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A façade assembly including insulation materials as wood is currently utilized in an increasingly popular low-energy consumption type of buildings. The paper presents a combined experimental and numerical study on an ejected flame propagation from a compartment opening over two wooden facades (okoume and birch) and comparisons are made with an inert facade. It is ensured that when the compartment is no longer sufficiently supplied with fresh air, the heat feedback from an ejected fire is high enough for inducing an ignition of a wooden façade with a large contribution of the pyrolysis gases. Replacing an inert façade by a wooden one such as okoume or birch enhances heat release rate (HRR) by a factor of 60% with a rise of the peak in gas temperature by a factor of 50% at the upper layer due to flame spread. The fire development along a birch type façade seems more pronounced as compared to an okoume one with an increase in HRR by a factor of 15%. A series of numerical simulations is conducted to replicate and model the experimental façade fires in a full-scale. Focus is mainly given by comparing HRR and gas temperatures at different locations along a façade. The predicted gas temperatures are in good agreement with the experimental data only at the lower layer. An overprediction of the gas temperature by a factor of 50% is found during the decay phase of flame propagation along a wooden façade.

INTRODUCTION

The external venting flame ejected out through an opening has a significant adverse impact upon urban safety and atmospheric environment. The significance of an ejected flame propagation depends on the fuel release rate in contrast to the air ventilation condition through an opening. A lower fuel release rate conducts to an over-ventilated fire which is consistently established inside a compartment, and the smoke temperature can be determined with an empirical approximation [START_REF] Mccaffrey | Estimating room temperatures and the likelihood of flashover using fire test data correlations[END_REF] as a function of HRR. It is only as an oxygen-lean combustion inside a compartment is approached due to a higher fuel release rate that a noticeable external flame, also known as façade fires, occurs.

The severity of a façade fire can be reflected by an essential quantity such as the external flame height on which the impact of opening geometry and prevailing ventilation conditions due to presence of sidewalls is identified [START_REF] Duny | Numerical and Theoretical Evaluations of a Full Scale Compartment Fire with an Externally Venting Flame[END_REF]. The vertical fire propagation due to thermal feedback in the flame region from one apartment to another is numerically evidenced [START_REF] Satoh | A numerical study of window-to-window propagation in high-rise building fires[END_REF]. The numerical results are evaluated by comparison with observations from videos and pictures of the real façade fire which took place in a high-rise dwelling tower [START_REF] Dréan | Reconstruction of Grenfell tower fire -Part 3: Numerical Simulation of the Grenfell Tower disaster: Contribution to the understanding of the fire propagation and behaviour during the vertical fire spread[END_REF]. An experimental investigation [START_REF] Tang | Window ejected flame height and heat flux along façade with air entrainment constraint by a sloping facing wall[END_REF] showed that an increase in sloping wall angle conducts to an increase in the ejected façade flame height and the heat flux due to air entrainment constraint by a façade inclination. According to the experimental observation [START_REF] Quinn | Experimental and numerical investigation of localised fire on glazing façades having different orientations[END_REF], a variation of façade inclination has an impact on the initial growth rate of façade fire in terms of heat flux and temperature for a similar HRR. Acceleration of flame propagation along a façade due to presence of crosswind was clearly identified [START_REF] Li | Wind effects on flame projection probability from a compartment with opposing openings[END_REF] through an experimental study. The merging of flames ejected from openings of a compartment generates an increase in the flame height when the separation distance between openings decreases [START_REF] Lu | Merging behavior of façade flames ejected from two windows of an under-ventilated compartment fire[END_REF]. The external flame characteristic behavior over the facade wall at sub-atmospheric pressure was studied [START_REF] Hu | Global behaviors of enclosure fire and facade flame heights in normal and reduced atmospheric pressures at two altitudes[END_REF]. An overall qualitative assessment of the correlations from the experimental investigation highlights the sensibility of predictions of heat flux and gas temperature to both an extinction coefficient [START_REF] Lee | Heat flux distribution and flame shapes on the inert façade[END_REF] and a scale of façade fire [START_REF] Beyler | Fire plumes and ceiling jets[END_REF][START_REF] Himoto | Modeling thermal behaviors of window flame ejected from a fire compartment[END_REF]. Current knowledge is considerably limited to the external flame propagation over an inert façade.

During the last few years, a large fire propagation driven by an inflammable façade equipped with aluminium composite material-based claddings [START_REF] Dréan | Numerical Simulation of the Fire Behaviour of Façade Equipped with Aluminium Composite Material-Based Claddings -Model validation at intermediate-Scale Fire and Materials[END_REF] is dealt with carefully. However, a façade assembly including insulation wooden materials is also largely utilized in an increasingly popular low-energy consumption type of buildings [START_REF] Forneau | Comparison of fire hazards in passive and conventional houses[END_REF]. This limitation is motivation of this theoretical research to look specifically the consequences of a wooden façade on fire growth rate and gas temperature outside the compartment due to an additional fuel release from wood pyrolysis. A real vertical fire propagation [START_REF] Asimakopoulou | Thermal characteristics of externally venting flames and their effect on the exposed façade surface[END_REF] via a façade from one apartment to another due to window failure is shown in Fig. 1a. In the current study, as schematized in Fig. 1b, a real case of building façade fire (cf. Fig. 1a) is simplified as a full-scale façade wall with cubic wood cribs as fire source inside a compartment equipped with an opening, corresponding to a window failure. Wood as okoume or birch is used since it could originate e.g. from a façade assembly as insulation materials [START_REF] Duny | Etudes numérique et expérimentale des phénomènes de propagation d'un incendie le long d'une façade[END_REF][START_REF] Afnor | Eurocode 5 -Conception et calcul des structures en bois -Partie 1.1 : Généralités-Règles communes et régles pour les bâtiments[END_REF]. This study shows clearly a significant increase in HRR and gas temperature as a consequence of replacing an inert façade by a wooden façade. Flame spread modelling is an active topic in fire research and a very important aspect with an applicability in many real-life fire scenarios. The experimental set-up of full-scale façade fire served also for assessment and validation of a numerical tool as FDS6.5 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF]. Quantitative comparisons were made between several computational results and wellinstrumented experimental databases from a full-scale façade fire scenario. It is found that at the lower part of façade, the models validity was confirmed. While at the upper part of façade, the model did not predict the experimental results very well with an over-prediction of the temperature by a factor of 50% although the predicted HRR is in quantitative agreement with the measured one. This is mainly due to a reduction in accuracy of LES combustion model for fire propagation in boundary layer and a simplifying wood pyrolysis modelling. a) Real façade fire propagation b) Experimental set-up with cubic wood cribs Figure 1. Ejected fire propagation from compartment openings via façade

