Investigation of the effect of heated ethanol fuel on combustion and emissions of an ethanol direct injection plus gasoline port injection (EDI+GPI) engine
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Abstract

Ethanol direct injection plus gasoline port injection (EDI+GPI) is a new technology to utilise ethanol fuel more efficiently and flexibly in spark ignition engines. One issue needs to be addressed in the development of EDI+GPI is the ethanol fuel’s low vapour pressure and large latent heat which slow down the ethanol’s evaporation and result in the mixture unready for combustion by the time of spark ignition and the consequent increase of CO and HC emissions. Heating the ethanol fuel to be directly injected (EDI heating) has been proposed to address this issue. This paper reports the investigation of the effect of EDI heating on the combustion and emissions of a research engine equipped with EDI+GPI. The results showed that EDI heating effectively reduced the CO and HC emissions of the engine due to the increase of evaporation rate and reduced fuel impingement and local over-cooling. The reduction of CO and HC became more significant with the increase of ethanol ratio. When the temperature of the ethanol fuel was increased by 40 ℃, the CO and HC were reduced by as much as 43% and 51% respectively in EDI only condition at the original spark timing of 15 CAD BTDC, and 15% and 47% respectively at the minimum spark advance for best torque (MBT) timing of 19 CAD BTDC. On the other hand, the NO emission was slightly increased, but still much smaller than that in GPI only condition due to the strong cooling effect and low combustion temperature of EDI. The IMEP and combustion speed were slightly reduced by EDI heating due to the decrease of injector fuel flow rate and spray collapse of flash-boiling. The largest decrease of IMEP was 5% at the original spark timing and 3% at the MBT timing. Moreover, at the MBT timing, the IMEP increased continuously with the increase of ethanol ratio in the entire range from 0% to 100%. This indicated that the decrease of IMEP in high ethanol ratio conditions at the original spark timing could be avoided by adjusting the spark timing. Therefore EDI heating is effective to address the issues of ethanol’s low evaporation rate in low temperature engine environment and over-cooling effect at high ethanol ratio condition in the development of EDI+GPI engine.
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Highlights
· Effect of EDI heating on the EDI+GPI engine performance was investigated.
· CO and HC were significantly reduced and NO was slightly increased by EDI heating.

· IMEP and combustion speed were slightly reduced by EDI heating.
· EDI heating is effective to address the evaporation and over-cooling issues of EDI+GPI engine.
Abbreviations
BTDC: Before top dead centre

CAD: Crank angle degrees

EDI: Ethanol direct injection

EDI+GPI: Ethanol direct injection plus gasoline port injection

E’X’: X% ethanol by volume (e.g. E40 is 40% ethanol by direct injection + 60% gasoline by port injection)

GPI: Gasoline port injection

HRR: Heat release rate

IMEP: Indicated mean effective pressure

MBT: Minimum spark advance for best torque

SI: Spark ignition
1. Introduction
The increasing concern for the fossil fuel depletion and global warming has become the driving force for searching renewable fuels 1[]
. Among the current renewable fuels, ethanol is a promising and widely used alternative fuel for internal combustion engines 2[]
. Ethanol direct injection plus gasoline port injection (EDI+GPI) is a new technology to utilise ethanol fuel more efficiently and flexibly in spark ignition (SI) engines than E10 or E85 in the current market 3[]
. It integrates the advantages of both port injection and direct injection fuel systems. Dual-injection concept offers the flexibility to change the fuel ratio to optimize the engine performance. The GPI plays a role in addressing the cold start issue of ethanol fuel due to ethanol’s low volatility and large latent heat of vaporization 
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[2, 4]
. It is reported that gasoline-fuelled engines could be started at ambient temperature as low as -40 ℃, while ethanol fuelled engines could not be started at temperature lower than 13 ℃ without an auxiliary cold start system 5[]
. The EDI can be started once the engine is warmed up and the percentage of ethanol fuel can be increased with increased engine load to suppress the knock propensity by taking the advantages of strong cooling effect of EDI and ethanol’s high octane number. By doing so, the engine thermal efficiency can be increased by increasing the compression ratio and using turbocharging technology whilst avoiding the knock issue in downsized engines. The newly released Toyota D-4S engine has increased the compression ratio to 12.7 by using a dual-injection system of gasoline port injection and direct injection in production cars 6[, 7]
.
Dual-injection represents an advanced combustion control strategy for both spark-ignition (e.g. EDI+GPI for knock onset control 
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[8, 9]
) and compression-ignition (e.g. Reactivity Controlled Compression Ignition (RCCI) for auto-ignition control 
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[10, 11]
) engines. The application of dual-injection in SI engines was firstly proposed by Cohn et al. 12[]
. By direct injection of ethanol fuel in a gasoline port injection engine, the thermal efficiency could be greatly increased by implementing engine downsizing technologies (e.g., high compression ratio, turbocharging and more spark advance) while avoiding the knock issue. To exploit the potential of the ethanol fuel in increasing the compression ratio and engine thermal efficiency, a single cylinder SI engine equipped with EDI+GPI has been developed 3[]
. Experimental results showed that the engine thermal efficiency was increased and knock propensity was reduced when EDI was applied. However, the HC and CO emissions of the engine were increased with the increase of ethanol ratio 
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[3, 9]
. Numerical investigation to the EDI+GPI engine found that the slow evaporation rate of ethanol fuel might have resulted in poor mixing and thus the increased HC and CO emissions 13[]
. Experimental and numerical studies showed that the ethanol fuel evaporated slowly when the fuel temperature was equal to or lower than 375 K, but evaporated quickly when the temperature was higher than 375 K 
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[14, 15]
. Therefore, heating the ethanol fuel to be injected directly (EDI heating) was proposed to address the slow evaporation and poor mixing issues in the EDI+GPI engine 16[]
.
The mixing and evaporating processes of a liquid fuel spray can be affected by a number of factors. To achieve fast evaporation and mixing in direct injection SI engines, the most widely adopted strategy is high pressure injection which generates very fine droplets and thus makes it possible for the liquid fuel to evaporate in tens of crank angle degrees. However, the benefits brought by the high pressure injection are limited. The high injection pressure may cause fuel impingement on the cylinder and piston walls, especially in downsized engines. On the other hand, the droplet size reduced by increasing injection pressure is limited by the injection pressure in a medium range 17[]
. Fuel temperature is also an important factor that affects the droplet size and evaporation rate of a liquid fuel. Increasing the fuel temperature is an effective way to reduce the viscosity and increase the vapour pressure of the fuel, and consequently increase the break-up and evaporation rates. Since ethanol fuel has larger viscosity and surface tension than that of gasoline, E85 shows larger Sauter Mean Diameter (SMD) than gasoline does. With the increase of fuel temperature, the SMD reduces and the difference in E85 and gasoline’s SMDs becomes small when the temperature is sufficiently high 18[]
. Particularly, when the fuel temperature is higher than its boiling point, vapour bubbles may form inside a droplet and burst into smaller ones 19[]
. It is reported that the SMD of the spray droplets showed a rapid reduction when flash-boiling occurred 20[]
. Moreover, the vapour pressure of ethanol fuel is lower than that of gasoline fuel when the fuel temperature is lower than 375 K but higher when the fuel temperature is higher than 375 K. As a result, ethanol evaporates more slowly than gasoline does in low temperature condition, but they reach the similar evaporation rates when the fuel temperature is higher than 375 K 14[]
. Xu. et al. 21[]
 proposed using flash-boiling to generate fine droplets as an alternative and economic method for high pressure injection. Investigation showed that the evaporation rate of a spray could be significantly enhanced in flash-boiling conditions 
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[14, 17]
.
Nwafor 
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[22, 23]
 investigated the combustion and emission performance of a diesel engine fuelled with elevated fuel temperature of neat vegetable oil. The effect of fuel temperature on the performance of a diesel engine fuelled with rapeseed methyl ester (RME) fuel was investigated 24[]
. Kabasin et al. 25[, 26]
 investigated the cold start performance of ethanol-fuelled SI engines equipped with heated injectors. The engine cold start time was reduced and the HC and CO emissions were significantly decreased when the fuel was heated. Sales and Sodré 
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[5, 27]
 investigated the cold start combustion and emission characteristics of a flexible fuel engine with heated intake air and ethanol fuel. By heating the intake air and the ethanol fuel, their results showed that the ethanol fuelled engine could be started at cold ambient temperature of 0 ℃ and with significant reduction in HC and CO emissions.
As reviewed above, increasing the fuel temperature could be an effective and economic way to generate fine and fast evaporation sprays and to improve the performance of ethanol fuelled engines in cold start conditions. However, so far, rare work has been reported on investigating the engine performance with heated ethanol fuel at warmed up conditions. To address the emission issues in the current EDI+GPI engine, experiments were conducted to investigate the effect of EDI heating on improving the combustion and emissions of an SI engine equipped with EDI+GPI dual-injection system.
2. Experimental Apparatus and Procedures
2.1.  EDI+GPI engine test rig
The experiments were conducted on a single-cylinder four-stroke air-cooled SI engine equipped with a direct injection system for injecting ethanol fuel and a port injection system for injecting gasoline fuel. Fig. 1 shows the schematic of the engine test rig. Table 1 provides the specifications of the engine which was originally a port fuel injection engine used on the Yamaha YBR250 motorcycle. The engine was modified to be an EDI+GPI engine by adding an EDI fuel system to the engine. The EDI injector was a six-hole injector with a nozzle diameter of 110 um. The spray cone angle is 34° and the bent angle is 17°. The GPI injector was the original port fuel injector used in the Yamaha YBR250 motorcycle. The EDI injector was mounted with the spray plumes bent towards the spark plug to create an ignitable mixture around the spark plug. The tip of the injector was placed 15 mm to the spark plug on the intake valve side. Both the GPI injector and EDI injector were controlled by an electronic control unit (ECU). The EDI+GPI fuel system offers the flexibility to operate the engine over a full range of ethanol ratio from 0% (GPI only) to 100% (EDI only). More information about the engine test rig can be found in 
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[3, 19]
.
An electric resistance heater made of Kanthal A1 heating resistance wire was used to heat the ethanol fuel in the high pressure fuel rail, as shown in Fig. 1. The wire was wrapped on the fuel rail upstream the injector. A T-type thermocouple was attached on the surface of the fuel rail at the entrance of the EDI injector to measure the ethanol fuel temperature. The temperature was fed back to a 2132 Eurotherm PID temperature controller which controlled the relay of the heating system so that the heating process was stopped when the fuel temperature reached the required value. The fuel rail temperature at the injector entrance was regarded as the fuel temperature in the present study. The accuracy of the temperature control was within ±3 ℃.
The mass flow rate of the intake air was measured with a ToCeil-20N hot-wire thermal flow meter. The engine speed was controlled by an eddy current DC dynamometer. The in-cylinder pressure was measured by a Kistler 6115B measuring spark plug pressure transducer at a resolution of 0.5 crank angle degree. A hundred consecutive cycles of pressure were recorded. The exhaust gas emissions were measured using a Horiba MEXA-584 L gas analyzer. The Horiba MEXA-584L gas analyzer can measure the lambda (excess air ratio) of multiple fuels with H/C and O/C atomic ratios of the fuel input by the user. In the present study, the lambda was monitored and kept around one by adjusting the mass flow rates of the gasoline and ethanol fuels at a designated fuel ratio and a fixed throttle position. The gasoline and ethanol fuel mass flow rates were input to the ECU. The calibration of the EDI injector was provided by the ECU supplier, Hents Technologies Inc. The EDI injection pressure was controlled by the ECU and the solenoid valve in the high pressure pump.
2.2.  Test fuels

Table 2 provides the main properties of gasoline and ethanol fuels used in the present study. The gasoline fuel was the Unleaded Petrol (ULP) from the Caltex Australia with an octane number of 91. The ethanol fuel was provided by the Manildra Group.

2.3.  Experimental procedures
The engine was started and warmed up by gasoline port injection only. The experiments were conducted when the engine body temperature became stable at around 200 ℃. Then the amount of gasoline was reduced and the ethanol fuel was directly injected into the cylinder to substitute gasoline. Table 3 lists the engine conditions investigated in the present study. The experiments were conducted at medium load (IMEP 6.0~6.5 bar). The tested engine speeds were 3500 and 4000 rpm. In all the tests, the lambda was kept around one. The GPI pressure was 0.25 MPa and the EDI pressure was 4 MPa. The GPI timing was 410 CAD BTDC and EDI timing was 300 CAD BTDC. The ethanol ratio started at E0 and then varied from E25 to E100 with an increment of 15% (E’X’ means X% ethanol by volume. e.g. E40 means 40% ethanol by direct injection plus 60% gasoline by port injection). Firstly the experiments were conducted to compare the engine performance with and without EDI heating at the engine original spark timing of 15 CAD BTDC. The results showed significant reduction of engine emissions but slightly decreased indicated mean effective pressure (IMEP). To recover the IMEP, the effect of EDI heating on engine combustion and emissions was also investigated at the minimum spark advance for best torque (MBT) timing of 19 CAD BTDC. The experiments were firstly performed without the EDI heating system. The measured ethanol temperature was around 50℃ (±2℃). Then the EDI heating system was applied to heat the ethanol fuel to 70 ℃ and 90 ℃. The power required for EDI heating was dependent on the fuel flow rate and the heating temperature. The maximum heating power was about 150 W at E100, 90 ℃ and 4000 rpm condition, which was about 3% of the engine output power. However, the heater only worked intermittently at this power and the power required was much smaller in lower ethanol ratio conditions. In production engines, the heating energy can be taken from the high-temperature exhaust gas (~400℃ in the present study) and thus eliminate the parasitic load of the heating element in the present experiments.
To ensure the accuracy of the results, five samples were recorded at each tested engine condition. The maximum standard deviation of the measurements were 5% for ISCO, 3% for ISNO, 5% for ISHC and 1% for lambda, which indicated acceptable quality of the experimental data and justified the use of averaged sample data in the present study.
3. Results and Discussion

The experimental results will be presented and discussed as follows. Sections 3.1 reports the effect of EDI heating on the engine performance represented by IMEP and emissions of CO, HC and NO at the original engine spark timing of 15 CAD BTDC. In Section 3.2, the combustion characteristics will be discussed to analyse the causes of the results at the original spark timing. Section 3.3 will focus on the enhanced effect of EDI heating by adjusting the spark timing to the MBT timing of 19 CAD BTDC.
3.1.  Effect of EDI heating on engine performance at the original spark timing
Fig. 2 shows the effect of ethanol fuel temperature on the IMEP of the EDI+GPI engine at different ethanol ratios and engine speeds. The spark timing was 15 CAD BTDC which was the timing set for GPI only in the original engine control unit. As shown in Fig. 2, the IMEP increases with the increase of ethanol ratio from 0% to 70% without EDI heating, resulting from the effective charge cooling effect and faster combustion speed of ethanol fuel. However, the IMEP decreases when the ethanol ratio is further increased from 70% to 100%. This is because the mixture becomes over-lean around the spark plug, and local over-cooling and severe fuel impingement occur at high ethanol ratios 28[]
. When the ethanol fuel temperature is increased from 50 ℃ to 70 ℃, the IMEP decreases slightly at each ethanol ratio. It decreases noticeably at high ethanol ratios when the ethanol fuel temperature reaches 90 ℃. The maximum reduction of IMEP at 3500 rpm is 2.2% at fuel temperature of 70 ℃ and 4.5% at 90 ℃ when the ethanol ratio is 70%. The maximum reduction of IMEP at 4000 rpm is 2.2% at 70 ℃ and 5.4% at 90 ℃ at the ethanol ratio of 70%. This is caused by the decrease of the combustion speed when the ethanol fuel is heated, which will be discussed referring to Fig. 7. Fig. 3 shows the effect of ethanol fuel temperature on the indicated thermal efficiency. In the present study, the lambda was kept around one. As the air-fuel ratio of ethanol is 9.0 and that of gasoline is 14.8, 64% more mass of ethanol is injected to replace the reduced mass of gasoline fuel in order to keep the lambda at one. On the other hand, the heating value of gasoline fuel (42.9 MJ/kg) is 59% higher than that of ethanol fuel (26.9 MJ/kg). This indicates that the total energy input at each ethanol ratio condition is close to that of GPI only condition. Consequently, the effect of ethanol fuel temperature on the indicated thermal efficiency shows the same tendencies as that of IMEP in Fig. 2. As shown in Fig. 3, the thermal efficiency increases with the increase of ethanol ratio from 0% to 70% without EDI heating, but decreases when the ethanol ratio is further increased from 70% to 100%. When EDI heating is applied, the thermal efficiency decreases slightly at ethanol fuel temperature of 70 ℃ and decreases noticeably at 90 ℃.
Figs. 4 and 5 show significant reduction of indicated specific carbon monoxide (ISCO) and hydrocarbon (ISHC) emissions with EDI heating. As shown in Figs. 4 and 5, without EDI heating, both the ISCO and ISHC emissions increase with the increase of ethanol ratio due to the incomplete combustion caused by ethanol’s poor evaporation, local over-cooling and fuel impingement of EDI 28[]
. When the ethanol fuel is heated, both ISCO and ISHC emissions are reduced significantly, and this reduction is enhanced with the increase of ethanol ratio. Compared with that without EDI heating, as shown in Fig. 4, the ISCO emission is reduced by 21.8%-43.2% at 3500 rpm and 11.1%-30.6% at 4000 rpm when the ethanol fuel temperature is increased from 50 ℃ to 70 ℃ in the ethanol ratio range of 25%-100%.  The ISCO is reduced by 39.2%-49.1% at 3500 rpm and 41.0%-47.7% at 4000 rpm when the fuel temperature is increased from 50 ℃ to 90 ℃. As shown in Fig. 5, compared with that without EDI heating, the ISHC emission is reduced by 10.8%-29.9% at 3500 rpm and 14.1%-46.0% at 4000 rpm when the ethanol fuel temperature is increased from 50 ℃ to 70 ℃.  The ISHC is reduced by 15.7%-38.1% at 3500 rpm and 20.6%-61.2% at 4000 rpm when the fuel temperature is increased from 50 ℃ to 90 ℃. Particularly, in low ethanol ratio conditions, EDI heating effectively reduces the CO (25%-40% ethanol ratio) and HC (25%-70% ethanol ratio) emissions to be lower than that in GPI only condition. The reduction of ISCO and ISHC emissions can be attributed to the improved ethanol fuel’s evaporation and mixing processes which were the original aims of EDI heating. As analysed in the numerical investigation of the same engine used in the present study 
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[13, 28]
, the low evaporation rate of ethanol fuel resulted in a large number of ethanol droplets in the late compression and combustion strokes. The in-cylinder flows were slow and thus the heat and mass transfer between the liquid fuel and air were weak. This caused not only lean mixture around the spark plug, but over-rich mixture and over-cooling in the regions where the ethanol droplets were concentrated in. Moreover, the fuel impingement on the cylinder and piston walls became severe when the ethanol ratio was high, due to the longer spray penetration length of longer injection duration. The uneven distribution of mixture, local over-cooling effect, unburnt liquid ethanol droplets and fuel impingement caused the increase of ISCO and ISHC emissions with the increase of ethanol ratio in the engine conditions without EDI heating. However, when EDI heating is applied, the evaporation of ethanol fuel should be accelerated. As a result, the liquid ethanol droplets, local over-cooling and fuel impingement during combustion process should be reduced, resulting in the reduction of ISCO and ISHC emissions. Fig. 9 shows the images taken from the ethanol fuel injected in a constant volume chamber. It shows that the EDI spray tip penetration is slightly decreased due to the enhanced evaporation and spray-air interaction when the ethanol fuel is heated from 52 ℃ to 92 ℃. Moreover, more fuel in the spray will be in vapour phase when the fuel is heated than that without fuel heating. Fuel impingement will not occur when vapour fuel reaches the cylinder wall. Significant reduction of CO and HC emissions was also reported in the investigation of pre-heating the ethanol fuel in cold start conditions 
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[25-27, 29]
.

Fig. 6 shows the effect of EDI heating on indicated specific nitric oxide (ISNO) emission. As shown in Fig. 6, the influence of EDI heating on ISNO is insignificant. With or without EDI heating, the ISNO emission reduces quickly with the increase of ethanol ratio due to the strong cooling effect of EDI and lower combustion temperature of ethanol fuel 13[, 30]
. When EDI heating is applied, the ISNO emission increases slightly at each ethanol ratio condition. This may be caused by the increased combustion temperature resulted from the heated fuel. However, even with EDI heating, the ISNO emission is still much smaller than that of GPI only condition. The slight increase of NO emission by EDI heating was also observed for ethanol fuelled engines in cold start conditions 
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[25, 26, 31]
.

3.2.  Combustion characteristics with EDI heating at the original spark timing
Fig. 7 shows the in-cylinder pressure and the corresponding heat release rate (HRR) at the ethanol fuel temperatures of 50 ℃ (no fuel heating), 70 ℃ and 90 ℃. The engine speed is 3500 rpm and the ethanol ratio is 70%. As shown in Fig. 7, the starting phase of HRR is not affected by the ethanol fuel temperature. However, HRR reduces with the increased fuel temperature after that, indicating slower combustion speed. As a result, the peak in-cylinder pressure is reduced during the combustion process with the increase of ethanol fuel temperature. This reduced peak pressure was also observed in compression-ignition engines fuelled with heated rapeseed methyl ester (RME) 24[]
, dimethyl ether (DME) 32[]
, diesel and cetane 33[]
.
The decrease of combustion speed with increased ethanol fuel temperature may be caused by the following two causes. Firstly, the fuel viscosity, surface tension and density decreasing with the increased fuel temperature should have affected the injection process. When the ethanol fuel temperature is increased from 50 ℃ to 90 ℃, the density of the ethanol fuel decreases from 763 to 721 kg/m3, viscosity decreases from 0.676 to 0.374 mPa-s, and surface tension decreases from 0.0202 to 0.0152 N/m 34[]
. Experiments and simulations on the fuel injection process showed that, when the fuel temperature was increased, the actual injection timing was retarded, the peak rail pressure was decreased and the injection duration was prolonged 
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[32, 35]
. The fuel mass flow rate was decreased with the increase of fuel temperature because of the decreased fuel density 
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[24, 36, 37]
. Furthermore, the size of vapour bubbles at the injector’s nozzle exit increased with the increase of the fuel temperature 38[]
, which would decrease the nozzle discharge coefficient. All these factors reduced the mass of ethanol fuel directly injected into the combustion chamber when the ethanol was heated in the present study. This has been evidenced by the slight increase of lambda with the increase of fuel temperature in the experiments. Fig. 8 shows the variation of measured lambda values with ethanol fuel temperature at different ethanol ratios. As described in Section 2.3, to compare the results with and without EDI heating, the throttle opening, injection pressure and pulse width were kept unchanged at each engine speed and ethanol ratio. So that the intake airflow rates were the same in both test conditions with and without EDI heating. As shown in Fig. 8, the lambda increases slightly with the increase of fuel temperature at each ethanol ratio and the change becomes more significant at high ethanol ratios. At ethanol ratio of 100%, the lambda increases by about 2% for every 20 ℃ of fuel temperature increase at the two tested engine speeds. The reduction of ethanol fuel supply might lead to the decrease of IMEP by EDI heating. This suggests that the injection pulse width should be increased to get the lambda back to one when implementing EDI heating in order to avoid the decrease of IMEP.
The second cause to the reduced IMEP is that the fuel spray process might be changed by flash-boiling which is a phenomenon occurs when the fuel temperature is higher than the saturation temperature of the fuel at the ambient pressure. Experiments showed that the multi-jet spray might collapse to a single-jet spray when flash-boiling occurred by either increasing the fuel temperature or decreasing the ambient pressure 
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[18, 20, 39]
. The EDI injector used in the present study was a six-hole nozzle. Fig. 9 shows the spray structures of the EDI injector at 2.0 ms after the start of injection in a constant volume chamber at three ethanol fuel temperatures of 52℃, 77 ℃ and 92 ℃ 19[]
. The injection pressure was 60 bar and the ambient pressure was 1 bar, which reproduced the in-cylinder conditions of early EDI injection in the present engine experiments. As shown in Fig. 9, the two side plumes of the ethanol spray converge towards the middle one when the fuel temperature is increased from 52 ℃ to 77 ℃. The three spray plumes collapse completely when the temperature reaches 92 ℃. As described in Section 2.1, the EDI injector has a bent angle of 17° and was installed with the spray plumes bent towards the spark plug in the EDI+GPI engine to create an ignitable mixture around the plug gap by the time of ignition. However, the results in Fig. 9 showed that the spray was not collapsed at 52 ℃ or 77 ℃, but collapsed only at 92 ℃. The collapsed spray might deform the designed fuel distribution in the combustion chamber, and consequently slow down the ignition and combustion processes, resulting in the reduced peak cylinder pressure and heat release rate as shown in Fig. 7. 
Fig. 10 shows the variation of combustion initiation duration with ethanol fuel temperature at different ethanol ratios at the original spark timing of 15 CAD BTDC. The combustion initiation duration, denoted by CA0-10%, is defined as the crank angle degrees from the spark timing to the timing of 10% of the fuel mass fraction burnt. CA0-10% is directly related to the combustion stability. Shorter CA0-10% means more stable combustion 40[]
. As shown in Fig. 10, without EDI heating, the CA0-10% at ethanol ratio in the range of 25%-70% is shorter than that in GPI only condition. This indicates an improved combustion stability with ethanol ratio up to 70%. It can be attributed to the faster flame speed of ethanol fuel. However, the CA0-10% increases when the ethanol ratio is higher than 70%. This may be because the mixture was too lean due to the low evaporation rate of ethanol fuel and local over-cooling and fuel impingement occurred in high ethanol ratio conditions 28[]
. As shown in Fig. 10, the ethanol ratio of 70% at which the CA0-10% starts to increase has been extended to 85% with EDI heating. With EDI heating, the CA0-10% is shorter than that without EDI heating when the ethanol ratio is greater than 70%. This may be because EDI heating supplies additional thermal energy required by the ethanol droplets to evaporate, which reduces the over-cooling problem in higher ethanol ratio conditions. However, the CA0-10% with EDI heating is longer than that without EDI heating when the ethanol ratio is less than 70%. This may be due to the reduced mass of ethanol fuel injected and spray collapse, as discussed for the results in Figs. 8 and 9. 
Fig. 11 shows the effect of ethanol fuel temperature on the major combustion duration at different ethanol ratios at the original spark timing of 15 CAD BTDC. The major combustion duration, denoted by CA10-90%, is defined as the crank angle degrees from 10% to 90% of the fuel mass fraction burnt. The shorter the CA10-90% is, the closer the combustion process is to the constant volume process which consequently results in higher thermal efficiency 40[]
. As shown in Fig. 11, in general, the CA10-90% is longer with EDI heating than that without EDI heatnig. Consistently with the causes to the longer initial combustion duration, the combustion speed is decreased by the the reduced mass of ethanol fuel and the deformation of ethanol spray structure when EDI heating is applied. Less mass of ethanol fuel injected makes the mixture leaner which slows down the combustion speed. Moreover the deformation of ethanol spray changes the designed in-cylinder mixture distribution and consequently results in longer combustion duration.
3.3.  Effect of EDI heating on engine performance and emissions at the MBT timing

