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The number of vehicles using or transporting cryogenic fuels such as Liquefied Hydrogen (LH2) or Liquefied Natural Gas (LNG) increases fast in the land transportation sector. Does this also entail new risks for instance from a BLEVE? A key to answer this question is to research representative fires by its characterization and its effect on the insulation. At BAM’s technical test side in Germany, a test series was started to answer this question among others. This paper presents results on a pool fire under a colorimeter, that simulates a tank. The investigation points out, that the full fire characterization approach allows to represent the fire. The findings are relevant for the investigation of a representative design fire that is applicable for the approval and improvement of tanks as well as to research accident scenarios and their consequences.
Introduction
In the course of decarbonizing the energy industry, cryogenic energy carriers are seen as having great potential. This is because they allow significantly higher volumetric energy densities to be achieved than when these energy carriers are stored at typical ambient temperatures (Adler and Martins, 2023). This is important for numerous applications, such as those found in all transport sectors. Important cryogenic energy carriers include liquefied hydrogen (LH2) and liquefied natural gas (LNG).
The challenge is to keep the energy carrier cold for a long time. This is achieved by the implementation of thermal super-insulations (TSI) systems that combine vacuum with multilayer insulations (MLI), microspheres, or perlites (Peschka, 1992). These systems have proven to be effective in several, mostly stationary, applications. However, due to the short period of use, the low number of documented incidents, and the still few investigations carried out in the field, the exploitation of such systems in the road transport sector still suffers from insufficient knowledge about the course and consequences of incidents. In this context, accidents involving collisions, fires, and their combination on the road are likely and can cause exceptional stresses on the tank and its insulation system, ultimately leading to tank failure (Vollmacher, 2018; Konersmann et al. 2014). The reduction of risks is based on the continuous improvement of codes and standards for design, operation, and handling procedures for first responders, and requires knowledge about the process of the incident (Bradley et al., 2021)
In this concern, cryogenic tanks in different fire incidents were investigated by Pehr (1996), Kamperveen et al. (2016), and van Wingerden et al. (2022). Furthermore, the behaviour of different types of TSI during high-temperature exposure was investigated by experimental (Eberwein et al.,2024a, Eberwein et al. 2024b) and numerical investigations (Camplese et al., 2024). In the above studies on TSIs the effect of temperature gradients and constant high temperatures over time were investigated based on regulations typically applied for the approval of tanks (GTR 13, 2013; ECE R 110, 2018) and on temperature curves defined in standards like the ISO-Curve (ISO 834-1, 1999), the Hydrocarbon Curve (EN 1991-1-2, 2021), or ZTV curve (ZTV Ing, 2023). The temperature range by this assumption is from 590°C up to approx. 1350°C. Furthermore, the duration of thermal exposure varies from minutes to hours. 
This study investigates the heat transfer into a tank from realistic fires in the transport sector. Therefore, an experimental approach and first results are presented. For the experiments, a calorimeter that simulates a tank was placed above a fire source. The calorimeter was a tank filled with water, that contained several thermocouples which enabled to calculate the accumulated heat and heat flow into the tank over time based on the water temperature. Furthermore, the temperature in the fire was measured at several positions. The results build the fundament to formulate a design fire and for its application on tanks for the storage of cryogenic fluids.
These results are relevant to increase the safety, trust, and acceptance in tanks for the storage of cryogenic fluids and to improve the thermal insulation methods. Also, these results are relevant for the assessment of incidents, and the development of emergency measures.
Fire Characterisation
In land transport, cryogenic storage tanks are in use as fuel tanks for heavy good vehicles (HGV) or for the bulk transport of cryogenic fluids for instance. Relevant fires that could thermally load a tank come from pool fires of fuel or operating materials that leak out and form flammable pools under vehicles, tire fires triggered by warm brakes or burning pools, fires of vehicle components, such as the carbines of an HGV, or transportation goods that may represent flammable fluids or solids (Studiengesellschaft Stahlanwendung, 1995).
A fire is the exothermic reaction of a fire load with an oxidizer when its ignition energy is exceeded. After the exothermic reaction, the heat dissipates to the environment by radiation, convection, and conduction. The importance of the individual heat transfer modes depends on various parameters, such as the fire load and its products, additional combustible material in the nearby area, which can influence the overall fire load and the products, the ambient conditions such as wind speed, turbulence, temperature, and the geometry of the object/materials involved in the fire. Part of the dissipation pathways could also be a tank standing in a fire, as shown in Figure 1, together with significant heat transfer modes. Understanding tanks behaviour in a fire scenario requires to take into accont several heat transfer mechanisms over time.
Radiative and convective heat transfer between the fire and the tank 
Heat transfer by the wall system from the fire to the stored fluid 
Fire load for instance from a pool, tires, the carbine of a HGV, or transport goods
Vapor
Liquid

[bookmark: _Ref179260488]Figure 1. Relevant heat flows from a fire load into the fluid stored in a tank.
 
To simulate the interaction of a fire and the fluid inside a tank by experiments or numerical approaches, different methods are in application, that regard different parts of the overall transfer process. 
