0.24 75 % 25 % 68 % 2 % 27 % F.C
34 0.26 77 % 23 % 74 % 6 % 20 % F.C
35 0.42 77 % 23 % 78 % 6 % 15 % F.C
36 0.74 79 % 21 % 81 % 7% 12 % F.C
37 0.24 79 % 21 % 81 % 7% 13 % F.C

« Evaporation part < 80 %;

* ‘a’ between 0 and 1 m?/kg/s;

« Convection > wall / particles exchanges > radiation.