EXPERIMENTAL SET-UP

A schematic of the 3D view of the experimental facility (cf. Fig. 1b) and locations of the temperature measurements along the façade are presented in Fig. 2(a,b). The compartment dimensions are 1.5 m in length (x), 1.5 m in width (y) and 1.15 m in height (z). An external flat façade with 3.75 m in height (z) and 2.5 m in width (y) is equipped. The fire compartment opening is measured 1.15 m in height (h) and 1.5 m in width (w), corresponding to a window. Aiming to simulate realistic building conditions, the cubic wood cribs with 0.8 m in length/width and height, is placed inside the compartment, and the outer surface of the wooden cribs aligns with the opening. Two types of façade wall such as inert (calcium silicate) and wood (okoume, birch) are chosen in the experiments. The performed measurements include mass loss rate (MLR), heat release rate (HRR) and gas temperature.

There are fifteen vertical arrays, and each of the profiles comprises 10 chromel-alumel thermocouples (type K) of a 0.5 mm wire, positioned at a regular interval of 0.4 m over the façade wall (cf. Fig. 2a,b). The first array of thermocouples was positioned near the façade wall with a normal distance of 2.5 cm. The second array of thermocouples was located at 0.3 m and the third one was positioned at 0.6 m from the façade wall. The uncertainty in the measurement of gas temperature could originate from the thermocouple response to conversion of the flame or gas temperature in digital signal. Moreover, in fire environment with an accumulation of soot particles and reactions, a radiation correction is necessary to ensure the accuracy of flame temperature measurement due to the radiation heat exchanges from thermocouples to the exterior. Besides, the flame temperature variation is related to the thermocouple diameter via convection, and a decrease in diameter of the thermocouple causes a reduction in flame temperature. More details on gas temperature measurement are provided in the literature [START_REF] Brohez | A two-thermocouple probe for radiation corrections of measured temperatures in compartment fires[END_REF]. The response time of the thermocouples used in the experiment is close to a second by including all the above factors, giving an uncertainty of 5-6% in the measurement of gas temperature. 2a) Front view with opening size (mm) and the thermocouple locations 2b) Side view with compartment size (mm) and the thermocouple positions Figure 2. General layout and characteristic configuration of a full-scale façade fire Inside the compartment, mass loss rate (MLR), 𝑚̇ of the wooden cribs was measured by a balance under the wooden cribs with an uncertainty of measurements within 5% [START_REF] Duny | Etudes numérique et expérimentale des phénomènes de propagation d'un incendie le long d'une façade[END_REF]. This allows to monitor the theoretical HRR of the wood cribs from the measured MLR, 𝑚̇ and energy released per kilogram of fuel consumed, ∆𝐻 𝑐 .

𝑄 ̇= 𝑚̇∆𝐻 𝑐

(1)

The total HRR from the wooden cribs and façade was taken from an oxygen consumption principle [START_REF] Babrauskas | Heat Release Rates[END_REF], as follows :

𝑄 ̇𝑡𝑜𝑡 = 𝜌 𝑂 2 𝑚̇𝑒∆𝐻 𝑂 2 𝑋 𝑂 2 ∞ 100 - 𝑋 𝑂 2 100 𝑋 𝑁 2 ∞ 𝑋 𝑁 2 1+(1.1-1)(1- 𝑋 𝑂 2 𝑋 𝑁 2 ∞ 𝑋 𝑁 2 𝑋 𝑂 2 ∞ ) (2) 
Here 𝑋 𝑂 2 ∞ / 𝑋 𝑁 2 ∞ denote respectively the ambient mole fraction of oxygen and nitrogen, and ∆𝐻 𝑂 2 energy released per kilogram of oxygen consumed (13.1 MJ.kg -1 ). The flow rate, 𝑚̇𝑒 (kg/s), is determined from the measured velocity in the exhaust duct by using a stainless steel hot wire probe. Local continuous measurement of molar fraction of oxygen, XO2, at the extraction duct was taken by using a paramagnetic gas analyzer [START_REF] Duny | Etudes numérique et expérimentale des phénomènes de propagation d'un incendie le long d'une façade[END_REF].

NUMERICAL MODELLING

FDS6.5 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF] was used to replicate and model the experiments, as shown in Fig. 2. The current model to the field modelling of fire spread over condensed fuel (wood) surface includes pyrolysis process associated with the material properties, heat transfer and chemical kinetics. This section provides only a summary of the physics-based model utilized in this work.