One of them is the Heat Release Rate (HRR) approach, which is the rate at which the chemical energy of the fuel is released during the combustion. This approach quantifies the fire source well (Kashkarov, 2018), but does not regard the heat transfer from the fire to the tank.
Another approach is to define a fire temperature in accordance with the standards as GTR13 (2013) or ECE R 110 (2018) for describing the fire or as defined as standard curves in ISO 834-1 (1999), EN 1991-1-2 (2021), or RABT (2006). The approach does not consider radiation as a heat transfer mode, which is particularly effective at high temperatures, but is also highly dependent on the gaseous components in the fire as well as the surface properties of the tank.
[bookmark: _Hlk178335456][bookmark: _Hlk178335342]On the contrary, the full fire characterization approach regards the convective and radiative heat transfer between a fire and an object in a fire, as applied for instance in ISO 21843 (2023). Therefore, the approach allows to describe temperature-dependent material degradation and to estimate the heat flow close to realistic conditions. This is useful to research and test non-homogenous wall structures that can change their properties over time in an incident with fire. These conditions exist for tanks with thermal superinsulation, as applied for the storage of cryogenic fluids. With this approach, the heat flow  from the fire to the tank can be calculated by equation 1, regarding the Stefan-Boltzmann constant  with 5.67x10-8 W/(m2K4), the emissivity of the fire  and the outer tank wall , the temperature of the fire  and the outer tank wall, and the heat transfer coefficient from the fire to the outer wall  (Morgen, 2015). To use this approach representative values for the fire emissivity are needed, which can be estimated by relevant experiments as presented in this paper. 
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Method
To measure the heat flow from a fire into a tank over time a calorimeter was used, which can be placed at the location of interest. The calorimeter was based on an Intermediate Bulk Container (IBC) from stainless steel, which was 0.9 m wide, 0.95 m deep, and 1.1 m high and filled with  900 l of water. The heat coming from the combustible material and absorbed by the calorimeter was estimated by equation 2 regarding the water volume , its density  (1000 kg/m³), its specific heat capacity  (4190 J/(kgK)) and the temperature , considered as the average value of 5 thermocouples (TC) T1 to T5.
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A pump was installed in the IBC that mixed the water to uniformize the water temperature. Additionally, T1 to T5 were distributed in the flow of the pump over the height of the IBC. The external wall of the IBC was coated black with a high-temperature resistant colour with an emissivity of 0.85 and equipped with the 5 TCs TF1 to TF5 (see Figure 2) which measures the temperature of the fire (the thermocouples did not touch the wall). The fire could be strongly influenced by wind. To reduce this potential effect walls were installed next to the test .  
(a)
(b)
(c)

[bookmark: _Ref177966820]Figure 2. The Intermediate Bulk Container (IBC) used as a calorimeter in the tests (a), that was equipped with the Thermocouples (TC) TF1 to TF5 that measure the fires temperature close to the IBC’s walls (b) and the TC T1 to T5 that measure the water temperature (c).

The scenario considered in the present work is a diesel pool fire generated as the consequence of a pool formation of diesel after a leakage of one typical HGV-tank. To simulate such a scenario a 1.6 m wide, 1.6 m deep and 0.25 m high pan was filled with 200 l of ethanol and electrically ignited. The amount of ethanol represents the fire load of 130 l diesel. The bottom of the calorimenter was placed in the center of the pan at a distance of 1 m. The test setup is illustrated in Figure 2. 

The experimental setup provides data on the fire temperature and the energy transferred to the calorimeter. The latter can be used to fully characterize the fire using corresponding assumptions via Equation 1 and the scheme presented Figure 3. Within the tests, the wall temperature  was not measured, this was calculated by equation 3 regarding the specific heat flow  observed in the experiments over time, the heat transfer coefficient  from the wall to the water ( assumed as 1000 W/m²), and the water average temperature . 
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2.1. Calculate accumulated heat  over time 
2.2. Built polynom  that fits the course of 
Deviation by time   
+  calculate area- specific values
3.1.Built specific heat flow  over time  from  
3.2.Built polynom  over time  from   
4. Calculate the fire emissivity  while comparing the measured flame temperature with the calculated flame temperature based-on equation 1 
Calorimeter
Fire
1.1. Compare TF1 to TF 5
over time  
1.2. Built Average of TF1 to TF5 for any timestep     
1.3. Built Max of TF1 to TF5
for any timestep     

[bookmark: _Ref178128856]Figure 3 Scheme for the data analysis.
Results and Discussion
Based on the scheme shown in Figure 3, Figure 7 to Figure 7 show the experimentally generated and numerically and analytically calculated data. The test started at 7:55 am and the fire burned for about 1 hour. In the test, the average wind velocity was 1 m/s. The visible flames primarily engulfed the bottom of the calorimeter. The side walls, on the other hand, were sometimes alternately exposed to the flickering flames. Therefore, to calculate the specific heat flow the IBC’s bottom surface and 25% of the side walls were regarded, which represents a total surface of 1.9 m². Furthermore, based on the observed low turbulent fire a heat transfer coefficient from the fire to the outer wall  of 10 W/(m²K) was regarded for the data analysis. 

