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Introduction

The rapid increase in energy demand with the possible depletion of fossil fuels has created an alternative fuel requirement. On the other hand, the stringent norms to reduce harmful emissions promote the utilization of low carbon or carbon-neutral alternative fuels. It is recommended that engine designers study the viability of these fuels [1]. Natural gas (NG) is one of the various alternative fuels that offers considerable potential and interest for the automotive sector [START_REF] Wei | A review on natural gas/diesel dual fuel combustion, emissions and performance[END_REF]. The dual fuel (DF) mode is a promising technique that allows utilizing NG in internal combustion engines [START_REF] Korakianitis | Natural-gas fueled spark-ignition (SI) and compression-ignition (CI) engine performance and emissions[END_REF][START_REF] Sahoo | Effect of engine parameters and type of gaseous fuel on the performance of dual-fuel gas diesel engines-A critical review[END_REF].

Natural gas is introduced into the intake manifold in most dual fuel applications to provide uniform mixing with air. Next, the NG-air mixture is added to the combustion chamber. The NG-air mixture is ignited by a liquid diesel pilot fuel using the original diesel fuel injection system [START_REF] Sahoo | Effect of engine parameters and type of gaseous fuel on the performance of dual-fuel gas diesel engines-A critical review[END_REF]. In general, a constant amount of the liquid fuel is injected near the end of the compression stroke to act as an ignition source of the gaseous fuel-air mixture.

Major part of the engine power output is provided and controlled by the gaseous fuel. The high octane number of NG allows using higher compression ratios, which can significantly increase thermal efficiency. Several studies [START_REF] Papagiannakis | Combustion and exhaust emission characteristics of a dual fuel compression ignition engine operated with pilot diesel fuel and natural gas[END_REF][START_REF] Egúsquiza | Performance and gaseous emissions characteristics of a natural gas/diesel dual fuel turbocharged and aftercooled engine[END_REF][START_REF] Lounici | Towards improvement of natural gas-diesel dual fuel mode: An experimental investigation on performance and exhaust emissions[END_REF] showed that potential benefits of dual fuel mode using NG as primary fuel are both environmental and economic. However, a number of critical issues remain under dual fuel operation and previous studies affirmed that emissions of unburned hydrocarbons (HC) and carbon monoxide (CO) are higher than those under conventional diesel at low loads condition [START_REF] Egúsquiza | Performance and gaseous emissions characteristics of a natural gas/diesel dual fuel turbocharged and aftercooled engine[END_REF][START_REF] Lounici | Towards improvement of natural gas-diesel dual fuel mode: An experimental investigation on performance and exhaust emissions[END_REF][START_REF] Li | Experimental and theoretical analysis of the combustion process at low loads of a diesel natural gas dual-fuel engine[END_REF][START_REF] Mittal | Exhaust emissions characteristics of a multi-cylinder 18.1-L diesel engine converted to fueled with natural gas and diesel pilot[END_REF]. In addition, engine performance decreases as well.

To overcome those obstacles, several solutions were proposed for improving the dual fuel operation. This improvement could be achieved by adjusting some critical parameters of the engine related to the combustion process such as pilot quantity, injection timing [START_REF] Yang | Parametric investigation of natural gas port injection and diesel pilot injection on the combustion and emissions of a turbocharged common rail dual-fuel engine at low load[END_REF][START_REF] Liu | Effects of pilot fuel quantity on the emissions characteristics of a CNG/diesel dual fuel engine with optimized pilot injection timing[END_REF], compression ratio, air inlet preheating [START_REF] Srinivasan | Improving low load combustion, stability, and emissions in pilot-ignited natural gas engines[END_REF][START_REF] Papagiannakis | Study of air inlet preheating and EGR impacts for improving the operation of compression ignition engine running under dual fuel mode[END_REF] and hot exhaust gas re-circulation [START_REF] Selim | Effect of exhaust gas recirculation on some combustion characteristics of dual fuel engine[END_REF]. The effect of pilot quantity and intake charge temperature at part load in dual fuel engine were analyzed by Srinivasan et al. [START_REF] Srinivasan | Improving low load combustion, stability, and emissions in pilot-ignited natural gas engines[END_REF]. Authors reported a better combustion stability and lower emissions with an increase in intake charge temperature at low engine load. It was also reported that advanced pilot injection timing, accompanied with a larger proportion of pilot fuel, allows obtaining better engine efficiency associated with a reduction of some emissions, except NOx [START_REF] Papagiannakis | Theoretical study of the effects of pilot fuel quantity and its injection timing on the performance and emissions of a dual fuel diesel engine[END_REF].

