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Li-ion batteries are being widely used as power sources in a continuously increasing number of applications (from portable devices to electric vehicles and even more complex systems). Nonetheless these components are still characterized by serious concerns connected with their safety and stability, which often hinder their more widespread use. In particular, their operation is strictly dependent on their temperature which derives from the balance between the heat internally produced during operation and that dissipated towards the external environment. Beyond certain temperatures a thermal runaway can occur with possible dangerous events, such as fires and explosions.
In the present paper, 3D simulations have been carried out to investigate the cooling efficiency of an air flow, under different operating conditions, on a cylindrical Li-ion cell located in a whole battery pack. Under the investigated configurations, it was found that, beyond a minimum value of the passing air velocity, it is possible to keep the cell within safe conditions, thus preventing a thermal runaway.
Introduction
Li-ion batteries are commonly applied in several every-day applications: portable devices (cell phones, laptops, etc.), electric and hybrid electric vehicles, etc. (Feng et al., 2018; Berckmans et al., 2017), where continuously increasing energy densities are required. However, due to several exothermic reactions occurring within the cell, especially under abuse conditions (overcharge/overdischarge, thermal or mechanical abuse, and others) the occurrence of a thermal runaway (Sabbah et al., 2008; Guo et al., 2013; Feng et al., 2018; Hendricks et al., 2015; Wang et al., 2012) is possible, often with catastrophic consequences, as witnessed by several recent accidents. This event usually happens when the generated heat is not adequately balanced by the heat dissipated towards the exterior of the cell, with further uncontrolled overheating and the failure of the cell, possibly with the generation of fires and explosions (Maleki et al., 1999; Chen et al., 1996; Kim et al., 2007). Of course, this scenario becomes even more critical when additional cells, like in a battery pack or module, may be involved in the accident.
Thus, a better knowledge of the causes and modes of failure of Li-ion cells is of great importance to prevent the occurrence of a thermal runaway and significant investigation efforts have been recently carried out (Hendricks et al., 2015; Bubbico et al., 2018; Zhang et al., 2020), both experimental (Menale et al., 2022; Lopez et al., 2015; Waag et al., 2013) and theoretical (e.g. Abada et al., 2016; Kim et al., 2007; Melcher et al., 2016). However, despite the increasing number of publications, due to the large variability in the cell components, such as the type of electrodes and electrolyte, and to the complexities in the mathematical modelling, only a limited number of configurations have been analysed and several aspects of the phenomenon still need to be adequately investigated.
In the present paper, the behaviour of cylindrical Li-ion cells packed within a whole module, under abuse conditions of high current, has been analysed. In particular, reference has been made to one of the most commonly used type of cells (LiCoO2 - LCO cathode), which also proved to be one of the most critical from a stability point of view (Cianciullo et al., 2022); graphite and LiPF6 lithium salt in 1:1 EC:EMC solvent have also been adopted as anode and electrolyte, respectively. These cells were assumed to be subjected to continuous cycles of charge/discharge phases at 80 A/m2 and to be exposed to varying external cooling conditions. In order to identify the operating conditions capable of avoiding a thermal runaway in the cells, the influence of cooling air, at different inlet temperature conditions and flow rate, on the internal temperature rise of a cell during its operation, has been assessed.
Model overview
Given the variety of interacting phenomena involved in the operation of a Li-ion cell, its modelling requires both a multi-physics and a multi-scale approach (Forgez C., 2012). In this paper the model has been implemented in COMSOL Multiphysics v5.5 where both the electro-chemical and the thermal processes have been simultaneously represented making use of the Battery and Fuel Cell module.
The electrochemical model is based on the theory of the porous electrode. The equations required to describe this system (materials balance in the solid and in the electrolyte, charge conservation within the solid and the pores and the kinetic reactions equations) have already been presented (Cianciullo et al., 2022) and will not be discussed here. The physical properties of the materials involved have been considered as a function of the changing temperature over time but have been considered constant in space.
As far as the heat generation inside the cell is concerned, three different sources must be accounted for: 
(1) the heat generated by entropy variations during charge/discharge cycles, usually referred to as entropic reversible heat:
	
	(1)


Where  is the current density,  is the specific interfacial area;
(2) the heat generated by irreversible electrochemical reactions:
	
	(2)


(3) the heat generated by electrons transfer in the solid phase, and by Li-ions migration and diffusion within the electrolyte ().
The resulting overall balance equation is given by:
	
	(3)


The model has been set up by using three different geometries connected to each other to exchange the required information and to optimize the calculation burden (Spotnitz et al., 2003; Lee et al., 2013). The one- and two-dimensional geometries have been used to manage all physical properties of the cell’s materials and the basic chemical reactions of the specific type of cell, and to simulate the heat generation within the cell, respectively.
The 3-D simulations have been carried out to simulate and accurately calculate the thermal behaviour of both the cell and the cooling air flowing around it. In this case, the geometrical configuration (Figure 1) consisted of four domains corresponding to: 1) the active material; 2) the mandrel; 3) the cylindrical connector on top of the cell; 4) the air volume.
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[bookmark: _Ref116297093]Figure 1 Geometry for the 3-D thermal model.
The cell under study (the main dimensions are reported in Table1) is assumed to be contained in a battery pack, with cooling air flowing through the cell arrows, with the dimensions of the air channel as reported in Table 2.
[bookmark: _Ref125453142]Table 1 Cell dimensions
	rcell [m]
	hcell [m]
	hconnector [m]

	9·10-3
	6.5·10-2
	3·10-3

	Radius of the cell
	Height of the cell
	Height of the connector


[bookmark: _Ref116297937]Table 2 Air channel dimensions
	linlet [m]
	hinlet [m]
	sinlet [m]

	0.045
	0.068
	0.0135

	Width
	Height
	Length

	= 2·r_cell + 3·r_cell
	= h_cell + h_connector
	= 3*r_cell/2


Results and discussion
In order to evaluate the air properties during the flow (inlet and exit temperatures, velocity profile, etc.), the built-in COMSOL physical interfaces Heat Transfer in Solid and Fluid and Laminar flow have been used.
A 3D simulation of the cell operation allows a detailed representation of the system and provides accurate results, at the price of long calculation times. In spite of this, it is possible to discharge some simplifying hypotheses such as constant external temperature and heat transfer coefficient. A larger study volume has been adopted (Figure 1) with a given air mass flow rate entering it, whose temperature evolution and velocity are calculated by the model based on its physical properties and on the established fluid-dynamic configuration of the system. The temperature dynamic calculations have been carried out for three values of the inlet air temperature (namely 283, 293 and 313 K) and, using the parametric sweep built-in tool of COMSOL, at different values of the air inlet velocity. 