Figure 4 Fire temperatures measured close to the calorimeter.

Figure 5 By the calorimeter accumulated heat and its describing polynom.


Figure 6 Specific heat flow into the calorimeter based on the measured heat over time and its polynome.
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[bookmark: _Ref178129515]Figure 7 Measured flame temperature compared to the calorimeter data calculated flame temperature. 

Within the test, the calorimeter accumulates a heat of 200 MJ of the approx. 4200 MJ released in the combustion of 200 l ethanol. Here, a maximum specific heat flow of 50 kW/m² was observed that thermally loads the calorimeter for several minutes. In real conditions, even lower heat flows can introduce the spread of the fire to the vehicle’s components and vehicles next to the fire. By the calorimetric data, the fire temperature close to the wall was calculated. While regarding an emissivity of the fire between 1 and 0.6 the course of the fire temperature is predicted close to the measured temperature over time. Here, the mean fire-emissivity of 0.8 represents the average course of the fire temperature with a maximum temperature of 760°C regarding the polynomic approach. The value could be assumed for the characterization of such a fire. In addition, the set of generated data gives orientation to deal with realistic fires in incidents with tanks. 
The findings are relevant for the approval requirements of tanks and for investigating the consequences of accidents with fires. On the other side, this is only one of several potential fire loads that can results form accident involving HGVs.Further investigation is needed to characterize other credible fire scenarios using the approach proposed in the study.
Conclusion 
[bookmark: _Hlk178332557][bookmark: _Hlk178332631]This paper deals with the research on representative fires and their characterization which is relevant for the evaluation of the safety of tanks for the storage of cryogenic fluids such as liquefied hydrogen (LH2), liquefied natural gas (LNG), liquefied oxygen (LOX) or liquefied nitrogen (LN2). These tanks require thermal super-insulation whose evaluation of the condition in the event of a fire requires knowledge of the expected fire temperature and the ratio of heat transport modes by thermal radiation and convection. To evaluate the representative inputs for the full fire characterization approach, a pool fire was first experimentally investigated, in which a calorimeter was placed, that simulated a tank. Based on the comparison of the experiment generated and post-processing data, it was found that the fire average heat flux temperature could be reproduced regarding a fire emissivity of 0.8. This finding can be used for first evaluations of tanks behaviour and safety in fire scenarios. Further studies are needed regarding other fire loads to get a range of potential fires-emissivity and representative time spans. This knowledge could allow to find a representative design fire applicable for the approval and improvement of tanks and to assess the consequences of accident scenarios.
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Nomenclature
 - specific heat capacity
- heat transfer coefficient, W/m²
 – heat flow, Wm-2
 – time, s
 – heat, J
 - Temperature, K or  °C
- volume, m³
 – emissivity 
– density, kgm-3
 - Stefan-Boltzmann constant, Wm-2K-4
Subscripts
F – Fire
W – Wall
avg – Average
Polynom - Polynom 
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TF5 (Bottom)	18	40.39599977619946	75.584999967366457	102.77599988691509	176.35999965202063	189.15700012072921	198.75399971567094	211.55099955573678	227.54400021582842	243.54300001356751	253.13799989596009	259.53600004501641	269.13099992740899	277.1330002527684	283.53000023122877	293.12599965557456	318.72000059299171	329.91800048109144	336.31300074700266	342.71400015056133	349.11200029961765	355.50700056552887	361.90800059773028	368.30500057619065	381.10300058685243	389.09900051727891	397.09400027710944	408.29600021895021	421.08800046332181	445.08300019148737	464.27600046806037	472.2769999941811	481.87500038836151	488.27000002563	494.66700063273311	501.06900020688772	507.46400047279894	513.86499987635761	521.86199997738004	531.45800003036857	537.85900006256998	547.45700045675039	553.85200072266161	558.65300000365824	565.05400066450238	573.0510007655248	582.6470001898706	590.64500046148896	605.04299996607006	616.23900014162064	624.23399990145117	