Among the various methods, the combination of NG with a gaseous fuel which possesses fast burning velocity and wide flammability limit can allow improvement in combustion characteristics, especially lean-burn limit and combustion velocity. Regarding spark ignition (SI) engines, there is a considerable available literature related to the use NG enriched with hydrogen as a fuel [START_REF] Akansu | Internal combustion engines fueled by natural gas-hydrogen mixtures[END_REF][START_REF] Hu | Experimental study on combustion characteristics of a spark-ignition engine fueled with natural gas-hydrogen blends combining with EGR[END_REF][START_REF] Nitnaware | Effects of MBT spark timing on performance emission and combustion characteristics of SI engine using hydrogen-CNG blends[END_REF]. Indeed, the use of NG-hydrogen mixture as fuel for SI engines proved to be a promising way to eliminate some of the disadvantages of SI natural gas engines, including the lower lean burn limit, which reduces the engine's efficiency.

However, the benefits from burning gaseous fuels in spark ignition engines is limited due to their lower compression ratios resulting in lower thermal efficiency.

Recently, many studies have examined the positive features of NG enriched with hydrogen in compression ignition engines and the outcomes on performance and pollutant emissions are very promising. However, very few studies have investigated the combustion behavior of a HNG dual fuel engine.

Lounici et al. [START_REF] Lounici | Experimental investigation on NG dual fuel engine improvement by hydrogen enrichment[END_REF] evaluated the performance and emission characteristics of a CI engine. They reported that the addition of hydrogen to NG is a promising method for improving the dual fuel mode, especially at low engine loads. The emission results showed that THC and CO emissions are in general reduced by H2 enrichment as a result of the improvement of gaseous fuel utilization. They also found that the total brake specific fuel consumption (BSFC) is considerably reduced. An important benefit in terms of BTE, reaching to increase a 12% with the 10%H2 blend compared to the pure NG case, is achieved.

Zhou et al. [START_REF] Zhou | Combustion, performance and emissions of a diesel engine with H2, CH4 and H2-CH4 addition[END_REF] have analyzed the effect of using hydrogen, CH4 and their mixture as primary fuel on combustion characteristics and pollutant emissions of a dual fuel diesel engine. Five steady engine loads were performed at 1800 rev/min. The addition of higher hydrogen fraction in methane has improved the engine performance at 30% load and lowered the CO and HC emission trends. Tri-fuel operation with 30% hydrogen addition in methane was observed to be the best fuel in reducing particulate and NOx emissions at 70 and 90% loads. Talibi et al. [START_REF] Talibi | Influence of combusting methanehydrogen mixtures on compression-ignition engine exhaust emissions and in-cylinder gas composition[END_REF] reported the effect of methane-hydrogen mixtures on a direct injection CI engine, with diesel as pilot fuel. The engine was supplied with different methane-hydrogen mixtures to vary the engine load. It is reported that increasing the proportion of H2 in the CH4-H2 mixture shorter the ignition delay period and increased peak heat release rates, but only at high engine loads. Also the fuel properties are not having the significant effect on the ignition and the reactivity of the fuels is affected by the mixture concentrations. The emissions levels of CO2 and particulate are reduced for all engine loads. While, the emissions of CO and unburned THC increased for methane-hydrogen mixtures at all engine loads when compared to diesel mode. Some of the research works has been reported on the effect of NG enrichment with various H2 blends for improving biodiesel use in DI diesel engine under dual fuel mode. Tarabet et al. [START_REF] Tarabet | Hydrogen supplemented natural gas effect on a DI diesel engine operating under dual fuel mode with a biodiesel pilot fuel[END_REF] have analyzed the combustion behavior of hydrogen under NG dual fuel mode with eucalyptus biodiesel as pilot fuel. For all examined engine loads, the pilot biodiesel quantity was kept constant to supply around 10% of the engine nominal power while the engine load is further increased using only the gaseous fuel (NG-H2). They concluded that NG enrichment with H2 leads to a significant increase in HRR and pressure peak as a consequence of the short ignition delay and the rapid combustion during the premixed combustion phase, as compared to pure NG. At high engine loads, the highest pressure peak corresponding to EB/75NG-25H2 is 10.2 bars higher and 2.2 °CA earlier than that of conventional diesel mode.