As shown in Figs. 4 and 5, the CO and HC emissions were reduced effectively by EDI heating. However, the IMEP was reduced when EDI heating was applied. As anaylsed in 3.2, the decrease of IMEP may be due to the change in combustion phase and the associated decrease of combustion speed. To recover the IMEP, experiments were conducted to find the ‘best’ spark timing when EDI heating was applied to the EDI+GPI engine. This section reports the effect of EDI heating on the engine performance at the minimum spark advance for best torque (MBT) timing.
Fig. 12 shows the variations of IMEP and NO emission with spark timing. The engine speed is 3500 rpm and the three ethanol ratios are 0% (GPI only), 55% (EDI+GPI) and 100% (EDI only). As shown in Fig. 12(a), the IMEP increases quickly with the advance of spark timing from 15 to 22 CAD BTDC. It becomes stable at the spark timing of 22 to 24 CAD BTDC and then decreases with further advance of spark timing. The maximum IMEP can be achieved at the spark timing around 23 CAD BTDC for the designated three ethanol ratios. As shown in Fig. 12(b), the NO emission increases sharply with the advance of spark timing. This suggests that if the spark timing is slightly retarded from the maximum IMEP timing, the engine output power would hardly suffer but the NO emission would be significantly reduced. Moreover, slight knock occurs when the spark timing is earlier than 24 CAD BTDC in GPI only condition. Therefore, the MBT timing is defined as a spark retard of 4 degrees from the angle of maximum IMEP 41[]
. Based on this definition, the MBT timing is 19 CAD BTDC in the present study.
Fig. 13 shows the variation of IMEP with ethanol fuel temperature. The spark timing is the MBT timing and the engine speed is 3500 rpm. As shown in Fig. 13, the IMEP increases continuously with the increase of ethanol ratio in the entire range from 0% to 100%. This implies that the decrease of IMEP in high ethanol ratio conditions (as shown in Fig. 2) can be avoided by adjusting the spark timing. When the ethanol fuel temperature is increased from 50 ℃ to 70 ℃, the IMEP is lower than that without EDI heating but still increases with the increase of ethanol ratio. However, IMEP becomes to decrease with the ethanol ratio and noticeably lower than that at 50 ℃ and 70 ℃ in high ethanol ratio conditions when the fuel temperature is further increased to 90 ℃. This may be caused by the decrease of fuel supply and collapse of spray when the fuel temperature is too high like 90 ℃, as discussed in Section 3.2. The maximum reduction in IMEP is 0.8% at ethanol fuel temperature of 70 ℃ and 3.0% at 90 ℃ at the ethanol ratio of 85% which is much smaller than that at the original spark timing of 15 CAD BTDC.
Fig. 14 shows the effect of EDI heating on the emissions of ISCO, ISHC and ISNO at the MBT spark timing. Comparison based on spark timing shows that the CO, HC and NO emissions at MBT timing are slightly higher than that at the original spark timing of 15 CAD BTDC. However, compared with that without EDI heating, both ISCO and ISHC emissions at MBT timing are significantly reduced and this reduction is enhanced by the increase of ethanol fuel temperature. The maximum reduction is 15% for ISCO and 47% for ISHC at E100 when the ethanol fuel temperature is increased from 50 ℃ to 90 ℃. Particularly, the ISHC emission reduces significantly in the ethanol ratio range of 70%-100% at the ethanol fuel temperature of 90℃. Meanwhile, the ISNO emission is slightly increased by EDI heating, as shown in Fig. 14(c). However this increase does not offset the ISNO reduction caused by the strong cooling effect and low combustion temperature of EDI.
4. Summary and Conclusions
Experiments were conducted to investigate the effect of heated ethanol fuel on improving the combustion and emission performance of a single-cylinder SI engine equipped with EDI+GPI. The tested engine was operated at medium load at the engine speeds of 3500 rpm and 4000 rpm. The volume ratio of the ethanol fuel in direct injection was varied from 0% (GPI only) to 100% (EDI only). The lambda was around one. The ethanol fuel temperature was increased from 50 ℃ (no EDI heating) to 70 ℃ and 90 ℃ (flash-boiling spray). The effect of EDI heating on the engine performance was investigated at both the original spark timing of 15 CAD BTDC and the MBT timing of 19 CAD BTDC. The conclusions of this study can be drawn as follows.
(1) At the original engine’s spark timing of 15 CAD BTDC, EDI heating effectively reduced the ISCO and ISHC emissions due to increased ethanol’s evaporation rate, and reduced fuel impingement and local over-cooling effect. The reduction of ISCO and ISHC was enhanced with the increase of ethanol ratio. When the ethanol fuel was heated from 50 ℃ to 90 ℃, the ISCO was reduced by 43% and the ISHC was reduced by 51% in EDI only condition. On the other hand, the ISNO emission was slightly increased, but still much smaller than that in GPI only condition due to EDI’s strong cooling effect and low combustion temperature. However, the IMEP and combustion speed were slightly reduced by EDI heating. The largest decrease of IMEP was about 5% at the ethanol ratio of 70% when ethanol fuel temperature was increased from 50 ℃ to 90 ℃. 
(2) At the MBT spark timing of 19 CAD BTDC, the IMEP increased with the increase of ethanol ratio in the entire range from 0% to 100%. This indicated that the decrease of IMEP in high ethanol ratio conditions at the original spark timing of 15 CAD BTDC was avoided by adjusting the spark timing. When the ethanol fuel temperature was increased from 50 ℃ to 90 ℃, the ISCO was reduced by 15% and ISHC was reduced by 47% in EDI only condition. Meanwhile, the reduction of IMEP by EDI heating was less than 3% and smaller than that at the original spark timing.
(3) When the ethanol fuel temperature was increased to the flash-boiling region, the ethanol spray collapsed which deformed the designed fuel distribution in the combustion chamber and consequently deteriorated the combustion process. Meanwhile, the mass of fuel injected into the cylinder decreased when the ethanol fuel was heated, resulted from the decreased fuel density, viscosity, surface tension and injector discharge coefficient. As a result, the IMEP and combustion speed were slightly decreased with EDI heating.
(4) Results indicate that EDI heating is effective to address the issues of ethanol’s low evaporation rate in low temperature engine environment and over-cooling effect at high ethanol ratio condition in the development of EDI+GPI engines in terms of minimizing the engine emissions.
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Table 1 Specifications of the EDI+GPI engine.

	Engine type
	Single cylinder, air cooled, four-stroke

	Displacement
	249.0 cc

	Stroke
	58.0 mm

	Bore
	74.0 mm

	Connecting rod
	102.0 mm

	Compression ratio
	9.8:1

	Intake valve open
	22.20 CAD BTDC

	Intake valve close
	53.80 CAD ABDC

	Exhaust valve open
	54.60 CAD BBDC

	Exhaust valve close
	19.30 CAD ATDC

	Ethanol delivery system
	Direct injection

	Gasoline delivery system
	Port injection


Table 2 Properties of ethanol and gasoline fuels at 300 K.

	Properties
	Ethanol
	Gasoline

	Chemical formula (-)
	C2H6O
	C2-C14

	Density (kg/m3)
	785.5 34[]

	714.9 34[]


	Viscosity (kg/m•s)
	0.001007 34[]

	0.0004549 34[]


	Research octane number (-)
	106 3[]

	91

	Stoichiometric air/fuel ratio (-)
	9.0:1 3[]

	14.8:1 3[]


	Lower heating value (MJ/kg)
	26.9 3[]

	42.9 3[]


	Enthalpy of vaporization (kJ/kg)
	948 42[]

	298 42[]


	Saturation vapor pressure (kPa)
	8.773 34[]

	28.828 42[]


	Laminar flame velocity @ λ=1, 100 kPa, 100 ℃ (m/s)
	~0.62 43[]

	~0.49 43[]



Table 3 Experimental conditions.

	Engine speed
	3500, 4000 rpm

	Ethanol ratio by volume
	0%, 25%, 40%, 55%, 70%, 85%, 100%

	Spark timing
	15 (original), 19 (MBT) CAD BTDC

	GPI pressure
	0.25 MPa

	GPI timing
	410 CAD BTDC

	EDI pressure
	4.0 MPa

	EDI timing
	300 CAD BTDC

	EDI heating temperature
	50 (baseline), 70 and 90 ℃


[image: image1.png]Intake air mass flow rate,
temperature & pressure

Electric resistance heater

High pressure D
fuel (4-9 MPa) Power
Re|ay-supply

Temperature
GPl injector coptroller
) [Thermocouple

emissions & lambda
Cylinder pressure
Engine temperature

EDI injector

g
S
2
I
o
=%
£
o
3
o
1]
3
©
<
X
i

Kistler
measuring
spark plug

Throttle position
Spark timing

GPI timing and duration
EDI timing and duration

Dynamometer

encoder

Engine position
Engine speed





Fig. 1. Schematic of the EDI+GPI engine.
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Fig. 2. Effect of ethanol fuel temperature on the IMEP.
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Fig. 3. Effect of ethanol fuel temperature on the indicated thermal efficiency.
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Fig. 4. Variation of ISCO with ethanol fuel temperature.
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Fig. 5. Variation of ISHC with ethanol fuel temperature.
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Fig. 6. Variation of ISNO with ethanol fuel temperature.
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Fig. 7. Effect of ethanol fuel temperature on the in-cylinder pressure and heat release rate.
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Fig. 8. Variation of lambda with ethanol fuel temperature.
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Fig. 9. Effect fuel temperature on the EDI spray structure 19[]
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Fig. 10. Variation of CA0-10% with ethanol fuel temperature.
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Fig. 11. Variation of CA10-90% with ethanol fuel temperature.
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(a)                                                                                         (b)
Fig. 12. Effect of spark timing on IMEP (a) and NO emission (b) at ethanol ratios of 0%, 55% and 100%.
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Fig. 13. Effect of EDI heating on IMEP at the MBT timing at various ethanol ratios.
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Fig. 14. Effect of EDI heating on ISCO (a), ISHC (b) and ISNO (c) at the MBT timing.
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		E70		70%		3986.4		0.990		0.986		0.992		207.1		429		0.677		5.314		6.424		40.496		876.114		8.696		1.727		3469.6		0.990		0.960		0.993		201.5		391		0.659		4.607		6.399		36.850		884.576		10.790		2.208				0.26		0.43		0.06		0.02				0.55		0.94		0.15		0.06

		E85		85%		3938.4		0.990		1.013		0.985		205.6		432		0.693		5.158		6.311		48.598		879.240		5.698		2.177		3488.2		0.970		0.948		0.987		199.8		389		0.648		4.631		6.398		47.127		866.538		8.265		3.152				0.79		1.26		0.07		0.02				0.36		0.50		0.05		0.06

		E100		100%		3942.6		0.990		1.016		0.987		203		432		0.688		5.120		6.258		53.403		873.994		4.059		2.314		3510.4		0.990		0.986		0.989		198.3		394		0.668		4.604		6.320		48.726		869.324		6.006		3.694				0.41		0.67		0.06		0.02				0.99		1.55		0.17		0.04

		70C

		E25		25%		3950.8		1.000		0.972		1.006		209.8		436		0.673		5.008		6.109		14.529		967.920		16.750		0.957		3438.2		1.030		0.948		1.020		202		395		0.656		4.315		6.048		9.746		984.574		20.014		1.283				0.29		0.48		0.19		0.01				0.35		0.59		0.10		0.03						38%		-3%		-8%		14%				43%		-3%		-12%		29%

		E40		40%		3963.8		1.010		0.971		1.008		209.8		435		0.675		5.050		6.140		18.798		963.171		13.420		0.634		3467.4		1.020		0.940		1.011		203.5		399		0.653		4.386		6.097		18.977		968.383		15.916		1.248				0.18		0.31		0.19		0.02				0.34		0.55		0.16		0.02						28%		-3%		-6%		26%				35%		-4%		-10%		11%

		E55		55%		3963.2		1.010		0.974		1.000		208.7		437		0.680		5.074		6.170		26.360		953.370		10.452		0.690		3484.6		0.990		0.945		1.006		202.5		397		0.660		4.469		6.181		23.733		954.585		13.218		1.126				0.22		0.35		0.13		0.02				0.50		0.80		0.14		0.02						31%		-4%		1%		46%				32%		-3%		-7%		25%

		E70		70%		4040.4		1.000		0.980		0.994		207.7		437		0.672		5.268		6.284		36.013		905.851		8.431		1.005		3513.6		1.010		0.951		1.005		201.5		393		0.652		4.563		6.259		28.785		919.924		11.241		1.548				0.56		0.94		0.04		0.03				0.18		0.25		0.09		0.03						11%		-3%		3%		42%				22%		-4%		-4%		30%

		E85		85%		3967.2		0.990		1.002		0.995		207.1		435		0.685		5.177		6.288		39.042		899.372		6.455		1.410		3453.8		1.000		1.002		1.008		201.5		387		0.685		4.570		6.376		30.658		896.746		9.606		2.630				0.21		0.30		0.05		0.02				0.73		1.18		0.08		0.02						20%		-2%		-13%		35%				35%		-3%		-16%		17%

		E100		100%		3981.6		0.990		1.011		1.003		205.6		434		0.684		5.067		6.133		38.445		918.430		4.676		1.697		3475.8		1.020		0.989		1.008		200.3		394		0.669		4.519		6.265		38.090		895.187		6.517		3.294				0.27		0.46		0.08		0.04				0.93		1.50		0.12		0.02						28%		-5%		-15%		27%				22%		-3%		-9%		11%

		90C																						0.280		-0.051		-0.152		0.267

		E25		25%		3971.4		1.000		0.968		1.008		210.8		437		0.670		5.043		6.119		13.434		968.122		17.033		0.885		3507		1.020		0.932		1.024		203		396		0.645		4.392		6.035		8.740		988.225		19.789		1.286				0.46		0.71		0.48		0.02				0.19		0.31		0.16		0.01						42%		-3%		-10%		21%				49%		-4%		-11%		29%

		E40		40%		3971.2		1.010		0.967		1.009		209.2		439		0.672		5.034		6.109		15.512		973.611		13.712		0.536		3509.6		1.020		0.950		1.010		203		401		0.660		4.402		6.045		15.962		981.860		15.228		1.183				0.50		0.79		0.11		0.01				0.38		0.60		0.20		0.02						41%		-4%		-8%		38%				45%		-5%		-6%		16%

		E55		55%		3991.6		1.000		0.960		1.010		207.7		441		0.670		5.016		6.056		19.883		982.625		11.107		0.544		3497.4		1.030		0.955		1.018		201.5		400		0.667		4.422		6.093		18.709		977.164		13.258		1.044				0.34		0.59		0.06		0.02				0.39		0.54		0.37		0.03						48%		-7%		-5%		57%				47%		-6%		-8%		31%

		E70		70%		3980		1.020		0.990		1.014		205.6		445		0.679		5.017		6.074		22.660		960.925		8.561		0.670		3471.2		1.010		0.974		1.027		199.8		395		0.668		4.399		6.108		22.416		954.285		11.618		1.367				0.60		0.91		0.07		0.03				0.50		0.80		0.08		0.02						44%		-10%		2%		61%				39%		-8%		-8%		38%

		E85		85%		3994.4		1.000		1.012		1.021		206.6		437		0.692		5.029		6.067		25.681		956.658		6.545		0.892		3495.4		1.010		0.992		1.014		199.8		395		0.678		4.489		6.189		27.238		931.861		8.055		2.171				0.22		0.39		0.03		0.03				0.65		1.04		0.08		0.02						47%		-9%		-15%		59%				42%		-8%		3%		31%

		E100		100%		3904.8		0.990		1.058		1.026		205.6		433		0.716		4.843		5.978		30.350		957.808		5.139		1.124		3423.2		1.040		1.070		1.015		199.8		392		0.724		4.361		6.139		27.403		932.890		6.579		2.700				0.65		1.00		0.02		0.02				0.99		1.69		0.06		0.07						43%		-10%		-27%		51%				44%		-7%		-10%		27%

																								0.4316894284		-0.0958978167		-0.2658381855		0.5141079819		0.024840474

		3500 rpm GPI only

		4000rpm GPI only
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% od emission change
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Emissions 4000rpm

		



3500rpm 50℃ (No EDI heating)

3500rpm 70℃

3500rpm 90℃

4000rpm 50℃ (No EDI heating)

4000rpm 70℃

4000rpm 90℃

Ethanol ratio by volume (%)

ISHC (g/kw-h)



IMEP 4000 rpm

		



3500rpm 50℃ (No EDI heating)

3500rpm 70℃

3500rpm 90℃
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Emissions 3500rpm

		



3500rpm 50℃ (No EDI heating)

3500rpm 70℃

3500rpm 90℃

4000rpm 50℃ (No EDI heating)

4000rpm 70℃

4000rpm 90℃

Ethanol ratio by volume (%)

IMEP (bar)



IMEP 3500 rpm

				Volume percentage		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		Indicated The. Effi.		IMEP		ISCO		ISCO2		ISNOx		ISHC		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		Indicated The. Effi.		IMEP		ISCO		ISCO2		ISNOx		ISHC		4000rpm standard deviation		ISCO std. devi.		ISCO2 std. devi.		ISNOx  std. devi.		ISHC std. devi.		3500rpm standard deviation		ISCO std. devi.		ISCO2 std. devi.		ISNOx  std. devi.		ISHC std. devi.

				%		rpm		-		-		-		℃		℃		%		kw		%		bar		g/kWh		g/kWh		g/kWh		g/kWh		rpm		-		-		-		℃		℃		%		kw		%		bar		g/kWh		g/kWh		g/kWh		g/kWh				g/kWh		g/kWh		g/kWh		g/kWh				g/kWh		g/kWh		g/kWh		g/kWh

		50C (Baseline)

		E0		0%		3988.8		0.990		0.990		1.000		207.7		440		0.682		4.983		0.260		6.020		19.808		964.804		17.565		1.044		3504.2		1.000		0.937		1.006		200.3		400		0.645		4.319		0.257		5.939		13.517		987.554		20.367		1.284				1.02		1.67		0.35		0.05				0.65		1.08		0.18		0.02

		E25		25%		3978.2		0.990		0.980		0.998		208.7		435		0.679		5.122		0.265		6.205		23.255		938.298		15.537		1.114		3478.4		1.010		0.947		1.006		202		393		0.656		4.451		0.264		6.167		17.160		952.055		17.898		1.798				0.21		0.30		0.20		0.02				0.37		0.73		0.17		0.06

		E40		40%		3997.4		0.990		0.969		0.998		208.7		432		0.674		5.157		0.264		6.218		26.272		938.408		12.645		0.861		3508.2		0.990		0.948		0.999		202		394		0.659		4.518		0.263		6.207		29.078		934.284		14.417		1.403				0.21		0.34		0.08		0.02				0.29		0.47		0.18		0.02

		E55		55%		3907.4		0.980		0.986		0.989		208.2		431		0.688		5.098		0.269		6.288		37.990		914.922		10.610		1.277		3507.6		0.980		0.933		0.996		201.5		393		0.651		4.551		0.268		6.253		35.071		924.378		12.321		1.504				0.43		0.62		0.22		0.03				0.83		1.26		0.16		0.03

		E70		70%		3986.4		0.990		0.986		0.992		207.1		429		0.677		5.314		0.273		6.424		40.496		876.114		8.696		1.727		3469.6		0.990		0.960		0.993		201.5		391		0.659		4.607		0.272		6.399		36.850		884.576		10.790		2.208				0.26		0.43		0.06		0.02				0.55		0.94		0.15		0.06

		E85		85%		3938.4		0.990		1.013		0.985		205.6		432		0.693		5.158		0.268		6.311		48.598		879.240		5.698		2.177		3488.2		0.970		0.948		0.987		199.8		389		0.648		4.631		0.272		6.398		47.127		866.538		8.265		3.152				0.79		1.26		0.07		0.02				0.36		0.50		0.05		0.06

		E100		100%		3942.6		0.990		1.016		0.987		203		432		0.688		5.120		0.267		6.258		53.403		873.994		4.059		2.314		3510.4		0.990		0.986		0.989		198.3		394		0.668		4.604		0.270		6.320		48.726		869.324		6.006		3.694				0.41		0.67		0.06		0.02				0.99		1.55		0.17		0.04

		70C

		E25		25%		3950.8		1.000		0.972		1.006		209.8		436		0.673		5.008		0.261		6.109		14.529		967.920		16.750		0.957		3438.2		1.030		0.948		1.020		202		395		0.656		4.315		0.259		6.048		9.746		984.574		20.014		1.283				0.29		0.48		0.19		0.01				0.35		0.59		0.10		0.03

		E40		40%		3963.8		1.010		0.971		1.008		209.8		435		0.675		5.050		0.260		6.140		18.798		963.171		13.420		0.634		3467.4		1.020		0.940		1.011		203.5		399		0.653		4.386		0.259		6.097		18.977		968.383		15.916		1.248				0.18		0.31		0.19		0.02				0.34		0.55		0.16		0.02

		E55		55%		3963.2		1.010		0.974		1.000		208.7		437		0.680		5.074		0.264		6.170		26.360		953.370		10.452		0.690		3484.6		0.990		0.945		1.006		202.5		397		0.660		4.469		0.265		6.181		23.733		954.585		13.218		1.126				0.22		0.35		0.13		0.02				0.50		0.80		0.14		0.02

		E70		70%		4040.4		1.000		0.980		0.994		207.7		437		0.672		5.268		0.268		6.284		36.013		905.851		8.431		1.005		3513.6		1.010		0.951		1.005		201.5		393		0.652		4.563		0.266		6.259		28.785		919.924		11.241		1.548				0.56		0.94		0.04		0.03				0.18		0.25		0.09		0.03

		E85		85%		3967.2		0.990		1.002		0.995		207.1		435		0.685		5.177		0.267		6.288		39.042		899.372		6.455		1.410		3453.8		1.000		1.002		1.008		201.5		387		0.685		4.570		0.271		6.376		30.658		896.746		9.606		2.630				0.21		0.30		0.05		0.02				0.73		1.18		0.08		0.02

		E100		100%		3981.6		0.990		1.011		1.003		205.6		434		0.684		5.067		0.262		6.133		38.445		918.430		4.676		1.697		3475.8		1.020		0.989		1.008		200.3		394		0.669		4.519		0.267		6.265		38.090		895.187		6.517		3.294				0.27		0.46		0.08		0.04				0.93		1.50		0.12		0.02

		90C																								0.280		-0.051		-0.152		0.267

		E25		25%		3971.4		1.000		0.968		1.008		210.8		437		0.670		5.043		0.262		6.119		13.434		968.122		17.033		0.885		3507		1.020		0.932		1.024		203		396		0.645		4.392		0.258		6.035		8.740		988.225		19.789		1.286				0.46		0.71		0.48		0.02				0.19		0.31		0.16		0.01