Figure 2 shows the temperature distribution inside the LCO cell and the velocity of the air along its flow path, at the end of the simulation runs at 0.1, 1 and 1.4 m/s for the entering air velocity. 
It can be seen that:
· a very small temperature gradient (less than a couple of degrees) is calculated inside the cell, even at the end of the run, at any air velocity;
· a reduced overheating of the cell is obtained at a higher air velocity;
· even a very low air velocity can prevent the thermal runaway of the cell.
A similar result was already found in a preliminary experimental investigation on a pack of 4 NMC pouch cells (Bubbico et al., 2017), where it was possible to prevent an excessive cell temperature increase by adopting an adequate minimum air flow rate. The required air flow rate in that case was higher than that calculated in the present study, however it must be observed that aged cells were adopted at that time, and ageing is actually recognized as one of the main causes of temperature inhomogeneity in Li-ion cells operation, especially under abuse conditions (Menale et al., 2019; Vetter et al., 2005).
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[bookmark: _Ref116475959]Figure 2 Cell internal temperature and cooling air velocity maps: a) 0.1 m/s; b) 1 m/s; c) 1.4 m/s.
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[bookmark: _Ref116476468]Figure 3 Cell temperature profile at different inlet air temperatures and velocities: a) T= 283 K, b) T=293 K, c) 313 K.
The results summarized above are even more apparent from Figure 3, where the time profile of a cell temperature is reported, at different air velocities and temperatures. It is found that, even at very low air velocities, no thermal runaway would occur, even at higher air temperatures; of course, a cooler air flow will lead to a lower final temperature of the cell.
Conclusions
A comprehensive electrochemical and thermal model of Li-ion cells, which included the exothermic reactions at the origin of the overheating of the cell, has been set up to investigate their thermal behaviour under various operating conditions. In particular, the main aim of the model was to assess whether, under abuse conditions of high current, it is possible to prevent overheating of a cell contained in a whole battery module by a conventional air-cooling system.
It has been found that, under the investigated conditions, in no cases a thermal runaway of the cells is predicted, especially, as might be expected, for lower initial temperature of the inlet air flow and for higher air flow rates. These results are of particular interest for a cell module or pack, where the failure of a single cell can easily impact adjacent cells with the possible generation of high consequence outcomes, and the investigation will be extended to different cell types and configurations.
Acknowledgments
The preliminary work by M. Cianciullo in the model set up is gratefully acknowledged.
References
Abada S., Marlair G., Lecocq A., Petit M., Sauvant-Moynot V., Huet F., 2016, Safety focused modeling of lithium-ion batteries: A review, Journal of Power Sources, 306, 178-192.
Berckmans, G., Messagie, M., Smekens, J., Omar, N., Vanhaverbeke, L., Van Mierlo, J., Cost Projection of State of the Art Lithium-Ion Batteries for Electric Vehicles Up to 2030, Energies 10, 2017.
Bubbico R., D’Annibale F., Mazzarotta B., Menale C., 2017, Air cooling of Li-ion batteries: an experimental analysis” Chemical Engineering Transactions, Vol. 57, pp. 379-384, DOI: 10.3303/CET1757064, ISBN 978-88-95608-48-8, ISSN 2283-9216.
Bubbico, R.; Greco, V.; Menale, C, 2018, Hazardous scenarios identification for Li-ion secondary batteries. Saf. Sci., 108, 72–88.
Chen, Y., Evans, J.W., J. Electrochem. Soc. 143 (9) (1996) 2708–2712.
Cianciullo M., Vilardi G., Mazzarotta B., Bubbico R., 2022, Simulation of the Thermal Runaway Onset in Li-Ion Cells—Influence of Cathode Materials and Operating Conditions, Energies, 15, 4169.
Feng X., Ouyang M., Liu X., Lu L., Xia Y., Hea X., 2018, Thermal runaway mechanism of lithium ion battery for electric vehicles: A review, Energy Storage Materials, 10, 246–267.
Forgez C., Do D.V., Friedrich G., Morcrette M., Delacourt C., 2010, Thermal modeling of a cylindrical LiFePO4/graphite lithium-ion battery, J. Power Sources, 195, 2961–2968.
Guo, M., White, R.E., 2013, A distributed thermal model for a Li-ion electrode plate pair, J. Power Sources 221, 334-344.
Hendricks, C., Williard, N., Mathew, S., Pecht, M., 2015. A failure modes, mechanisms, and effects analysis (FMMEA) of lithium-ion batteries. J. Power Sources 297,113–120.
Kim G.H., Pesaran A., Spotnitz R., 2007, A three-dimensional thermal abuse model for lithium-ion cells, Journal of Power Sources, 170, 476–489.
Lee, K.-J., Smith, K., Pesaran, A., Kim, G.-H., J. Power Sources 241 (2013) 20-32.
Lopez C.F., Jeevarajan J. A., and Mukherjee P. P., 2015, Characterization of Lithium-Ion Battery Thermal Abuse Behavior Using Experimental and Computational Analysis, Journal of The Electrochemical Society, 162 (10), A2163-A2173.
Maleki, H., Deng, G., Anani, A., Howard, J., J. Electrochem. Soc. 146 (1999) 3224-3229
Melcher, A., Ziebert, C., Rohde, M., Seifert, H.J., Modeling and Simulation of the Thermal Runaway Behavior Li-Ion Cells- Computing of Critical Parameters, Energies 2016, 9, 292.
Menale, C., D'Annibale, F., Mazzarotta, B., Bubbico, R. 2019, "Thermal management of lithium-ion batteries: An experimental investigation", Energy, vol. 182, pp. 57-71.
Menale C., Constà S., Sglavo V., Della Seta L., Bubbico R., 2022, Experimental Investigation of Overdischarge Effects on Commercial Li-Ion Cells, Energies, 15, 8440, https://doi.org/10.3390/en15228440.
Sabbah, R., Kizilel, R., Selman, J.R., Al-Hallaj, S., J. Power Sources 182 (2008) 630–638
Spotnitz R., Franklin J., 2003, Abuse behavior of high-power lithium-ion cells, Journal of Power Sources, 113, 81–100.
Vetter J., Novàk P., Wagner M.R., Veit C., Moller K.C., Besenhard J.O., Winter M., Wohlfahrt-Mehrens M., Vogler C., Hammouched A., Ageing mechanisms in lithium-ion batteries, Journal of Power Sources 147: 269–281, 2005
Waag, W., Käbitz, S., Sauer, D. U., 2013. Experimental investigation of the lithium-ion battery impedance characteristic at various conditions and aging states and its influence on the application, Applied Energy, 102, 885–897.
Wang Q., Ping P., Zhao X., Chub G., Sun J., Chen C., 2012, Thermal runaway caused fire and explosion of lithium ion battery, Journal of Power Sources, 208, 210–224.