Turbulence

In a Large Eddy Simulation, turbulence is modelled using a Deardorff's model via eddy viscosity as,

sgs v t k C     (3) 
The model constant Cv is set to the literature value of 0.1 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF]. The algebraic form of subgrid kinetic energy, ksgs, is obtained from a scale-similarity model as proposed in FDS [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF]. The filter width,  , is attached to the grid size.

Turbulent combustion

The pine type of wooden cribs was used as the fuel load on compartment fires, since it has been shown to be representative of typical room furnishings. The wood chemical reaction proceeds via a single global reaction step.

𝐶 3.4 𝐻 6.2 𝑂 2.5 + 3.62(𝑂 2 + 3.76𝑁 2 ) → 3.32𝐶𝑂 2 + 3.10𝐻 2 𝑂 + 0.08𝐶 𝑠𝑜𝑜𝑡 + 13.61𝑁 2 (4) 
The stoichiometric coefficients in the reaction mechanism (cf. Eq.4) are determined from the chemical formula of the wood [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF] which is based on the available experimental database [START_REF] Kruppa | Comportement au feu des poteaux extérieurs en acier[END_REF].

The turbulent combustion processes are assumed to be governed by the conservation equations between transport and production for the mass fraction of the major chemical species such as CxHy, O2, Csoot, CO2 and H2O.

 
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Here, xj represents the j th direction in the spatial coordinate. The turbulent Schmidt number, Sct, is assumed to be constant with the value of 0.5 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

The local turbulent reaction rate is calculated from an Eddy Dissipation Concept (EDC) [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF], as follows :

) Y Y ( H ) s Y , Y min( lim , 2 O 2 O eav 2 O n mix ' ' ' n         (6)
The HRR can be computed from the local reaction rate of fuels (cf. Eq.6).

c ' ' ' n H V Q        (7)
Here, n denotes the fuel species as CxHy, CO and H2, c H  heat of combustion and V volume of the reacting zone. The key mixing timescale in Eq.( 6), mix , is supposed to relate approximately to the three processes of diffusion, subgrid-scale advection and buoyant acceleration. The source term in Eq.( 6) is multiplied by Heav(YO2-YO2,lim) which is zero when its argument is negative (YO2<YO2,lim) and 1 when it is positive (YO2>YO2,lim). Flame extinction occurs as the local oxygen concentration is below a critical value, YO2,lim, which is evaluated as a function of specific heat (cp), flame temperature (Tf) and bulk temperature (Tm) [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

  o m f p lim , 2 O H T T c Y    (8) 

Soot formation

The source term in Eq.( 5) for soot formation is derived from a simple soot conversion model [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

     soot ' ' ' CxHy ' ' ' s   (9)
The stoichiometric coefficient, soot  , is derived from the fraction of fuel mass that is converted into soot, ysoot_yield :

yield _ soot S F soot y W W   (10) 
Here, WF and Ws denote the primary fuel (CxHy) and soot molar weights, respectively. A soot yield value can be experimentally determined in well-ventilated conditions, e.g., 0.02 for wood [START_REF]SFPE Handbook of fire protection engineering[END_REF] which is used in this numerical work. Changing the soot yield value does not improve the current predictions for the HRR and the gas temperature in comparison with the experimental data.

Heat balance at interface

The façade wall is assumed to be thermally-thick, a one-dimensional heat conduction equation for the material temperature is solved [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF] including the temperature-dependent thermal conductivity (  ) and specific capacity (cp). The surface temperature, Ts, is affected by gains and losses with a heat balance across the interface:

v " s " rad " conv s L m q q dn T d         (11) 
Here, Lv denotes pyrolysis heat of condensed fuel. The convective heat feedback, q " conv  , is calculated from a near wall-modelling [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF] by assuming conditions similar to those of an equilibrium turbulent boundary layer (Couette flow).

In the façade fires, soot is usually the most important combustion product controlling the thermal radiation from the flame and hot smoke. A simplifying assumption is made that the gas is gray, and one absorption coefficient without the spectral dependence is employed in a radiation transfer equation. The radiation heat flux, q " rad  , over the façade wall is calculated from the radiant intensity for situations where the façade wall is a diffusively reflecting and emitting surface [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

' d ) ' , r ( I ' . n 1 T ) , r ( I s . n s 4 s s s               (12)
Here, s  denotes the surface emissivity,  the solid angle and rs the direction vector of the intensity.

Pyrolysis process

In a fire situation, the thermal degradation of solid fuels needs effective material internal heating. Modelling of pyrolysis process of condensed fuel is based on the solid phase species conservation equation via evolution in time of the local density, 𝜌 𝑠,𝛼 , of solid material component  [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

𝜕 𝜕𝑡 ( 𝜌 𝑠,𝛼 𝜌 𝑠 (0) ) = ∑ 𝑟 𝛼𝛽 𝑁 𝑟,𝛼 𝛽=1 + 𝑆 𝛼 (13) 
Where 𝑁 𝑟,𝛼 is the number of reactions for material α, 𝑟 𝛼𝛽 the rate of reaction β in units of s -1 , 𝜌 𝑠 (0) the initial density of the material layer, and 𝑆 𝛼 the production rate of material component α as a result of the reactions of the other components. The reaction rate (𝑟 𝛼𝛽 ) is function of both solid and gas phase conditions, and calculated as a combination of Arrhenius :