		E40		40%		3971.2		1.010		0.967		1.009		209.2		439		0.672		5.034		0.259		6.109		15.512		973.611		13.712		0.536		3509.6		1.020		0.950		1.010		203		401		0.660		4.402		0.256		6.045		15.962		981.860		15.228		1.183				0.50		0.79		0.11		0.01				0.38		0.60		0.20		0.02

		E55		55%		3991.6		1.000		0.960		1.010		207.7		441		0.670		5.016		0.259		6.056		19.883		982.625		11.107		0.544		3497.4		1.030		0.955		1.018		201.5		400		0.667		4.422		0.261		6.093		18.709		977.164		13.258		1.044				0.34		0.59		0.06		0.02				0.39		0.54		0.37		0.03

		E70		70%		3980		1.020		0.990		1.014		205.6		445		0.679		5.017		0.259		6.074		22.660		960.925		8.561		0.670		3471.2		1.010		0.974		1.027		199.8		395		0.668		4.399		0.260		6.108		22.416		954.285		11.618		1.367				0.60		0.91		0.07		0.03				0.50		0.80		0.08		0.02

		E85		85%		3994.4		1.000		1.012		1.021		206.6		437		0.692		5.029		0.258		6.067		25.681		956.658		6.545		0.892		3495.4		1.010		0.992		1.014		199.8		395		0.678		4.489		0.263		6.189		27.238		931.861		8.055		2.171				0.22		0.39		0.03		0.03				0.65		1.04		0.08		0.02

		E100		100%		3904.8		0.990		1.058		1.026		205.6		433		0.716		4.843		0.255		5.978		30.350		957.808		5.139		1.124		3423.2		1.040		1.070		1.015		199.8		392		0.724		4.361		0.262		6.139		27.403		932.890		6.579		2.700				0.65		1.00		0.02		0.02				0.99		1.69		0.06		0.07

		3500 rpm GPI only

		4000rpm GPI only

		3500rpm 50℃ (No EDI heating)

		3500rpm 70℃

		3500rpm 90℃

		4000rpm 50℃ (No EDI heating)

		4000rpm 70℃

		4000rpm 90℃





IMEP 3500 rpm

		



3500rpm 50℃ (No EDI heating)

3500rpm 70℃

3500rpm 90℃

4000rpm 50℃ (No EDI heating)

4000rpm 70℃

4000rpm 90℃

Ethanol ratio by volume (%)

Measured lambda (-)



		



3500rpm 50℃ (No EDI heating)

3500rpm 70℃

3500rpm 90℃

4000rpm 50℃ (No EDI heating)

4000rpm 70℃

4000rpm 90℃

Ethanol ratio by volume (%)

ISCO (g/kw-h)



		



3500rpm 50℃ (No EDI heating)

3500rpm 70℃

3500rpm 90℃

4000rpm 50℃ (No EDI heating)

4000rpm 70℃

4000rpm 90℃

Ethanol ratio by volume (%)

ISHC (g/kw-h)
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				Speed		Ethanol ratio		Air Flow Meter		iPower		ISCO		ISCO2		ISNOx		ISHC

				rpm		vol%		kg/h		kw		g/kWh		g/kWh		g/kWh		g/kWh

		Heating Power 40 WATTS

		E0		3988.8		0%		23.52		4.98260952		19.808		964.804		17.565		1.044

		E25		3978.2		25%		23.34		5.1220816825		23.255		938.298		15.537		1.114

		E40		3997.4		40%		23.3		5.1573365509		26.272		938.408		12.645		0.861

		E55		3907.4		55%		23.26		5.0980570669		37.990		914.922		10.610		1.277

		E70		3986.4		70%		23.32		5.3140396254		40.496		876.114		8.696		1.727

		E85		3938.4		85%		23.58		5.1577079634		48.598		879.240		5.698		2.177

		E100		3942.6		100%		23.46		5.1199313268		53.403		873.994		4.059		2.314

		Heating Power 1

		E25		3950.8		25%		23		5.0076933235		14.529		967.920		16.750		0.957

		E40		3963.8		40%		23.14		5.0501616388		18.798		963.171		13.420		0.634

		E55		3963.2		55%		23.3		5.0737391708		26.360		953.370		10.452		0.690

		E70		4040.4		70%		23.5		5.268398772		36.013		905.851		8.431		1.005

		E85		3967.2		85%		23.5		5.1765731496		39.042		899.372		6.455		1.410

		E100		3981.6		100%		23.58		5.0668915878		38.445		918.430		4.676		1.697

		Heating Power 2

		E25		3971.4		25%		23.02		5.0425392011		13.434		968.122		17.033		0.885

		E40		3971.2		40%		23.08		5.0342098232		15.512		973.611		13.712		0.536

		E55		3991.6		55%		23.14		5.015924392		19.883		982.625		11.107		0.544

		E70		3980		70%		23.4		5.01654324		22.660		960.925		8.561		0.670

		E85		3994.4		85%		23.9		5.0286430298		25.681		956.658		6.545		0.892

		E100		3904.8		100%		24.18		4.8434075142		30.350		957.808		5.139		1.124





		Sample		Speed		Measured lambda		Calculated Lambda		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		Lambda

		No.		rpm		-		-		%		%		℃		℃		%		kw		bar		-

		Heating Power 0 (Baseline)

		E0		3988.8		0.990		0.990		0%		0%		207.7		440		0.6819081724		4.98260952		6.02		1

		E25		3978.2		0.990		0.980		18%		25%		208.7		435		0.6785826918		5.1220816825		6.205		0.998

		E40		3997.4		0.990		0.969		31%		40%		208.7		432		0.6737252458		5.1573365509		6.2177		0.998

		E55		3907.4		0.980		0.986		45%		55%		208.2		431		0.6881625332		5.0980570669		6.2878		0.989

		E70		3986.4		0.990		0.986		62%		70%		207.1		429		0.6765185752		5.3140396254		6.4243		0.992

		E85		3938.4		0.990		1.013		79%		85%		205.6		432		0.6927605099		5.1577079634		6.3113		0.985

		E100		3942.6		0.990		1.016		100%		100%		203		432		0.6878619416		5.1199313268		6.2584		0.987

		Heating Power 1

		E25		3950.8		1.000		0.972		18%		25%		209.8		436		0.6732676657		5.0076933235		6.1085		1.006

		E40		3963.8		1.010		0.971		31%		40%		209.8		435		0.6749120125		5.0501616388		6.1401		1.008

		E55		3963.2		1.010		0.974		45%		55%		208.7		437		0.6797130694		5.0737391708		6.1697		1

		E70		4040.4		1.000		0.980		62%		70%		207.7		437		0.6724441562		5.268398772		6.284		0.994

		E85		3967.2		0.990		1.002		79%		85%		207.1		435		0.6846778497		5.1765731496		6.2884		0.995

		E100		3981.6		0.990		1.011		100%		100%		205.6		434		0.6842845412		5.0668915878		6.1329		1.003

		Heating Power 2

		E25		3971.4		1.000		0.968		18%		25%		210.8		437		0.6700857548		5.0425392011		6.1191		1.008

		E40		3971.2		1.010		0.967		31%		40%		209.2		439		0.6723284475		5.0342098232		6.1093		1.009

		E55		3991.6		1.000		0.960		45%		55%		207.7		441		0.6703156274		5.015924392		6.056		1.01

		E70		3980		1.020		0.990		62%		70%		205.6		445		0.6794576726		5.01654324		6.0744		1.014

		E85		3994.4		1.000		1.012		79%		85%		206.6		437		0.6918800003		5.0286430298		6.0671		1.021

		E100		3904.8		0.990		1.058		100%		100%		205.6		433		0.7160616798		4.8434075142		5.9777		1.026





				Speed		Ethanol ratio		iPower		Relative humidity		Room  temp.		ISCO		ISCO2		ISNOx		ISHC

				rpm		vol%		kw		%		℃		g/kWh		g/kWh		g/kWh		g/kWh

		Heating Power 40 WATTS

		E0		3504.2		0%		4.318592725		56.7		27.1		13.5166627619		987.5536329533		20.3670194782		1.2837057216

		E25		3478.4		25%		4.4509989024		56.7		27.1		17.159862725		952.0552335094		17.8981637611		1.7981755119

		E40		3508.2		40%		4.5183949605		56.7		27.1		29.0776589174		934.2843605195		14.4167698641		1.403145864

		E55		3507.6		55%		4.5513205791		56.7		27.1		35.0711658947		924.377765292		12.3212928514		1.5036931225

		E70		3469.6		70%		4.6066208812		56.7		27.1		36.8499264437		884.5758405061		10.7903733022		2.2078219416

		E85		3488.2		85%		4.6307372367		56.7		27.1		47.1271783078		866.5379360188		8.2650803899		3.1522565459

		E100		3510.4		100%		4.60353856		56.7		27.1		48.7261904994		869.3240370889		6.0061281633		3.6939326222

		Heating Power 1

		E25		3438.2		25%		4.3145894441		56.7		27.1		9.7456541572		984.5740353501		20.0137993801		1.2826095305

		E40		3467.4		40%		4.3864872478		56.7		27.1		18.9767180256		968.3826169325		15.9164523726		1.2479146818

		E55		3484.6		55%		4.4694890863		56.7		27.1		23.7334193223		954.5850818375		13.2175369554		1.1257707649

		E70		3513.6		70%		4.5631158336		56.7		27.1		28.7848482768		919.9239870547		11.241051922		1.5481251287

		E85		3453.8		85%		4.5697331414		56.7		27.1		30.6577715388		896.7463118149		9.6056031706		2.6295847497

		E100		3475.8		100%		4.5186407982		56.7		27.1		38.0901489406		895.1867244321		6.5171356997		3.2936483064

		Heating Power 2

		E25		3507		25%		4.391830128		56.7		27.1		8.7402034301		988.2246644136		19.7892231109		1.2856646119

		E40		3509.6		40%		4.40222289		56.7		27.1		15.9621436839		981.8597127845		15.22778667		1.183303534

		E55		3497.4		55%		4.4216089344		56.7		27.1		18.7086371373		977.1644889727		13.2577135736		1.043539609

		E70		3471.2		70%		4.399433592		56.7		27.1		22.4161664564		954.2851660332		11.617703484		1.3672666588

		E85		3495.4		85%		4.488926379		56.7		27.1		27.2383399915		931.8610022779		8.0551144765		2.1712875017

		E100		3423.2		100%		4.3609017716		56.7		27.1		27.4031147534		932.8896848667		6.578980761		2.6995155763





		Sample		Speed		Measured lambda		Calculated Lambda		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		Lambda		Volumetric Efficiency		iPower		IMEP

		No.		rpm		-		-		%		%		℃		℃		-		%		kw		bar

		Heating Power 0 (Baseline)

		E0		3504.2		1		0.9370018529		0%		0%		200.3		400		1.006		0.6453020665		4.318592725		5.9393

		E25		3478.4		1.01		0.9473444068		18%		25%		202		393		1.006		0.6559438658		4.4509989024		6.1668

		E40		3508.2		0.99		0.9476519561		31%		40%		202		394		0.999		0.6586209171		4.5183949605		6.207

		E55		3507.6		0.98		0.9328524769		45%		55%		201.5		393		0.996		0.6511073739		4.5513205791		6.2533

		E70		3469.6		0.99		0.95983246		62%		70%		201.5		391		0.993		0.6585374419		4.6066208812		6.3986

		E85		3488.2		0.97		0.9475681012		79%		85%		199.8		389		0.987		0.6477325749		4.6307372367		6.3978

		E100		3510.4		0.99		0.9864712		100%		100%		198.3		394		0.989		0.667580851		4.60353856		6.32

		Heating Power 1

		E25		3438.2		1.03		0.9477517664		18%		25%		202		395		1.02		0.6562259227		4.3145894441		6.0477

		E40		3467.4		1.02		0.9396948157		31%		40%		203.5		399		1.011		0.6530906809		4.3864872478		6.0967

		E55		3484.6		0.99		0.9453624102		45%		55%		202.5		397		1.006		0.6598389901		4.4694890863		6.1814

		E70		3513.6		1.01		0.9506156294		62%		70%		201.5		393		1.005		0.652213809		4.5631158336		6.2588

		E85		3453.8		1		1.0022601932		79%		85%		201.5		387		1.008		0.6851186473		4.5697331414		6.3764

		E100		3475.8		1.02		0.9888490471		100%		100%		200.3		394		1.008		0.6691900264		4.5186407982		6.2652

		Heating Power 2

		E25		3507		1.02		0.9316769991		18%		25%		203		396		1.024		0.6450957097		4.391830128		6.0352

		E40		3509.6		1.02		0.9498963497		31%		40%		203		401		1.01		0.6601807773		4.40222289		6.045

		E55		3497.4		1.03		0.955467042		45%		55%		201.5		400		1.018		0.6668917669		4.4216089344		6.0928

		E70		3471.2		1.01		0.9742404792		62%		70%		199.8		395		1.027		0.6684227297		4.399433592		6.108

		E85		3495.4		1.01		0.9918984399		79%		85%		199.8		395		1.014		0.6780356259		4.488926379		6.1891

		E100		3423.2		1.04		1.0699046854		100%		100%		199.8		392		1.015		0.7240433176		4.3609017716		6.1394
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Experimental results

				Volume percentage		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		ISCO		ISCO2		ISNOx		ISHC		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		ISCO		ISCO2		ISNOx		ISHC		4000rpm standard deviation		ISCO std. devi.		ISCO2 std. devi.		ISNOx  std. devi.		ISHC std. devi.		3500rpm standard deviation		ISCO std. devi.		ISCO2 std. devi.		ISNOx  std. devi.		ISHC std. devi.

				%		rpm		-		-		-		℃		℃		%		kw		bar		g/kWh		g/kWh		g/kWh		g/kWh		rpm		-		-		-		℃		℃		%		kw		bar		g/kWh		g/kWh		g/kWh		g/kWh				g/kWh		g/kWh		g/kWh		g/kWh				g/kWh		g/kWh		g/kWh		g/kWh

		50C (Baseline)

		E0		0%		3988.8		0.990		0.990		1.000		207.7		440		0.682		4.983		6.020		19.808		964.804		17.565		1.044		3504.2		1.000		0.937		1.006		200.3		400		0.645		4.319		5.939		13.517		987.554		20.367		1.284				1.02		1.67		0.35		0.05				0.65		1.08		0.18		0.02

		E25		25%		3978.2		0.990		0.980		0.998		208.7		435		0.679		5.122		6.205		23.255		938.298		15.537		1.114		3478.4		1.010		0.947		1.006		202		393		0.656		4.451		6.167		17.160		952.055		17.898		1.798				0.21		0.30		0.20		0.02				0.37		0.73		0.17		0.06

		E40		40%		3997.4		0.990		0.969		0.998		208.7		432		0.674		5.157		6.218		26.272		938.408		12.645		0.861		3508.2		0.990		0.948		0.999		202		394		0.659		4.518		6.207		29.078		934.284		14.417		1.403				0.21		0.34		0.08		0.02				0.29		0.47		0.18		0.02

		E55		55%		3907.4		0.980		0.986		0.989		208.2		431		0.688		5.098		6.288		37.990		914.922		10.610		1.277		3507.6		0.980		0.933		0.996		201.5		393		0.651		4.551		6.253		35.071		924.378		12.321		1.504				0.43		0.62		0.22		0.03				0.83		1.26		0.16		0.03

		E70		70%		3986.4		0.990		0.986		0.992		207.1		429		0.677		5.314		6.424		40.496		876.114		8.696		1.727		3469.6		0.990		0.960		0.993		201.5		391		0.659		4.607		6.399		36.850		884.576		10.790		2.208				0.26		0.43		0.06		0.02				0.55		0.94		0.15		0.06

		E85		85%		3938.4		0.990		1.013		0.985		205.6		432		0.693		5.158		6.311		48.598		879.240		5.698		2.177		3488.2		0.970		0.948		0.987		199.8		389		0.648		4.631		6.398		47.127		866.538		8.265		3.152				0.79		1.26		0.07		0.02				0.36		0.50		0.05		0.06

		E100		100%		3942.6		0.990		1.016		0.987		203		432		0.688		5.120		6.258		53.403		873.994		4.059		2.314		3510.4		0.990		0.986		0.989		198.3		394		0.668		4.604		6.320		48.726		869.324		6.006		3.694				0.41		0.67		0.06		0.02				0.99		1.55		0.17		0.04

		70C

		E25		25%		3950.8		1.000		0.972		1.006		209.8		436		0.673		5.008		6.109		14.529		967.920		16.750		0.957		3438.2		1.030		0.948		1.020		202		395		0.656		4.315		6.048		9.746		984.574		20.014		1.283				0.29		0.48		0.19		0.01				0.35		0.59		0.10		0.03

		E40		40%		3963.8		1.010		0.971		1.008		209.8		435		0.675		5.050		6.140		18.798		963.171		13.420		0.634		3467.4		1.020		0.940		1.011		203.5		399		0.653		4.386		6.097		18.977		968.383		15.916		1.248				0.18		0.31		0.19		0.02				0.34		0.55		0.16		0.02

		E55		55%		3963.2		1.010		0.974		1.000		208.7		437		0.680		5.074		6.170		26.360		953.370		10.452		0.690		3484.6		0.990		0.945		1.006		202.5		397		0.660		4.469		6.181		23.733		954.585		13.218		1.126				0.22		0.35		0.13		0.02				0.50		0.80		0.14		0.02

		E70		70%		4040.4		1.000		0.980		0.994		207.7		437		0.672		5.268		6.284		36.013		905.851		8.431		1.005		3513.6		1.010		0.951		1.005		201.5		393		0.652		4.563		6.259		28.785		919.924		11.241		1.548				0.56		0.94		0.04		0.03				0.18		0.25		0.09		0.03

		E85		85%		3967.2		0.990		1.002		0.995		207.1		435		0.685		5.177		6.288		39.042		899.372		6.455		1.410		3453.8		1.000		1.002		1.008		201.5		387		0.685		4.570		6.376		30.658		896.746		9.606		2.630				0.21		0.30		0.05		0.02				0.73		1.18		0.08		0.02

		E100		100%		3981.6		0.990		1.011		1.003		205.6		434		0.684		5.067		6.133		38.445		918.430		4.676		1.697		3475.8		1.020		0.989		1.008		200.3		394		0.669		4.519		6.265		38.090		895.187		6.517		3.294				0.27		0.46		0.08		0.04				0.93		1.50		0.12		0.02

		90C

		E25		25%		3971.4		1.000		0.968		1.008		210.8		437		0.670		5.043		6.119		13.434		968.122		17.033		0.885		3507		1.020		0.932		1.024		203		396		0.645		4.392		6.035		8.740		988.225		19.789		1.286				0.46		0.71		0.48		0.02				0.19		0.31		0.16		0.01

		E40		40%		3971.2		1.010		0.967		1.009		209.2		439		0.672		5.034		6.109		15.512		973.611		13.712		0.536		3509.6		1.020		0.950		1.010		203		401		0.660		4.402		6.045		15.962		981.860		15.228		1.183				0.50		0.79		0.11		0.01				0.38		0.60		0.20		0.02

		E55		55%		3991.6		1.000		0.960		1.010		207.7		441		0.670		5.016		6.056		19.883		982.625		11.107		0.544		3497.4		1.030		0.955		1.018		201.5		400		0.667		4.422		6.093		18.709		977.164		13.258		1.044				0.34		0.59		0.06		0.02				0.39		0.54		0.37		0.03

		E70		70%		3980		1.020		0.990		1.014		205.6		445		0.679		5.017		6.074		22.660		960.925		8.561		0.670		3471.2		1.010		0.974		1.027		199.8		395		0.668		4.399		6.108		22.416		954.285		11.618		1.367				0.60		0.91		0.07		0.03				0.50		0.80		0.08		0.02

		E85		85%		3994.4		1.000		1.012		1.021		206.6		437		0.692		5.029		6.067		25.681		956.658		6.545		0.892		3495.4		1.010		0.992		1.014		199.8		395		0.678		4.489		6.189		27.238		931.861		8.055		2.171				0.22		0.39		0.03		0.03				0.65		1.04		0.08		0.02

		E100		100%		3904.8		0.990		1.058		1.026		205.6		433		0.716		4.843		5.978		30.350		957.808		5.139		1.124		3423.2		1.040		1.070		1.015		199.8		392		0.724		4.361		6.139		27.403		932.890		6.579		2.700				0.65		1.00		0.02		0.02				0.99		1.69		0.06		0.07
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				Speed		Ethanol ratio		Air Flow Meter		iPower		ISCO		ISCO2		ISNOx		ISHC

				rpm		vol%		kg/h		kw		g/kWh		g/kWh		g/kWh		g/kWh

		Heating Power 40 WATTS

		E0		3988.8		0%		23.52		4.98260952		19.808		964.804		17.565		1.044

		E25		3978.2		25%		23.34		5.1220816825		23.255		938.298		15.537		1.114

		E40		3997.4		40%		23.3		5.1573365509		26.272		938.408		12.645		0.861

		E55		3907.4		55%		23.26		5.0980570669		37.990		914.922		10.610		1.277

		E70		3986.4		70%		23.32		5.3140396254		40.496		876.114		8.696		1.727

		E85		3938.4		85%		23.58		5.1577079634		48.598		879.240		5.698		2.177

		E100		3942.6		100%		23.46		5.1199313268		53.403		873.994		4.059		2.314

		Heating Power 1

		E25		3950.8		25%		23		5.0076933235		14.529		967.920		16.750		0.957

		E40		3963.8		40%		23.14		5.0501616388		18.798		963.171		13.420		0.634

		E55		3963.2		55%		23.3		5.0737391708		26.360		953.370		10.452		0.690

		E70		4040.4		70%		23.5		5.268398772		36.013		905.851		8.431		1.005

		E85		3967.2		85%		23.5		5.1765731496		39.042		899.372		6.455		1.410

		E100		3981.6		100%		23.58		5.0668915878		38.445		918.430		4.676		1.697

		Heating Power 2

		E25		3971.4		25%		23.02		5.0425392011		13.434		968.122		17.033		0.885

		E40		3971.2		40%		23.08		5.0342098232		15.512		973.611		13.712		0.536

		E55		3991.6		55%		23.14		5.015924392		19.883		982.625		11.107		0.544

		E70		3980		70%		23.4		5.01654324		22.660		960.925		8.561		0.670

		E85		3994.4		85%		23.9		5.0286430298		25.681		956.658		6.545		0.892

		E100		3904.8		100%		24.18		4.8434075142		30.350		957.808		5.139		1.124





		Sample		Speed		Measured lambda		Calculated Lambda		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		Lambda

		No.		rpm		-		-		%		%		℃		℃		%		kw		bar		-

		Heating Power 0 (Baseline)