Zhang, L., Zhao, P., Xu, M., Wang, X., Computational identification of the safety regime of Li-ion battery thermal runaway, Applied Energy 261 (2020) 114440.




283 K
v=0.1 m/s	0	1.0000000000000011E-3	2.0000000000000022E-3	4.0000000000000044E-3	8.0000000000000106E-3	1.6000000000000018E-2	3.2000000000000035E-2	6.4000000000000071E-2	0.128	0.25600000000000001	0.38400000000000034	0.64000000000000068	0.89600000000000002	1.4079999999999975	1.920000000000001	2.4319999999999977	3.4559999999999977	4.4800000000000004	6.5279999999999951	8.5760000000000005	10.624000000000001	12.672000000000002	16.767999999999986	20.401999999999987	24.035	27.306000000000001	30.576000000000001	33.846000000000004	37.117000000000004	40.386999999999993	43.657000000000004	46.928000000000011	50.198000000000036	53.468000000000011	56.739000000000011	60.009	63.279000000000003	66.55	73.09	79.631	86.171999999999983	92.712000000000003	99.253	105.79	112.33	118.88	131.96	145.04	158.12	171.2	184.28	197.36	210.44	223.53	236.60999999999999	249.69	249.89000000000001	250	250.1	250.18	250.26	250.42000000000004	250.58	250.9	251.22	251.54	252.18	252.82000000000014	253.46	254.73999999999998	256.01	258.57	261.13	263.69	266.25	268.81	271.36	273.91999999999973	279.04000000000002	284.14999999999998	289.27	294.39	297.17	299.95	300	300.10000000000002	300.3	300.7	301.5	303.10000000000002	306.3	312.7	319.10000000000002	325.5	331.9	338.3	344.7	351.1	363.9	375.41999999999973	386.94	398.46	409.97999999999973	421.5	435.28	449.06	462.84000000000026	476.62	490.4	493.85	495.69	499.37	499.83	500.34000000000026	500.45	500.68	500.90999999999974	501.14000000000027	501.6	502.06	502.97999999999973	503.89	504.81	505.72999999999973	507.57	509.4	511.24	513.07000000000005	516.74	520.41	524.08000000000004	527.75	531.42999999999938	535.1	538.77000000000055	542.43999999999949	546.11	549.78000000000054	553.44999999999948	560.79000000000053	567.4	574.01	580.61	587.22	593.59	599.94999999999948	600	600.1	600.29999999999995	600.70000000000005	601.5	603.1	606.29999999999995	612.70000000000005	625.5	638.29999999999995	651.1	663.9	676.7	689.5	702.3	715.1	727.9	740.7	743.9	745.5	748.7	749.1	749.9	750.02	750.07	750.19	750.3	750.42	750.65	750.88	751.11	751.57	752.03	752.49	753.42	754.33999999999946	756.18000000000052	758.03	759.87	761.71	763.56	767.25	770.93	774.62	778.31	782	785.69	789.37	793.06	796.75	800.43999999999949	807.81	815.19	822.57	829.93999999999949	837.31999999999948	844.69	852.07	866.81999999999948	881.57	890.76	899.94999999999948	900	900.1	900.3	900.7	901.5	903.1	906.3	912.7	925.5	951.1	969.99	985.08	998.65	999.42	999.8	999.99	1000.2	1000.3	1000.5	1000.7	1001	1001.5	1002.1	1002.6	1003.7	1004.8	1007	1009.2	1011.4	1013.5	1015.7	1017.9	1022.3	1026.5999999999999	1031	1035.4000000000001	1039.7	1044.0999999999999	1048.5	1052.8	1057.2	1061.5	1065.9000000000001	1070.3	1079	1087.7	1096.5	1105.2	1113.9000000000001	1131.4000000000001	1148.8	1166.3	1183.0999999999999	1200	1200	1200.0999999999999	1200.3	1200.7	1201.5	1203.0999999999999	1206.3	1212.7	1225.5	1238.3	1241.5	1247.9000000000001	1248.7	1249.4000000000001	1249.8	1249.9000000000001	1250	1250.0999999999999	1250.0999999999999	1250.2	1250.2	1250.4000000000001	1250.5	1250.7	1251	1251.2	1251.7	1252.2	1253.2	1254.2	1255.2	1256.2	1258.2	1260.2	1262.2	1264.2	1266.2	1270.2	1274.2	1278.2	1282.0999999999999	1286.0999999999999	1290.0999999999999	1294.0999999999999	1298.0999999999999	1302.0999999999999	1306.0999999999999	1314.1	1322	1330	1338	1346	1353.9	1361.9	1377.9	1393.8	1425.7	1454.4	1477.2	1500	1500	1500.1	1500.1	1500.2	1500.4	1500.6	1501	1501.4	1501.8	1502.6	1503.4	1505	1506.6	1508.2	1509.8	1513	1516.2	1519.4	1522.6	1525.8	1529	1532.2	1535.4	1538.6	1541.8	1548.2	1554.6	1561	1567.4	1573.8	1580.2	1586.6	1593	1605.8	1618.6	1631.4	1644.2	1657	1669.8	1682.6	1695.4	1708.2	1721	1733.8	1746.6	1749.8	1749.9	1750	1750.1	1750.2	1750.3	1750.4	1750.7	1750.9	1751.2	1751.7	1752.2	1752.7	1753.7	1754.7	1756.7	1758.7	1760.7	1762.7	1764.8	1768.8	1772.8	1776.9	1780.9	1784.9	1789	1793	1797	1801	1805.1	1813.1	1821.2	1829.3	1837.3	1845.4	1853.4	1869.6	1885.7	1901.8	1917.9	1950.2	1982.4	1989.7	1993.3	1995.1	1998.8	1999.2	1999.8	1999.9	2000.1	2000.1	2000.2	2000.3	2000.5	2000.7	2001	2001.4	2002.1	2002.9	2003.6	2005.1	2006.5	2008	2009.5	2012.4	2015.4	2018.3	2021.3	2024.2	2027.2	2030.1	2036	2041.3	2046.6	2051.9	2057.1999999999998	2062.5	2067.8000000000002	2073.1	2078.4	2083.6999999999998	2091.9	2100	2108.1	2124.4	2140.6999999999998	2157	2173.3000000000002	2189.5	2205.8000000000002	2222.1	2238.4	2242.5	2244.5	2248.6	2249.1	2249.6	2249.9	2250	2250.1	2250.3000000000002	2250.4	2250.6	2250.8000000000002	2251.1	2251.4	2252	2252.5	2253.1	2254.1999999999998	2255.3000000000002	2257.6	2259.8000000000002	2262.1	2264.3000000000002	2266.6	2268.8000000000002	2273.3000000000002	2277.8000000000002	2282.3000000000002	2286.8000000000002	2291.3000000000002	2295.8000000000002	2300.3000000000002	2304.8000000000002	2309.3000000000002	2313.8000000000002	2322.8000000000002	2331.8000000000002	2340.8000000000002	2349.8000000000002	2358.6999999999998	2367.6999999999998	2385.6999999999998	2403.6999999999998	2421.6999999999998	2439.6999999999998	2469.8000000000002	2484.9	2489.9	2494.9	2496.9	2498.3000000000002	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.16000000000008	283.16000000000008	283.17	283.17	283.18	283.19	283.2099999999997	283.24	283.27999999999969	283.33	283.38	283.42999999999967	