635.4319997895509	643.42799971997738	654.62600023671985	665.82200041227043	677.02000030037016	688.21600047592074	696.2170006306842	705.81500039622188	712.2100006621331	720.20800030510873	733.00400060322136	753.79799991566688	760.19900057651103	766.5960005549714	771.39700046461076	776.19199997931719	779.39200022444129	784.19400093331933	787.39000049605966	790.59000011254102	795.38500025589019	801.78600091673434	808.18300089519471	812.98400080483407	819.3810001546517	827.3820009380579	835.37800086848438	841.77400004770607	848.17399990931153	856.1720001809299	862.56700044684112	867.36800035648048	873.76499970629811	880.16600036714226	886.56100000441074	892.9630002072081	897.75899989251047	904.15500095766038	913.75600060634315	923.35400037188083	931.35000030230731	937.74700028076768	942.54800019040704	950.5499998871237	955.34400048851967	961.74600069131702	971.33700051996857	980.93900033924729	988.93700061086565	993.73200012557209	998.53300066385418	1003.3340005734935	1006.5300007648766	1011.331000674516	1014.5260006953031	1017.7260003117844	1022.5270002214238	1025.7280000085011	1028.9240001998842	1032.1250006156042	1038.5219999654219	1048.1230002427474	1070.5160001358017	1081.7080002576113	1089.7099999543279	1096.1070005614311	1102.5080005936325	1108.9040004014969	1120.1020002895966	1128.0970000494272	1134.4980000816286	1140.8960008593276	1150.4910001130775	1164.8900004168972	1179.2870003795251	1187.2840011091903	1193.680000288412	1196.8800005335361	1201.6810004431754	1208.0779997929931	1216.0740003520623	1224.074999878183	1230.4720004852861	1238.4680004157126	1246.4689999418333	1251.2659997977316	1256.066999707371	1262.4630001438782	1268.8640008047223	1278.4550000047311	1286.4560001594946	1294.4539998024702	1302.4490001909435	1308.8510003937408	1313.6510001327842	1321.6490004044026	1331.2450004573911	1340.8420000523329	1356.8390001375228	1368.0310002593324	1377.6290006535128	1388.8250002004206	1396.82700052578	1406.424999662675	1422.420999577269	1436.8140001147985	1448.0120000028983	1456.0140003282577	1462.4090005941689	1468.8099999977276	1476.80700009875	1486.4040003223345	1499.2010001624003	1511.9980006311089	1524.7900008754805	1534.3920000661165	1543.9890009183437	1555.1850004652515	1563.1830001082271	1574.3790002837777	1585.5770001718774	1595.173000224866	1611.1660002563149	1620.7670005336404	1636.7600005650893	1647.958000453189	1655.9600001499057	1663.955000538379	1673.5530003039166	1681.5480006923899	1694.3470002450049	1716.7410003086552	1735.9340005852282	1747.130000132136	1756.7280005263165	1764.7300008516759	1772.7250006115064	1780.7220007125288	1788.7180006429553	1796.7190007977188	1807.9170000571758	1820.7139998972416	1831.9110002433881	1841.5070002963766	1851.1050000619143	1859.0999998217449	1870.2980003384873	1887.8910004924983	1900.6880003325641	1913.4860003432259	1924.6840008599684	1935.8800004068762	1948.6770008755848	1959.8750007636845	1966.270000400953	1975.8720002202317	1985.4699999857694	1995.0669995807111	2020.6609998894855	2039.8550003366545	2054.2540006404743	2063.8500000648201	2083.0430003413931	2100.636000495404	2113.4360002186149	2124.6320003941655	2135.830000910908	2148.6270001223311	2164.625000378117	2180.6180004095659	2193.4150002496317	2211.0089999455959	2238.2030003769323	2258.9969996893778	2271.7960004992783	2290.9890007758513	2330.9810005892068	2345.3739998694509	2356.5719997575507	2367.7690001036972	2383.7670003594831	2398.1639996934682	2415.7570004761219	2433.3500006301329	2458.9450004808605	2473.3440001560375	2486.1400004541501	2498.932000069879	2532.525000192225	2550.1219997713342	2562.9140000157058	2580.5089998822659	2593.3060003509745	2606.1020000204444	2618.9000000311062	2634.8930006911978	2647.6900005312636	2662.0830004401505	2679.6759999655187	2705.2700002742931	2721.263000305742	2730.8610000712797	2745.2580006625503	2761.2510000653565	2791.6419996013865	2806.0350001389161	2817.2310003144667	2831.6300006182864	2878.0119998445734	2902.0060006594285	2919.6000003553927	2940.394000296481	2961.1840001838282	2986.7790006631985	3010.767000454478	3036.3620003052056	3065.1540005179122	3153.1250004256144	3180.317000515759	3263.4869998851791	3297.0780002949759	3385.0490002026781	3549.7960000131279	3688.9450007183477	3746.5270001739264	0.5	0.5	0.9	68.3	733.7	760.9	754.6	702.1	730	581.5	599.9	616.5	643.1	702.1	695.6	654.29999999999995	609.6	540.29999999999995	555.4	587.5	598.20000000000005	560.70000000000005	525.79999999999995	499.9	521.29999999999995	