		E0		3988.8		0.990		0.990		0%		0%		207.7		440		0.6819081724		4.98260952		6.02		1

		E25		3978.2		0.990		0.980		18%		25%		208.7		435		0.6785826918		5.1220816825		6.205		0.998

		E40		3997.4		0.990		0.969		31%		40%		208.7		432		0.6737252458		5.1573365509		6.2177		0.998

		E55		3907.4		0.980		0.986		45%		55%		208.2		431		0.6881625332		5.0980570669		6.2878		0.989

		E70		3986.4		0.990		0.986		62%		70%		207.1		429		0.6765185752		5.3140396254		6.4243		0.992

		E85		3938.4		0.990		1.013		79%		85%		205.6		432		0.6927605099		5.1577079634		6.3113		0.985

		E100		3942.6		0.990		1.016		100%		100%		203		432		0.6878619416		5.1199313268		6.2584		0.987

		Heating Power 1

		E25		3950.8		1.000		0.972		18%		25%		209.8		436		0.6732676657		5.0076933235		6.1085		1.006

		E40		3963.8		1.010		0.971		31%		40%		209.8		435		0.6749120125		5.0501616388		6.1401		1.008

		E55		3963.2		1.010		0.974		45%		55%		208.7		437		0.6797130694		5.0737391708		6.1697		1

		E70		4040.4		1.000		0.980		62%		70%		207.7		437		0.6724441562		5.268398772		6.284		0.994

		E85		3967.2		0.990		1.002		79%		85%		207.1		435		0.6846778497		5.1765731496		6.2884		0.995

		E100		3981.6		0.990		1.011		100%		100%		205.6		434		0.6842845412		5.0668915878		6.1329		1.003

		Heating Power 2

		E25		3971.4		1.000		0.968		18%		25%		210.8		437		0.6700857548		5.0425392011		6.1191		1.008

		E40		3971.2		1.010		0.967		31%		40%		209.2		439		0.6723284475		5.0342098232		6.1093		1.009

		E55		3991.6		1.000		0.960		45%		55%		207.7		441		0.6703156274		5.015924392		6.056		1.01

		E70		3980		1.020		0.990		62%		70%		205.6		445		0.6794576726		5.01654324		6.0744		1.014

		E85		3994.4		1.000		1.012		79%		85%		206.6		437		0.6918800003		5.0286430298		6.0671		1.021

		E100		3904.8		0.990		1.058		100%		100%		205.6		433		0.7160616798		4.8434075142		5.9777		1.026





				Speed		Ethanol ratio		iPower		Relative humidity		Room  temp.		ISCO		ISCO2		ISNOx		ISHC

				rpm		vol%		kw		%		℃		g/kWh		g/kWh		g/kWh		g/kWh

		Heating Power 40 WATTS

		E0		3504.2		0%		4.318592725		56.7		27.1		13.5166627619		987.5536329533		20.3670194782		1.2837057216

		E25		3478.4		25%		4.4509989024		56.7		27.1		17.159862725		952.0552335094		17.8981637611		1.7981755119

		E40		3508.2		40%		4.5183949605		56.7		27.1		29.0776589174		934.2843605195		14.4167698641		1.403145864

		E55		3507.6		55%		4.5513205791		56.7		27.1		35.0711658947		924.377765292		12.3212928514		1.5036931225

		E70		3469.6		70%		4.6066208812		56.7		27.1		36.8499264437		884.5758405061		10.7903733022		2.2078219416

		E85		3488.2		85%		4.6307372367		56.7		27.1		47.1271783078		866.5379360188		8.2650803899		3.1522565459

		E100		3510.4		100%		4.60353856		56.7		27.1		48.7261904994		869.3240370889		6.0061281633		3.6939326222

		Heating Power 1

		E25		3438.2		25%		4.3145894441		56.7		27.1		9.7456541572		984.5740353501		20.0137993801		1.2826095305

		E40		3467.4		40%		4.3864872478		56.7		27.1		18.9767180256		968.3826169325		15.9164523726		1.2479146818

		E55		3484.6		55%		4.4694890863		56.7		27.1		23.7334193223		954.5850818375		13.2175369554		1.1257707649

		E70		3513.6		70%		4.5631158336		56.7		27.1		28.7848482768		919.9239870547		11.241051922		1.5481251287

		E85		3453.8		85%		4.5697331414		56.7		27.1		30.6577715388		896.7463118149		9.6056031706		2.6295847497

		E100		3475.8		100%		4.5186407982		56.7		27.1		38.0901489406		895.1867244321		6.5171356997		3.2936483064

		Heating Power 2

		E25		3507		25%		4.391830128		56.7		27.1		8.7402034301		988.2246644136		19.7892231109		1.2856646119

		E40		3509.6		40%		4.40222289		56.7		27.1		15.9621436839		981.8597127845		15.22778667		1.183303534

		E55		3497.4		55%		4.4216089344		56.7		27.1		18.7086371373		977.1644889727		13.2577135736		1.043539609

		E70		3471.2		70%		4.399433592		56.7		27.1		22.4161664564		954.2851660332		11.617703484		1.3672666588

		E85		3495.4		85%		4.488926379		56.7		27.1		27.2383399915		931.8610022779		8.0551144765		2.1712875017

		E100		3423.2		100%		4.3609017716		56.7		27.1		27.4031147534		932.8896848667		6.578980761		2.6995155763





		Sample		Speed		Measured lambda		Calculated Lambda		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		Lambda		Volumetric Efficiency		iPower		IMEP

		No.		rpm		-		-		%		%		℃		℃		-		%		kw		bar

		Heating Power 0 (Baseline)

		E0		3504.2		1		0.9370018529		0%		0%		200.3		400		1.006		0.6453020665		4.318592725		5.9393

		E25		3478.4		1.01		0.9473444068		18%		25%		202		393		1.006		0.6559438658		4.4509989024		6.1668

		E40		3508.2		0.99		0.9476519561		31%		40%		202		394		0.999		0.6586209171		4.5183949605		6.207

		E55		3507.6		0.98		0.9328524769		45%		55%		201.5		393		0.996		0.6511073739		4.5513205791		6.2533

		E70		3469.6		0.99		0.95983246		62%		70%		201.5		391		0.993		0.6585374419		4.6066208812		6.3986

		E85		3488.2		0.97		0.9475681012		79%		85%		199.8		389		0.987		0.6477325749		4.6307372367		6.3978

		E100		3510.4		0.99		0.9864712		100%		100%		198.3		394		0.989		0.667580851		4.60353856		6.32

		Heating Power 1

		E25		3438.2		1.03		0.9477517664		18%		25%		202		395		1.02		0.6562259227		4.3145894441		6.0477

		E40		3467.4		1.02		0.9396948157		31%		40%		203.5		399		1.011		0.6530906809		4.3864872478		6.0967

		E55		3484.6		0.99		0.9453624102		45%		55%		202.5		397		1.006		0.6598389901		4.4694890863		6.1814

		E70		3513.6		1.01		0.9506156294		62%		70%		201.5		393		1.005		0.652213809		4.5631158336		6.2588

		E85		3453.8		1		1.0022601932		79%		85%		201.5		387		1.008		0.6851186473		4.5697331414		6.3764

		E100		3475.8		1.02		0.9888490471		100%		100%		200.3		394		1.008		0.6691900264		4.5186407982		6.2652

		Heating Power 2

		E25		3507		1.02		0.9316769991		18%		25%		203		396		1.024		0.6450957097		4.391830128		6.0352

		E40		3509.6		1.02		0.9498963497		31%		40%		203		401		1.01		0.6601807773		4.40222289		6.045

		E55		3497.4		1.03		0.955467042		45%		55%		201.5		400		1.018		0.6668917669		4.4216089344		6.0928

		E70		3471.2		1.01		0.9742404792		62%		70%		199.8		395		1.027		0.6684227297		4.399433592		6.108

		E85		3495.4		1.01		0.9918984399		79%		85%		199.8		395		1.014		0.6780356259		4.488926379		6.1891

		E100		3423.2		1.04		1.0699046854		100%		100%		199.8		392		1.015		0.7240433176		4.3609017716		6.1394
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Raw Data

		Date: 23-02-2016						Time: 3pm-5.40pm								Formula		Mole weight		C		H		O		LHV		Density

		Room temperature (℃): 26.8						Participants: Yuhan & Nizar								C2H6O		46.00		2.00		6.00		1.00		26.9 kj/kg		785.5 kg/m3

		Room Pressure (kPa): 101						Room Humidity (%): 59.8								C8H18		114.00		8.00		18.00		0.00		42.9 kj/kg		714.9 kg/m3

		Sample		Speed		Torque		Air flow rate		Measured lambda		Calculated Lambda		Throttle position		Gasoline input		Gasoline injected		Ethonal injected		Fuel flow Gasoline		Fuel Flow Ethanol		Total		Total fuel equivalent		H/C ratio α		O/C ratio β		Mole weight		Stoichio. A/F		Injection pressure		EDI timing		Spark timing		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		CO Conc		HC Conc		CO2 Conc		Lambda		O2 Conc		NO Conc		BSFC		Volumetric Efficiency		iPower		IMEP		bPower		BMEP		Mechanical efficiency		Brake The. Effi.		COV of IMEP				Indicated The. Effi.

		No.		rpm		N·m		kg/h		-		-		%		mg		mg		mg		kg/h		kg/h		kg/h		mg		-		-		-		-		bar		CAD BTDC		CAD BTDC		%		%		℃		℃		%		ppm		%		-		%		ppm		kg/kw·h		%		kw		bar		kw		bar		%		%		%				%

		Heating Power 0 (Baseline)

		1		3659.00				21.10		0.98		0.97		33.00		62.00		13.43		0.00		1.47		0.00		1.47		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.10		386.00		0.84		93.00		14.68		1.00		0.59		2469.00		0.00		0.67		4.51		6.24		0.00		0.00		0.00		0.00						0.27

		2		3605.00				20.90				0.97		33.00		62.00		13.43		0.00		1.45		0.00		1.45		13.43		2.25		0.00		114.00		14.80																0.85		94.00								2472.00		0.00		0.67				6.25		0.00		0.00				0.00

		3		3372.00				20.00				0.99		33.00		62.00		13.43		0.00		1.36		0.00		1.36		13.43		2.25		0.00		114.00		14.80																0.85		95.00								2496.00		0.00		0.69				6.24		0.00		0.00				0.00

		4		3399.00				20.30				1.00		33.00		62.00		13.43		0.00		1.37		0.00		1.37		13.43		2.25		0.00		114.00		14.80																0.86		95.00								2502.00		0.00		0.69				6.24		0.00		0.00				0.00

		5		3382.00				20.00				0.99		33.00		62.00		13.43		0.00		1.36		0.00		1.36		13.43		2.25		0.00		114.00		14.80																0.87		94.00								2486.00		0.00		0.68				6.25		0.00		0.00				0.00

		E0		3483.40		0.00		20.46		0.98		0.99		33.00		62.00		13.43		0.00		1.40		0.00		1.40		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.10		386.00		0.85		94.20		14.68		1.00		0.59		2485.00		0.00		0.68		4.51		6.24		0.00		0.00		0.00		0.00		0.00				0.27

		1		3614.00				20.30		0.99		0.94		33.00		52.00		11.07		4.00		1.20		0.43		1.63		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		379.00		0.72		107.00		14.72		1.00		0.57		2493.00		0.00		0.65		4.60		6.39		0.00		0.00		0.00		0.00						0.27

		2		3289.00				19.10				0.97		33.00		52.00		11.07		4.00		1.09		0.39		1.49		13.57		2.39		0.09		95.95		13.26																0.72		106.00								2458.00		0.00		0.67				6.37		0.00		0.00				0.00

		3		3482.00				19.30				0.92		33.00		52.00		11.07		4.00		1.16		0.42		1.57		13.57		2.39		0.09		95.95		13.26																0.72		105.00								2422.00		0.00		0.64				6.38		0.00		0.00				0.00

		4		3312.00				19.60				0.99		33.00		52.00		11.07		4.00		1.10		0.40		1.50		13.57		2.39		0.09		95.95		13.26																0.71		104.00								2430.00		0.00		0.68				6.38		0.00		0.00				0.00

		5		3628.00				19.30				0.89		33.00		52.00		11.07		4.00		1.20		0.44		1.64		13.57		2.39		0.09		95.95		13.26																0.71		104.00								2449.00		0.00		0.61				6.37		0.00		0.00				0.00

		E25		3465.00		0.00		19.52		0.99		0.94		33.00		52.00		11.07		4.00		1.15		0.42		1.57		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		379.00		0.72		105.20		14.72		1.00		0.57		2450.40		0.00		0.65		4.60		6.38		0.00		0.00		0.00		0.00		0.00				0.27

		1		3622.00				20.00		0.98		0.92		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		377.00		1.00		90.00		14.46		1.00		0.71		2147.00		0.00		0.64		4.57		6.40		0.00		0.00		0.00		0.00						0.27

		2		3350.00				20.20				1.00		33.00		45.00		9.42		6.80		0.95		0.68		1.63		13.67		2.48		0.15		85.49		12.37																0.99		90.00								2185.00		0.00		0.70				6.41		0.00		0.00				0.00

		3		3619.00				19.40				0.89		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37																0.99		87.00								2126.00		0.00		0.62				6.40		0.00		0.00				0.00

		4		3291.00				19.50				0.98		33.00		45.00		9.42		6.80		0.93		0.67		1.60		13.67		2.48		0.15		85.49		12.37																0.98		90.00								2223.00		0.00		0.68				6.41		0.00		0.00				0.00

		5		3312.00				19.60				0.98		33.00		45.00		9.42		6.80		0.94		0.68		1.61		13.67		2.48		0.15		85.49		12.37																0.97		88.00								2170.00		0.00		0.68				6.41		0.00		0.00				0.00

		E40		3438.80		0.00		19.74		0.98		0.96		33.00		45.00		9.42		6.80		0.97		0.70		1.67		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		377.00		0.99		89.00		14.46		1.00		0.71		2170.20		0.00		0.66		4.57		6.41		0.00		0.00		0.00		0.00		0.00				0.27

		1		3287.00				19.90		0.98		1.00		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		204.50		375.00		1.16		77.00		14.16		1.00		0.78		1788.00		0.00		0.70		4.64		6.41		0.00		0.00		0.00		0.00						0.27

		2		3622.00				20.10				0.92		33.00		37.00		7.53		10.00		0.82		1.09		1.90		13.78		2.59		0.23		75.21		11.49																1.14		77.00								1921.00		0.00		0.64				6.44		0.00		0.00				0.00

		3		3673.00				19.90				0.90		33.00		37.00		7.53		10.00		0.83		1.10		1.93		13.78		2.59		0.23		75.21		11.49																1.11		77.00								1872.00		0.00		0.63				6.42		0.00		0.00				0.00

		4		3583.00				20.30				0.94		33.00		37.00		7.53		10.00		0.81		1.07		1.88		13.78		2.59		0.23		75.21		11.49																1.10		78.00								1822.00		0.00		0.65				6.44		0.00		0.00				0.00

		5		3287.00				20.10				1.01		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																1.12		78.00								1897.00		0.00		0.71				6.43		0.00		0.00				0.00

		E55		3490.40		0.00		20.06		0.98		0.95		33.00		37.00		7.53		10.00		0.79		1.05		1.84		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		204.50		375.00		1.13		77.40		14.16		1.00		0.78		1860.00		0.00		0.67		4.64		6.43		0.00		0.00		0.00		0.00		0.00				0.27

		1		3305.00				21.00		0.98		1.07		33.00		27.00		5.17		13.50		0.51		1.34		1.85		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.00		370.00		1.45		96.00		13.84		0.99		1.04		1475.00		0.00		0.73		4.70		6.48		0.00		0.00		0.00		0.00						0.28

		2		3329.00				21.20				1.07		33.00		27.00		5.17		13.50		0.52		1.35		1.86		13.61		2.71		0.31		64.83		10.61																		96.00								1434.00		0.00		0.74				6.49		0.00		0.00				0.00

		3		3543.00				20.90				0.99		33.00		27.00		5.17		13.50		0.55		1.43		1.98		13.61		2.71		0.31		64.83		10.61																1.41		95.00								1461.00		0.00		0.68				6.49		0.00		0.00				0.00

		4		3682.00				20.20				0.92		33.00		27.00		5.17		13.50		0.57		1.49		2.06		13.61		2.71		0.31		64.83		10.61																		95.00								1471.00		0.00		0.63				6.46		0.00		0.00				0.00

		5		3600.00				20.80				0.97		33.00		27.00		5.17		13.50		0.56		1.46		2.02		13.61		2.71		0.31		64.83		10.61																		97.00								1509.00		0.00		0.67				6.43		0.00		0.00				0.00

		E70		3491.80		0.00		20.82		0.98		1.01		33.00		27.00		5.17		13.50		0.54		1.41		1.96		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.00		370.00		1.43		95.80		13.84		0.99		1.04		1470.00		0.00		0.69		4.70		6.47		0.00		0.00		0.00		0.00		0.00				0.28

		1		3619.00				19.70		0.98		0.92		33.00		17.00		2.81		17.30		0.30		1.88		2.18		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		199.80		370.00		1.59		108.00		13.70		1.00		1.01		1136.00		0.00		0.63		4.64		6.50		0.00		0.00		0.00		0.00						0.28

		2		3310.00				19.50				1.00		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.58		105.00								1130.00		0.00		0.68				6.46		0.00		0.00				0.00

		3		3308.00				20.00				1.02		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.57		105.00								1138.00		0.00		0.70				6.47		0.00		0.00				0.00

		4		3676.00				19.30				0.89		33.00		17.00		2.81		17.30		0.31		1.91		2.22		13.62		2.84		0.40		55.50		9.81																1.58		104.00								1131.00		0.00		0.61				6.49		0.00		0.00				0.00

		5		3319.00				19.20				0.98		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.58		104.00								1132.00		0.00		0.67				6.45		0.00		0.00				0.00

		E85		3446.40		0.00		19.54		0.98		0.96		33.00		17.00		2.81		17.30		0.29		1.79		2.08		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		199.80		370.00		1.58		105.20		13.70		1.00		1.01		1133.40		0.00		0.66		4.64		6.47		0.00		0.00		0.00		0.00		0.00				0.28

		1		3583.00				21.70		0.90		1.03		33.00						21.70		0.00		2.33		2.33		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		198.30		374.00		1.60				13.68		1.00		1.04		778.00		0.00		0.70		4.72		6.53		0.00		0.00		0.00		0.00						0.28

		2		3608.00				20.80				0.98		33.00						21.70		0.00		2.35		2.35		13.56		3.00		0.50		46.00		9.00																1.58										779.00		0.00		0.67						0.00		0.00				0.00

		3		3315.00				21.10				1.09		33.00						21.70		0.00		2.16		2.16		13.56		3.00		0.50		46.00		9.00																1.57												0.00		0.74						0.00		0.00				0.00

		4		3650.00				21.20				0.99		33.00						21.70		0.00		2.38		2.38		13.56		3.00		0.50		46.00		9.00																1.66		114.00								741.00		0.00		0.67						0.00		0.00				0.00

		5		3280.00				21.40				1.11		33.00						21.70		0.00		2.14		2.14		13.56		3.00		0.50		46.00		9.00																1.60		114.00								773.00		0.00		0.75				6.55		0.00		0.00				0.00

		E100		3487.20		0.00		21.24		0.90		1.04		33.00						21.70		0.00		2.27		2.27		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		198.30		374.00		1.60		114.00		13.68		1.00		1.04		767.75		0.00		0.71		4.72		6.54		0.00		0.00		0.00		0.00		0.00				0.28

		Heating Power 1												33.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		E0		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1		3266.00				19.50		1.00		1.00		33.00		52.00		11.07		4.00		1.08		0.39		1.48		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		206.60		382.00		0.39		98.00		14.84		1.01		0.64		2669.00		0.00		0.69		4.57		6.34		0.00		0.00		0.00		0.00						0.27

		2		3605.00				20.10				0.93		33.00		52.00		11.07		4.00		1.20		0.43		1.63		13.57		2.39		0.09		95.95		13.26																0.38		97.00								2718.00		0.00		0.64						0.00		0.00				0.00

		3		3619.00				19.50				0.90		33.00		52.00		11.07		4.00		1.20		0.43		1.64		13.57		2.39		0.09		95.95		13.26																0.36		97.00								2752.00		0.00		0.62				6.35		0.00		0.00				0.00

		4		3628.00				20.10				0.92		33.00		52.00		11.07		4.00		1.20		0.44		1.64		13.57		2.39		0.09		95.95		13.26																0.34		97.00								2743.00		0.00		0.64				6.35		0.00		0.00				0.00

		5		3275.00				19.60				1.00		33.00		52.00		11.07		4.00		1.09		0.39		1.48		13.57		2.39		0.09		95.95		13.26																0.33		98.00								2730.00		0.00		0.69				6.35		0.00		0.00				0.00

		E25		3478.60		0.00		19.76		1.00		0.95		33.00		52.00		11.07		4.00		1.16		0.42		1.57		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		206.60		382.00		0.36		97.40		14.84		1.01		0.64		2722.40		0.00		0.66		4.57		6.35		0.00		0.00		0.00		0.00		0.00				0.27

		1		3294.00				20.40		0.99		1.03		33.00		45.00		9.42		6.80		0.93		0.67		1.60		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		378.00		0.62		80.00		14.64		1.01		0.80		2267.00		0.00		0.72		4.59		6.37		0.00		0.00		0.00		0.00						0.27

		2		3616.00				20.70				0.95		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37																0.65		81.00								2240.00		0.00		0.66				6.36		0.00		0.00				0.00

		3		3310.00				20.00				1.00		33.00		45.00		9.42		6.80		0.94		0.68		1.61		13.67		2.48		0.15		85.49		12.37																0.66		81.00								2263.00		0.00		0.70				6.39		0.00		0.00				0.00

		4		3600.00				20.60				0.95		33.00		45.00		9.42		6.80		1.02		0.73		1.75		13.67		2.48		0.15		85.49		12.37																0.67		81.00								2278.00		0.00		0.66				6.36		0.00		0.00				0.00

		5		3567.00				20.40				0.95		33.00		45.00		9.42		6.80		1.01		0.73		1.74		13.67		2.48		0.15		85.49		12.37																0.66		81.00								2239.00		0.00		0.66				6.36		0.00		0.00				0.00

		E40		3477.40		0.00		20.42		0.99		0.98		33.00		45.00		9.42		6.80		0.98		0.71		1.69		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		378.00		0.65		80.80		14.64		1.01		0.80		2257.40		0.00		0.68		4.59		6.37		0.00		0.00		0.00		0.00		0.00				0.27

		1		3597.00				20.40		0.99		0.94		33.00		37.00		7.53		10.00		0.81		1.08		1.89		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.00		376.00		0.76		65.00		14.32		1.02		1.04		1989.00		0.00		0.66		4.61		6.34		0.00		0.00		0.00		0.00						0.27

		2		3616.00				20.40				0.93		33.00		37.00		7.53		10.00		0.82		1.08		1.90		13.78		2.59		0.23		75.21		11.49																0.76		63.00								1952.00		0.00		0.65				6.37		0.00		0.00				0.00

		3		3679.00				20.30				0.91		33.00		37.00		7.53		10.00		0.83		1.10		1.93		13.78		2.59		0.23		75.21		11.49																0.76		64.00								1964.00		0.00		0.64						0.00		0.00				0.00

		4		3291.00				20.10				1.01		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																0.73		64.00								1959.00		0.00		0.71				6.36		0.00		0.00				0.00

		5		3331.00				20.00				0.99		33.00		37.00		7.53		10.00		0.75		1.00		1.75		13.78		2.59		0.23		75.21		11.49																0.73		64.00								1962.00		0.00		0.69				6.36		0.00		0.00				0.00

		E55		3502.80		0.00		20.24		0.99		0.96		33.00		37.00		7.53		10.00		0.79		1.05		1.84		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.00		376.00		0.75		64.00		14.32		1.02		1.04		1965.20		0.00		0.67		4.61		6.36		0.00		0.00		0.00		0.00		0.00				0.27

		1		3679.00				20.10		0.98		0.92		33.00		27.00		5.17		13.50		0.57		1.49		2.06		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.50		372.00		1.29		74.00		13.80		1.00		1.03		1344.00		0.00		0.63		4.59		6.39		0.00		0.00		0.00		0.00						0.27

		2		3343.00				20.00				1.01		33.00		27.00		5.17		13.50		0.52		1.35		1.87		13.61		2.71		0.31		64.83		10.61																		75.00								1358.00		0.00		0.69				6.37		0.00		0.00				0.00

		3		3296.00				20.50				1.05		33.00		27.00		5.17		13.50		0.51		1.33		1.85		13.61		2.71		0.31		64.83		10.61																		75.00								1364.00		0.00		0.72				6.39		0.00		0.00				0.00

		4		3670.00				20.00				0.92		33.00		27.00		5.17		13.50		0.57		1.49		2.06		13.61		2.71		0.31		64.83		10.61																1.37		76.00								1389.00		0.00		0.63				6.37		0.00		0.00				0.00

		5		3331.00				20.40				1.03		33.00		27.00		5.17		13.50		0.52		1.35		1.87		13.61		2.71		0.31		64.83		10.61																1.35		77.00								1442.00		0.00		0.71						0.00		0.00				0.00

		E70		3463.80		0.00		20.20		0.98		0.98		33.00		27.00		5.17		13.50		0.54		1.40		1.94		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.50		372.00		1.34		75.40		13.80		1.00		1.03		1379.40		0.00		0.68		4.59		6.38		0.00		0.00		0.00		0.00		0.00				0.27

		1		3656.00				21.90		0.98		1.01		33.00		17.00		2.81		17.30		0.31		1.90		2.21		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		201.50		373.00		1.51		93.00		13.70		1.00		1.04		1025.00		0.00		0.69		4.66		6.42		0.00		0.00		0.00		0.00						0.27

		2		3394.00				21.10				1.05		33.00		17.00		2.81		17.30		0.29		1.76		2.05		13.62		2.84		0.40		55.50		9.81																1.51		94.00								1059.00		0.00		0.72				6.42		0.00		0.00				0.00

		3		3667.00				20.40				0.94		33.00		17.00		2.81		17.30		0.31		1.90		2.21		13.62		2.84		0.40		55.50		9.81																		94.00								1053.00		0.00		0.64				6.43		0.00		0.00				0.00

		4		3382.00				20.90				1.04		33.00		17.00		2.81		17.30		0.29		1.76		2.04		13.62		2.84		0.40		55.50		9.81																1.50		96.00								1050.00		0.00		0.71				6.45		0.00		0.00				0.00

		5		3396.00				20.70				1.03		33.00		17.00		2.81		17.30		0.29		1.76		2.05		13.62		2.84		0.40		55.50		9.81																1.51		103.00								1011.00		0.00		0.70				6.41		0.00		0.00				0.00

		E85		3499.00		0.00		21.00		0.98		1.02		33.00		17.00		2.81		17.30		0.29		1.82		2.11		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		201.50		373.00		1.51		96.00		13.70		1.00		1.04		1039.60		0.00		0.69		4.66		6.42		0.00		0.00		0.00		0.00		0.00				0.27

		1		3409.00				20.00		0.98		1.00		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		201.50		377.00		1.49		112.00		13.76		1.00		1.00		767.00		0.00		0.68		4.71		6.54		0.00		0.00		0.00		0.00						0.28