283.54000000000002	283.64000000000027	283.75	283.85000000000002	283.9599999999997	284.07	284.18	284.3	284.41999999999973	284.54000000000002	284.66000000000008	284.78999999999974	284.91000000000003	285.04000000000002	285.17	285.3	285.56	285.82	286.08	286.35000000000002	286.61	286.88	287.14000000000027	287.41000000000003	287.92999999999967	288.44	288.94	289.42999999999967	289.91000000000003	290.38	290.83	291.27999999999969	291.72000000000003	292.14999999999998	292.14999999999998	292.14999999999998	292.14999999999998	292.14999999999998	292.16000000000008	292.16000000000008	292.16000000000008	292.17	292.17	292.18	292.19	292.2	292.2099999999997	292.22999999999973	292.25	292.31	292.36	292.41999999999973	292.47999999999973	292.55	292.62	292.7	292.86	293.02999999999969	293.2099999999997	293.39999999999969	293.51	293.61	293.62	293.62	293.63	293.64000000000027	293.67	293.74	293.86	294.12	294.38	294.64000000000027	294.89999999999969	295.16000000000008	295.41999999999973	295.67	296.18	296.62	297.06	297.48999999999967	297.91999999999973	298.33999999999969	298.83	299.31	299.78999999999974	300.27999999999969	300.77	300.89	300.9599999999997	301.08999999999969	301.11	301.11	301.11	301.11	301.11	301.10000000000002	301.10000000000002	301.10000000000002	301.10000000000002	301.08999999999969	301.08999999999969	301.08999999999969	301.08999999999969	301.08999999999969	301.08999999999969	301.08999999999969	301.08999999999969	301.10000000000002	301.11	301.13	301.14999999999998	301.17	301.2	301.22999999999973	301.27	301.3	301.33999999999969	301.41999999999973	301.5	301.58	301.66000000000008	301.74	301.82	301.89999999999969	301.89999999999969	301.89999999999969	301.89999999999969	301.91000000000003	301.91999999999973	301.94	301.97999999999973	302.06	302.2099999999997	302.37	302.52999999999969	302.69	302.85000000000002	303	303.16000000000008	303.31	303.4599999999997	303.62	303.66000000000008	303.68	303.72000000000003	303.72000000000003	303.72999999999973	303.72999999999973	303.72999999999973	303.72999999999973	303.72999999999973	303.72999999999973	303.74	303.74	303.74	303.75	303.75	303.76	303.77	303.77999999999969	303.8	303.83	303.86	303.89	303.91999999999973	303.97999999999973	304.05	304.12	304.2	304.27999999999969	304.37	304.45	304.54000000000002	304.63	304.72000000000003	304.89999999999969	305.08	305.26	305.42999999999967	305.61	305.77999999999969	305.95	306.28999999999974	306.62	306.82	307.02	307.02999999999969	307.02999999999969	307.02999999999969	307.04000000000002	307.06	307.08999999999969	307.16000000000008	307.3	307.56	308.08	308.47999999999973	308.8	309.12	309.13	309.14000000000027	309.14000000000027	309.14000000000027	309.14000000000027	309.14000000000027	309.13	309.13	309.13	309.12	309.12	309.11	309.10000000000002	309.08	309.06	309.04000000000002	309.02999999999969	309.01	309	308.97000000000003	308.94	308.91999999999973	308.91000000000003	308.89	308.88	308.88	308.87	308.87	308.87	308.87	308.87	308.87	308.88	308.88	308.89	308.89999999999969	308.92999999999967	308.95	308.97999999999973	309.02	309.06	309.06	309.06	309.06	309.06	309.06	309.06	309.07	309.08999999999969	309.12	309.16000000000008	309.17	309.19	309.19	309.19	309.19	309.19	309.19	309.19	309.19	309.19	309.19	309.2	309.2	309.2	309.2	309.2	309.2099999999997	309.2099999999997	309.22000000000003	309.22999999999973	309.24	309.24	309.26	309.27999999999969	309.31	309.33	309.35000000000002	309.39999999999969	309.4599999999997	309.51	309.57	309.63	309.69	309.76	309.82	309.88	309.95	310.08	310.2	310.33	310.4599999999997	310.58	310.7099999999997	310.83	311.07	311.31	311.77	312.17	312.5	312.87	312.87	312.87	312.87	312.87	312.86	312.86	312.86	312.85000000000002	312.85000000000002	312.83999999999969	312.83	312.81	312.78999999999974	312.77	312.76	312.72000000000003	312.68	312.64999999999998	312.61	312.58	312.55	312.52	312.48999999999967	312.47000000000003	312.44	312.39999999999969	312.36	312.32	312.27999999999969	312.25	312.2099999999997	312.18	312.14999999999998	312.10000000000002	312.05	312	311.95	311.91000000000003	311.88	311.83999999999969	311.81	311.78999999999974	311.76	311.74	311.72999999999973	311.72000000000003	311.72000000000003	311.72000000000003	311.72000000000003	311.72000000000003	311.72999999999973	311.72999999999973	311.72999999999973	311.72999999999973	311.72999999999973	311.72999999999973	311.74	311.74	311.75	311.75	311.77	311.77999999999969	311.8	311.82	311.83	311.87	311.91000000000003	311.9599999999997	312	312.05	312.10000000000002	312.14000000000027	312.19	312.24	312.28999999999974	312.39	312.48999999999967	312.58999999999969	312.68	312.77999999999969	312.88	313.07	313.26	313.44	313.63	313.97999999999973	314.36	314.4599999999997	314.51	314.52999999999969	314.58	314.58999999999969	314.60000000000002	314.60000000000002	314.60000000000002	314.60000000000002	314.60000000000002	314.60000000000002	314.58999999999969	314.58999999999969	314.58999999999969	314.58	314.57	314.56	314.55	314.52999999999969	314.52	314.5	314.47999999999973	314.44	314.39999999999969	314.36	314.32	314.27999999999969	314.25	314.22000000000003	314.14999999999998	314.10000000000002	314.04000000000002	314	313.95	313.89999999999969	313.86	313.82	313.77999999999969	313.74	313.68	313.62	313.57	313.47000000000003	313.37	313.27999999999969	313.2	313.12	313.05	312.98999999999967	312.92999999999967	312.91999999999973	312.91000000000003	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.89999999999969	312.91000000000003	