In another study Kalsi et al. [START_REF] Kalsi | Experimental investigations of effects of hydrogen blended CNG on performance, combustion and emissions characteristics of a biodiesel fueled reactivity controlled compression ignition engine (RCCI)[END_REF], carried out tests on pilot biodiesel dual fuel RCCI (Reactivity Controlled Compression Ignition) engine. Results indicate that hydrogen addition led to higher heat release rate. While, a lower ignition delay (pilot fuel) and combustion duration was reported as compared to CNG engine. Moreover, a significant improvement was noted in the brake thermal efficiency of the engine with blends (biodiesel-HCNG) containing up to 64% of HCNG energy share.

From the literature, it has been identified that NG enrichment with hydrogen in CI engine has very promising on performance and pollutant emissions. However, few researches focus on the effect of hydrogen addition on combustion behavior of a dual fuel diesel engine.

Hence, this work aims to gain a better comprehension and especially examining the effect of hydrogen addition. This can contribute improving this very promising engine operating technique. In this study, various test blends were examined with varying H2 percentages and different engine loads [START_REF] Yilmaz | Effects of hydrogen enrichment on combustion characteristics of a CI engine[END_REF]40, 50 and 70% load) is therefore investigated. Results are compared with conventional diesel and pure natural gas dual fuel operation.

Experimental setup and analysis model

Engine test

Engine tests were carried out using a single cylinder Lister Petter (TS1) diesel aircooled engine. The output power of this engine is 4.5 kW at 1500 rpm. Its basic data and the experimental methodology are provided in previous author's works [START_REF] Lounici | Towards improvement of natural gas-diesel dual fuel mode: An experimental investigation on performance and exhaust emissions[END_REF][START_REF] Lounici | Experimental investigation on NG dual fuel engine improvement by hydrogen enrichment[END_REF] 

Model for heat release evaluation

The heat release calculation is an attempt to obtain information on the combustion process in the engine. These include calculations that determine the heat required to be added to the cylinder content to generate the observed in-cylinder pressure trends [START_REF] Mustafi | Combustion and emissions characteristics of a dual fuel engine operated on alternative gaseous fuels[END_REF]. A singlezone heat release rate model, based on the first law of thermodynamic, is used.

The space trapped in the cylinder is considered as a control volume when the valves are closed (a constant mass is considered). The first law of thermodynamics can be applied as following:

net gross w Q Q Q U W      = - = + (1)
Where δQgross, δQw are the heat released by combustion and the heat lost throw combustion chamber walls, respectively. δW is the mechanical work done by the system. δQnet is the net heat release representing the difference between the gross heat release and the heat loss to the walls.

Cylinder contents is considered as a mixture of ideal gases (Cp/Cv = γ and Cp-Cv = R).

Equation (1) can be written as:

1 1 1 net dQ dV dP P V d d d           = +     - -     (2) 
Where P(Pa) is the in-cylinder pressure at a given crank angle; V(m 3 ) is the volume of combustion chamber. γ is the specific heat ratio being considered independent of cylinder temperature as a result of the negligible effect of γ variation within a typical range on the phasing of [dQnet/dɵ]. A constant value of (γ=1.35) is commonly adopted [START_REF] Lounici | Towards improvement of natural gas-diesel dual fuel mode: An experimental investigation on performance and exhaust emissions[END_REF].

Results and discussions

Combustions characteristics

In this section, combustion characteristics such as heat release rate, combustion duration, combustion noise, and combustion stability, are examined for conventional diesel, NG and HNG dual fuel modes at different engine load conditions.

In-cylinder Pressure

The variation of in-cylinder pressure for conventional diesel, NG and HNG dual fuel modes is presented in Fig. 2. In-cylinder pressure curves are presented for different engine loads (30, 40, 50 and 70%), which are representative of low, medium and relatively high engine loads. Obviously, a larger amount of fuel is inducted at high engine loads leading to higher pressure peak for all examined test blends. Under dual fuel operation, a slightly lower in-cylinder pressure is observed during the compression stroke, which is probably due to the higher specific heat capacity of the NG-air mixture and therefore a lower in-cylinder temperature [START_REF] Wei | A review on natural gas/diesel dual fuel combustion, emissions and performance[END_REF]. While, the low combustion rate of natural gas is the main factor causing the low pressure observed at initial stages of combustion in dual fuel mode. However, the addition of H2 to NG results in a higher in-cylinder pressure compared to pure NG dual fuel mode. When operating at 50% load, under HNG mode, the maximum in-cylinder pressure gradually increases with the increase in H2 fraction and exceed that of diesel operation. This is due to the improved gaseous fuels combustion.