		2		3341.00				20.20				1.03		33.00						21.70		0.00		2.17		2.17		13.56		3.00		0.50		46.00		9.00																1.49		113.00								778.00		0.00		0.70				6.53		0.00		0.00				0.00

		3		3586.00				20.30				0.97		33.00						21.70		0.00		2.33		2.33		13.56		3.00		0.50		46.00		9.00																1.40										776.00		0.00		0.65				6.53		0.00		0.00				0.00

		4		3353.00				20.50				1.04		33.00						21.70		0.00		2.18		2.18		13.56		3.00		0.50		46.00		9.00																1.47										768.00		0.00		0.71						0.00		0.00				0.00

		5		3676.00				20.10				0.93		33.00						21.70		0.00		2.39		2.39		13.56		3.00		0.50		46.00		9.00																1.41										790.00		0.00		0.63						0.00		0.00				0.00

		E100		3473.00		0.00		20.22		0.98		1.00		33.00						21.70		0.00		2.26		2.26		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		201.50		377.00		1.45		112.50		13.76		1.00		1.00		775.80		0.00		0.67		4.71		6.53		0.00		0.00		0.00		0.00		0.00				0.28

		Heating Power 2												33.00

		1		3336.00				19.60		0.99		0.99		33.00		62.00		13.43		0.00		1.34		0.00		1.34		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.60		387.00		0.56		94.00		14.84		1.01		0.87		2554.00		0.00		0.68		4.35		6.21		0.00		0.00		0.00		0.00						0.27

		2		3315.00				19.20				0.97		33.00		62.00		13.43		0.00		1.34		0.00		1.34		13.43		2.25		0.00		114.00		14.80																0.56		93.00								2585.00		0.00		0.67				6.20		0.00		0.00				0.00

		3		3315.00				19.40				0.98		33.00		62.00		13.43		0.00		1.34		0.00		1.34		13.43		2.25		0.00		114.00		14.80																0.55		93.00								2597.00		0.00		0.68				6.23		0.00		0.00				0.00

		4		3575.00				19.00				0.89		33.00		62.00		13.43		0.00		1.44		0.00		1.44		13.43		2.25		0.00		114.00		14.80																0.55		92.00								2573.00		0.00		0.61				6.19		0.00		0.00				0.00

		5		3348.00				18.60				0.93		33.00		62.00		13.43		0.00		1.35		0.00		1.35		13.43		2.25		0.00		114.00		14.80																0.54		91.00								2612.00		0.00		0.64				6.22		0.00		0.00				0.00

		E0		3377.80		0.00		19.16		0.99		0.95		33.00		62.00		13.43		0.00		1.36		0.00		1.36		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.60		387.00		0.55		92.60		14.84		1.01		0.87		2584.20		0.00		0.66		4.35		6.21		0.00		0.00		0.00		0.00		0.00				0.27

		1		3580.00				20.30		0.98		0.95		33.00		52.00		11.07		4.00		1.19		0.43		1.62		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		383.00		0.43		104.00		14.80		1.01		0.66		2580.00		0.00		0.65		4.57		6.36		0.00		0.00		0.00		0.00						0.27

		2		3294.00				19.70				1.00		33.00		52.00		11.07		4.00		1.09		0.40		1.49		13.57		2.39		0.09		95.95		13.26																0.44		104.00								2574.00		0.00		0.69						0.00		0.00				0.00

		3		3266.00				20.00				1.02		33.00		52.00		11.07		4.00		1.08		0.39		1.48		13.57		2.39		0.09		95.95		13.26																0.45		104.00								2556.00		0.00		0.71						0.00		0.00				0.00

		4		3586.00				19.90				0.93		33.00		52.00		11.07		4.00		1.19		0.43		1.62		13.57		2.39		0.09		95.95		13.26																0.46		103.00								2564.00		0.00		0.64						0.00		0.00				0.00

		5		3578.00				19.70				0.92		33.00		52.00		11.07		4.00		1.19		0.43		1.62		13.57		2.39		0.09		95.95		13.26																0.42		101.00								2545.00		0.00		0.64				6.36		0.00		0.00				0.00

		E25		3460.80		0.00		19.92		0.98		0.96		33.00		52.00		11.07		4.00		1.15		0.42		1.56		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		383.00		0.44		103.20		14.80		1.01		0.66		2563.80		0.00		0.67		4.57		6.36		0.00		0.00		0.00		0.00		0.00				0.27

		1		3282.00				19.70		0.99		1.00		33.00		45.00		9.42		6.80		0.93		0.67		1.60		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.70		378.00		0.55		81.00		14.60		1.01		0.81		2301.00		0.00		0.69		4.58		6.34		0.00		0.00		0.00		0.00						0.27

		2		3273.00				20.10				1.02		33.00		45.00		9.42		6.80		0.92		0.67		1.59		13.67		2.48		0.15		85.49		12.37																0.54		81.00								2378.00		0.00		0.71				6.34		0.00		0.00				0.00

		3		3672.00				20.20				0.91		33.00		45.00		9.42		6.80		1.04		0.75		1.79		13.67		2.48		0.15		85.49		12.37																0.53		82.00								2374.00		0.00		0.64				6.36		0.00		0.00				0.00

		4		3619.00				19.70				0.90		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37																0.53		83.00								2324.00		0.00		0.63				6.36		0.00		0.00				0.00

		5		3559.00				20.20				0.94		33.00		45.00		9.42		6.80		1.01		0.73		1.73		13.67		2.48		0.15		85.49		12.37																0.54		84.00								2362.00		0.00		0.66				6.35		0.00		0.00				0.00

		E40		3481.00		0.00		19.98		0.99		0.96		33.00		45.00		9.42		6.80		0.98		0.71		1.69		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.70		378.00		0.54		82.20		14.60		1.01		0.81		2347.80		0.00		0.66		4.58		6.35		0.00		0.00		0.00		0.00		0.00				0.27

		1		3578.00				19.90		1.01		0.92		33.00		37.00		7.53		10.00		0.81		1.07		1.88		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.60		376.00		0.63		61.00		14.32		1.02		1.12		2036.00		0.00		0.64		4.53		6.32		0.00		0.00		0.00		0.00						0.27

		2		3287.00				19.80				1.00		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																0.61		60.00								2025.00		0.00		0.70						0.00		0.00				0.00

		3		3556.00				19.60				0.91		33.00		37.00		7.53		10.00		0.80		1.07		1.87		13.78		2.59		0.23		75.21		11.49																0.63		61.00								2073.00		0.00		0.64						0.00		0.00				0.00

		4		3567.00				19.80				0.92		33.00		37.00		7.53		10.00		0.81		1.07		1.88		13.78		2.59		0.23		75.21		11.49																0.63		61.00								2034.00		0.00		0.64				6.33		0.00		0.00				0.00

		5		3284.00				20.10				1.01		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																0.64		62.00								2043.00		0.00		0.71				6.32		0.00		0.00				0.00

		E55		3454.40		0.00		19.84		1.01		0.95		33.00		37.00		7.53		10.00		0.78		1.04		1.82		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.60		376.00		0.63		61.00		14.32		1.02		1.12		2042.20		0.00		0.66		4.53		6.32		0.00		0.00		0.00		0.00		0.00				0.27

		1		3580.00				20.00		1.00		0.94		33.00		27.00		5.17		13.50		0.56		1.45		2.01		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		203.00		376.00		0.82		58.00		14.04		1.02		1.16		1517.00		0.00		0.65		4.55		6.33		0.00		0.00		0.00		0.00						0.27

		2		3294.00				20.30				1.04		33.00		27.00		5.17		13.50		0.51		1.33		1.84		13.61		2.71		0.31		64.83		10.61																0.91		57.00								1486.00		0.00		0.71				6.32		0.00		0.00				0.00

		3		3548.00				20.40				0.97		33.00		27.00		5.17		13.50		0.55		1.44		1.99		13.61		2.71		0.31		64.83		10.61																0.79		54.00								1437.00		0.00		0.66						0.00		0.00				0.00

		4		3286.00				20.50				1.05		33.00		27.00		5.17		13.50		0.51		1.33		1.84		13.61		2.71		0.31		64.83		10.61																0.82		54.00								1431.00		0.00		0.72						0.00		0.00				0.00

		5		3622.00				20.00				0.93		33.00		27.00		5.17		13.50		0.56		1.47		2.03		13.61		2.71		0.31		64.83		10.61																0.85		54.00								1473.00		0.00		0.64						0.00		0.00				0.00

		E70		3466.00		0.00		20.24		1.00		0.99		33.00		27.00		5.17		13.50		0.54		1.40		1.94		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		203.00		376.00		0.84		55.40		14.04		1.02		1.16		1468.80		0.00		0.68		4.55		6.33		0.00		0.00		0.00		0.00		0.00				0.27

		1		3636.00				19.60		0.99		0.91		33.00		17.00		2.81		17.30		0.31		1.89		2.19		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		200.90		373.00		1.19		63.00		13.78		1.02		1.35		1011.00		0.00		0.62		4.52		6.28		0.00		0.00		0.00		0.00						0.27

		2		3679.00				19.10				0.88		33.00		17.00		2.81		17.30		0.31		1.91		2.22		13.62		2.84		0.40		55.50		9.81																1.26		58.00								1034.00		0.00		0.60						0.00		0.00				0.00

		3		3333.00				19.00				0.96		33.00		17.00		2.81		17.30		0.28		1.73		2.01		13.62		2.84		0.40		55.50		9.81																1.25		59.00								1025.00		0.00		0.66						0.00		0.00				0.00

		4		3379.00				19.50				0.98		33.00		17.00		2.81		17.30		0.28		1.75		2.04		13.62		2.84		0.40		55.50		9.81																1.20		60.00								1036.00		0.00		0.67						0.00		0.00				0.00

		5		3319.00				20.10				1.02		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.17		60.00								1060.00		0.00		0.70						0.00		0.00				0.00

		E85		3469.20		0.00		19.46		0.99		0.95		33.00		17.00		2.81		17.30		0.29		1.80		2.09		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		200.90		373.00		1.21		60.00		13.78		1.02		1.35		1033.20		0.00		0.65		4.52		6.28		0.00		0.00		0.00		0.00		0.00				0.27

		1		3411.00				21.20		0.99		1.06		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		200.30		376.00		1.32		64.00		13.74		1.01		1.19		726.00		0.00		0.72		4.57		6.36		0.00		0.00		0.00		0.00						0.27

		2		3667.00				20.70				0.96		33.00						21.70		0.00		2.39		2.39		13.56		3.00		0.50		46.00		9.00																1.31		63.00								778.00		0.00		0.65				6.35		0.00		0.00				0.00

		3		3404.00				19.80				0.99		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00																1.32		63.00								756.00		0.00		0.67				6.40		0.00		0.00				0.00

		4		3401.00				20.40				1.02		33.00						21.70		0.00		2.21		2.21		13.56		3.00		0.50		46.00		9.00																1.29		62.00								766.00		0.00		0.69						0.00		0.00				0.00

		5		3411.00				20.60				1.03		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00																1.30		62.00								776.00		0.00		0.70				6.38		0.00		0.00				0.00

		E100		3458.80		0.00		20.54		0.99		1.01		33.00						21.70		0.00		2.25		2.25		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		200.30		376.00		1.31		62.80		13.74		1.01		1.19		760.40		0.00		0.69		4.57		6.37		0.00		0.00		0.00		0.00		0.00				0.27

		E0 Spark timing												33.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		15.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		18.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		20.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		22.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		24.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		26.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		28.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		E55 Spark timing												33.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		15.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		18.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		20.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		22.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		24.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		26.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		28.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		30.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		E100 Spark timing												33.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		15.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		18.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		20.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		22.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		24.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		26.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		28.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		30.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00





Calculations

		Sample		Speed		Torque		Air flow rate		Measured lambda		Calculated Lambda		Throttle position		Gasoline input		Gasoline injected		Ethonal injected		Fuel flow Gasoline		Fuel Flow Ethanol		Total		Total fuel equivalent		H/C ratio α		O/C ratio β		Mole weight		Stoichio. A/F		Injection pressure		EDI timing		Spark timing		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		CO Conc		HC Conc		CO2 Conc		Lambda		O2 Conc		NO Conc		BSFC		Volumetric Efficiency		iPower		IMEP		bPower		BMEP		Mechanical efficiency		Brake The. Effi.		COV of IMEP				Indicated The. Effi.

		No.		rpm		N·m		kg/h		-		-		%		mg		mg		mg		kg/h		kg/h		kg/h		mg		-		-		-		-		bar		CAD BTDC		CAD BTDC		%		%		℃		℃		%		ppm		%		-		%		ppm		kg/kw·h		%		kw		bar		kw		bar		%		%		%				%

		Heating Power 0 (Baseline)

		E0		3377.800				19.160		0.990		0.952		33.000		62.000		13.429		0.000		1.361		0.000		1.361		13.429		2.250		0.000		114.000		14.800		0.000		0.000		15.000		0.000		0.000		206.600		387.000		0.552		92.600		14.840		1.008		0.870		2584.200				0.656		4.353		6.209		0.000		0.000		0.000		0.000						0.268

		E25		3465.000		0.000		19.520		0.990		0.941		33.000		52.000		11.069		4.000		1.151		0.416		1.566		13.569		2.387		0.091		95.950		13.260		40.000		300.000		15.000		0.185		0.247		207.100		379.000		0.716		105.200		14.720		1.000		0.570		2450.400		0.000		0.652		4.596		6.380		0.000		0.000		0.000		0.000		0.000				0.273

		E40		3438.800		0.000		19.740		0.980		0.956		33.000		45.000		9.417		6.800		0.971		0.702		1.673		13.667		2.482		0.155		85.487		12.368		40.000		300.000		15.000		0.312		0.397		207.100		377.000		0.986		89.000		14.460		0.999		0.710		2170.200		0.000		0.664		4.569		6.406		0.000		0.000		0.000		0.000		0.000				0.272

		E55		3490.400		0.000		20.060		0.980		0.953		33.000		37.000		7.529		10.000		0.788		1.047		1.835		13.779		2.589		0.226		75.207		11.491		40.000		300.000		15.000		0.454		0.547		204.500		375.000		1.126		77.400		14.160		0.999		0.780		1860.000		0.000		0.665		4.641		6.426		0.000		0.000		0.000		0.000		0.000				0.270

		E70		3491.800		0.000		20.820		0.980		1.006		33.000		27.000		5.169		13.500		0.541		1.414		1.956		13.607		2.714		0.309		64.828		10.606		40.000		300.000		15.000		0.621		0.704		202.000		370.000		1.430		95.800		13.840		0.994		1.040		1470.000		0.000		0.690		4.695		6.469		0.000		0.000		0.000		0.000		0.000				0.276

		E85		3446.400		0.000		19.540		0.980		0.960		33.000		17.000		2.809		17.300		0.290		1.789		2.079		13.622		2.844		0.396		55.499		9.810		40.000		300.000		15.000		0.794		0.849		199.800		370.000		1.580		105.200		13.700		0.995		1.010		1133.400		0.000		0.656		4.645		6.472		0.000		0.000		0.000		0.000		0.000				0.276

		E100		3487.200		0.000		21.240		0.900		1.042		33.000		0.000		0.000		21.700		0.000		2.270		2.270		13.563		3.000		0.500		46.000		9.000		40.000		300.000		15.000		1.000		1.000		198.300		374.000		1.602		114.000		13.680		0.995		1.040		767.750		0.000		0.705		4.723		6.539		0.000		0.000		0.000		0.000		0.000				0.278

		Heating Power 1

		E25		3478.600		0.000		19.760		1.000		0.949		33.000		52.000		11.069		4.000		1.155		0.417		1.573		13.569		2.387		0.091		95.950		13.260		40.000		300.000		15.000		0.185		0.247		206.600		382.000		0.360		97.400		14.840		1.012		0.640		2722.400		0.000		0.657		4.575		6.346		0.000		0.000		0.000		0.000		0.000				0.271

		E40		3477.400		0.000		20.420		0.990		0.977		33.000		45.000		9.417		6.800		0.982		0.709		1.692		13.667		2.482		0.155		85.487		12.368		40.000		300.000		15.000		0.312		0.397		207.100		378.000		0.652		80.800		14.640		1.009		0.800		2257.400		0.000		0.679		4.594		6.367		0.000		0.000		0.000		0.000		0.000				0.270

		E55		3502.800		0.000		20.240		0.990		0.958		33.000		37.000		7.529		10.000		0.791		1.051		1.842		13.779		2.589		0.226		75.207		11.491		40.000		300.000		15.000		0.454		0.547		205.000		376.000		0.748		64.000		14.320		1.016		1.040		1965.200		0.000		0.669		4.609		6.358		0.000		0.000		0.000		0.000		0.000				0.267

		E70		3463.800		0.000		20.200		0.980		0.984		33.000		27.000		5.169		13.500		0.537		1.403		1.940		13.607		2.714		0.309		64.828		10.606		40.000		300.000		15.000		0.621		0.704		202.500		372.000		1.337		75.400		13.800		1.003		1.030		1379.400		0.000		0.675		4.592		6.381		0.000		0.000		0.000		0.000		0.000				0.272

		E85		3499.000		0.000		21.000		0.980		1.015		33.000		17.000		2.809		17.300		0.295		1.816		2.111		13.622		2.844		0.396		55.499		9.810		40.000		300.000		15.000		0.794		0.849		201.500		373.000		1.508		96.000		13.700		0.999		1.040		1039.600		0.000		0.694		4.660		6.423		0.000		0.000		0.000		0.000		0.000				0.273

		E100		3473.000		0.000		20.220		0.980		0.995		33.000		0.000		0.000		21.700		0.000		2.261		2.261		13.563		3.000		0.500		46.000		9.000		40.000		300.000		15.000		1.000		1.000		201.500		377.000		1.452		112.500		13.760		0.995		1.000		775.800		0.000		0.674		4.712		6.532		0.000		0.000		0.000		0.000		0.000				0.279

		Heating Power 2

		E25		3460.800		0.000		19.920		0.980		0.962		33.000		52.000		11.069		4.000		1.149		0.415		1.565		13.569		2.387		0.091		95.950		13.260		40.000		300.000		15.000		0.185		0.247		207.100		383.000		0.440		103.200		14.800		1.010		0.660		2563.800		0.000		0.666		4.569		6.361		0.000		0.000		0.000		0.000		0.000				0.272

		E40		3481.000		0.000		19.980		0.990		0.956		33.000		45.000		9.417		6.800		0.983		0.710		1.694		13.667		2.482		0.155		85.487		12.368		40.000		300.000		15.000		0.312		0.397		207.700		378.000		0.538		82.200		14.600		1.013		0.810		2347.800		0.000		0.664		4.581		6.348		0.000		0.000		0.000		0.000		0.000				0.269

		E55		3454.400		0.000		19.840		1.010		0.952		33.000		37.000		7.529		10.000		0.780		1.036		1.817		13.779		2.589		0.226		75.207		11.491		40.000		300.000		15.000		0.454		0.547		205.600		376.000		0.628		61.000		14.320		1.023		1.120		2042.200		0.000		0.665		4.527		6.319		0.000		0.000		0.000		0.000		0.000				0.266

		E70		3466.000		0.000		20.240		1.000		0.985		33.000		27.000		5.169		13.500		0.537		1.404		1.941		13.607		2.714		0.309		64.828		10.606		40.000		300.000		15.000		0.621		0.704		203.000		376.000		0.838		55.400		14.040		1.019		1.160		1468.800		0.000		0.676		4.554		6.326		0.000		0.000		0.000		0.000		0.000				0.270

		E85		3469.200		0.000		19.460		0.990		0.950		33.000		17.000		2.809		17.300		0.292		1.801		2.093		13.622		2.844		0.396		55.499		9.810		40.000		300.000		15.000		0.794		0.849		200.900		373.000		1.214		60.000		13.780		1.016		1.350		1033.200		0.000		0.649		4.518		6.277		0.000		0.000		0.000		0.000		0.000				0.267

		E100		3458.800		0.000		20.540		0.990		1.014		33.000		0.000		0.000		21.700		0.000		2.252		2.252		13.563		3.000		0.500		46.000		9.000		40.000		300.000		15.000		1.000		1.000		200.300		376.000		1.308		62.800		13.740		1.008		1.190		760.400		0.000		0.686		4.566		6.372		0.000		0.000		0.000		0.000		0.000				0.271

		E0 Spark timing

		15.000		0.000		0.000		0.000		0.000		0.000		33.000		62.000		13.429		0.000		0.000		0.000		0.000		13.429		2.250		0.000		114.000		14.800		0.000		0.000		15.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		18.000		0.000		0.000		0.000		0.000		0.000		33.000		62.000		13.429		0.000		0.000		0.000		0.000		13.429		2.250		0.000		114.000		14.800		0.000		300.000		15.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		20.000		0.000		0.000		0.000		0.000		0.000		33.000		62.000		13.429		0.000		0.000		0.000		0.000		13.429		2.250		0.000		114.000		14.800		0.000		300.000		15.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		0.000

		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

				Volume percentage		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		ISCO		ISCO2		ISNOx		ISHC

				%		rpm		-		-		-		℃		℃		%		kw		bar		g/kWh		g/kWh		g/kWh		g/kWh

		50C (Baseline)

		E0		0.000		3504.200		1.000		0.937		1.006		200.300		400.000		0.645		4.319		5.939		13.517		987.554		20.367		1.284

		E25		0.247		3478.400		1.010		0.947		1.006		202.000		393.000		0.656		4.451		6.167		17.160		952.055		17.898		1.798

		E40		0.397		3508.200		0.990		0.948		0.999		202.000		394.000		0.659		4.518		6.207		29.078		934.284		14.417		1.403

		E55		0.547		3507.600		0.980		0.933		0.996		201.500		393.000		0.651		4.551		6.253		35.071		924.378		12.321		1.504

		E70		0.704		3469.600		0.990		0.960		0.993		201.500		391.000		0.659		4.607		6.399		36.850		884.576		10.790		2.208

		E85		0.849		3488.200		0.970		0.948		0.987		199.800		389.000		0.648		4.631		6.398		47.127		866.538		8.265		3.152

		E100		1.000		3510.400		0.990		0.986		0.989		198.300		394.000		0.668		4.604		6.320		48.726		869.324		6.006		3.694

		70C

		E25		0.247		3438.200		1.030		0.948		1.020		202.000		395.000		0.656		4.315		6.048		9.746		984.574		20.014		1.283

		E40		0.397		3467.400		1.020		0.940		1.011		203.500		399.000		0.653		4.386		6.097		18.977		968.383		15.916		1.248

		E55		0.547		3484.600		0.990		0.945		1.006		202.500		397.000		0.660		4.469		6.181		23.733		954.585		13.218		1.126

		E70		0.704		3513.600		1.010		0.951		1.005		201.500		393.000		0.652		4.563		6.259		28.785		919.924		11.241		1.548

		E85		0.849		3453.800		1.000		1.002		1.008		201.500		387.000		0.685		4.570		6.376		30.658		896.746		9.606		2.630

		E100		1.000		3475.800		1.020		0.989		1.008		200.300		394.000		0.669		4.519		6.265		38.090		895.187		6.517		3.294

		90C

		E25		0.247		3507.000		1.020		0.932		1.024		203.000		396.000		0.645		4.392		6.035		8.740		988.225		19.789		1.286

		E40		0.397		3509.600		1.020		0.950		1.010		203.000		401.000		0.660		4.402		6.045		15.962		981.860		15.228		1.183

		E55		0.547		3497.400		1.030		0.955		1.018		201.500		400.000		0.667		4.422		6.093		18.709		977.164		13.258		1.044

		E70		0.704		3471.200		1.010		0.974		1.027		199.800		395.000		0.668		4.399		6.108		22.416		954.285		11.618		1.367

		E85		0.849		3495.400		1.010		0.992		1.014		199.800		395.000		0.678		4.489		6.189		27.238		931.861		8.055		2.171

		E100		1.000		3423.200		1.040		1.070		1.015		199.800		392.000		0.724		4.361		6.139		27.403		932.890		6.579		2.700





Calculations

		



50℃ MBT (No EDI heating)

50℃ Original

70℃ MBT

70℃ Original

90℃ MBT

90℃ Original

Ethanol ratio by volume (%)

IMEP (bar)



Emissions

		



Lambda HP 0

Lambda HP 1

Lambda HP 2



		



50℃ (No EDI heating)

70℃

90℃

Ethanol ratio by volume (%)

IMEP (bar)



																												Measured emission values (dry)																				Molecular weight										Correction factors								Corrected emissions						Emission mass flow rate								Indicated specific emissions								Mass of emission per cycle										Brake specific emissions