𝑟 𝛼𝛽 = ( 𝜌 𝑠,𝛼 𝜌 𝑠 (0) ) 𝑛 𝑠,𝛼𝛽 𝐴 𝛼𝛽 𝑒𝑥𝑝 (- 𝐸 𝛼𝛽 𝑅𝑇 𝑠 ) (14) 
The first term in Eq.( 14), (

𝜌 𝑠,𝛼 𝜌 𝑠 (0) ) 𝑛 𝑠,𝛼𝛽
, describes the dependence of the reaction rate on the concentration of the reactant itself with 𝑛 𝑠,𝛼𝛽 being the partial reaction order. The second term, 𝐴 𝛼𝛽 𝑒𝑥𝑝 (-

𝐸 𝛼𝛽 𝑅𝑇 𝑠
), is the Arrhenius function which describes the dependence of the reaction rate on the material temperature of the α material undergoing β reaction.

The wooden façade may undergo several competing reactions, and each of these reactions may produce some other solid component (residue) and gaseous species [START_REF] Himoto | A burning model for charring materials and its application to the compartment fire development[END_REF]. We lack the ability to properly simulate the complex pyrolysis process of wood such as okoume and birch, which requires an extensive experimental effort for determining the reactions Arrhenius parameters such as pre-exponential factor, activation energy and reaction order. In the current simulation, it is assumed that the reaction takes place only at the surface of the material via a single global pyrolysis step instead of the complex pyrolysis process of wood. Such a simplified pyrolysis approach is extensively used [START_REF] Dréan | Reconstruction of Grenfell tower fire -Part 3: Numerical Simulation of the Grenfell Tower disaster: Contribution to the understanding of the fire propagation and behaviour during the vertical fire spread[END_REF][START_REF] Dréan | Numerical Simulation of the Fire Behaviour of Façade Equipped with Aluminium Composite Material-Based Claddings -Model validation at intermediate-Scale Fire and Materials[END_REF], which offered the best tradeoff between accuracy and cost for large scale fire simulations.

RESULTS AND DISCUSSIONS

Experiments and modelling were carried out for a series of different façade fire scenarios. We focus on the analysis of the fire growth rate (HRR) as well as on gas temperature in transient mode.

Description of the experimental data

The instantaneous images which are recorded using a CCD camera, for the inert and wooden (okoume and birch) façade fires are illustrated in Fig. 3(a,b,c). As claimed in the extensive literature [START_REF] Coutin | Flame heights in wall fires : effects of width, confinement and pyrolysis length[END_REF], the so-determined visible flame corresponds to temperature contours of about 500°C. When the fire is fully developed inside enclosure, the further evolved flames in the ceiling jet becomes long enough to eject from the compartment opening. Along an inert façade, with an increase in height, there is the non-reacting buoyant plume, which is generally turbulent in nature and characterized by quickly decreasing velocity and temperature. The birch façade is fully engulfed by luminous regions of efficient combustion. The fire development along a birch type façade seems more pronounced as compared to an okoume one with an increase in the visible flame zone although the physical properties of both the materials are similar. The façade fire ejecting behavior is closely related to the three-dimensional air entrainment from both front and side, and as a result, the lateral flame spread seems fully constrained by the side air entrainment above the opening. For each fire condition such as okoume, birch and an inert type façade, three tests were performed to discover if the ejected fire affects repeatability of theoretical HRR of the wooden cribs inside the compartment. As defined in Tab.1, for an inert type façade, only one test (Test 1) is presented in Fig. 4 because the repeatability is better with very consistent growth peak and decay between three tests. In the early stage, i.e., 0 to 4 min where the external flame is not fully developed and the wooden façade may not contribute to the overall combustion, the HRR from inert and wooden façade should be similar. In fact, the repeatability of theoretical HRR of the wooden cribs depend on the four factors: ignition process, air entering the compartment, humidity of the wood and radiation heat feedback from fire plume. An ignition of the wooden cribs is realized by using a torch, and the preheating zone of the wooden cribs during each fire test is uncontrollable. Perturbation of air entering the compartment due to different ignition process of the wooden cribs has an influence on the early stages of flame spread with obvious outlines in the results presented. The uncontrollable humidity of the wooden cribs during each test could also contribute to a deviation of the HRR inside the compartment. The majority of the radiation heat feedback from fire plume to wooden cribs is derived from the visible part of the flame with a temperature higher than 500°C, where soot particles are radiating heat [START_REF] Coutin | Flame heights in wall fires : effects of width, confinement and pyrolysis length[END_REF]. During the decaying phase from 4 to 16 min, a relatively good repeatability was obtained with an average difference below 10% in the peak of the theoretical HRR. At the end of fire between 17 and 20 mins, the theoretical HRR becomes very perturbed with the worst repeatability due to uncontrollable collapse of the wooden cribs which induces a significant change in burning surface and rate via radiation heat feedback from fire plume. The average difference in the duration reaching to the peak of theoretical HRR between these tests is in an order of ±3 minutes. The variability of ±50 s in extinction delays due to burnout of the wooden cribs depends on the peak value of HRR. A low peak value results in a longer burning period, and inversely, a high peak value conducts to a reduction in the decaying phase delay. In under-ventilated conditions, the whole vaporized fuel is not burnt instantaneously, thus Eq.( 1) is likely to overpredict HRR from the measured MLR. The gas analysis through the oxygen consumption principle (cf. Eq.2) allows to identify the effective HRR of the wooden cribs inside the compartment. A good repeatability can be obtained by using a cone calorimeter apparatus within 2% uncertainty in HRR. The combustion efficiency is determined from the ratio between the effective (Eq.2) and the measured theoretical HRR (Eq.1), expressed as