511	504.4	534.9	652.6	694.7	836.9	868.8	820.7	790.4	758.2	749.7	741.2	672.6	618.29999999999995	570.79999999999995	532.9	519.5	508.9	496.6	491.3	489.2	558.79999999999995	569.20000000000005	655.4	767.6	706.6	743.9	748.8	757.9	745.3	743.3	796.1	812.4	813.6	801.8	792	773.1	759.6	792.1	831.8	782	746.8	734.2	737.4	753.1	792	845.5	868.4	896.6	905	900.3	847.3	748.5	685	700.5	747.2	771.6	792.7	835.5	839.3	805.6	776.5	756.6	805	865.7	830.1	818.9	817.6	831.7	877.7	869	849.5	813	857.6	803.8	781.9	761	731.4	735.1	732.7	721.8	725.6	720.2	711.5	707.9	750.3	805.2	766.1	741.4	752.4	826.9	842.8	853.5	848.6	844.5	779.9	766	765	776.9	792.6	760.3	675.7	641.5	660	716.7	746.1	755.6	816.8	795.1	706.9	693.4	673.5	639	589.79999999999995	537.4	535.20000000000005	538.9	547.20000000000005	527.29999999999995	505.4	486.9	450	437.2	405.4	473.8	522.5	490.7	496	484.3	442.6	473.3	508	482.9	470.2	474.1	459.2	428.5	402.9	414	421.7	477.6	534	645.4	699.3	599.4	545.4	586.1	552.1	669.5	612.70000000000005	718.9	720	638	589	512.4	462.3	446.7	596.79999999999995	673.2	650.6	655.8	608.20000000000005	624.9	648.20000000000005	640	605.70000000000005	682.5	731.1	628.5	554.9	540.6	615.6	684.9	730.2	656.6	644.5	688	697.4	664.3	563.79999999999995	520.1	477.8	478.8	510.4	645.20000000000005	582.29999999999995	520.1	508.3	543.6	752.2	651.1	567.70000000000005	554.5	556.9	560.5	556.1	520.20000000000005	452.9	547.6	452.2	533.6	537.70000000000005	661.7	557.9	552.20000000000005	558.79999999999995	530.29999999999995	493	473.8	527.20000000000005	597	532.79999999999995	529.1	515.4	502.3	514.4	660.6	607	637	544.4	475.7	529.70000000000005	550.79999999999995	602.29999999999995	649.5	536.4	565.9	551.6	512.6	490.8	468.9	427.3	399.3	381.2	414.7	570.29999999999995	566.9	427.5	430.8	346.8	354	422.5	344.3	271	209.6	241.3	214.1	142.4	173.2	141.6	148.69999999999999	Average from TF1 to TF5	18	40.39599977619946	75.584999967366457	102.77599988691509	176.35999965202063	189.15700012072921	198.75399971567094	211.55099955573678	227.54400021582842	243.54300001356751	253.13799989596009	259.53600004501641	269.13099992740899	277.1330002527684	283.53000023122877	293.12599965557456	318.72000059299171	329.91800048109144	336.31300074700266	342.71400015056133	349.11200029961765	355.50700056552887	361.90800059773028	368.30500057619065	381.10300058685243	389.09900051727891	397.09400027710944	408.29600021895021	421.08800046332181	445.08300019148737	464.27600046806037	472.2769999941811	481.87500038836151	488.27000002563	494.66700063273311	501.06900020688772	507.46400047279894	513.86499987635761	521.86199997738004	531.45800003036857	537.85900006256998	547.45700045675039	553.85200072266161	558.65300000365824	565.05400066450238	573.0510007655248	582.6470001898706	590.64500046148896	605.04299996607006	616.23900014162064	624.23399990145117	635.4319997895509	643.42799971997738	654.62600023671985	665.82200041227043	677.02000030037016	688.21600047592074	696.2170006306842	705.81500039622188	712.2100006621331	720.20800030510873	733.00400060322136	753.79799991566688	760.19900057651103	766.5960005549714	771.39700046461076	776.19199997931719	779.39200022444129	784.19400093331933	787.39000049605966	790.59000011254102	795.38500025589019	801.78600091673434	808.18300089519471	812.98400080483407	819.3810001546517	827.3820009380579	835.37800086848438	841.77400004770607	848.17399990931153	856.1720001809299	862.56700044684112	867.36800035648048	873.76499970629811	880.16600036714226	886.56100000441074	892.9630002072081	897.75899989251047	904.15500095766038	913.75600060634315	923.35400037188083	931.35000030230731	937.74700028076768	942.54800019040704	950.5499998871237	955.34400048851967	961.74600069131702	971.33700051996857	980.93900033924729	988.93700061086565	993.73200012557209	998.53300066385418	1003.3340005734935	1006.5300007648766	1011.331000674516	1014.5260006953031	1017.7260003117844	1022.5270002214238	1025.7280000085011	1028.9240001998842	1032.1250006156042	1038.5219999654219	1048.1230002427474	1070.5160001358017	1081.7080002576113	1089.7099999543279	1096.1070005614311	1102.5080005936325	1108.9040004014969	1120.1020002895966	1128.0970000494272	1134.4980000816286	1140.8960008593276	1150.4910001130775	1164.8900004168972	1179.2870003795251	1187.2840011091903	1193.680000288412	1196.8800005335361	1201.6810004431754	1208.0779997929931	1216.0740003520623	1224.074999878183	1230.4720004852861	1238.4680004157126	1246.4689999418333	1251.2659997977316	1256.066999707371	1262.4630001438782	