312.91000000000003	312.91000000000003	312.91999999999973	312.92999999999967	312.94	312.95	312.97000000000003	312.98999999999967	313.01	313.02	313.06	313.10000000000002	313.14999999999998	313.19	313.24	313.27999999999969	313.33	313.38	313.41999999999973	313.47000000000003	313.57	313.66000000000008	313.76	313.85000000000002	313.94	314.04000000000002	314.22000000000003	314.39999999999969	314.58	314.76	315.07	315.24	315.3	315.36	315.39	315.41000000000003	v=1 m/s	0	1.0000000000000011E-3	2.0000000000000022E-3	4.0000000000000044E-3	8.0000000000000106E-3	1.6000000000000018E-2	3.2000000000000035E-2	6.4000000000000071E-2	0.128	0.25600000000000001	0.38400000000000034	0.51200000000000001	0.76800000000000068	1.024	1.536	2.048	2.56	3.5840000000000001	4.6079999999999952	6.6559999999999953	8.7039999999999988	10.752000000000002	12.8	14.848000000000001	18.943999999999981	23.04	27.135999999999999	31.231999999999999	35.328000000000003	39.424000000000007	43.52	51.712000000000003	59.903999999999996	68.096000000000004	76.287999999999997	92.671999999999983	109.06	125.44000000000007	141.82000000000014	158.20999999999998	174.59	190.98000000000013	207.36	223.73999999999998	240.13	244.22	246.26999999999998	247.3	249.34	249.6	249.88000000000014	249.93	250.01	250.09	250.17	250.25	250.33	250.49	250.64	250.8	251.12	251.44	251.75	252.07	252.7	253.34	254.6	255.87	257.14000000000027	258.39999999999969	259.67	262.2099999999997	264.74	267.27	269.81	272.33999999999969	274.87	277.41000000000003	279.94	285.01	290.08	295.01	299.95	300	300.10000000000002	300.3	300.7	301.5	303.10000000000002	306.3	309.5	315.89999999999969	322.3	328.7	341.5	354.3	379.9	402.14000000000027	424.37	446.61	468.84000000000026	491.08	496.64000000000027	499.44	499.81	500.22999999999973	500.32	500.51	500.7	500.89	501.26	501.64000000000027	502.01	502.76	503.51	504.26	505.76	507.26	508.76	510.26	511.76	514.75	517.75	520.75	523.75	526.75	529.75	532.74	535.74	541.74	547.74	553.73	559.73	565.73	577.72	588.82999999999947	599.94999999999948	600	600.1	600.29999999999995	600.70000000000005	601.5	603.1	606.29999999999995	612.70000000000005	625.5	638.29999999999995	651.1	663.9	676.7	689.5	702.3	715.1	727.9	740.7	743.9	745.5	748.7	749.1	749.9	750.01	750.06	750.15	750.25	750.33999999999946	750.52	750.7	750.89	751.07	751.43999999999949	751.81	752.17000000000053	752.91	753.64	755.11	756.58	758.05	759.52	760.99	762.45999999999947	763.93	766.87	769.81	772.75	775.69	778.63	781.57	784.51	790.38	796.26	802.14	808.02	813.9	819.78000000000054	831.53	843.29000000000053	855.05	866.8	878.56	889.26	899.94999999999948	900	900.1	900.3	900.7	901.5	903.1	906.3	912.7	919.1	925.5	938.3	951.1	963.9	976.7	989.5	992.8	999.39	999.6	999.75	999.83999999999946	999.92	999.99	1000.1	1000.1	1000.2	1000.3	1000.4	1000.6	1000.8	1001.1	1001.5	1002	1002.9	1003.8	1004.7	1005.6	1007.5	1009.3	1011.1	1012.9	1014.8	1016.6	1020.2	1023.9	1027.5	1031.2	1034.8	1038.5	1042.0999999999999	1049.4000000000001	1056.7	1064	1071.3	1078.5999999999999	1093.2	1107.8	1122.4000000000001	1137	1151.5999999999999	1166.2	1180.8	1190.4000000000001	1200	1200	1200.0999999999999	1200.3	1200.7	1201.5	1203.0999999999999	1206.3	1212.7	1225.5	1238.3	1241.5	1247.9000000000001	1248.7	1249.0999999999999	1249.9000000000001	1250	1250.0999999999999	1250.2	1250.3	1250.3	1250.5	1250.7	1250.8	1251.2	1251.5	1252.0999999999999	1252.8	1253.4000000000001	1254.0999999999999	1255.4000000000001	1256.7	1258	1259.3	1260.5999999999999	1263.2	1265.8	1268.4000000000001	1271	1273.5999999999999	1276.2	1278.8	1284	1289.2	1294.4000000000001	1299.7	1304.9000000000001	1310.0999999999999	1320.5	1330.9	1341.3	1351.7	1362.1	1383	1403.8	1424.6	1445.5	1466.3	1483.1	1500	1500	1500.1	1500.2	1500.4	1500.5	1500.6	1500.9	1501.1	1501.4	1501.9	1502.5	1503.5	1504.6	1505.6	1506.6	1508.7	1510.8	1512.9	1515	1517.1	1519.2	1521.3	1523.4	1527.6	1531.8	1536	1540.2	1544.4	1548.5	1556.9	1565.3	1573.7	1582.1	1590.4	1607.2	1624	1640.7	1657.5	1674.2	1691	1707.7	1724.5	1741.3	1745.4	1747.5	1748.6	1749.2	1749.6	1749.9	1749.9	1750	1750.1	1750.2	1750.3	1750.4	1750.6	1750.8	1751	1751.4	1751.8	1752.2	1752.9	1753.7	1755.3	1756.8	1758.4	1759.9	1761.5	1763	1764.6	1767.7	1770.8	1773.9	1777	1780.1	1783.2	1786.3	1792.5	1798.7	1804.9	1811.1	1817.4	1829.8	1842.2	1854.6	1867	1879.5	1891.9	1904.3	1916.7	1929.1	1941.5	1954	1966.4	1978.8	1991.2	1994.4	1996.3	1998.2	1999.2	1999.9	2000	2000.2	2000.5	2000.7	2000.9	2001.2	2001.6	2002.1	2002.5	2003.4	2004.3	2006.1	2007.9	2009.8	2011.6	2013.4	2015.2	2017	2020.6	2024.3	2027.9	2031.5	2035.1	2038.8	2042.4	2049.6	2056.9	2064.1	2071.4	2078.6	2089.3000000000002	2100	2110.6999999999998	2132.1	2153.4	2174.8000000000002	2196.1999999999998	2217.6	2236.8000000000002	2241.6	2244	2248.8000000000002	2249.4	2249.9	2250	2250.1	2250.1	2250.1999999999998	2250.3000000000002	2250.5	2250.6	2250.8000000000002	2251.1999999999998	2251.5	2252.1999999999998	2252.8000000000002	2253.5	2254.1999999999998	2255.5	2256.9	2258.1999999999998	2259.5	2260.9	2263.6	2266.3000000000002	2268.9	2271.6	2274.3000000000002	2277	2279.6999999999998	2282.4	2287.8000000000002	2293.1	2298.5	2303.9	2309.1999999999998	2320	2330.6999999999998	2341.5	2352.1999999999998	2363	2384.5	2405.9	2427.4	2448.9	2470.4	2485.1999999999998	2490.1999999999998	2493.3000000000002	2496.6	2498.1	2499.1	2499.6999999999998	2500	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.16000000000008	283.16000000000008	283.16000000000008	283.17	283.18	283.19	283.2	