the eff Q / Q    
. As presented in Fig. 5, during the initial growth phase for the first 4 minutes and decay stage after 8 minutes, the theoretical and effective HRRs of the wooden cribs fire are very consistent. This implies that the air supply rate from opening is sufficient to entrain an over-ventilated fire with a combustion efficiency close to unity. During a fully developed phase from 4 to 8 min, the wooden cribs fire becomes oxygen limited with a difference of about 300 kW between the theoretical (Eq.1) and effective (Eq.2) HRRs, implying a combustion efficiency of about 0.9 with production of a non-negligible quantity of unburnt fuel. The oscillations of effective HRR from an individual test are caused by an interplay of the gas-phase combustion and the air entrainment. This is why the oscillations occur in the gas analysis (Eq.2), when the theoretical HRR from MLR (Eq.1) shows no oscillation.

Figure 5. Evolution of HRR of wooden cribs from the measured MLR and the gas analysis for an inert type façade History of the total heat release rate (HRR) determined from the gas analysis (Eq.2) for inert, okoume and birch type façades is presented in Fig. 6. The various façade fire scenarios in addition to the wooden cribs fire can be said to follow the three characteristic stages :

1) The initial growth phase up to 4 minutes corresponds to well-ventilated conditions, and combustion is limited at the interior of the compartment with a comparable fire growth rate for the all type façades, reaching to a HRR of 1400 kW.

2) Starting from 4 minutes, the beginning of the external flame jets and quick flashes appear at the exterior of the fire compartment. During this fully developed phase in a period of about 3 min, an attachment of the ejected fire over a wooden façade induces burning of pyrolysis gas which is characterized by a quick increase in HRR. The inert façade fire exhibits a plateau with the lowest HRR of about 1300 kW. The heat release rate reaches to a peak value of 2000 kW over an okoume type façade and of 2300 kW over a birch one. The sustained external combustion by pyrolysis volatiles consistently covers a larger area along a birch type façade (cf. Fig. 3c), and an additional energy of about 900 kW is released outside. In addition, a larger flame zone over a birch type façade (cf. Fig. 3c) strengthens (or enhances) thermal feedback for ensuring its rapid regression, contributing to an increase by a factor of 15% in HRR as compared to an okoume type façade.

3) During the decay phase of external flaming, flame jets appear intermittently outside the compartment with a burning transition back to fuel-control. Finally, an auto-extinction is achieved due to burnout of the wooden façade load. Globally, a contribution of the pyrolysis gases burning from a wooden façade represents an increase in HRR of about 30% for okoume and 40% for birch façade in comparison with an inert-type façade. Figure 6. Evolution of the measured HRR from the gas analysis for inert, okoume and birch type façades Histories of the gas temperature along inert and wooden (okoume, birch) façades from a selected test are analysed for positions near the façade surface in Fig. 7. At the lower part of façade, the gas temperatures (cf. Fig. 7, TC3, 8, 13, 18) are mainly controlled by the opening ejected fire with an identical level of HRR of wooden cribs inside the compartment (cf. Fig. 1), and both two wooden and inert façades show a similar temperature increase. In addition, the entrainment of air which mostly occurs from front of the façade, is insufficient and the unburnt volatiles formation in the lower part of the wooden façade contributes to a decrease in combustion efficiency. As a result, the gas temperatures for the wooden facades are lower than the inert ones, such as at TC8 and TC13. However, at the upper part of façade (cf. Fig. 7, TC28, 33, 38, 43), the increases of gas temperature for birch and okoume are consistent with the trend of HRR (cf. Fig. 6). The birch shows a higher gas temperature than the okoume due to a stronger flame propagation along the birch façade (cf. Fig. 3b,c). The okoume façade exhibits an increase by a factor of 1.5 times in gas temperature, and the birch façade by a factor of two times as compared to the inert one. The radiation heat flux is a function of both the gas temperature with T 4 dependence and chemical composition. A higher temperature along a birch façade clearly enhances the radiation heat feedback over its pyrolysis surface, resulting in a higher HRR (cf. Fig. 6). This allows to identify the dependence of the sustained external combustion on wood type. It seems that far away from the reacting zone in the plume region as shown in Fig. 8, the plume temperatures for inert and wooden façades at TC56 and TC59 are similar at 8-16 min. An additional HRR of almost 800 kW (cf. Fig. 6) from the wooden facades doesn't contribute to the temperature increase in the non-reacting plume region (cf. Fig. 8). 

Assessment and validation of FDS6.5

A picture of 3D view of the experimental set-up that FDS6.5 was used to replicate and model is shown in Fig. 2. It is indicated [START_REF] Zhang | Effects of computational domain on numerical simulation of building fires[END_REF] that the computational domain extension is more efficacious in the wall fire normal x-direction, while is limited in the vertical z-direction and in the spanwise y-direction. Extension of the computational domain beyond the vertical opening by one hydraulic diameter of the vent opening is sufficient to take into account the interactions of internal and external flames. In the current façade fire simulations, the overall computational domain is 6.5 m in the wall fire normal x-direction, 12 m in the spanwise y-direction and 12.5 m in the vertical z-direction, which is practically 3 -6 times of the hydraulic diameter of the vent opening of about 1.5 m, large enough to assume a zero gradient condition at the free boundaries. An excessive domain extension needs the use of a highly compressed grid system, and build-up of numerical error could produce spurious results over the course of a LES calculation due to commutation of the filtering operation [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