At 70% engine load, the dual fuel mode generates a slightly higher in-cylinder pressure, which is governed by higher in-cylinder gas temperature, revealing an improvement in gaseous fuel combustion. At this condition, the peak in-cylinder pressure was measured as 80.3 bar for pure NG dual fuel operation and 80.1 bar for conventional diesel operation. With hydrogen addition (10%, 20%, and 30% of hydrogen), an increase of 5.1%, 4.5%, and 3.7%, is obtained respectively, compared to NG dual fuel mode. Thus, the maximum peak pressure is observed for 10% hydrogen blending case.

Fig. 2. In-cylinder pressure versus crank angle at different engine loads.

Fig. 3. In-cylinder pressure peak variation with engine loads.

Heat release rate

The heat release rate (HRR) calculation is an attempt to get information concerning the combustion process in the engine. HRR allows knowing how heat is released by combustion. The variation in heat release rate for conventional diesel, NG and HNG dual fuel modes is presented in Fig. 4.

As expected, a slightly higher HRR peak was obtained under dual fuel mode during the second phase of combustion than that of conventional diesel, announcing a late combustion of the gaseous fuel. Regarding the effect of hydrogen addition to NG, it can be noticed that, at medium to high loads, the maximum HRR increased which is mainly due to the improvement of the gaseous fuel combustion process.

The flame speed enhancement with hydrogen addition, leads to a domination of the premixed combustion phase (second peak) [START_REF] Kalsi | Experimental investigations of effects of hydrogen blended CNG on performance, combustion and emissions characteristics of a biodiesel fueled reactivity controlled compression ignition engine (RCCI)[END_REF] and therefore a higher heat release rate during this phase (Fig. 4.d). Indeed, hydrogen has a high diffusivity (0.63 cm²/s) in the air, which leads to formation of more homogeneous gaseous charge (air+HNG) [START_REF] Karagöz | Effects of hydrogen and methane addition on combustion characteristics, emissions, and performance of a CI engine[END_REF]. As a result, increasing charge homogeneity with HNG allows a better premixed charge combustion characteristics, which corresponds to a significant HRR. The maximum HRR was obtained for 10% of H2 addition. This can be related to the combined effect of charge homogeneity, ignitability and burning velocity improvement. In addition, volumetric heating value (VHV) decreases as hydrogen concentration increases. 

Cumulative heat release

The cumulative heat release (CHR) represents the amount of heat that is released during the combustion process. Results showed that the effect of hydrogen enrichment at low 

Combustion noise

A typical rate of pressure rise (ROPR) curve against the crank angle is illustrated in Fig. 6 together with corresponding in-cylinder pressure trace. Fig. 6 shows that ROPR increases during the compression and early combustion phases to its maximum value at a certain crank angle, followed by a decrease, while the pressure continues to increase until it reaches its maximum point. The ROPR becomes negative during the expansion stroke. Fig. 6. Typical ROPR for a given pressure data.

The rate of pressure rise indicates implicitly the increase and decrease in combustion noise due to the fact that combustion noise is related to the rise in rate of in-cylinder pressure [START_REF] Selim | Effect of engine parameters and gaseous fuel type on the cyclic variability of dual fuel engines[END_REF]. Several authors [START_REF] Selim | Effect of exhaust gas recirculation on some combustion characteristics of dual fuel engine[END_REF][START_REF] Abdelaal | Combustion and emission characteristics of a natural gasfueled diesel engine with EGR[END_REF] represent the combustion noise by the maximum value of the rate of pressure rise at the considered conditions. Figs. 7 shows the rate of pressure rise variations and its maximum for various engine operating modes at 50% load. A lower combustion noise is noticed under dual fuel mode than that of diesel mode at all engine loads. On the other hand, this reduction in combustion noise is assumed to be caused by the reduction in the maximum rate of heat release since conventional diesel mode involves an intense combustion process in the premixing phase (Fig. 4), which is responsible of the rapid pressure rise rates. Therefore, the combustion noise of conventional diesel mode is always higher compared to dual fuel mode. 2. 