283.22999999999973	283.27	283.3	283.33999999999969	283.38	283.4599999999997	283.55	283.64000000000027	283.72999999999973	283.82	283.91000000000003	284	284.18	284.36	284.52999999999969	284.7099999999997	285.04000000000002	285.37	285.68	285.97999999999973	286.27	286.54000000000002	286.8	287.05	287.27999999999969	287.48999999999967	287.54000000000002	287.56	287.58	287.60000000000002	287.60000000000002	287.61	287.61	287.61	287.61	287.61	287.61	287.61	287.61	287.61	287.62	287.62	287.63	287.63	287.63	287.64000000000027	287.64999999999998	287.67	287.69	287.7099999999997	287.72999999999973	287.75	287.78999999999974	287.83999999999969	287.89	287.94	288	288.05	288.11	288.17	288.27999999999969	288.39999999999969	288.52	288.63	288.63	288.64000000000027	288.64000000000027	288.64999999999998	288.67	288.7099999999997	288.77999999999969	288.85000000000002	288.98999999999967	289.13	289.27	289.52999999999969	289.78999999999974	290.26	290.64000000000027	291	291.35000000000002	291.7	292.06	292.14999999999998	292.19	292.2	292.2	292.2	292.19	292.19	292.19	292.18	292.17	292.16000000000008	292.14999999999998	292.14000000000027	292.12	292.10000000000002	292.07	292.05	292.02999999999969	292.01	291.97000000000003	291.92999999999967	291.89999999999969	291.87	291.83999999999969	291.82	291.78999999999974	291.77	291.72999999999973	291.7	291.67	291.64000000000027	291.61	291.56	291.51	291.47000000000003	291.47000000000003	291.47000000000003	291.47000000000003	291.47000000000003	291.47000000000003	291.4599999999997	291.45	291.42999999999967	291.39	291.35000000000002	291.32	291.3	291.27	291.25	291.24	291.22000000000003	291.2099999999997	291.19	291.19	291.19	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.18	291.19	291.19	291.2	291.2	291.2099999999997	291.22000000000003	291.24	291.27	291.3	291.32	291.36	291.39	291.41999999999973	291.48999999999967	291.56	291.63	291.7	291.77	291.83999999999969	291.97999999999973	292.11	292.22999999999973	292.35000000000002	292.47000000000003	292.57	292.67	292.67	292.67	292.67	292.68	292.68	292.7	292.72999999999973	292.77999999999969	292.83999999999969	292.89999999999969	293.02	293.14000000000027	293.27	293.39999999999969	293.52999999999969	293.57	293.64000000000027	293.64000000000027	293.64999999999998	293.64999999999998	293.64999999999998	293.64999999999998	293.64999999999998	293.64999999999998	293.64000000000027	293.64000000000027	293.64000000000027	293.63	293.63	293.62	293.61	293.60000000000002	293.58	293.56	293.54000000000002	293.52	293.47999999999973	293.44	293.41000000000003	293.37	293.33999999999969	293.31	293.25	293.2	293.14000000000027	293.10000000000002	293.05	293.01	292.97000000000003	292.89	292.82	292.76	292.69	292.63	292.52	292.41999999999973	292.32	292.22000000000003	292.14000000000027	292.06	291.98999999999967	291.95	291.91999999999973	291.91999999999973	291.91999999999973	291.91999999999973	291.91000000000003	291.91000000000003	291.91000000000003	291.89	291.87	291.83	291.78999999999974	291.77	291.75	291.75	291.75	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.74	291.75	291.77	291.77999999999969	291.8	291.82	291.83999999999969	291.86	291.91000000000003	291.9599999999997	292.02	292.07	292.12	292.18	292.27999999999969	292.39	292.48999999999967	292.58	292.68	292.86	293.02999999999969	293.19	293.37	293.56	293.72000000000003	293.89	293.89	293.89	293.88	293.88	293.88	293.87	293.87	293.86	293.85000000000002	293.83999999999969	293.83	293.8	293.77999999999969	293.76	293.72999999999973	293.69	293.64000000000027	293.60000000000002	293.56	293.52999999999969	293.48999999999967	293.4599999999997	293.41999999999973	293.36	293.3	293.25	293.2	293.14999999999998	293.10000000000002	293.01	292.92999999999967	292.86	292.77999999999969	292.7099999999997	292.58	292.4599999999997	292.33999999999969	292.24	292.14999999999998	292.07	292	291.92999999999967	291.87	291.85000000000002	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83	291.83999999999969	291.83999999999969	291.85000000000002	291.86	291.88	291.91000000000003	291.92999999999967	291.9599999999997	291.98999999999967	292.01	292.07	292.14000000000027	292.2	292.26	292.32	292.44	292.56	292.67	292.77999999999969	292.88	292.97999999999973	293.08	293.18	293.27999999999969	293.38	293.48999999999967	293.60000000000002	293.7099999999997	293.83	293.87	293.89	293.91000000000003	293.91999999999973	293.91999999999973	293.91999999999973	293.91999999999973	293.91000000000003	293.91000000000003	293.89999999999969	293.89999999999969	293.88	293.87	293.86	293.83999999999969	293.82	293.77999999999969	293.74	293.7	293.66000000000008	293.63	293.58999999999969	293.56	293.5	293.44	293.39	293.33999999999969	293.28999999999974	293.24	293.2	293.12	293.04000000000002	292.97000000000003	292.89999999999969	292.83999999999969	292.75	292.66000000000008	292.58	292.41999999999973	292.27999999999969	292.16000000000008	292.06	291.97000000000003	291.89999999999969	291.88	291.87	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.85000000000002	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.83999999999969	291.85000000000002	291.86	291.87	291.88	291.89999999999969	291.91999999999973	291.94	291.97000000000003	291.98999999999967	292.04000000000002	292.08999999999969	292.14000000000027	292.2	292.25	292.36	292.4599999999997	292.56	292.66000000000008	292.75	292.92999999999967	293.10000000000002	293.27	293.45	293.64000000000027	293.77999999999969	293.83	293.86	293.89999999999969	293.91000000000003	