In LES as used in FDS6.5 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF], the filter width of sub-grid viscosity is attached to the grid size, and thus, the numerical model uses the quantities that are mesh dependent. In order to have a reliable prediction, it is important to use an adequate mesh for capturing the primary momentum transport of turbulent fire. For a façade fire, the viscous boundary layer near the wall is thin, this constraint translates into large computational grid requirement with a mesh size of 1 mm that is generally incompatible with full-scale fire simulations [START_REF] Duny | Numerical and Theoretical Evaluations of a Full Scale Compartment Fire with an Externally Venting Flame[END_REF][START_REF] Satoh | A numerical study of window-to-window propagation in high-rise building fires[END_REF][START_REF] Dréan | Reconstruction of Grenfell tower fire -Part 3: Numerical Simulation of the Grenfell Tower disaster: Contribution to the understanding of the fire propagation and behaviour during the vertical fire spread[END_REF][START_REF] Dréan | Numerical Simulation of the Fire Behaviour of Façade Equipped with Aluminium Composite Material-Based Claddings -Model validation at intermediate-Scale Fire and Materials[END_REF]. Nevertheless, a priori estimates of the grid size using a characteristic length of pool fire are not trivial for starting the simulation. By treating the expendable fuel (wood) source as a pool fire, a characteristic length of pool fire is related to the heat release rate (HRR) [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF]. More work on verification and validation of selected fire models [START_REF] Stroup | Verification and Validation of Selected Fire Models for Nuclear Power Plant Applications[END_REF] indicated that the large-scale energycontaining eddies are completely described when the characteristic length is spanned by roughly sixteen computational cells. Following this viewpoint [START_REF] Stroup | Verification and Validation of Selected Fire Models for Nuclear Power Plant Applications[END_REF], the 10 cm grid size considered is sufficiently fine to capture accurately the combustion and turbulence phenomena of the system for heat release rates up to 1 MW outside the boundary layer. Predictions of the most dominant radiative heat fluxes are generally less sensitive to the near-wall grid resolutions. A proper cell sensitivity analysis was performed on the predicted quantities in our previous publication [START_REF] Duny | Numerical and Theoretical Evaluations of a Full Scale Compartment Fire with an Externally Venting Flame[END_REF]. A systematic deviation between the experimental measurements and the numerical predictions is observed with a grid refinement from 20, 10 to 5 cm [START_REF] Duny | Numerical and Theoretical Evaluations of a Full Scale Compartment Fire with an Externally Venting Flame[END_REF]. Such deviation is not solely due to errors induced by the cell size. Rather, it is associated with uncertainties in other modelling aspects, such as the turbulent viscosity and combustion models. Although the numerical simulations were done after (a posteriori) the experiments, any attempt to try mesh size case by case in order to get a better match to the experimental data is discouraged. A mesh size in an order of 10 cm is extensively used [START_REF] Duny | Numerical and Theoretical Evaluations of a Full Scale Compartment Fire with an Externally Venting Flame[END_REF][START_REF] Satoh | A numerical study of window-to-window propagation in high-rise building fires[END_REF][START_REF] Dréan | Reconstruction of Grenfell tower fire -Part 3: Numerical Simulation of the Grenfell Tower disaster: Contribution to the understanding of the fire propagation and behaviour during the vertical fire spread[END_REF][START_REF] Dréan | Numerical Simulation of the Fire Behaviour of Façade Equipped with Aluminium Composite Material-Based Claddings -Model validation at intermediate-Scale Fire and Materials[END_REF][START_REF] Wahlqvist | Validation of FDS for large-scale well-confined mechanically ventilated fire scenarios with emphasis on predicting ventilation system behavior[END_REF], which offered the best tradeoff between accuracy and cost for large scale fire simulations. The cell size at the interior of the wooden façade wall is selected automatically and is smaller than

p c /  
where  denotes solid density. By default, the solid mesh cells increase towards the middle of the material layer and are smallest on the layer boundaries. The cells number is chosen automatically according to the thickness of the material layer [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF].

In the numerical simulations, the wooden cribs of pine type are considered as a fire source for ignition of an inflammable façade. We lack the ability to properly simulate the wooden cribs (cf. Fig. 9) inside the compartment (cf. Fig. 1) with the potential of burning away via complex heat and mass transfers. Based on the measured HRR of wooden cribs fire as shown in Fig. 10, an empirical correlation with a quadratic growth is proposed [START_REF]Standard growth curves[END_REF] to reproduce approximately MLR during the growth phase before 4 min. 

The early fire growth factor, a, is defined as 10 3 kW/t1 2 and the growth time, t1, is about 180 s, corresponding to a fast fire growth [START_REF]Standard growth curves[END_REF]. During the decay phase of wooden cribs fire (cf. Fig. 10), the measured burning rate, m  (kg/s), is approached by a linear semi-empirical correlation ( 16) via a regression rate, vp (m/s), of one baguette [START_REF] Babrauskas | Heat Release Rates[END_REF].