				Speed		Ethanol ratio		Torque		Air Flow Meter		Throttle		iPower		Relative humidity		Room  temp.		Ambient Pressure		pg @ Ambient temp.		pv		Absolute humidity (Ha)		CO conc.		CO2 conc.		NO conc.		HC conc.		HC		O2 conc.		Stoi. A/F ratio		Total fuel flow rate		Fuel H/C ratio α		Fuel O/C ratio β		Fuel		CO		CO2		NOx		HC		NOx correction factor KH		H2 (dry)		kw2		Dry/wet correction factor  kw, kwr		CO (wet)		CO2 (wet)		HC  (NDIR to FID)		CO (wet)		CO2 (wet)		NOx		HC		ISCO		ISCO2		ISNOx		ISHC		CO		CO2		NOx		HC		bPower		BSCO		BSCO2		BSNOx		BSHC

				rpm		vol%		N·m		kg/h		%		kw		%		℃		kPa		kPa		kPa		gH2O/kgair		%		%		ppm		ppm		ppm C6		%		-		kg/h						g/mol		g/mol		g/mol		g/mol		g/mol		-		% vol		-		-		% vol		% vol		ppm C1		g/h		g/h		g/h		g/h		g/kWh		g/kWh		g/kWh		g/kWh		mg/cycle		mg/cycle		mg/cycle		mg/cycle		kw		g/kWh		g/kWh		g/kWh		g/kWh

		Heating Power 40 WATTS

		E0		3377.800		0%		0.000		19.160		33.000		4.353		70.000		25.000		101.325		3.169		2.218		13.922		0.552		14.840		2584.200		92.600		92.600		0.870		14.800		1.361		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.212		0.022		0.838		0.463		12.440		863.979		95.583		4037.526		94.096		9.080		21.957		927.474		21.615		2.086		0.943		39.844		0.929		0.090		0		0.000		0.000		0.000		0.000

		E25		3465.000		25%		0.000		19.520		33.000		4.596		70.000		25.000		101.325		3.169		2.218		13.922		0.716		14.720		2450.400		105.200		105.200		0.570		13.260		1.566		2.387		0.091		15.851		28.010		44.010		46.010		15.851		1.073		0.294		0.022		0.831		0.595		12.234		996.323		127.802		4128.303		92.765		12.109		27.804		898.143		20.182		2.634		1.229		39.714		0.892		0.116		0		0.000		0.000		0.000		0.000

		E40		3438.800		40%		0.000		19.740		33.000		4.569		70.000		25.000		101.325		3.169		2.218		13.922		0.986		14.460		2170.200		89.000		89.000		0.710		12.368		1.673		2.482		0.155		16.955		28.010		44.010		46.010		16.955		1.073		0.426		0.022		0.827		0.815		11.957		826.144		175.848		4051.983		82.506		10.785		38.491		886.937		18.060		2.361		1.705		39.277		0.800		0.105		0		0.000		0.000		0.000		0.000

		E55		3490.400		55%		0.000		20.060		33.000		4.641		70.000		25.000		101.325		3.169		2.218		13.922		1.126		14.160		1860.000		77.400		77.400		0.780		11.491		1.835		2.589		0.226		18.200		28.010		44.010		46.010		18.200		1.073		0.511		0.022		0.823		0.927		11.658		704.160		207.583		4101.619		73.417		10.245		44.732		883.853		15.821		2.208		1.982		39.170		0.701		0.098		0		0.000		0.000		0.000		0.000

		E70		3491.800		70%		0.000		20.820		33.000		4.695		70.000		25.000		101.325		3.169		2.218		13.922		1.430		13.840		1470.000		95.800		95.800		1.040		10.606		1.956		2.714		0.309		19.658		28.010		44.010		46.010		19.658		1.073		0.690		0.022		0.818		1.170		11.324		897.602		259.919		3952.539		57.562		13.994		55.357		841.796		12.259		2.980		2.481		37.732		0.550		0.134		0		0.000		0.000		0.000		0.000

		E85		3446.400		85%		0.000		19.540		33.000		4.645		70.000		25.000		101.325		3.169		2.218		13.922		1.580		13.700		1133.400		105.200		105.200		1.010		9.810		2.079		2.844		0.396		21.183		28.010		44.010		46.010		21.183		1.073		0.804		0.022		0.812		1.283		11.128		996.323		282.914		3854.391		44.043		16.611		60.910		829.837		9.482		3.576		2.736		37.279		0.426		0.161		0		0.000		0.000		0.000		0.000

		E100		3487.200		100%		0.000		21.240		33.000		4.723		70.000		25.000		101.325		3.169		2.218		13.922		1.602		13.680		767.750		114.000		114.000		1.040		9.000		2.270		3.000		0.500		23.000		28.010		44.010		46.010		23.000		1.073		0.861		0.022		0.805		1.289		11.010		1088.679		288.204		3866.894		30.251		19.983		61.027		818.817		6.406		4.231		2.755		36.963		0.289		0.191		0		0.000		0.000		0.000		0.000

		Heating Power 1

		E25		3478.600		25%		0.000		19.760		33.000		4.575		70.000		25.000		101.325		3.169		2.218		13.922		0.360		14.840		2722.400		97.400		97.400		0.640		13.260		1.573		2.387		0.091		15.851		28.010		44.010		46.010		15.851		1.073		0.146		0.022		0.832		0.300		12.347		914.411		65.550		4245.620		105.018		11.324		14.328		928.039		22.956		2.475		0.628		40.683		1.006		0.109		0		0.000		0.000		0.000		0.000

		E40		3477.400		40%		0.000		20.420		33.000		4.594		70.000		25.000		101.325		3.169		2.218		13.922		0.652		14.640		2257.400		80.800		80.800		0.800		12.368		1.692		2.482		0.155		16.955		28.010		44.010		46.010		16.955		1.073		0.278		0.022		0.827		0.539		12.110		739.925		118.847		4192.962		87.684		9.869		25.873		912.798		19.089		2.149		1.139		40.193		0.841		0.095		0		0.000		0.000		0.000		0.000

		E55		3502.800		55%		0.000		20.240		33.000		4.609		70.000		25.000		101.325		3.169		2.218		13.922		0.748		14.320		1965.200		64.000		64.000		1.040		11.491		1.842		2.589		0.226		18.200		28.010		44.010		46.010		18.200		1.073		0.334		0.022		0.824		0.616		11.800		563.115		140.544		4227.579		78.990		8.343		30.492		917.205		17.137		1.810		1.337		40.230		0.752		0.079		0		0.000		0.000		0.000		0.000

		E70		3463.800		70%		0.000		20.200		33.000		4.592		70.000		25.000		101.325		3.169		2.218		13.922		1.337		13.800		1379.400		75.400		75.400		1.030		10.606		1.940		2.714		0.309		19.658		28.010		44.010		46.010		19.658		1.073		0.642		0.022		0.819		1.095		11.304		683.117		243.541		3950.637		54.086		10.664		53.031		860.246		11.777		2.322		2.344		38.018		0.520		0.103		0		0.000		0.000		0.000		0.000

		E85		3499.000		85%		0.000		21.000		33.000		4.660		70.000		25.000		101.325		3.169		2.218		13.922		1.508		13.700		1039.600		96.000		96.000		1.040		9.810		2.111		2.844		0.396		21.183		28.010		44.010		46.010		21.183		1.073		0.765		0.022		0.813		1.225		11.134		899.703		275.567		3934.856		41.220		15.305		59.140		844.463		8.846		3.285		2.625		37.486		0.393		0.146		0		0.000		0.000		0.000		0.000

		E100		3473.000		100%		0.000		20.220		33.000		4.712		70.000		25.000		101.325		3.169		2.218		13.922		1.452		13.760		775.800		112.500		112.500		1.000		9.000		2.261		3.000		0.500		23.000		28.010		44.010		46.010		23.000		1.073		0.775		0.022		0.805		1.169		11.076		1072.941		261.379		3891.896		30.583		19.703		55.471		825.950		6.490		4.181		2.509		37.354		0.294		0.189		0		0.000		0.000		0.000		0.000

		Heating Power 2

		E25		3460.800		25%		0.000		19.920		33.000		4.569		70.000		25.000		101.325		3.169		2.218		13.922		0.440		14.800		2563.800		103.200		103.200		0.660		13.260		1.565		2.387		0.091		15.851		28.010		44.010		46.010		15.851		1.073		0.178		0.022		0.832		0.366		12.313		975.324		79.460		4199.487		98.102		11.981		17.389		919.037		21.469		2.622		0.765		40.448		0.945		0.115		0		0.000		0.000		0.000		0.000

		E40		3481.000		40%		0.000		19.980		33.000		4.581		70.000		25.000		101.325		3.169		2.218		13.922		0.538		14.600		2347.800		82.200		82.200		0.810		12.368		1.694		2.482		0.155		16.955		28.010		44.010		46.010		16.955		1.073		0.228		0.022		0.828		0.446		12.091		754.649		99.153		4227.821		92.097		10.165		21.644		922.885		20.104		2.219		0.949		40.485		0.882		0.097		0		0.000		0.000		0.000		0.000

		E55		3454.400		55%		0.000		19.840		33.000		4.527		70.000		25.000		101.325		3.169		2.218		13.922		0.628		14.320		2042.200		61.000		61.000		1.120		11.491		1.817		2.589		0.226		18.200		28.010		44.010		46.010		18.200		1.073		0.279		0.022		0.825		0.518		11.810		531.518		117.329		4203.670		81.553		7.824		25.919		928.632		18.016		1.728		1.132		40.563		0.787		0.075		0		0.000		0.000		0.000		0.000

		E70		3466.000		70%		0.000		20.240		33.000		4.554		70.000		25.000		101.325		3.169		2.218		13.922		0.838		14.040		1468.800		55.400		55.400		1.160		10.606		1.941		2.714		0.309		19.658		28.010		44.010		46.010		19.658		1.073		0.394		0.022		0.820		0.687		11.510		472.519		155.700		4098.727		58.680		7.516		34.188		899.982		12.885		1.650		1.497		39.418		0.564		0.072		0		0.000		0.000		0.000		0.000

		E85		3469.200		85%		0.000		19.460		33.000		4.518		70.000		25.000		101.325		3.169		2.218		13.922		1.214		13.780		1033.200		60.000		60.000		1.350		9.810		2.093		2.844		0.396		21.183		28.010		44.010		46.010		21.183		1.073		0.608		0.022		0.814		0.988		11.212		520.984		223.839		3992.135		41.272		8.929		49.539		883.526		9.134		1.976		2.151		38.358		0.397		0.086		0		0.000		0.000		0.000		0.000

		E100		3458.800		100%		0.000		20.540		33.000		4.566		70.000		25.000		101.325		3.169		2.218		13.922		1.308		13.740		760.400		62.800		62.800		1.190		9.000		2.252		3.000		0.500		23.000		28.010		44.010		46.010		23.000		1.073		0.694		0.022		0.806		1.054		11.075		550.477		238.058		3929.158		30.266		10.207		52.137		860.523		6.629		2.235		2.294		37.866		0.292		0.098		0		0.000		0.000		0.000		0.000

		E0 Spark timing

		15.000		0.000		0%		0.000		0.000		33.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		14.800		0.000		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		18.000		0.000		0%		0.000		0.000		33.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		14.800		0.000		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		20.000		0.000		0%		0.000		0.000		33.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		14.800		0.000		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		0.000

		0.000		0.000		0%		0.000		0.000		0.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		28.010		44.010		46.010		0.000		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		0.000		0.000		0%		0.000		0.000		0.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		28.010		44.010		46.010		0.000		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		0.000		0.000		0%		0.000		0.000		0.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		28.010		44.010		46.010		0.000		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

				Volume percentage		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		ISCO		ISCO2		ISNOx		ISHC

				%		rpm		-		-		-		℃		℃		%		kw		bar		g/kWh		g/kWh		g/kWh		g/kWh

		50C (Baseline)

		E0		0.000		3504.200		1.000		0.937		1.006		200.300		400.000		0.645		4.319		5.939		13.517		987.554		20.367		1.284

		E25		0.247		3478.400		1.010		0.947		1.006		202.000		393.000		0.656		4.451		6.167		17.160		952.055		17.898		1.798

		E40		0.397		3508.200		0.990		0.948		0.999		202.000		394.000		0.659		4.518		6.207		29.078		934.284		14.417		1.403

		E55		0.547		3507.600		0.980		0.933		0.996		201.500		393.000		0.651		4.551		6.253		35.071		924.378		12.321		1.504

		E70		0.704		3469.600		0.990		0.960		0.993		201.500		391.000		0.659		4.607		6.399		36.850		884.576		10.790		2.208

		E85		0.849		3488.200		0.970		0.948		0.987		199.800		389.000		0.648		4.631		6.398		47.127		866.538		8.265		3.152

		E100		1.000		3510.400		0.990		0.986		0.989		198.300		394.000		0.668		4.604		6.320		48.726		869.324		6.006		3.694

		70C

		E25		0.247		3438.200		1.030		0.948		1.020		202.000		395.000		0.656		4.315		6.048		9.746		984.574		20.014		1.283

		E40		0.397		3467.400		1.020		0.940		1.011		203.500		399.000		0.653		4.386		6.097		18.977		968.383		15.916		1.248

		E55		0.547		3484.600		0.990		0.945		1.006		202.500		397.000		0.660		4.469		6.181		23.733		954.585		13.218		1.126

		E70		0.704		3513.600		1.010		0.951		1.005		201.500		393.000		0.652		4.563		6.259		28.785		919.924		11.241		1.548

		E85		0.849		3453.800		1.000		1.002		1.008		201.500		387.000		0.685		4.570		6.376		30.658		896.746		9.606		2.630

		E100		1.000		3475.800		1.020		0.989		1.008		200.300		394.000		0.669		4.519		6.265		38.090		895.187		6.517		3.294

		90C

		E25		0.247		3507.000		1.020		0.932		1.024		203.000		396.000		0.645		4.392		6.035		8.740		988.225		19.789		1.286

		E40		0.397		3509.600		1.020		0.950		1.010		203.000		401.000		0.660		4.402		6.045		15.962		981.860		15.228		1.183

		E55		0.547		3497.400		1.030		0.955		1.018		201.500		400.000		0.667		4.422		6.093		18.709		977.164		13.258		1.044

		E70		0.704		3471.200		1.010		0.974		1.027		199.800		395.000		0.668		4.399		6.108		22.416		954.285		11.618		1.367

		E85		0.849		3495.400		1.010		0.992		1.014		199.800		395.000		0.678		4.489		6.189		27.238		931.861		8.055		2.171

		E100		1.000		3423.200		1.040		1.070		1.015		199.800		392.000		0.724		4.361		6.139		27.403		932.890		6.579		2.700
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Raw Data

		Date: 23-02-2016						Time: 3pm-5.40pm								Formula		Mole weight		C		H		O		LHV		Density

		Room temperature (℃): 26.8						Participants: Yuhan & Nizar								C2H6O		46.00		2.00		6.00		1.00		26.9 kj/kg		785.5 kg/m3

		Room Pressure (kPa): 101						Room Humidity (%): 59.8								C8H18		114.00		8.00		18.00		0.00		42.9 kj/kg		714.9 kg/m3

		Sample		Speed		Torque		Air flow rate		Measured lambda		Calculated Lambda		Throttle position		Gasoline input		Gasoline injected		Ethonal injected		Fuel flow Gasoline		Fuel Flow Ethanol		Total		Total fuel equivalent		H/C ratio α		O/C ratio β		Mole weight		Stoichio. A/F		Injection pressure		EDI timing		Spark timing		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		CO Conc		HC Conc		CO2 Conc		Lambda		O2 Conc		NO Conc		BSFC		Volumetric Efficiency		iPower		IMEP		bPower		BMEP		Mechanical efficiency		Brake The. Effi.		COV of IMEP				Indicated The. Effi.

		No.		rpm		N·m		kg/h		-		-		%		mg		mg		mg		kg/h		kg/h		kg/h		mg		-		-		-		-		bar		CAD BTDC		CAD BTDC		%		%		℃		℃		%		ppm		%		-		%		ppm		kg/kw·h		%		kw		bar		kw		bar		%		%		%				%

		Heating Power 0 (Baseline)

		1		3659.00				21.10		0.98		0.97		33.00		62.00		13.43		0.00		1.47		0.00		1.47		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.10		386.00		0.84		93.00		14.68		1.00		0.59		2469.00		0.00		0.67		4.51		6.24		0.00		0.00		0.00		0.00						0.27

		2		3605.00				20.90				0.97		33.00		62.00		13.43		0.00		1.45		0.00		1.45		13.43		2.25		0.00		114.00		14.80																0.85		94.00								2472.00		0.00		0.67				6.25		0.00		0.00				0.00

		3		3372.00				20.00				0.99		33.00		62.00		13.43		0.00		1.36		0.00		1.36		13.43		2.25		0.00		114.00		14.80																0.85		95.00								2496.00		0.00		0.69				6.24		0.00		0.00				0.00

		4		3399.00				20.30				1.00		33.00		62.00		13.43		0.00		1.37		0.00		1.37		13.43		2.25		0.00		114.00		14.80																0.86		95.00								2502.00		0.00		0.69				6.24		0.00		0.00				0.00

		5		3382.00				20.00				0.99		33.00		62.00		13.43		0.00		1.36		0.00		1.36		13.43		2.25		0.00		114.00		14.80																0.87		94.00								2486.00		0.00		0.68				6.25		0.00		0.00				0.00

		E0		3483.40		0.00		20.46		0.98		0.99		33.00		62.00		13.43		0.00		1.40		0.00		1.40		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.10		386.00		0.85		94.20		14.68		1.00		0.59		2485.00		0.00		0.68		4.51		6.24		0.00		0.00		0.00		0.00		0.00				0.27

		1		3614.00				20.30		0.99		0.94		33.00		52.00		11.07		4.00		1.20		0.43		1.63		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		379.00		0.72		107.00		14.72		1.00		0.57		2493.00		0.00		0.65		4.60		6.39		0.00		0.00		0.00		0.00						0.27

		2		3289.00				19.10				0.97		33.00		52.00		11.07		4.00		1.09		0.39		1.49		13.57		2.39		0.09		95.95		13.26																0.72		106.00								2458.00		0.00		0.67				6.37		0.00		0.00				0.00

		3		3482.00				19.30				0.92		33.00		52.00		11.07		4.00		1.16		0.42		1.57		13.57		2.39		0.09		95.95		13.26																0.72		105.00								2422.00		0.00		0.64				6.38		0.00		0.00				0.00

		4		3312.00				19.60				0.99		33.00		52.00		11.07		4.00		1.10		0.40		1.50		13.57		2.39		0.09		95.95		13.26																0.71		104.00								2430.00		0.00		0.68				6.38		0.00		0.00				0.00

		5		3628.00				19.30				0.89		33.00		52.00		11.07		4.00		1.20		0.44		1.64		13.57		2.39		0.09		95.95		13.26																0.71		104.00								2449.00		0.00		0.61				6.37		0.00		0.00				0.00

		E25		3465.00		0.00		19.52		0.99		0.94		33.00		52.00		11.07		4.00		1.15		0.42		1.57		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		379.00		0.72		105.20		14.72		1.00		0.57		2450.40		0.00		0.65		4.60		6.38		0.00		0.00		0.00		0.00		0.00				0.27

		1		3622.00				20.00		0.98		0.92		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		377.00		1.00		90.00		14.46		1.00		0.71		2147.00		0.00		0.64		4.57		6.40		0.00		0.00		0.00		0.00						0.27

		2		3350.00				20.20				1.00		33.00		45.00		9.42		6.80		0.95		0.68		1.63		13.67		2.48		0.15		85.49		12.37																0.99		90.00								2185.00		0.00		0.70				6.41		0.00		0.00				0.00

		3		3619.00				19.40				0.89		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37																0.99		87.00								2126.00		0.00		0.62				6.40		0.00		0.00				0.00

		4		3291.00				19.50				0.98		33.00		45.00		9.42		6.80		0.93		0.67		1.60		13.67		2.48		0.15		85.49		12.37																0.98		90.00								2223.00		0.00		0.68				6.41		0.00		0.00				0.00

		5		3312.00				19.60				0.98		33.00		45.00		9.42		6.80		0.94		0.68		1.61		13.67		2.48		0.15		85.49		12.37																0.97		88.00								2170.00		0.00		0.68				6.41		0.00		0.00				0.00

		E40		3438.80		0.00		19.74		0.98		0.96		33.00		45.00		9.42		6.80		0.97		0.70		1.67		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		377.00		0.99		89.00		14.46		1.00		0.71		2170.20		0.00		0.66		4.57		6.41		0.00		0.00		0.00		0.00		0.00				0.27

		1		3287.00				19.90		0.98		1.00		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		204.50		375.00		1.16		77.00		14.16		1.00		0.78		1788.00		0.00		0.70		4.64		6.41		0.00		0.00		0.00		0.00						0.27

		2		3622.00				20.10				0.92		33.00		37.00		7.53		10.00		0.82		1.09		1.90		13.78		2.59		0.23		75.21		11.49																1.14		77.00								1921.00		0.00		0.64				6.44		0.00		0.00				0.00

		3		3673.00				19.90				0.90		33.00		37.00		7.53		10.00		0.83		1.10		1.93		13.78		2.59		0.23		75.21		11.49																1.11		77.00								1872.00		0.00		0.63				6.42		0.00		0.00				0.00

		4		3583.00				20.30				0.94		33.00		37.00		7.53		10.00		0.81		1.07		1.88		13.78		2.59		0.23		75.21		11.49																1.10		78.00								1822.00		0.00		0.65				6.44		0.00		0.00				0.00

		5		3287.00				20.10				1.01		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																1.12		78.00								1897.00		0.00		0.71				6.43		0.00		0.00				0.00

		E55		3490.40		0.00		20.06		0.98		0.95		33.00		37.00		7.53		10.00		0.79		1.05		1.84		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		204.50		375.00		1.13		77.40		14.16		1.00		0.78		1860.00		0.00		0.67		4.64		6.43		0.00		0.00		0.00		0.00		0.00				0.27

		1		3305.00				21.00		0.98		1.07		33.00		27.00		5.17		13.50		0.51		1.34		1.85		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.00		370.00		1.45		96.00		13.84		0.99		1.04		1475.00		0.00		0.73		4.70		6.48		0.00		0.00		0.00		0.00						0.28

		2		3329.00				21.20				1.07		33.00		27.00		5.17		13.50		0.52		1.35		1.86		13.61		2.71		0.31		64.83		10.61																		96.00								1434.00		0.00		0.74				6.49		0.00		0.00				0.00

		3		3543.00				20.90				0.99		33.00		27.00		5.17		13.50		0.55		1.43		1.98		13.61		2.71		0.31		64.83		10.61																1.41		95.00								1461.00		0.00		0.68				6.49		0.00		0.00				0.00

		4		3682.00				20.20				0.92		33.00		27.00		5.17		13.50		0.57		1.49		2.06		13.61		2.71		0.31		64.83		10.61																		95.00								1471.00		0.00		0.63				6.46		0.00		0.00				0.00

		5		3600.00				20.80				0.97		33.00		27.00		5.17		13.50		0.56		1.46		2.02		13.61		2.71		0.31		64.83		10.61																		97.00								1509.00		0.00		0.67				6.43		0.00		0.00				0.00

		E70		3491.80		0.00		20.82		0.98		1.01		33.00		27.00		5.17		13.50		0.54		1.41		1.96		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.00		370.00		1.43		95.80		13.84		0.99		1.04		1470.00		0.00		0.69		4.70		6.47		0.00		0.00		0.00		0.00		0.00				0.28

		1		3619.00				19.70		0.98		0.92		33.00		17.00		2.81		17.30		0.30		1.88		2.18		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		199.80		370.00		1.59		108.00		13.70		1.00		1.01		1136.00		0.00		0.63		4.64		6.50		0.00		0.00		0.00		0.00						0.28

		2		3310.00				19.50				1.00		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.58		105.00								1130.00		0.00		0.68				6.46		0.00		0.00				0.00

		3		3308.00				20.00				1.02		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.57		105.00								1138.00		0.00		0.70				6.47		0.00		0.00				0.00

		4		3676.00				19.30				0.89		33.00		17.00		2.81		17.30		0.31		1.91		2.22		13.62		2.84		0.40		55.50		9.81																1.58		104.00								1131.00		0.00		0.61				6.49		0.00		0.00				0.00

		5		3319.00				19.20				0.98		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.58		104.00								1132.00		0.00		0.67				6.45		0.00		0.00				0.00

		E85		3446.40		0.00		19.54		0.98		0.96		33.00		17.00		2.81		17.30		0.29		1.79		2.08		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		199.80		370.00		1.58		105.20		13.70		1.00		1.01		1133.40		0.00		0.66		4.64		6.47		0.00		0.00		0.00		0.00		0.00				0.28

		1		3583.00				21.70		0.90		1.03		33.00						21.70		0.00		2.33		2.33		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		198.30		374.00		1.60				13.68		1.00		1.04		778.00		0.00		0.70		4.72		6.53		0.00		0.00		0.00		0.00						0.28

		2		3608.00				20.80				0.98		33.00						21.70		0.00		2.35		2.35		13.56		3.00		0.50		46.00		9.00																1.58										779.00		0.00		0.67						0.00		0.00				0.00

		3		3315.00				21.10				1.09		33.00						21.70		0.00		2.16		2.16		13.56		3.00		0.50		46.00		9.00																1.57												0.00		0.74						0.00		0.00				0.00