293.91999999999973	293.92999999999967	293.92999999999967	v=1.42 m/s	0	1.0000000000000011E-3	2.0000000000000022E-3	4.0000000000000044E-3	8.0000000000000106E-3	1.6000000000000018E-2	3.2000000000000035E-2	6.4000000000000071E-2	0.128	0.25600000000000001	0.38400000000000034	0.51200000000000001	0.76800000000000068	1.024	1.536	2.048	2.56	3.5840000000000001	4.6079999999999952	6.6559999999999953	8.7039999999999988	10.752000000000002	12.8	14.848000000000001	18.943999999999981	23.04	27.135999999999999	31.231999999999999	35.328000000000003	39.424000000000007	43.52	51.712000000000003	59.903999999999996	68.096000000000004	76.287999999999997	92.671999999999983	109.06	125.44000000000007	141.82000000000014	158.20999999999998	174.59	190.98000000000013	207.36	223.73999999999998	240.13	244.22	246.26999999999998	247.3	249.34	249.6	249.88000000000014	249.93	250.01	250.09	250.17	250.25	250.33	250.49	250.64	250.8	251.12	251.44	251.75	252.07	252.7	253.34	254.6	255.87	257.14000000000027	258.39999999999969	259.67	262.2	264.74	267.27	269.8	272.33	274.87	277.39999999999969	279.92999999999967	285	290.07	295.01	299.95	300	300.10000000000002	300.3	300.7	301.5	303.10000000000002	306.3	309.5	315.89999999999969	322.3	328.7	341.5	354.3	379.9	402	424.11	446.21	468.31	490.40999999999974	495.94	498.71999999999974	499.08	499.82	499.94	500.1	500.14000000000027	500.21	500.28999999999974	500.36	500.51	500.66	500.96	501.26	501.56	502.16	502.75	503.35	504.55	505.74	506.94	508.13	510.52	512.91	515.29999999999995	517.69000000000005	520.08000000000004	522.47	524.85999999999945	527.25	532.03	536.80999999999949	541.59	546.37	551.15	555.92999999999938	565.5	575.05999999999949	584.62	592.28000000000054	599.94999999999948	600	600.1	600.29999999999995	600.70000000000005	601.5	603.1	606.29999999999995	612.70000000000005	625.5	638.29999999999995	651.1	663.9	676.7	689.5	702.3	715.1	727.9	740.7	743.9	745.5	748.7	749.1	749.9	750.01	750.06	750.15	750.25	750.33999999999946	750.52	750.71	750.89	751.07	751.43999999999949	751.81	752.18000000000052	752.91	753.65	755.12	756.59	758.06	759.53	761	762.47	763.93999999999949	766.88	769.81999999999948	772.76	775.7	778.64	781.57	784.51	790.39	796.27000000000055	802.15	808.03	813.91	825.67000000000053	837.43	849.19	860.94999999999948	872.71	884.47	892.21	899.94999999999948	900	900.1	900.3	900.7	901.5	903.1	906.3	912.7	919.1	925.5	938.3	951.1	963.9	976.7	989.5	992.77000000000055	999.31999999999948	999.53	999.93999999999949	999.99	1000	1000.1	1000.1	1000.3	1000.4	1000.6	1000.8	1001	1001.4	1001.8	1002.6	1003.5	1004.3	1005.1	1006.8	1008.5	1010.1	1011.8	1013.4	1016.8	1020.1	1023.4	1026.7	1030	1033.4000000000001	1036.7	1040	1046.5999999999999	1053.3	1059.9000000000001	1066.5999999999999	1073.2	1086.5	1099.8	1113.0999999999999	1126.3	1139.5999999999999	1152.9000000000001	1166.2	1179.5	1189.7	1200	1200	1200.0999999999999	1200.3	1200.7	1201.5	1203.0999999999999	1206.3	1212.7	1225.5	1238.3	1241.5	1247.9000000000001	1248.7	1249.0999999999999	1249.9000000000001	1250	1250.0999999999999	1250.2	1250.3	1250.3	1250.5	1250.7	1250.8	1251.2	1251.5	1252.0999999999999	1252.8	1253.4000000000001	1254.0999999999999	1255.4000000000001	1256.7	1258	1259.3	1260.5999999999999	1263.2	1265.8	1268.4000000000001	1271	1273.5999999999999	1276.2	1278.8	1284	1289.2	1294.4000000000001	1299.5999999999999	1304.8	1310	1320.4	1330.8	1341.2	1351.6	1362	1382.9	1401.6	1420.3	1439.1	1457.8	1476.5	1488.2	1500	1500	1500.1	1500.2	1500.4	1500.5	1500.6	1500.9	1501.1	1501.4	1501.9	1502.4	1503.4	1504.5	1505.5	1506.5	1508.6	1510.6	1512.7	1514.8	1516.8	1518.9	1520.9	1525	1529.1	1533.3	1537.4	1541.5	1545.6	1549.7	1557.9	1566.2	1574.4	1582.6	1590.8	1607.3	1623.7	1640.2	1656.6	1673.1	1689.5	1706	1722.4	1738.9	1743	1745.1	1749.2	1749.7	1750.2	1750.3	1750.5	1750.7	1750.9	1751.1	1751.5	1751.9	1752.3	1753.1	1753.9	1755.6	1757.2	1758.8	1760.4	1762.1	1763.7	1765.3	1768.6	1771.8	1775.1	1778.4	1781.6	1784.9	1788.1	1794.7	1801.2	1807.7	1814.2	1820.7	1833.7	1846.8	1859.8	1872.8	1885.9	1898.9	1911.9	1925	1938	1951	1964.1	1977.1	1990.1	1993.5	1995.3	1999.1	1999.6	2000.1	2000.2	2000.4	2000.6	2000.9	2001.1	2001.5	2002	2002.9	2003.8	2004.7	2005.6	2007.4	2009.2	2011.1	2012.9	2014.7	2016.5	2020.1	2023.7	2027.4	2031	2034.6	2038.2	2041.9	2049.1	2056.3000000000002	2063.6	2070.8000000000002	2078.1	2089	2100	2111	2132.9	2152.6	2172.3000000000002	2192.1	2211.8000000000002	2231.5	2236.4	2246.3000000000002	2248.8000000000002	2250	2250.6999999999998	2251.1999999999998	2251.6999999999998	2252.1999999999998	2252.6	2253.1	2254.1	2255	2256.9	2258.8000000000002	2260.6999999999998	2262.6	2264.6	2266.5	2268.4	2270.3000000000002	2274.1	2277.9	2281.6999999999998	2285.5	2289.3000000000002	2293.1999999999998	2300.8000000000002	2308.4	2316	2323.6999999999998	2331.3000000000002	2346.5	2361.8000000000002	2377.1	2392.3000000000002	2407.6	2422.8000000000002	2438.1	2453.3000000000002	2468.6	2483.8000000000002	2491.9	2495.1	2497	2498.3000000000002	2499.1	2499.6999999999998	2500	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.14999999999998	283.16000000000008	283.16000000000008	283.16000000000008	283.17	283.18	283.19	283.2	283.22999999999973	283.27	283.3	283.33999999999969	283.38	283.4599999999997	283.55	283.64000000000027	283.72999999999973	283.82	283.91000000000003	283.98999999999967	284.17	284.35000000000002	284.52	284.68	285.01	285.32	285.61	285.89	286.16000000000008	286.41000000000003	286.64999999999998	286.86	287.06	287.25	