𝑚̇= 4 𝐷 𝑏𝑎𝑔 𝑚 0 𝜈 𝑝 (1 - 2𝜈 𝑝 𝑡 𝐷 𝑏𝑎𝑔 ) (16) 
Here, m0 (kg) represents the initial mass of wooden cribs, and t (s) time. The regression rate, vp, is typically related to a width, Dbag (m), of square baguette in wooden cribs with a value of 5 cm in this study. The wooden cribs inside the compartment are simplified as a cubic box without designing the mesh for the Dbag. The MLR estimated from Eqs. [START_REF] Asimakopoulou | Thermal characteristics of externally venting flames and their effect on the exposed façade surface[END_REF][START_REF] Duny | Etudes numérique et expérimentale des phénomènes de propagation d'un incendie le long d'une façade[END_REF] is prescribed over five pyrolysis surfaces (top and side) of the box with an area of 0.8x0.8 m 2 . Thickness of the façade wall and its physical properties in absence of the fire are collected from some literatures [START_REF] Duny | Etudes numérique et expérimentale des phénomènes de propagation d'un incendie le long d'une façade[END_REF][START_REF] Afnor | Eurocode 5 -Conception et calcul des structures en bois -Partie 1.1 : Généralités-Règles communes et régles pour les bâtiments[END_REF] and listed in Tab.2. In fire conditions, the dependence of conductivity and specific heat of wood on temperature, as shown in Fig. 11 [START_REF] Afnor | Eurocode 5 -Conception et calcul des structures en bois -Partie 1.1 : Généralités-Règles communes et régles pour les bâtiments[END_REF], is taken into account in the numerical simulation. The spike in the specific heat for wood in Fig. 11 around the temperature level of 100°C is mainly due to a stronger water vaporization during wood pyrolysis processes. We lack the ability to identify accurately the reactions Arrhenius parameters such as preexponential factor A, activation energy E and reaction order n in Eq.14 for simulating pyrolysis process of okoume or birch type wood. Therefore, a quantitative evaluation is made in Fig. 12 for evaluating the impact of a combination of Arrhenius parameters (cf. Tab.3), proposed in the Nolan's work [START_REF] Nolan | Gamme-radiographic study of wood combustion, 14 th Symposium (Int.) on Combustion[END_REF], on HRR. It is found that an increase of the reaction order from 1 (Case e), 3.12 (Case c) to 5 (Case f) causes sensitively a reduction in HRR. A decrease of A (Cases a, b) and an increase of E (Cases c, d) bring about a sensitive drop in HRR. A combination of A and E with a wide range of n from 1 to for Cases a, d and f has a negligible influence on HRR. For all the test cases including the optimized parameters used in Nolan's work [START_REF] Nolan | Gamme-radiographic study of wood combustion, 14 th Symposium (Int.) on Combustion[END_REF], the predicted HRR is higher than the experimental data. Globally, the prediction of Case b which is retraced in Fig. 13, match approximately the experimental trend within 10% uncertainty. An overprediction of HRR comes from an infinitely fast combustion model as EDC (cf. Eq.6) which takes place at a stoichiometric fuel-air mixture. Influence of a combination of A and E in addition to reaction order, n, on history of the gas temperatures along a birch type façade is shown in Fig. 14. In fire environment, the measured temperatures from thermocouple bead are radiation corrected. In order to compare the simulated and measured temperatures, the thermocouple model is incorporated into FDS6.5 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF] and largely used for evaluation of limitations of fire models. The thermocouple bead (𝑇 𝑇𝐶 ) is based on an energy balance which is informed by LES-based estimates of convective and radiative heat transfer as follows :

𝜈 𝑝 = 2.2 • 10 -6 • 𝐷 𝑏𝑎𝑔 -0.6 (m/s) (17) 
𝜌 𝑇𝐶 𝑐 𝑇𝐶 𝑑𝑇 𝑇𝐶 𝑑𝑡 = 𝜀 𝑇𝐶 (𝑈 4 ⁄ -𝜎𝑇 𝑇𝐶 4 ) + ℎ(𝑇 𝑔 -𝑇 𝑇𝐶 ) (18) 
Where Tg denotes the predicted gas temperature, 𝜀 𝑇𝐶 the emissivity, U the integrated radiative intensity and h the convective heat transfer coefficient. The default values proposed in FDS6.5 [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF] for nickel are used in the formulation [START_REF] Mcgrattan | Fire Dynamics Simulator (Version 6), user's guide[END_REF]. As shown in Fig. 3, nearby the opening, wake regions are formed and at times, shear-stresses between hot combustion products and fresh air make the flow unstable and amplify oscillations of flame, allowing a perfect mix between pyrolysis gas (fuel) and oxidant. The gas temperature at the lower part of façade (TC8-28) is mainly controlled by the wooden cribs fire with a consistent and continuous behaviour. The predicted temperatures appear less sensitive to choice of the Arrhenius parameters (A, E and n), and a remarkable agreement with measured values is found for Cases a-e. Nevertheless, the temperature from thermocouple model near the façade wall at a distance of 2.5 cm is slightly higher than the measured gas temperature by using the EDC combustion model. At the upper part of façade (TC33, 38, 43, 48), the gas temperature is mainly controlled by a flame propagation in a boundary layer along a wooden facade with a contribution of the pyrolysis gases from the wooden façade. Case b appears to accurately reproduce the peak of gas temperature during the fire growth period up to 8 minutes. A pyrolysis process of the charring materials as wood gives rise to a charred surface layer and its thickness increases with time [START_REF] Himoto | A burning model for charring materials and its application to the compartment fire development[END_REF]. The charred surface layer shields the heat flux and thereby limits the rate of heat transfer, resulting in a more rapid decrease of the measured temperature during the fire decay phase starting from 8 minutes. An overestimate of the gas temperature is observed for all Cases a-e due to lack of the ability for predicting transient phenomena of the façade fire during the fire decay phase. Since the predicted HRR of Case b is in quantitative agreement with the measured one (cf. Fig. 13), it is also selected for simulating fire propagation along an okoume type façade, as shown in Fig. 15. As a birch type façade, the predictions are in remarkable agreement with experimental results only at the lower part of façade (TC8, 13, 18). At the upper part of façade (TC23, 28…), the gas temperatures are always overestimated during the fire decay phase. It is believed that such a deviation is not solely due to errors induced by the reactions Arrhenius parameters (A, E and n) in Eq.14. Rather, it is associated with uncertainties in modelling of the complex pyrolysis process of wood (cf. Eqs. 