Combustion duration

Combustion duration (CD) is the angle between start of combustion (SOC) and end of combustion (EOC). In literature, several methods for identifying the SOC have been used, based either on the in-cylinder pressure signal analysis or on the heat release analysis.

According to [START_REF] Lounici | Contribution to the reduction of urban pollution in Algeria through the use of alternative fuels[END_REF][START_REF] Tarabet | Study of the combustion of an innovative biofuel in internal combustion engines of vehicles[END_REF], the start of combustion was defined as the local minimum of the ROPR curve. Meanwhile, according to [START_REF] Yilmaz | Effects of hydrogen enrichment on combustion characteristics of a CI engine[END_REF][START_REF] Kumar | A comparative study of different methods of using animal fat as a fuel in a compression ignition engine[END_REF], the start of combustion is taken as the maximum of ROPR in terms of crank angle.

Fig. 8 (a) presents the combustion durations in terms of crank angle for different engine load. The CD was defined as the interval between the local minimum of ROPR curve to the maximum cumulative heat release (CHR). It can be seen that CD increased as engine load increases due to largest quantity of fuel involved. On the other hand, at a given engine load, higher combustion durations are noticed under dual fuel operation than that of conventional diesel, especially at low and medium loads. This difference decreased with higher engine load (70%).

Concerning hydrogen addition to NG, the combustion duration of gaseous fuel combustion phase is reduced in all cases as shown in Fig. 8 (b). However, it's not the case for the overall combustion duration (Fig. 8 (a)) and we cannot see a clear effect as it is affected by other combustion phases.

According to Gharehghani et al. [START_REF] Gharehghani | A computational study of operating range extension in a natural gas SI engine with the use of hydrogen[END_REF], a shorter combustion duration leads to lower heat loss through cylinder walls. This decrease in the heat loss contributes to the thermal efficiency improvement. at different engine loads.

Ignition delay

Ignition delay (ID) is a significant parameter in determining the combustion process. The ID is presented in terms of °CA and defined as duration between the start of injection (SOI) of pilot fuel and the start of combustion of dual fuel charge [START_REF] Heywood | Combustion in compression-ignition engines[END_REF]. The SOI was determined from fuel pressure diagram, it is taken as the time when the injector needle lifts off its seat, whereas start of combustion was identified from the rate of in-cylinder pressure rise variation.

Fig. 9 shows the ignition delay periods for conventional diesel and DF modes at different engine loads. It can be observed that the ID tends to decrease as engine load increases. The value of ID varies between 3.8 and 5.2 for NG dual fuel operation. At low engine loads, a slight difference has been noticed in ignition delays between NG dual fuel and conventional diesel. This might be due to the poor gaseous fuel contribution in NG-air mixture. At high engine load (70%), the ignition delay is greater with NG dual fuel mode compared to conventional diesel. This is due to the fact that a portion of air was replaced by gaseous fuel, which reduced the oxygen concentration in the charge. The extension of ignition delay can also be referred to the higher specific heat capacity of gaseous fuel-air mixture than the pure air. However, addition of H2 to NG did not affect significantly the ignition delay period. In fact, no noteworthy effect in the ignition delay period can be revealed with all HNG test blends compared to NG dual fuel mode. Fig. 9. Ignition delay at different engine loads.

Cyclic variability

The Cyclic variability, defined as a combustion stability criterion, is frequently represented by the coefficient of variation (COV) of the indicated mean effective pressure (IMEP) and the maximum in-cylinder pressure. The results of 100 successive engine cycles were analyzed to determine the cyclic variability at different test conditions. The coefficient of variation was calculated using the following equations and is usually expressed in percent.

( ) 100 COV x x  =  (3) 
Where ()  is the standard deviation and the mean value given by: ( )

2 1 1 n i i xx n  = - = -  (4) 1 1 n i i x x n = =  (5)
n is the number of sampled cycles Fig. 10 (a) and (b) shows the coefficients of variation for maximum pressure (COVPmax) and for IMEP (COVIMEP) respectively. It can be seen that COV values for dual fuel mode, with either NG or HNG, are higher compared to those of conventional diesel mode. Moreover, the COV values for conventional diesel are relatively constant and do not exceed 0.6% for COVPmax, for instance. Regarding COVIMEP, the highest value was about 13%, with dual fuel mode, which is much higher than conventional diesel case. instability in combustion and it has been found that drivability problems of vehicle appears generally when COVIMEP exceeds about 10 percent in conventional combustion engines [START_REF] Heywood | Combustion in compression-ignition engines[END_REF].