1268.8640008047223	1278.4550000047311	1286.4560001594946	1294.4539998024702	1302.4490001909435	1308.8510003937408	1313.6510001327842	1321.6490004044026	1331.2450004573911	1340.8420000523329	1356.8390001375228	1368.0310002593324	1377.6290006535128	1388.8250002004206	1396.82700052578	1406.424999662675	1422.420999577269	1436.8140001147985	1448.0120000028983	1456.0140003282577	1462.4090005941689	1468.8099999977276	1476.80700009875	1486.4040003223345	1499.2010001624003	1511.9980006311089	1524.7900008754805	1534.3920000661165	1543.9890009183437	1555.1850004652515	1563.1830001082271	1574.3790002837777	1585.5770001718774	1595.173000224866	1611.1660002563149	1620.7670005336404	1636.7600005650893	1647.958000453189	1655.9600001499057	1663.955000538379	1673.5530003039166	1681.5480006923899	1694.3470002450049	1716.7410003086552	1735.9340005852282	1747.130000132136	1756.7280005263165	1764.7300008516759	1772.7250006115064	1780.7220007125288	1788.7180006429553	1796.7190007977188	1807.9170000571758	1820.7139998972416	1831.9110002433881	1841.5070002963766	1851.1050000619143	1859.0999998217449	1870.2980003384873	1887.8910004924983	1900.6880003325641	1913.4860003432259	1924.6840008599684	1935.8800004068762	1948.6770008755848	1959.8750007636845	1966.270000400953	1975.8720002202317	1985.4699999857694	1995.0669995807111	2020.6609998894855	2039.8550003366545	2054.2540006404743	2063.8500000648201	2083.0430003413931	2100.636000495404	2113.4360002186149	2124.6320003941655	2135.830000910908	2148.6270001223311	2164.625000378117	2180.6180004095659	2193.4150002496317	2211.0089999455959	2238.2030003769323	2258.9969996893778	2271.7960004992783	2290.9890007758513	2330.9810005892068	2345.3739998694509	2356.5719997575507	2367.7690001036972	2383.7670003594831	2398.1639996934682	2415.7570004761219	2433.3500006301329	2458.9450004808605	2473.3440001560375	2486.1400004541501	2498.932000069879	2532.525000192225	2550.1219997713342	2562.9140000157058	2580.5089998822659	2593.3060003509745	2606.1020000204444	2618.9000000311062	2634.8930006911978	2647.6900005312636	2662.0830004401505	2679.6759999655187	2705.2700002742931	2721.263000305742	2730.8610000712797	2745.2580006625503	2761.2510000653565	2791.6419996013865	2806.0350001389161	2817.2310003144667	2831.6300006182864	2878.0119998445734	2902.0060006594285	2919.6000003553927	2940.394000296481	2961.1840001838282	2986.7790006631985	3010.767000454478	3036.3620003052056	3065.1540005179122	3153.1250004256144	3180.317000515759	3263.4869998851791	3297.0780002949759	3385.0490002026781	3549.7960000131279	3688.9450007183477	3746.5270001739264	3.54	3.4599999999999995	3.8600000000000003	61.339999999999996	465.93999999999994	467.85999999999996	474.32	425.21999999999997	446.32	424.1	429.21999999999997	442.21999999999997	473.12	480.32	477.64000000000004	425.5	419.34	395.3	423.56000000000006	451.4	470.46000000000004	451.18	417.25999999999993	393.64000000000004	416.5	423.82000000000005	408.73999999999995	410.95999999999992	418.2	436.12	550.3599999999999	577.07999999999993	540.28	543.72	563.57999999999993	579.64	576.98	523.52	451.4	397.06000000000006	365.48	395.96000000000004	406	395.1	389.52	392.82000000000005	435.43999999999994	437.04000000000008	467.1	536.05999999999995	502.93999999999994	459.03999999999996	433.84	454.64	461.82	480.91999999999996	516.43999999999994	536.86	538.12	539.86	527.24	511.84	499.8	526.08000000000015	568.88	571.33999999999992	575.72	578.72	590.26	596	605.12	625.57999999999993	629.04000000000008	643.29999999999995	646.12000000000012	632.20000000000005	599.34	508.38	452.68	456.68000000000012	487.48000000000013	500.84	508.3	544.96	567.28	577.12	594.36	594.31999999999994	603.62	612.54000000000008	587.48	564.91999999999996	555.72	564.56000000000006	593.41999999999996	595.20000000000005	576.58000000000004	564.72	572.93999999999994	574.6	584.22	589.54	594.4	597.83999999999992	601.06000000000006	599.76	603.95999999999992	608.82000000000005	605.42000000000007	606.20000000000005	606.22	588.16000000000008	522.20000000000005	578.16000000000008	592.48	622.31999999999994	626.8599999999999	637	631.8599999999999	608.58000000000004	540.56000000000006	526.18000000000006	524.02	494.3	537.24	564.20000000000005	530.96	518.79999999999995	532.95999999999992	545.1	529.08000000000004	502.17999999999995	553.79999999999995	561.88	543.54	543.56000000000006	534.76	511.9799999999999	468.0200000000001	427.53999999999996	432.64	448.14	442.60000000000008	412.48	379.62	354.6	318.54000000000002	285.34000000000003	