CONCLUSIONS

The purpose of the overall research consists in identifying the consequences of replacing an inert façade by wooden one exposed to an opening ejected flame on HRR and gas temperature. It is found that an inert façade reduces the possibility of a rapid growth rate of fire power, and exhibits a plateau with the lowest HRR of about 1300 kW. It is ensured that the thermal feedback from an opening ejected fire is high enough for inducing an ignition of a wooden façade due to an increasing contribution by radiation. These findings indicate that a birch type façade conducts to more severe conditions with an increase in both HRR and gas temperature. The fire power represents an increase of about 40% for an okoume façade and 60% for birch one in comparison with an inert-type façade due to a large contribution of the pyrolysis gases from thermal degradation of wooden façade via heat feedback. As a result, the height of externally venting flame along a birch façade is much higher than that along an okoume façade. The wooden façade fire expands vertically, and the lateral flame spread seems fully constrained far away from the compartment opening due to air entrainment from side of fire plume. At the lower part of façade, the gas temperature is mainly controlled by the opening ejected fire from the wooden cribs, and the temperature level is practically insensitive to façade type. Only at the upper part of façade, an okoume façade exhibits an increase by a factor of 1.5 times in gas temperature, and a birch façade by a factor of 2 times as compared to the inert façade. An additional HRR of almost 800 kW from the wooden facade doesn't contribute to the temperature increase in the non-reacting plume region. The attempt to predict HRR is successful, and the gas temperatures are shown to be well reproduced by the numerical model at the lower part of façade. However, the numerical model exhibits an over-prediction of the gas temperature by 50% at the upper part of façade which coincides with a forward flame propagation in boundary layer along a façade wall. A deviation of the numerical results in relation to the experimental data is not solely due to errors induced by the reactions Arrhenius parameters. The work is continuing with the aim of improvement of the wood pyrolysis modelling by taking into account the charred surface layer which becomes likely to be important with time in limitation of the heat transfer rate. This allows to explain a rapid decrease of the measured gas temperature during the decay phase of wooden façade fire. The numerical tool will be useful for enhancing fire safety design methodologies after detailed validation through an experimental database on heat flux, owing to pyrolysis of a wooden façade.
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 3 Figure 3. Video images from CCD camera for a fully developed fire propagation along inert and inflammable type façades
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 4 Figure 4. Repeatability of wooden cribs fire tests for inert, okoume and birch type façades regarding to the theoretical HRR
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 78 Figure 7. History of the measured gas temperatures at position of 2.5 cm from the façade wall for inert, okoume and birch type façades
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 910 Figure 9. Geometrical size (mm) of cubic wooden cribs
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 1213 Figure 12. Influence of a combination of pre-exponential factor, activation energy and reaction order on HRR for birch type façade

  [START_REF] Dréan | Numerical Simulation of the Fire Behaviour of Façade Equipped with Aluminium Composite Material-Based Claddings -Model validation at intermediate-Scale Fire and Materials[END_REF][START_REF] Forneau | Comparison of fire hazards in passive and conventional houses[END_REF] due to the unknown dependence on temperature of the physical properties of a charred layer over the façade surface. An overestimate of the temperature (TC33, 38, 43, 48) is partially attributed to a reduced accuracy of EDC combustion model (cf. Eq.6) for flame propagation in boundary layer along a façade wall. In the other hand, the radiation heat flux in the thermocouples bead model depends mainly on gas temperatures, concentrations of gaseous and particulate soot emitting species. Neither of which can be reliably calculated in a full-scale façade fire simulation because the flame sheet is not well-resolved on a relatively coarse grid with a size of cm.
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 1415 Figure 14. Comparison between the measured and the predicted temperatures for Cases a-e at position of 2.5 cm from a birch type façade with a discrepancy up to 50%

  

  

  

  

  

  

  

Table 1 .

 1 Number of façade fire propagation tests

	Façade type	Test number
	calcium silicate	Test 1
	okoume	Tests 2, 3, 4
	birch	Tests 5, 6, 7

Table 2 .

 2 Thickness of the façade wall and its physical properties at ambient temperature

	Façade type		calcium silicate	okoume	birch
	thickness (mm)		13	18	18
	solid density,  s (kg/m 3 )	870	527	678
	thermal conductivity,  (W/m.K)	0.18	0.13	0.17
	specific heat, cp (J/kg.K)	920	1880	1880
	humidity (%)		-	14	18
	surface emissivity, 	0.9	0.85	0.85
	heat of combustion, Hc 	(kJ/kg)	0	18 000	18250
	pyrolysis heat, Lv (kJ/kg)	0	420	430

Table 3 .

 3 Combination of pre-exponentiel facteur A, activation energy E and reaction order n

	Case	A [s -1 ]	E [J/mol]	n
	Nolan 0	1.00×10 8	1.25×10 5	1.00
	a	1.89×10 9	1.51×10 5	3.12
	b	1.89×10 8	1.51×10 5	3.12
	c	1.89×10 10	1.51×10 5	3.12