It can be noticed from Fig. 10 (b) that for all hydrogen test blends, the COVIMEP satisfy this condition. In fact, the addition of hydrogen has a noticeable effect on reducing the cyclic variability of the indicated mean effective pressure. As mentioned above, hydrogen addition to NG is effective in combustion quality improvement, thus resulting in better combustion stability.

On the other hand, another important combustion parameter is the crank angle corresponding to the maximum pressure in the combustion chamber. Variability from one cycle to another influences the crank angle position of maximum pressure. The frequency distribution of Pmax position in term of crank angle, for all operating conditions is shown in 

Engine performance

Combustion quality has a direct effect on engine performance such as brake thermal efficiency (BTE). The brake thermal efficiency evolution (Fig. 12) is investigated to examine the influence of NG enrichment with hydrogen on dual fuel engine performance. It can be seen that the brake thermal efficiency is lower for dual fuel mode, with either NG or HNG in comparison to conventional diesel case at all engine loads. This reduced thermal efficiency in dual fuel mode can be explained by the poor lean-burn capability, slow-burning velocity of the gaseous fuel and low in-cylinder gas temperature. For instance, at 30% engine load, the BTE decreased from 25.39% with conventional diesel mode to 20.8% with NG dual fuel mode. However, this difference in the BTE is reduced with H2 addition and the results show an enhancement under HNG dual fuel mode with almost all hydrogen concentrations compared to NG dual fuel operation. This is the consequence of improved gaseous fuel combustion and the enhanced combustion rate, as shown before which is due to combustion characteristics of hydrogen. As observed from Fig. 12, the maximum brake thermal efficiency is achieved with 10% hydrogen enrichment at 70% engine load. Almost the same BTE was reached with pure diesel (32.53%). Fig. 12. Brake thermal efficiency at different engine loads.

Conclusion

In our present study, combustion analysis has been carried out for examining the effect of natural gas enrichment with various hydrogen blends. In addition, a comparison was performed for various combustion characteristics of CI engine, running under conventional diesel mode and dual fuel with both NG and HNG. Main conclusions are summarized in the following points:

• The hydrogen addition to NG leads to a significant increase in the in-cylinder pressure peak and maximum HRR at high engine load, as a result of improvement in gaseous fuel combustion behavior. In fact, this increase is due to the fast burning velocity and better ignitability of hydrogen. Higher CHR is obtained at 10% H2 addition.

• The combustion noise is always higher for conventional diesel mode compared to dual fuel mode. Both NG and HNG dual fuel operations have almost similar combustion noise.

• Hydrogen addition to NG has a noticeable effect on reducing the cyclic variability, thus resulting in better combustion stability.

• Combustion duration of gaseous fuel combustion phase is considerably reduced by hydrogen addition to NG. However, this does not necessary result in reduced overall combustion duration.

• At high engine load, the ignition delay is greater with NG dual fuel mode compared to conventional diesel. However, addition of hydrogen to NG did not affect significantly the ignition delay period.

• The BTE was lower for DF mode compared to conventional diesel operation.

Regarding hydrogen addition, a significant improvement was obtained with almost all hydrogen blends as a result of improved gaseous fuel combustion.

• Maximum BTE was attained with 10% hydrogen enrichment at 70% engine load and was similar to that obtained with pure diesel.

Overall, enriching NG with H2 in dual fuel mode is an interesting technique to improve engine combustion characteristics and engine performance.
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Table 2 . Maximum ROPR and °CA positions
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	Engine load	Unit	Diesel	DF (100%GN)	10HNG	20HNG	30HNG
	30%	°CA	357	357	357	357	357
		MPa/°CA	0.483	0.438	0.429	0.438	0.410
	40%	°CA	357	356	356	357	356
		MPa/°CA	0.477	0.435	0.445	0.436	0.421
	50%	°CA	357	356	356	356	356
		MPa/°CA	0.486	0.440	0.440	0.438	0.439
	70%	°CA	357	356	355	356	356
		MPa/°CA	0.488	0.413	0.412	0.410	0.425

Notations