287.28999999999974	287.31	287.32	287.33999999999969	287.33999999999969	287.33999999999969	287.35000000000002	287.35000000000002	287.35000000000002	287.35000000000002	287.35000000000002	287.35000000000002	287.35000000000002	287.35000000000002	287.35000000000002	287.36	287.36	287.36	287.37	287.38	287.38	287.39999999999969	287.41000000000003	287.42999999999967	287.45	287.47000000000003	287.51	287.55	287.60000000000002	287.64000000000027	287.69	287.74	287.8	287.85000000000002	287.9599999999997	288.06	288.17	288.27999999999969	288.27999999999969	288.27999999999969	288.27999999999969	288.28999999999974	288.31	288.33999999999969	288.41000000000003	288.47000000000003	288.60000000000002	288.72999999999973	288.85000000000002	289.08999999999969	289.31	289.72000000000003	290.04000000000002	290.35000000000002	290.64000000000027	290.92999999999967	291.22999999999973	291.31	291.35000000000002	291.36	291.37	291.37	291.37	291.37	291.37	291.36	291.36	291.36	291.36	291.35000000000002	291.33999999999969	291.33999999999969	291.32	291.31	291.3	291.27	291.25	291.22999999999973	291.2	291.16000000000008	291.12	291.08999999999969	291.05	291.02	290.98999999999967	290.9599999999997	290.92999999999967	290.88	290.83999999999969	290.8	290.76	290.72000000000003	290.69	290.62	290.57	290.51	290.47000000000003	290.42999999999967	290.42999999999967	290.42999999999967	290.42999999999967	290.42999999999967	290.41999999999973	290.41999999999973	290.39999999999969	290.37	290.32	290.27	290.22999999999973	290.19	290.14999999999998	290.12	290.10000000000002	290.08	290.06	290.02999999999969	290.02999999999969	290.02	290.02	290.02	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.01	290.02	290.02	290.02	290.02999999999969	290.04000000000002	290.05	290.07	290.08999999999969	290.11	290.14000000000027	290.17	290.2	290.22999999999973	290.3	290.36	290.42999999999967	290.5	290.56	290.69	290.82	290.92999999999967	291.05	291.14999999999998	291.26	291.32	291.38	291.38	291.39	291.39	291.39	291.39999999999969	291.41000000000003	291.44	291.48999999999967	291.54000000000002	291.58999999999969	291.7	291.81	291.91999999999973	292.02999999999969	292.16000000000008	292.19	292.26	292.26	292.26	292.26	292.26	292.26	292.26	292.26	292.25	292.25	292.24	292.24	292.22999999999973	292.22000000000003	292.2	292.18	292.16000000000008	292.14000000000027	292.10000000000002	292.06	292.02999999999969	291.98999999999967	291.9599999999997	291.89999999999969	291.83999999999969	291.77999999999969	291.72999999999973	291.68	291.64000000000027	291.60000000000002	291.56	291.47999999999973	291.41000000000003	291.33999999999969	291.27999999999969	291.22000000000003	291.11	291	290.89999999999969	290.82	290.72999999999973	290.66000000000008	290.58999999999969	290.52999999999969	290.48999999999967	290.45	290.45	290.45	290.45	290.45	290.45	290.44	290.42999999999967	290.41000000000003	290.37	290.33	290.32	290.3	290.3	290.3	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.28999999999974	290.3	290.31	290.32	290.33	290.35000000000002	290.37	290.39	290.41999999999973	290.47000000000003	290.52	290.57	290.62	290.68	290.72999999999973	290.83999999999969	290.94	291.04000000000002	291.13	291.22000000000003	291.39999999999969	291.54000000000002	291.68	291.83	291.97999999999973	292.14000000000027	292.25	292.37	292.36	292.36	292.36	292.36	292.35000000000002	292.35000000000002	292.33999999999969	292.33999999999969	292.33	292.32	292.3	292.27999999999969	292.25	292.22999999999973	292.2	292.16000000000008	292.11	292.07	292.02999999999969	291.98999999999967	291.95	291.91999999999973	291.85000000000002	291.78999999999974	291.72999999999973	291.67	291.62	291.57	291.52999999999969	291.44	291.36	291.27999999999969	291.2099999999997	291.14000000000027	291.01	290.89	290.77999999999969	290.69	290.60000000000002	290.52999999999969	290.47000000000003	290.41999999999973	290.36	290.35000000000002	290.33999999999969	290.33	290.33	290.33	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.32	290.33	290.33	290.33999999999969	290.35000000000002	290.37	290.39	290.41999999999973	290.44	290.47000000000003	290.5	290.54000000000002	290.60000000000002	290.67	290.72999999999973	290.8	290.87	290.98999999999967	291.11	291.22999999999973	291.33	291.44	291.54000000000002	291.64000000000027	291.72999999999973	291.83999999999969	291.94	292.05	292.16000000000008	292.27999999999969	292.31	292.33	292.37	292.37	292.37	292.37	292.36	292.35000000000002	292.35000000000002	292.33999999999969	292.33	292.32	292.3	292.27	292.25	292.22999999999973	292.19	292.14999999999998	292.11	292.07	292.04000000000002	292	291.94	291.88	291.82	291.77	291.72000000000003	291.67	291.62	291.54000000000002	291.4599999999997	291.39	291.32	291.25	291.16000000000008	291.07	290.97999999999973	290.83	290.7099999999997	290.61	290.52	290.45	290.39	290.37	290.33999999999969	290.33	290.31	290.31	290.31	290.31	290.31	290.3	290.3	290.3	290.3	290.3	290.31	290.31	290.32	290.32	290.33	290.35000000000002	290.36	290.39	290.41999999999973	290.45	290.48999999999967	290.52999999999969	290.57	290.64999999999998	290.72000000000003	290.8	290.88	290.95	291.10000000000002	291.22999999999973	291.36	291.47999999999973	291.58999999999969	291.7099999999997	291.83	291.95	292.08	292.22000000000003	292.28999999999974	292.32	292.33999999999969	292.36	292.36	292.37	292.37	t (s)
T (K)
293 K
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T (K)
313 K
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