266.12	333.79999999999995	384.86	365.34000000000003	377.08000000000004	353.9	319.45999999999992	334.02	401.16	385.22000000000008	354.04	342.56	332.8	317.14	315.39999999999998	330.38	332.92	392.02	442.3	504.78000000000003	513.94000000000005	442.12	389.28000000000003	443.64000000000004	435.56000000000006	455.17999999999995	456.76000000000005	490.96000000000004	509.78000000000003	486.88	423.4	354.9	320.89999999999998	321.08000000000004	390.08000000000004	407.34000000000003	432.18	438.28000000000003	431.98	472.02	478.28000000000009	486.08000000000004	480	519.72	504.07999999999993	456.7	436.45999999999992	436.21999999999997	459.41999999999996	463.34000000000003	489.9	426.34	413.06000000000006	451.5	468.71999999999997	437.21999999999997	389.91999999999996	365.72	329.56	333.28000000000003	362.76	392.46	342.65999999999997	317	313.34000000000003	313.95999999999998	435.8	392.1	353.4	334.62	329.67999999999995	335.88	314.65999999999997	295.76	244.14000000000001	301.68	297.96000000000004	322.54000000000002	293.27999999999997	409.62	352.5	326.5	324.3	316.2	279.02000000000004	288.3	321.58000000000004	365.91999999999996	323.08	313.16000000000003	307.06	292.62	290.38	387.4	425.84	427.96000000000004	351.84000000000003	297.78000000000003	340.12	386.96	431.84	433.28000000000003	344.56	365.86	360.58000000000004	317.21999999999997	319.14	313.76000000000005	283.12	258.36	239.77999999999997	273.96000000000004	386.98	367.48	261.92	266.45999999999998	207.56	225.5	254.32	205.82	166.2	131.14000000000001	161.44	145.4	76.760000000000005	98.38000000000001	97	88.419999999999987	Max from TF1 to TF5	18	40.39599977619946	75.584999967366457	102.77599988691509	176.35999965202063	189.15700012072921	198.75399971567094	211.55099955573678	227.54400021582842	243.54300001356751	253.13799989596009	259.53600004501641	269.13099992740899	277.1330002527684	283.53000023122877	293.12599965557456	318.72000059299171	329.91800048109144	336.31300074700266	342.71400015056133	349.11200029961765	355.50700056552887	361.90800059773028	368.30500057619065	381.10300058685243	389.09900051727891	397.09400027710944	408.29600021895021	421.08800046332181	445.08300019148737	464.27600046806037	472.2769999941811	481.87500038836151	488.27000002563	494.66700063273311	501.06900020688772	507.46400047279894	513.86499987635761	521.86199997738004	531.45800003036857	537.85900006256998	547.45700045675039	553.85200072266161	558.65300000365824	565.05400066450238	573.0510007655248	582.6470001898706	590.64500046148896	605.04299996607006	616.23900014162064	624.23399990145117	635.4319997895509	643.42799971997738	654.62600023671985	665.82200041227043	677.02000030037016	688.21600047592074	696.2170006306842	705.81500039622188	712.2100006621331	720.20800030510873	733.00400060322136	753.79799991566688	760.19900057651103	766.5960005549714	771.39700046461076	776.19199997931719	779.39200022444129	784.19400093331933	787.39000049605966	790.59000011254102	795.38500025589019	801.78600091673434	808.18300089519471	812.98400080483407	819.3810001546517	827.3820009380579	835.37800086848438	841.77400004770607	848.17399990931153	856.1720001809299	862.56700044684112	867.36800035648048	873.76499970629811	880.16600036714226	886.56100000441074	892.9630002072081	897.75899989251047	904.15500095766038	913.75600060634315	923.35400037188083	931.35000030230731	937.74700028076768	942.54800019040704	950.5499998871237	955.34400048851967	961.74600069131702	971.33700051996857	980.93900033924729	988.93700061086565	993.73200012557209	998.53300066385418	1003.3340005734935	1006.5300007648766	1011.331000674516	1014.5260006953031	1017.7260003117844	1022.5270002214238	1025.7280000085011	1028.9240001998842	1032.1250006156042	1038.5219999654219	1048.1230002427474	1070.5160001358017	1081.7080002576113	1089.7099999543279	1096.1070005614311	1102.5080005936325	1108.9040004014969	1120.1020002895966	1128.0970000494272	1134.4980000816286	1140.8960008593276	1150.4910001130775	1164.8900004168972	1179.2870003795251	1187.2840011091903	1193.680000288412	1196.8800005335361	1201.6810004431754	1208.0779997929931	1216.0740003520623	1224.074999878183	1230.4720004852861	1238.4680004157126	1246.4689999418333	1251.2659997977316	1256.066999707371	1262.4630001438782	1268.8640008047223	1278.4550000047311	1286.4560001594946	1294.4539998024702	1302.4490001909435	1308.8510003937408	1313.6510001327842	1321.6490004044026	1331.2450004573911	1340.8420000523329	1356.8390001375228	1368.0310002593324	1377.6290006535128	