		4		3650.00				21.20				0.99		33.00						21.70		0.00		2.38		2.38		13.56		3.00		0.50		46.00		9.00																1.66		114.00								741.00		0.00		0.67						0.00		0.00				0.00

		5		3280.00				21.40				1.11		33.00						21.70		0.00		2.14		2.14		13.56		3.00		0.50		46.00		9.00																1.60		114.00								773.00		0.00		0.75				6.55		0.00		0.00				0.00

		E100		3487.20		0.00		21.24		0.90		1.04		33.00						21.70		0.00		2.27		2.27		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		198.30		374.00		1.60		114.00		13.68		1.00		1.04		767.75		0.00		0.71		4.72		6.54		0.00		0.00		0.00		0.00		0.00				0.28

		Heating Power 1												33.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		E0		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1		3266.00				19.50		1.00		1.00		33.00		52.00		11.07		4.00		1.08		0.39		1.48		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		206.60		382.00		0.39		98.00		14.84		1.01		0.64		2669.00		0.00		0.69		4.57		6.34		0.00		0.00		0.00		0.00						0.27

		2		3605.00				20.10				0.93		33.00		52.00		11.07		4.00		1.20		0.43		1.63		13.57		2.39		0.09		95.95		13.26																0.38		97.00								2718.00		0.00		0.64						0.00		0.00				0.00

		3		3619.00				19.50				0.90		33.00		52.00		11.07		4.00		1.20		0.43		1.64		13.57		2.39		0.09		95.95		13.26																0.36		97.00								2752.00		0.00		0.62				6.35		0.00		0.00				0.00

		4		3628.00				20.10				0.92		33.00		52.00		11.07		4.00		1.20		0.44		1.64		13.57		2.39		0.09		95.95		13.26																0.34		97.00								2743.00		0.00		0.64				6.35		0.00		0.00				0.00

		5		3275.00				19.60				1.00		33.00		52.00		11.07		4.00		1.09		0.39		1.48		13.57		2.39		0.09		95.95		13.26																0.33		98.00								2730.00		0.00		0.69				6.35		0.00		0.00				0.00

		E25		3478.60		0.00		19.76		1.00		0.95		33.00		52.00		11.07		4.00		1.16		0.42		1.57		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		206.60		382.00		0.36		97.40		14.84		1.01		0.64		2722.40		0.00		0.66		4.57		6.35		0.00		0.00		0.00		0.00		0.00				0.27

		1		3294.00				20.40		0.99		1.03		33.00		45.00		9.42		6.80		0.93		0.67		1.60		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		378.00		0.62		80.00		14.64		1.01		0.80		2267.00		0.00		0.72		4.59		6.37		0.00		0.00		0.00		0.00						0.27

		2		3616.00				20.70				0.95		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37																0.65		81.00								2240.00		0.00		0.66				6.36		0.00		0.00				0.00

		3		3310.00				20.00				1.00		33.00		45.00		9.42		6.80		0.94		0.68		1.61		13.67		2.48		0.15		85.49		12.37																0.66		81.00								2263.00		0.00		0.70				6.39		0.00		0.00				0.00

		4		3600.00				20.60				0.95		33.00		45.00		9.42		6.80		1.02		0.73		1.75		13.67		2.48		0.15		85.49		12.37																0.67		81.00								2278.00		0.00		0.66				6.36		0.00		0.00				0.00

		5		3567.00				20.40				0.95		33.00		45.00		9.42		6.80		1.01		0.73		1.74		13.67		2.48		0.15		85.49		12.37																0.66		81.00								2239.00		0.00		0.66				6.36		0.00		0.00				0.00

		E40		3477.40		0.00		20.42		0.99		0.98		33.00		45.00		9.42		6.80		0.98		0.71		1.69		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.10		378.00		0.65		80.80		14.64		1.01		0.80		2257.40		0.00		0.68		4.59		6.37		0.00		0.00		0.00		0.00		0.00				0.27

		1		3597.00				20.40		0.99		0.94		33.00		37.00		7.53		10.00		0.81		1.08		1.89		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.00		376.00		0.76		65.00		14.32		1.02		1.04		1989.00		0.00		0.66		4.61		6.34		0.00		0.00		0.00		0.00						0.27

		2		3616.00				20.40				0.93		33.00		37.00		7.53		10.00		0.82		1.08		1.90		13.78		2.59		0.23		75.21		11.49																0.76		63.00								1952.00		0.00		0.65				6.37		0.00		0.00				0.00

		3		3679.00				20.30				0.91		33.00		37.00		7.53		10.00		0.83		1.10		1.93		13.78		2.59		0.23		75.21		11.49																0.76		64.00								1964.00		0.00		0.64						0.00		0.00				0.00

		4		3291.00				20.10				1.01		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																0.73		64.00								1959.00		0.00		0.71				6.36		0.00		0.00				0.00

		5		3331.00				20.00				0.99		33.00		37.00		7.53		10.00		0.75		1.00		1.75		13.78		2.59		0.23		75.21		11.49																0.73		64.00								1962.00		0.00		0.69				6.36		0.00		0.00				0.00

		E55		3502.80		0.00		20.24		0.99		0.96		33.00		37.00		7.53		10.00		0.79		1.05		1.84		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.00		376.00		0.75		64.00		14.32		1.02		1.04		1965.20		0.00		0.67		4.61		6.36		0.00		0.00		0.00		0.00		0.00				0.27

		1		3679.00				20.10		0.98		0.92		33.00		27.00		5.17		13.50		0.57		1.49		2.06		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.50		372.00		1.29		74.00		13.80		1.00		1.03		1344.00		0.00		0.63		4.59		6.39		0.00		0.00		0.00		0.00						0.27

		2		3343.00				20.00				1.01		33.00		27.00		5.17		13.50		0.52		1.35		1.87		13.61		2.71		0.31		64.83		10.61																		75.00								1358.00		0.00		0.69				6.37		0.00		0.00				0.00

		3		3296.00				20.50				1.05		33.00		27.00		5.17		13.50		0.51		1.33		1.85		13.61		2.71		0.31		64.83		10.61																		75.00								1364.00		0.00		0.72				6.39		0.00		0.00				0.00

		4		3670.00				20.00				0.92		33.00		27.00		5.17		13.50		0.57		1.49		2.06		13.61		2.71		0.31		64.83		10.61																1.37		76.00								1389.00		0.00		0.63				6.37		0.00		0.00				0.00

		5		3331.00				20.40				1.03		33.00		27.00		5.17		13.50		0.52		1.35		1.87		13.61		2.71		0.31		64.83		10.61																1.35		77.00								1442.00		0.00		0.71						0.00		0.00				0.00

		E70		3463.80		0.00		20.20		0.98		0.98		33.00		27.00		5.17		13.50		0.54		1.40		1.94		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		202.50		372.00		1.34		75.40		13.80		1.00		1.03		1379.40		0.00		0.68		4.59		6.38		0.00		0.00		0.00		0.00		0.00				0.27

		1		3656.00				21.90		0.98		1.01		33.00		17.00		2.81		17.30		0.31		1.90		2.21		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		201.50		373.00		1.51		93.00		13.70		1.00		1.04		1025.00		0.00		0.69		4.66		6.42		0.00		0.00		0.00		0.00						0.27

		2		3394.00				21.10				1.05		33.00		17.00		2.81		17.30		0.29		1.76		2.05		13.62		2.84		0.40		55.50		9.81																1.51		94.00								1059.00		0.00		0.72				6.42		0.00		0.00				0.00

		3		3667.00				20.40				0.94		33.00		17.00		2.81		17.30		0.31		1.90		2.21		13.62		2.84		0.40		55.50		9.81																		94.00								1053.00		0.00		0.64				6.43		0.00		0.00				0.00

		4		3382.00				20.90				1.04		33.00		17.00		2.81		17.30		0.29		1.76		2.04		13.62		2.84		0.40		55.50		9.81																1.50		96.00								1050.00		0.00		0.71				6.45		0.00		0.00				0.00

		5		3396.00				20.70				1.03		33.00		17.00		2.81		17.30		0.29		1.76		2.05		13.62		2.84		0.40		55.50		9.81																1.51		103.00								1011.00		0.00		0.70				6.41		0.00		0.00				0.00

		E85		3499.00		0.00		21.00		0.98		1.02		33.00		17.00		2.81		17.30		0.29		1.82		2.11		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		201.50		373.00		1.51		96.00		13.70		1.00		1.04		1039.60		0.00		0.69		4.66		6.42		0.00		0.00		0.00		0.00		0.00				0.27

		1		3409.00				20.00		0.98		1.00		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		201.50		377.00		1.49		112.00		13.76		1.00		1.00		767.00		0.00		0.68		4.71		6.54		0.00		0.00		0.00		0.00						0.28

		2		3341.00				20.20				1.03		33.00						21.70		0.00		2.17		2.17		13.56		3.00		0.50		46.00		9.00																1.49		113.00								778.00		0.00		0.70				6.53		0.00		0.00				0.00

		3		3586.00				20.30				0.97		33.00						21.70		0.00		2.33		2.33		13.56		3.00		0.50		46.00		9.00																1.40										776.00		0.00		0.65				6.53		0.00		0.00				0.00

		4		3353.00				20.50				1.04		33.00						21.70		0.00		2.18		2.18		13.56		3.00		0.50		46.00		9.00																1.47										768.00		0.00		0.71						0.00		0.00				0.00

		5		3676.00				20.10				0.93		33.00						21.70		0.00		2.39		2.39		13.56		3.00		0.50		46.00		9.00																1.41										790.00		0.00		0.63						0.00		0.00				0.00

		E100		3473.00		0.00		20.22		0.98		1.00		33.00						21.70		0.00		2.26		2.26		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		201.50		377.00		1.45		112.50		13.76		1.00		1.00		775.80		0.00		0.67		4.71		6.53		0.00		0.00		0.00		0.00		0.00				0.28

		Heating Power 2												33.00

		1		3336.00				19.60		0.99		0.99		33.00		62.00		13.43		0.00		1.34		0.00		1.34		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.60		387.00		0.56		94.00		14.84		1.01		0.87		2554.00		0.00		0.68		4.35		6.21		0.00		0.00		0.00		0.00						0.27

		2		3315.00				19.20				0.97		33.00		62.00		13.43		0.00		1.34		0.00		1.34		13.43		2.25		0.00		114.00		14.80																0.56		93.00								2585.00		0.00		0.67				6.20		0.00		0.00				0.00

		3		3315.00				19.40				0.98		33.00		62.00		13.43		0.00		1.34		0.00		1.34		13.43		2.25		0.00		114.00		14.80																0.55		93.00								2597.00		0.00		0.68				6.23		0.00		0.00				0.00

		4		3575.00				19.00				0.89		33.00		62.00		13.43		0.00		1.44		0.00		1.44		13.43		2.25		0.00		114.00		14.80																0.55		92.00								2573.00		0.00		0.61				6.19		0.00		0.00				0.00

		5		3348.00				18.60				0.93		33.00		62.00		13.43		0.00		1.35		0.00		1.35		13.43		2.25		0.00		114.00		14.80																0.54		91.00								2612.00		0.00		0.64				6.22		0.00		0.00				0.00

		E0		3377.80		0.00		19.16		0.99		0.95		33.00		62.00		13.43		0.00		1.36		0.00		1.36		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		206.60		387.00		0.55		92.60		14.84		1.01		0.87		2584.20		0.00		0.66		4.35		6.21		0.00		0.00		0.00		0.00		0.00				0.27

		1		3580.00				20.30		0.98		0.95		33.00		52.00		11.07		4.00		1.19		0.43		1.62		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		383.00		0.43		104.00		14.80		1.01		0.66		2580.00		0.00		0.65		4.57		6.36		0.00		0.00		0.00		0.00						0.27

		2		3294.00				19.70				1.00		33.00		52.00		11.07		4.00		1.09		0.40		1.49		13.57		2.39		0.09		95.95		13.26																0.44		104.00								2574.00		0.00		0.69						0.00		0.00				0.00

		3		3266.00				20.00				1.02		33.00		52.00		11.07		4.00		1.08		0.39		1.48		13.57		2.39		0.09		95.95		13.26																0.45		104.00								2556.00		0.00		0.71						0.00		0.00				0.00

		4		3586.00				19.90				0.93		33.00		52.00		11.07		4.00		1.19		0.43		1.62		13.57		2.39		0.09		95.95		13.26																0.46		103.00								2564.00		0.00		0.64						0.00		0.00				0.00

		5		3578.00				19.70				0.92		33.00		52.00		11.07		4.00		1.19		0.43		1.62		13.57		2.39		0.09		95.95		13.26																0.42		101.00								2545.00		0.00		0.64				6.36		0.00		0.00				0.00

		E25		3460.80		0.00		19.92		0.98		0.96		33.00		52.00		11.07		4.00		1.15		0.42		1.56		13.57		2.39		0.09		95.95		13.26		40.00		300.00		15.00		0.18		25%		207.10		383.00		0.44		103.20		14.80		1.01		0.66		2563.80		0.00		0.67		4.57		6.36		0.00		0.00		0.00		0.00		0.00				0.27

		1		3282.00				19.70		0.99		1.00		33.00		45.00		9.42		6.80		0.93		0.67		1.60		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.70		378.00		0.55		81.00		14.60		1.01		0.81		2301.00		0.00		0.69		4.58		6.34		0.00		0.00		0.00		0.00						0.27

		2		3273.00				20.10				1.02		33.00		45.00		9.42		6.80		0.92		0.67		1.59		13.67		2.48		0.15		85.49		12.37																0.54		81.00								2378.00		0.00		0.71				6.34		0.00		0.00				0.00

		3		3672.00				20.20				0.91		33.00		45.00		9.42		6.80		1.04		0.75		1.79		13.67		2.48		0.15		85.49		12.37																0.53		82.00								2374.00		0.00		0.64				6.36		0.00		0.00				0.00

		4		3619.00				19.70				0.90		33.00		45.00		9.42		6.80		1.02		0.74		1.76		13.67		2.48		0.15		85.49		12.37																0.53		83.00								2324.00		0.00		0.63				6.36		0.00		0.00				0.00

		5		3559.00				20.20				0.94		33.00		45.00		9.42		6.80		1.01		0.73		1.73		13.67		2.48		0.15		85.49		12.37																0.54		84.00								2362.00		0.00		0.66				6.35		0.00		0.00				0.00

		E40		3481.00		0.00		19.98		0.99		0.96		33.00		45.00		9.42		6.80		0.98		0.71		1.69		13.67		2.48		0.15		85.49		12.37		40.00		300.00		15.00		0.31		40%		207.70		378.00		0.54		82.20		14.60		1.01		0.81		2347.80		0.00		0.66		4.58		6.35		0.00		0.00		0.00		0.00		0.00				0.27

		1		3578.00				19.90		1.01		0.92		33.00		37.00		7.53		10.00		0.81		1.07		1.88		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.60		376.00		0.63		61.00		14.32		1.02		1.12		2036.00		0.00		0.64		4.53		6.32		0.00		0.00		0.00		0.00						0.27

		2		3287.00				19.80				1.00		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																0.61		60.00								2025.00		0.00		0.70						0.00		0.00				0.00

		3		3556.00				19.60				0.91		33.00		37.00		7.53		10.00		0.80		1.07		1.87		13.78		2.59		0.23		75.21		11.49																0.63		61.00								2073.00		0.00		0.64						0.00		0.00				0.00

		4		3567.00				19.80				0.92		33.00		37.00		7.53		10.00		0.81		1.07		1.88		13.78		2.59		0.23		75.21		11.49																0.63		61.00								2034.00		0.00		0.64				6.33		0.00		0.00				0.00

		5		3284.00				20.10				1.01		33.00		37.00		7.53		10.00		0.74		0.99		1.73		13.78		2.59		0.23		75.21		11.49																0.64		62.00								2043.00		0.00		0.71				6.32		0.00		0.00				0.00

		E55		3454.40		0.00		19.84		1.01		0.95		33.00		37.00		7.53		10.00		0.78		1.04		1.82		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		205.60		376.00		0.63		61.00		14.32		1.02		1.12		2042.20		0.00		0.66		4.53		6.32		0.00		0.00		0.00		0.00		0.00				0.27

		1		3580.00				20.00		1.00		0.94		33.00		27.00		5.17		13.50		0.56		1.45		2.01		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		203.00		376.00		0.82		58.00		14.04		1.02		1.16		1517.00		0.00		0.65		4.55		6.33		0.00		0.00		0.00		0.00						0.27

		2		3294.00				20.30				1.04		33.00		27.00		5.17		13.50		0.51		1.33		1.84		13.61		2.71		0.31		64.83		10.61																0.91		57.00								1486.00		0.00		0.71				6.32		0.00		0.00				0.00

		3		3548.00				20.40				0.97		33.00		27.00		5.17		13.50		0.55		1.44		1.99		13.61		2.71		0.31		64.83		10.61																0.79		54.00								1437.00		0.00		0.66						0.00		0.00				0.00

		4		3286.00				20.50				1.05		33.00		27.00		5.17		13.50		0.51		1.33		1.84		13.61		2.71		0.31		64.83		10.61																0.82		54.00								1431.00		0.00		0.72						0.00		0.00				0.00

		5		3622.00				20.00				0.93		33.00		27.00		5.17		13.50		0.56		1.47		2.03		13.61		2.71		0.31		64.83		10.61																0.85		54.00								1473.00		0.00		0.64						0.00		0.00				0.00

		E70		3466.00		0.00		20.24		1.00		0.99		33.00		27.00		5.17		13.50		0.54		1.40		1.94		13.61		2.71		0.31		64.83		10.61		40.00		300.00		15.00		0.62		70%		203.00		376.00		0.84		55.40		14.04		1.02		1.16		1468.80		0.00		0.68		4.55		6.33		0.00		0.00		0.00		0.00		0.00				0.27

		1		3636.00				19.60		0.99		0.91		33.00		17.00		2.81		17.30		0.31		1.89		2.19		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		200.90		373.00		1.19		63.00		13.78		1.02		1.35		1011.00		0.00		0.62		4.52		6.28		0.00		0.00		0.00		0.00						0.27

		2		3679.00				19.10				0.88		33.00		17.00		2.81		17.30		0.31		1.91		2.22		13.62		2.84		0.40		55.50		9.81																1.26		58.00								1034.00		0.00		0.60						0.00		0.00				0.00

		3		3333.00				19.00				0.96		33.00		17.00		2.81		17.30		0.28		1.73		2.01		13.62		2.84		0.40		55.50		9.81																1.25		59.00								1025.00		0.00		0.66						0.00		0.00				0.00

		4		3379.00				19.50				0.98		33.00		17.00		2.81		17.30		0.28		1.75		2.04		13.62		2.84		0.40		55.50		9.81																1.20		60.00								1036.00		0.00		0.67						0.00		0.00				0.00

		5		3319.00				20.10				1.02		33.00		17.00		2.81		17.30		0.28		1.72		2.00		13.62		2.84		0.40		55.50		9.81																1.17		60.00								1060.00		0.00		0.70						0.00		0.00				0.00

		E85		3469.20		0.00		19.46		0.99		0.95		33.00		17.00		2.81		17.30		0.29		1.80		2.09		13.62		2.84		0.40		55.50		9.81		40.00		300.00		15.00		0.79		85%		200.90		373.00		1.21		60.00		13.78		1.02		1.35		1033.20		0.00		0.65		4.52		6.28		0.00		0.00		0.00		0.00		0.00				0.27

		1		3411.00				21.20		0.99		1.06		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		200.30		376.00		1.32		64.00		13.74		1.01		1.19		726.00		0.00		0.72		4.57		6.36		0.00		0.00		0.00		0.00						0.27

		2		3667.00				20.70				0.96		33.00						21.70		0.00		2.39		2.39		13.56		3.00		0.50		46.00		9.00																1.31		63.00								778.00		0.00		0.65				6.35		0.00		0.00				0.00

		3		3404.00				19.80				0.99		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00																1.32		63.00								756.00		0.00		0.67				6.40		0.00		0.00				0.00

		4		3401.00				20.40				1.02		33.00						21.70		0.00		2.21		2.21		13.56		3.00		0.50		46.00		9.00																1.29		62.00								766.00		0.00		0.69						0.00		0.00				0.00

		5		3411.00				20.60				1.03		33.00						21.70		0.00		2.22		2.22		13.56		3.00		0.50		46.00		9.00																1.30		62.00								776.00		0.00		0.70				6.38		0.00		0.00				0.00

		E100		3458.80		0.00		20.54		0.99		1.01		33.00						21.70		0.00		2.25		2.25		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		200.30		376.00		1.31		62.80		13.74		1.01		1.19		760.40		0.00		0.69		4.57		6.37		0.00		0.00		0.00		0.00		0.00				0.27

		E0 Spark timing												33.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		15.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		18.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		20.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		300.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		22.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		24.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		26.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80																												0.00		0.00						0.00		0.00				0.00

		28.00		0.00		0.00		0.00		0.00		0.00		33.00		62.00		13.43		0.00		0.00		0.00		0.00		13.43		2.25		0.00		114.00		14.80		0.00		0.00		15.00		0.00		0%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		E55 Spark timing												33.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		15.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		18.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		20.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		300.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		22.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		24.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		26.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		28.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49																												0.00		0.00						0.00		0.00				0.00

		30.00		0.00		0.00		0.00		0.00		0.00		33.00		37.00		7.53		10.00		0.00		0.00		0.00		13.78		2.59		0.23		75.21		11.49		40.00		0.00		15.00		0.45		55%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		E100 Spark timing												33.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		15.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		18.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		20.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		300.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		22.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		24.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		26.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		28.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		1										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%																		0.00		0.00		0.00				0.00		0.00		0.00		0.00						0.00

		2										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		3										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		4										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		5										0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00																												0.00		0.00						0.00		0.00				0.00

		30.00		0.00		0.00		0.00		0.00		0.00		33.00						21.70		0.00		0.00		0.00		13.56		3.00		0.50		46.00		9.00		40.00		0.00		15.00		1.00		100%		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00





Calculations

		Sample		Speed		Torque		Air flow rate		Measured lambda		Calculated Lambda		Throttle position		Gasoline input		Gasoline injected		Ethonal injected		Fuel flow Gasoline		Fuel Flow Ethanol		Total		Total fuel equivalent		H/C ratio α		O/C ratio β		Mole weight		Stoichio. A/F		Injection pressure		EDI timing		Spark timing		Energy percentage		Volume percentage		Engine Temp.		Exhaust Temp.		CO Conc		HC Conc		CO2 Conc		Lambda		O2 Conc		NO Conc		BSFC		Volumetric Efficiency		iPower		IMEP		bPower		BMEP		Mechanical efficiency		Brake The. Effi.		COV of IMEP				Indicated The. Effi.