1388.8250002004206	1396.82700052578	1406.424999662675	1422.420999577269	1436.8140001147985	1448.0120000028983	1456.0140003282577	1462.4090005941689	1468.8099999977276	1476.80700009875	1486.4040003223345	1499.2010001624003	1511.9980006311089	1524.7900008754805	1534.3920000661165	1543.9890009183437	1555.1850004652515	1563.1830001082271	1574.3790002837777	1585.5770001718774	1595.173000224866	1611.1660002563149	1620.7670005336404	1636.7600005650893	1647.958000453189	1655.9600001499057	1663.955000538379	1673.5530003039166	1681.5480006923899	1694.3470002450049	1716.7410003086552	1735.9340005852282	1747.130000132136	1756.7280005263165	1764.7300008516759	1772.7250006115064	1780.7220007125288	1788.7180006429553	1796.7190007977188	1807.9170000571758	1820.7139998972416	1831.9110002433881	1841.5070002963766	1851.1050000619143	1859.0999998217449	1870.2980003384873	1887.8910004924983	1900.6880003325641	1913.4860003432259	1924.6840008599684	1935.8800004068762	1948.6770008755848	1959.8750007636845	1966.270000400953	1975.8720002202317	1985.4699999857694	1995.0669995807111	2020.6609998894855	2039.8550003366545	2054.2540006404743	2063.8500000648201	2083.0430003413931	2100.636000495404	2113.4360002186149	2124.6320003941655	2135.830000910908	2148.6270001223311	2164.625000378117	2180.6180004095659	2193.4150002496317	2211.0089999455959	2238.2030003769323	2258.9969996893778	2271.7960004992783	2290.9890007758513	2330.9810005892068	2345.3739998694509	2356.5719997575507	2367.7690001036972	2383.7670003594831	2398.1639996934682	2415.7570004761219	2433.3500006301329	2458.9450004808605	2473.3440001560375	2486.1400004541501	2498.932000069879	2532.525000192225	2550.1219997713342	2562.9140000157058	2580.5089998822659	2593.3060003509745	2606.1020000204444	2618.9000000311062	2634.8930006911978	2647.6900005312636	2662.0830004401505	2679.6759999655187	2705.2700002742931	2721.263000305742	2730.8610000712797	2745.2580006625503	2761.2510000653565	2791.6419996013865	2806.0350001389161	2817.2310003144667	2831.6300006182864	2878.0119998445734	2902.0060006594285	2919.6000003553927	2940.394000296481	2961.1840001838282	2986.7790006631985	3010.767000454478	3036.3620003052056	3065.1540005179122	3153.1250004256144	3180.317000515759	3263.4869998851791	3297.0780002949759	3385.0490002026781	3549.7960000131279	3688.9450007183477	3746.5270001739264	6	5.8	6.3	148.30000000000001	733.7	760.9	754.6	702.1	730	581.5	599.9	670.7	762.5	702.1	695.6	654.29999999999995	609.6	583	627.9	693.1	715.8	703.7	667.2	659.7	736.5	759.9	750.3	687.8	652.6	694.7	836.9	868.8	820.7	790.4	799.8	838	815.1	753.1	636.1	584.1	544.29999999999995	670	717.3	713.4	726.7	735.7	716.9	751	753.6	767.6	762.6	743.9	748.8	757.9	745.3	743.3	796.1	812.4	813.6	801.8	792	773.1	759.6	792.1	831.8	782	760.8	759.3	808.9	829.1	859	868.7	868.4	896.6	905	900.3	847.3	748.5	685	700.5	747.2	771.6	792.7	835.5	839.3	852.5	872.1	863.9	853.1	865.7	830.1	818.9	817.6	831.7	877.7	869	849.5	813	857.6	803.8	829.5	865.6	890.3	887	901.5	883.6	884.1	878.1	868.9	869.6	841.7	805.2	766.1	761.2	792.9	852.9	874.5	874.7	902	859	779.9	766	772.3	776.9	792.6	776.6	677.5	724.9	749.4	732.7	746.1	755.6	816.8	795.1	717.5	746.6	787.7	803.4	768	732.4	771.9	773.4	784.7	747.4	704	657.8	627.70000000000005	540.29999999999995	530.9	677.4	737.5	751.2	754.7	706.1	683.8	724	847.2	805.1	699.6	675.8	658.4	649.1	664.4	686.9	695.6	801.6	878.3	851.4	719.7	672.9	628.70000000000005	708.8	740.3	669.5	707	718.9	720	688.5	623.1	535	499	517.70000000000005	596.79999999999995	673.2	650.6	655.8	609.6	694.8	698.6	706.3	735.2	739.3	731.1	634.6	728.5	762.4	634.5	684.9	730.2	656.6	644.5	688	713.9	664.3	563.79999999999995	520.1	477.8	478.8	566.20000000000005	645.20000000000005	582.29999999999995	520.1	508.3	543.6	752.2	651.1	567.70000000000005	554.5	556.9	560.5	556.1	520.20000000000005	452.9	547.6	452.2	533.6	537.70000000000005	661.7	557.9	552.20000000000005	558.79999999999995	530.29999999999995	493	473.8	527.20000000000005	597	532.79999999999995	529.1	515.4	502.3	514.4	660.6	660.9	637	544.4	475.7	529.70000000000005	587.6	610.4	649.5	536.4	565.9	551.6	512.6	497.9	468.9	427.3	399.3	381.2	414.7	570.29999999999995	566.9	427.5	430.8	346.8	354	422.5	344.3	271	209.6	241.3	214.1	142.4	173.2	141.6	148.69999999999999	Time [s]


Fire temperature [°C]
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Accumulated heat Q [MJ]
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Specific heat flow [kW/m²] 
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