		No.		rpm		N·m		kg/h		-		-		%		mg		mg		mg		kg/h		kg/h		kg/h		mg		-		-		-		-		bar		CAD BTDC		CAD BTDC		%		%		℃		℃		%		ppm		%		-		%		ppm		kg/kw·h		%		kw		bar		kw		bar		%		%		%				%

		Heating Power 0 (Baseline)

		E0		3377.800				19.160		0.990		0.952		33.000		62.000		13.429		0.000		1.361		0.000		1.361		13.429		2.250		0.000		114.000		14.800		0.000		0.000		15.000		0.000		0.000		206.600		387.000		0.552		92.600		14.840		1.008		0.870		2584.200				0.656		4.353		6.209		0.000		0.000		0.000		0.000						0.268

		E25		3465.000		0.000		19.520		0.990		0.941		33.000		52.000		11.069		4.000		1.151		0.416		1.566		13.569		2.387		0.091		95.950		13.260		40.000		300.000		15.000		0.185		0.247		207.100		379.000		0.716		105.200		14.720		1.000		0.570		2450.400		0.000		0.652		4.596		6.380		0.000		0.000		0.000		0.000		0.000				0.273

		E40		3438.800		0.000		19.740		0.980		0.956		33.000		45.000		9.417		6.800		0.971		0.702		1.673		13.667		2.482		0.155		85.487		12.368		40.000		300.000		15.000		0.312		0.397		207.100		377.000		0.986		89.000		14.460		0.999		0.710		2170.200		0.000		0.664		4.569		6.406		0.000		0.000		0.000		0.000		0.000				0.272

		E55		3490.400		0.000		20.060		0.980		0.953		33.000		37.000		7.529		10.000		0.788		1.047		1.835		13.779		2.589		0.226		75.207		11.491		40.000		300.000		15.000		0.454		0.547		204.500		375.000		1.126		77.400		14.160		0.999		0.780		1860.000		0.000		0.665		4.641		6.426		0.000		0.000		0.000		0.000		0.000				0.270

		E70		3491.800		0.000		20.820		0.980		1.006		33.000		27.000		5.169		13.500		0.541		1.414		1.956		13.607		2.714		0.309		64.828		10.606		40.000		300.000		15.000		0.621		0.704		202.000		370.000		1.430		95.800		13.840		0.994		1.040		1470.000		0.000		0.690		4.695		6.469		0.000		0.000		0.000		0.000		0.000				0.276

		E85		3446.400		0.000		19.540		0.980		0.960		33.000		17.000		2.809		17.300		0.290		1.789		2.079		13.622		2.844		0.396		55.499		9.810		40.000		300.000		15.000		0.794		0.849		199.800		370.000		1.580		105.200		13.700		0.995		1.010		1133.400		0.000		0.656		4.645		6.472		0.000		0.000		0.000		0.000		0.000				0.276

		E100		3487.200		0.000		21.240		0.900		1.042		33.000		0.000		0.000		21.700		0.000		2.270		2.270		13.563		3.000		0.500		46.000		9.000		40.000		300.000		15.000		1.000		1.000		198.300		374.000		1.602		114.000		13.680		0.995		1.040		767.750		0.000		0.705		4.723		6.539		0.000		0.000		0.000		0.000		0.000				0.278

		Heating Power 1

		E25		3478.600		0.000		19.760		1.000		0.949		33.000		52.000		11.069		4.000		1.155		0.417		1.573		13.569		2.387		0.091		95.950		13.260		40.000		300.000		15.000		0.185		0.247		206.600		382.000		0.360		97.400		14.840		1.012		0.640		2722.400		0.000		0.657		4.575		6.346		0.000		0.000		0.000		0.000		0.000				0.271

		E40		3477.400		0.000		20.420		0.990		0.977		33.000		45.000		9.417		6.800		0.982		0.709		1.692		13.667		2.482		0.155		85.487		12.368		40.000		300.000		15.000		0.312		0.397		207.100		378.000		0.652		80.800		14.640		1.009		0.800		2257.400		0.000		0.679		4.594		6.367		0.000		0.000		0.000		0.000		0.000				0.270

		E55		3502.800		0.000		20.240		0.990		0.958		33.000		37.000		7.529		10.000		0.791		1.051		1.842		13.779		2.589		0.226		75.207		11.491		40.000		300.000		15.000		0.454		0.547		205.000		376.000		0.748		64.000		14.320		1.016		1.040		1965.200		0.000		0.669		4.609		6.358		0.000		0.000		0.000		0.000		0.000				0.267

		E70		3463.800		0.000		20.200		0.980		0.984		33.000		27.000		5.169		13.500		0.537		1.403		1.940		13.607		2.714		0.309		64.828		10.606		40.000		300.000		15.000		0.621		0.704		202.500		372.000		1.337		75.400		13.800		1.003		1.030		1379.400		0.000		0.675		4.592		6.381		0.000		0.000		0.000		0.000		0.000				0.272

		E85		3499.000		0.000		21.000		0.980		1.015		33.000		17.000		2.809		17.300		0.295		1.816		2.111		13.622		2.844		0.396		55.499		9.810		40.000		300.000		15.000		0.794		0.849		201.500		373.000		1.508		96.000		13.700		0.999		1.040		1039.600		0.000		0.694		4.660		6.423		0.000		0.000		0.000		0.000		0.000				0.273

		E100		3473.000		0.000		20.220		0.980		0.995		33.000		0.000		0.000		21.700		0.000		2.261		2.261		13.563		3.000		0.500		46.000		9.000		40.000		300.000		15.000		1.000		1.000		201.500		377.000		1.452		112.500		13.760		0.995		1.000		775.800		0.000		0.674		4.712		6.532		0.000		0.000		0.000		0.000		0.000				0.279

		Heating Power 2

		E25		3460.800		0.000		19.920		0.980		0.962		33.000		52.000		11.069		4.000		1.149		0.415		1.565		13.569		2.387		0.091		95.950		13.260		40.000		300.000		15.000		0.185		0.247		207.100		383.000		0.440		103.200		14.800		1.010		0.660		2563.800		0.000		0.666		4.569		6.361		0.000		0.000		0.000		0.000		0.000				0.272

		E40		3481.000		0.000		19.980		0.990		0.956		33.000		45.000		9.417		6.800		0.983		0.710		1.694		13.667		2.482		0.155		85.487		12.368		40.000		300.000		15.000		0.312		0.397		207.700		378.000		0.538		82.200		14.600		1.013		0.810		2347.800		0.000		0.664		4.581		6.348		0.000		0.000		0.000		0.000		0.000				0.269

		E55		3454.400		0.000		19.840		1.010		0.952		33.000		37.000		7.529		10.000		0.780		1.036		1.817		13.779		2.589		0.226		75.207		11.491		40.000		300.000		15.000		0.454		0.547		205.600		376.000		0.628		61.000		14.320		1.023		1.120		2042.200		0.000		0.665		4.527		6.319		0.000		0.000		0.000		0.000		0.000				0.266

		E70		3466.000		0.000		20.240		1.000		0.985		33.000		27.000		5.169		13.500		0.537		1.404		1.941		13.607		2.714		0.309		64.828		10.606		40.000		300.000		15.000		0.621		0.704		203.000		376.000		0.838		55.400		14.040		1.019		1.160		1468.800		0.000		0.676		4.554		6.326		0.000		0.000		0.000		0.000		0.000				0.270

		E85		3469.200		0.000		19.460		0.990		0.950		33.000		17.000		2.809		17.300		0.292		1.801		2.093		13.622		2.844		0.396		55.499		9.810		40.000		300.000		15.000		0.794		0.849		200.900		373.000		1.214		60.000		13.780		1.016		1.350		1033.200		0.000		0.649		4.518		6.277		0.000		0.000		0.000		0.000		0.000				0.267

		E100		3458.800		0.000		20.540		0.990		1.014		33.000		0.000		0.000		21.700		0.000		2.252		2.252		13.563		3.000		0.500		46.000		9.000		40.000		300.000		15.000		1.000		1.000		200.300		376.000		1.308		62.800		13.740		1.008		1.190		760.400		0.000		0.686		4.566		6.372		0.000		0.000		0.000		0.000		0.000				0.271

		E0 Spark timing

		15.000		0.000		0.000		0.000		0.000		0.000		33.000		62.000		13.429		0.000		0.000		0.000		0.000		13.429		2.250		0.000		114.000		14.800		0.000		0.000		15.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		18.000		0.000		0.000		0.000		0.000		0.000		33.000		62.000		13.429		0.000		0.000		0.000		0.000		13.429		2.250		0.000		114.000		14.800		0.000		300.000		15.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		20.000		0.000		0.000		0.000		0.000		0.000		33.000		62.000		13.429		0.000		0.000		0.000		0.000		13.429		2.250		0.000		114.000		14.800		0.000		300.000		15.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		0.000

		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				0.000

				Volume percentage		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		ISCO		ISCO2		ISNOx		ISHC

				%		rpm		-		-		-		℃		℃		%		kw		bar		g/kWh		g/kWh		g/kWh		g/kWh

		50C (Baseline)

		E0		0.000		3504.200		1.000		0.937		1.006		200.300		400.000		0.645		4.319		5.939		13.517		987.554		20.367		1.284

		E25		0.247		3478.400		1.010		0.947		1.006		202.000		393.000		0.656		4.451		6.167		17.160		952.055		17.898		1.798

		E40		0.397		3508.200		0.990		0.948		0.999		202.000		394.000		0.659		4.518		6.207		29.078		934.284		14.417		1.403

		E55		0.547		3507.600		0.980		0.933		0.996		201.500		393.000		0.651		4.551		6.253		35.071		924.378		12.321		1.504

		E70		0.704		3469.600		0.990		0.960		0.993		201.500		391.000		0.659		4.607		6.399		36.850		884.576		10.790		2.208

		E85		0.849		3488.200		0.970		0.948		0.987		199.800		389.000		0.648		4.631		6.398		47.127		866.538		8.265		3.152

		E100		1.000		3510.400		0.990		0.986		0.989		198.300		394.000		0.668		4.604		6.320		48.726		869.324		6.006		3.694

		70C

		E25		0.247		3438.200		1.030		0.948		1.020		202.000		395.000		0.656		4.315		6.048		9.746		984.574		20.014		1.283

		E40		0.397		3467.400		1.020		0.940		1.011		203.500		399.000		0.653		4.386		6.097		18.977		968.383		15.916		1.248

		E55		0.547		3484.600		0.990		0.945		1.006		202.500		397.000		0.660		4.469		6.181		23.733		954.585		13.218		1.126

		E70		0.704		3513.600		1.010		0.951		1.005		201.500		393.000		0.652		4.563		6.259		28.785		919.924		11.241		1.548

		E85		0.849		3453.800		1.000		1.002		1.008		201.500		387.000		0.685		4.570		6.376		30.658		896.746		9.606		2.630

		E100		1.000		3475.800		1.020		0.989		1.008		200.300		394.000		0.669		4.519		6.265		38.090		895.187		6.517		3.294

		90C

		E25		0.247		3507.000		1.020		0.932		1.024		203.000		396.000		0.645		4.392		6.035		8.740		988.225		19.789		1.286

		E40		0.397		3509.600		1.020		0.950		1.010		203.000		401.000		0.660		4.402		6.045		15.962		981.860		15.228		1.183

		E55		0.547		3497.400		1.030		0.955		1.018		201.500		400.000		0.667		4.422		6.093		18.709		977.164		13.258		1.044

		E70		0.704		3471.200		1.010		0.974		1.027		199.800		395.000		0.668		4.399		6.108		22.416		954.285		11.618		1.367

		E85		0.849		3495.400		1.010		0.992		1.014		199.800		395.000		0.678		4.489		6.189		27.238		931.861		8.055		2.171

		E100		1.000		3423.200		1.040		1.070		1.015		199.800		392.000		0.724		4.361		6.139		27.403		932.890		6.579		2.700





Calculations

		



50℃ MBT (No EDI heating)

50℃ Original

70℃ MBT

70℃ Original

90℃ MBT

90℃ Original

Ethanol ratio by volume (%)

IMEP (bar)



Emissions

		



Lambda HP 0

Lambda HP 1

Lambda HP 2



		



50℃ (No EDI heating)

70℃

90℃

Ethanol ratio by volume (%)

IMEP (bar)



																												Measured emission values (dry)																				Molecular weight										Correction factors								Corrected emissions						Emission mass flow rate								Indicated specific emissions								Mass of emission per cycle										Brake specific emissions

				Speed		Ethanol ratio		Torque		Air Flow Meter		Throttle		iPower		Relative humidity		Room  temp.		Ambient Pressure		pg @ Ambient temp.		pv		Absolute humidity (Ha)		CO conc.		CO2 conc.		NO conc.		HC conc.		HC		O2 conc.		Stoi. A/F ratio		Total fuel flow rate		Fuel H/C ratio α		Fuel O/C ratio β		Fuel		CO		CO2		NOx		HC		NOx correction factor KH		H2 (dry)		kw2		Dry/wet correction factor  kw, kwr		CO (wet)		CO2 (wet)		HC  (NDIR to FID)		CO (wet)		CO2 (wet)		NOx		HC		ISCO		ISCO2		ISNOx		ISHC		CO		CO2		NOx		HC		bPower		BSCO		BSCO2		BSNOx		BSHC

				rpm		vol%		N·m		kg/h		%		kw		%		℃		kPa		kPa		kPa		gH2O/kgair		%		%		ppm		ppm		ppm C6		%		-		kg/h						g/mol		g/mol		g/mol		g/mol		g/mol		-		% vol		-		-		% vol		% vol		ppm C1		g/h		g/h		g/h		g/h		g/kWh		g/kWh		g/kWh		g/kWh		mg/cycle		mg/cycle		mg/cycle		mg/cycle		kw		g/kWh		g/kWh		g/kWh		g/kWh

		Heating Power 40 WATTS

		E0		3377.800		0%		0.000		19.160		33.000		4.353		70.000		25.000		101.325		3.169		2.218		13.922		0.552		14.840		2584.200		92.600		92.600		0.870		14.800		1.361		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.212		0.022		0.838		0.463		12.440		863.979		95.583		4037.526		94.096		9.080		21.957		927.474		21.615		2.086		0.943		39.844		0.929		0.090		0		0.000		0.000		0.000		0.000

		E25		3465.000		25%		0.000		19.520		33.000		4.596		70.000		25.000		101.325		3.169		2.218		13.922		0.716		14.720		2450.400		105.200		105.200		0.570		13.260		1.566		2.387		0.091		15.851		28.010		44.010		46.010		15.851		1.073		0.294		0.022		0.831		0.595		12.234		996.323		127.802		4128.303		92.765		12.109		27.804		898.143		20.182		2.634		1.229		39.714		0.892		0.116		0		0.000		0.000		0.000		0.000

		E40		3438.800		40%		0.000		19.740		33.000		4.569		70.000		25.000		101.325		3.169		2.218		13.922		0.986		14.460		2170.200		89.000		89.000		0.710		12.368		1.673		2.482		0.155		16.955		28.010		44.010		46.010		16.955		1.073		0.426		0.022		0.827		0.815		11.957		826.144		175.848		4051.983		82.506		10.785		38.491		886.937		18.060		2.361		1.705		39.277		0.800		0.105		0		0.000		0.000		0.000		0.000

		E55		3490.400		55%		0.000		20.060		33.000		4.641		70.000		25.000		101.325		3.169		2.218		13.922		1.126		14.160		1860.000		77.400		77.400		0.780		11.491		1.835		2.589		0.226		18.200		28.010		44.010		46.010		18.200		1.073		0.511		0.022		0.823		0.927		11.658		704.160		207.583		4101.619		73.417		10.245		44.732		883.853		15.821		2.208		1.982		39.170		0.701		0.098		0		0.000		0.000		0.000		0.000

		E70		3491.800		70%		0.000		20.820		33.000		4.695		70.000		25.000		101.325		3.169		2.218		13.922		1.430		13.840		1470.000		95.800		95.800		1.040		10.606		1.956		2.714		0.309		19.658		28.010		44.010		46.010		19.658		1.073		0.690		0.022		0.818		1.170		11.324		897.602		259.919		3952.539		57.562		13.994		55.357		841.796		12.259		2.980		2.481		37.732		0.550		0.134		0		0.000		0.000		0.000		0.000

		E85		3446.400		85%		0.000		19.540		33.000		4.645		70.000		25.000		101.325		3.169		2.218		13.922		1.580		13.700		1133.400		105.200		105.200		1.010		9.810		2.079		2.844		0.396		21.183		28.010		44.010		46.010		21.183		1.073		0.804		0.022		0.812		1.283		11.128		996.323		282.914		3854.391		44.043		16.611		60.910		829.837		9.482		3.576		2.736		37.279		0.426		0.161		0		0.000		0.000		0.000		0.000

		E100		3487.200		100%		0.000		21.240		33.000		4.723		70.000		25.000		101.325		3.169		2.218		13.922		1.602		13.680		767.750		114.000		114.000		1.040		9.000		2.270		3.000		0.500		23.000		28.010		44.010		46.010		23.000		1.073		0.861		0.022		0.805		1.289		11.010		1088.679		288.204		3866.894		30.251		19.983		61.027		818.817		6.406		4.231		2.755		36.963		0.289		0.191		0		0.000		0.000		0.000		0.000

		Heating Power 1

		E25		3478.600		25%		0.000		19.760		33.000		4.575		70.000		25.000		101.325		3.169		2.218		13.922		0.360		14.840		2722.400		97.400		97.400		0.640		13.260		1.573		2.387		0.091		15.851		28.010		44.010		46.010		15.851		1.073		0.146		0.022		0.832		0.300		12.347		914.411		65.550		4245.620		105.018		11.324		14.328		928.039		22.956		2.475		0.628		40.683		1.006		0.109		0		0.000		0.000		0.000		0.000

		E40		3477.400		40%		0.000		20.420		33.000		4.594		70.000		25.000		101.325		3.169		2.218		13.922		0.652		14.640		2257.400		80.800		80.800		0.800		12.368		1.692		2.482		0.155		16.955		28.010		44.010		46.010		16.955		1.073		0.278		0.022		0.827		0.539		12.110		739.925		118.847		4192.962		87.684		9.869		25.873		912.798		19.089		2.149		1.139		40.193		0.841		0.095		0		0.000		0.000		0.000		0.000

		E55		3502.800		55%		0.000		20.240		33.000		4.609		70.000		25.000		101.325		3.169		2.218		13.922		0.748		14.320		1965.200		64.000		64.000		1.040		11.491		1.842		2.589		0.226		18.200		28.010		44.010		46.010		18.200		1.073		0.334		0.022		0.824		0.616		11.800		563.115		140.544		4227.579		78.990		8.343		30.492		917.205		17.137		1.810		1.337		40.230		0.752		0.079		0		0.000		0.000		0.000		0.000

		E70		3463.800		70%		0.000		20.200		33.000		4.592		70.000		25.000		101.325		3.169		2.218		13.922		1.337		13.800		1379.400		75.400		75.400		1.030		10.606		1.940		2.714		0.309		19.658		28.010		44.010		46.010		19.658		1.073		0.642		0.022		0.819		1.095		11.304		683.117		243.541		3950.637		54.086		10.664		53.031		860.246		11.777		2.322		2.344		38.018		0.520		0.103		0		0.000		0.000		0.000		0.000

		E85		3499.000		85%		0.000		21.000		33.000		4.660		70.000		25.000		101.325		3.169		2.218		13.922		1.508		13.700		1039.600		96.000		96.000		1.040		9.810		2.111		2.844		0.396		21.183		28.010		44.010		46.010		21.183		1.073		0.765		0.022		0.813		1.225		11.134		899.703		275.567		3934.856		41.220		15.305		59.140		844.463		8.846		3.285		2.625		37.486		0.393		0.146		0		0.000		0.000		0.000		0.000

		E100		3473.000		100%		0.000		20.220		33.000		4.712		70.000		25.000		101.325		3.169		2.218		13.922		1.452		13.760		775.800		112.500		112.500		1.000		9.000		2.261		3.000		0.500		23.000		28.010		44.010		46.010		23.000		1.073		0.775		0.022		0.805		1.169		11.076		1072.941		261.379		3891.896		30.583		19.703		55.471		825.950		6.490		4.181		2.509		37.354		0.294		0.189		0		0.000		0.000		0.000		0.000

		Heating Power 2

		E25		3460.800		25%		0.000		19.920		33.000		4.569		70.000		25.000		101.325		3.169		2.218		13.922		0.440		14.800		2563.800		103.200		103.200		0.660		13.260		1.565		2.387		0.091		15.851		28.010		44.010		46.010		15.851		1.073		0.178		0.022		0.832		0.366		12.313		975.324		79.460		4199.487		98.102		11.981		17.389		919.037		21.469		2.622		0.765		40.448		0.945		0.115		0		0.000		0.000		0.000		0.000

		E40		3481.000		40%		0.000		19.980		33.000		4.581		70.000		25.000		101.325		3.169		2.218		13.922		0.538		14.600		2347.800		82.200		82.200		0.810		12.368		1.694		2.482		0.155		16.955		28.010		44.010		46.010		16.955		1.073		0.228		0.022		0.828		0.446		12.091		754.649		99.153		4227.821		92.097		10.165		21.644		922.885		20.104		2.219		0.949		40.485		0.882		0.097		0		0.000		0.000		0.000		0.000

		E55		3454.400		55%		0.000		19.840		33.000		4.527		70.000		25.000		101.325		3.169		2.218		13.922		0.628		14.320		2042.200		61.000		61.000		1.120		11.491		1.817		2.589		0.226		18.200		28.010		44.010		46.010		18.200		1.073		0.279		0.022		0.825		0.518		11.810		531.518		117.329		4203.670		81.553		7.824		25.919		928.632		18.016		1.728		1.132		40.563		0.787		0.075		0		0.000		0.000		0.000		0.000

		E70		3466.000		70%		0.000		20.240		33.000		4.554		70.000		25.000		101.325		3.169		2.218		13.922		0.838		14.040		1468.800		55.400		55.400		1.160		10.606		1.941		2.714		0.309		19.658		28.010		44.010		46.010		19.658		1.073		0.394		0.022		0.820		0.687		11.510		472.519		155.700		4098.727		58.680		7.516		34.188		899.982		12.885		1.650		1.497		39.418		0.564		0.072		0		0.000		0.000		0.000		0.000

		E85		3469.200		85%		0.000		19.460		33.000		4.518		70.000		25.000		101.325		3.169		2.218		13.922		1.214		13.780		1033.200		60.000		60.000		1.350		9.810		2.093		2.844		0.396		21.183		28.010		44.010		46.010		21.183		1.073		0.608		0.022		0.814		0.988		11.212		520.984		223.839		3992.135		41.272		8.929		49.539		883.526		9.134		1.976		2.151		38.358		0.397		0.086		0		0.000		0.000		0.000		0.000

		E100		3458.800		100%		0.000		20.540		33.000		4.566		70.000		25.000		101.325		3.169		2.218		13.922		1.308		13.740		760.400		62.800		62.800		1.190		9.000		2.252		3.000		0.500		23.000		28.010		44.010		46.010		23.000		1.073		0.694		0.022		0.806		1.054		11.075		550.477		238.058		3929.158		30.266		10.207		52.137		860.523		6.629		2.235		2.294		37.866		0.292		0.098		0		0.000		0.000		0.000		0.000

		E0 Spark timing

		15.000		0.000		0%		0.000		0.000		33.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		14.800		0.000		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		18.000		0.000		0%		0.000		0.000		33.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		14.800		0.000		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		20.000		0.000		0%		0.000		0.000		33.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		14.800		0.000		2.250		0.000		14.250		28.010		44.010		46.010		14.250		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		0.000

		0.000		0.000		0%		0.000		0.000		0.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		28.010		44.010		46.010		0.000		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		0.000		0.000		0%		0.000		0.000		0.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		28.010		44.010		46.010		0.000		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

		0.000		0.000		0%		0.000		0.000		0.000		0.000		70.000		25.000		101.325		3.169		2.218		13.922		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		28.010		44.010		46.010		0.000		1.073		0.000		0.022		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0.000		0.000		0.000		0.000

				Volume percentage		Speed		Measured lambda		Calculated Lambda		Horiba Lambda		Engine Temp.		Exhaust Temp.		Volumetric Efficiency		iPower		IMEP		ISCO		ISCO2		ISNOx		ISHC

				%		rpm		-		-		-		℃		℃		%		kw		bar		g/kWh		g/kWh		g/kWh		g/kWh

		50C (Baseline)

		E0		0.000		3504.200		1.000		0.937		1.006		200.300		400.000		0.645		4.319		5.939		13.517		987.554		20.367		1.284

		E25		0.247		3478.400		1.010		0.947		1.006		202.000		393.000		0.656		4.451		6.167		17.160		952.055		17.898		1.798

		E40		0.397		3508.200		0.990		0.948		0.999		202.000		394.000		0.659		4.518		6.207		29.078		934.284		14.417		1.403

		E55		0.547		3507.600		0.980		0.933		0.996		201.500		393.000		0.651		4.551		6.253		35.071		924.378		12.321		1.504

		E70		0.704		3469.600		0.990		0.960		0.993		201.500		391.000		0.659		4.607		6.399		36.850		884.576		10.790		2.208

		E85		0.849		3488.200		0.970		0.948		0.987		199.800		389.000		0.648		4.631		6.398		47.127		866.538		8.265		3.152

		E100		1.000		3510.400		0.990		0.986		0.989		198.300		394.000		0.668		4.604		6.320		48.726		869.324		6.006		3.694

		70C

		E25		0.247		3438.200		1.030		0.948		1.020		202.000		395.000		0.656		4.315		6.048		9.746		984.574		20.014		1.283

		E40		0.397		3467.400		1.020		0.940		1.011		203.500		399.000		0.653		4.386		6.097		18.977		968.383		15.916		1.248

		E55		0.547		3484.600		0.990		0.945		1.006		202.500		397.000		0.660		4.469		6.181		23.733		954.585		13.218		1.126

		E70		0.704		3513.600		1.010		0.951		1.005		201.500		393.000		0.652		4.563		6.259		28.785		919.924		11.241		1.548

		E85		0.849		3453.800		1.000		1.002		1.008		201.500		387.000		0.685		4.570		6.376		30.658		896.746		9.606		2.630

		E100		1.000		3475.800		1.020		0.989		1.008		200.300		394.000		0.669		4.519		6.265		38.090		895.187		6.517		3.294

		90C

		E25		0.247		3507.000		1.020		0.932		1.024		203.000		396.000		0.645		4.392		6.035		8.740		988.225		19.789		1.286

		E40		0.397		3509.600		1.020		0.950		1.010		203.000		401.000		0.660		4.402		6.045		15.962		981.860		15.228		1.183

		E55		0.547		3497.400		1.030		0.955		1.018		201.500		400.000		0.667		4.422		6.093		18.709		977.164		13.258		1.044

		E70		0.704		3471.200		1.010		0.974		1.027		199.800		395.000		0.668		4.399		6.108		22.416		954.285		11.618		1.367

		E85		0.849		3495.400		1.010		0.992		1.014		199.800		395.000		0.678		4.489		6.189		27.238		931.861		8.055		2.171

		E100		1.000		3423.200		1.040		1.070		1.015		199.800		392.000		0.724		4.361		6.139		27.403		932.890		6.579		2.700
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