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[bookmark: _Ref30767727][bookmark: _Ref30767735][bookmark: _Ref30767741][bookmark: _Toc30950174]Introduction
With the use of Ricardo WAVE software, Triumph’s Daytona 675 engine model has been created, this report will utilise real endurance cylinder pressure data from Triumph in order to develop the model in WAVE to the level of accuracy required for this to be a useful tool in engine optimisation. The cylinder pressure data has been provided with camshaft and flow bench data to provide a definitive starting point for the task.
The real data which has been provided is from an endurance test performed by Triumph at RPM sites of 10250, 13000 and 14400. This data has been manipulated to form graphs and trendlines to further bring the model into a more realistic tool phase.
The combustion characteristics for this engine will be defined and changed in the Ricardo WAVE model in order to improve the accuracy and to validate further what is already a basic working model. The Cumulative Mass Fraction Burnt is a key parameter used to validate and determine whether the model is correct and realistic, this has been completed with the use of MATLAB Curve fit tool (cftool) and Excel as a platform for data exports dumps from Ricardo WAVE.
Performance characteristics such as peak torque (Nm) and peak power (kW) will be used as validation targets along with peak cylinder pressures and many other parameters spoken about in greater detail in the main body of this report. 

[bookmark: _Toc30950175]Aims and Objectives
· Optimise the engine performance characteristics in Ricardo WAVE to an acceptable degree of accuracy with the true measured performance output of the engine.
· Determine the correct combustion characteristics and parameters which need to be input to Ricardo WAVE from the measured cylinders pressure data provided from Triumph. 
· Produce a report which documents all changes and relevant results from experiments carried out in order to prove the changes made and what effect these have had on the accuracy to the real data.
· Develop the experience using Ricardo WAVE to become a competent operator of this software and similar programs for combustion optimisation and performance validation.

[bookmark: _Toc30950176]Ricardo WAVE Research
Ricardo is an engineering consultancy which special in the automotive industry and primarily engine development, so a tool was developed called WAVE in order to streamline the process of designing and optimising a powertrain for any possible application.
It is a high-end performing 1-Dimensional gas flow and dynamics simulation tool used as a tool worldwide, it is one of few industry standard used programs. Sectors which use WAVE included railway, motorsport, marine and general 2- and 4-wheel IC vehicles. 
WAVE allows performance and acoustic analysis to be performed for any intake, combustion and exhaust system configuration (Ricardo, 2020).

Companies that Ricardo WAVE has been a part of:

[image: ][bookmark: _Toc30950205]Figure 1 McLaren logo
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[bookmark: _Toc30950206]Figure 2 Aston Martin logo
[bookmark: _Toc30950207]Figure 3 Porsche logo

[bookmark: _Toc30950177]Triumph Daytona 675 Data 
[image: ]As aforementioned in the Introduction, cylinder pressure data for the stated rpm sites has been   converted into the format shown in Table 1, Table 2 and Table 3.[bookmark: _Ref30768367][bookmark: _Toc30950242]Table 1 10250 Triumph cylinder pressure data

[image: ][image: ][bookmark: _Toc30950243]Table 2 14400 Triumph cylinder pressure data
[bookmark: _Ref30769301][bookmark: _Toc30950244]Table 3 13000 Triumph cylinder pressure data


Values have been calculated from the original data as the author has been provided with 5 specific columns of data, the data manipulation required is defined in Table 4.
[bookmark: _Ref30770390][bookmark: _Toc30950245]Table 4 Data provided and calculated list
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[bookmark: _Toc30950178]Specification Sheet Data
[bookmark: _Ref30782007][bookmark: _Ref30782002][bookmark: _Toc30950246]Table 5 Triumph Daytona 675 Specification sheet



1 [bookmark: _Toc30950179]WAVE Model Methodology
1.1 [bookmark: _Toc30950180]Initial Set-up
To begin with, the model which was provided did not have any valve lift profile or port flow co-efficient data associated with cylinders. Solving this meant importing .txt files in a column vector format. The process can be seen in Figure 4, Figure 5, Figure 6 and Figure 7.



[bookmark: _Toc30950208]Figure 4 Flow Co-efficient import panel
[bookmark: _Ref30778037][bookmark: _Toc30950209]Figure 5 Intake valve panel
[bookmark: _Toc30950210]Figure 6 Valve lift profile import panel



[bookmark: _Ref30777656][bookmark: _Toc30950211]Figure 7 Options shown when any cylinder is selected

1.2 [bookmark: _Toc30950181]Logical Initial Changes
Using a logical approach to this assignment, several constant values in the constants table have been changed to correlate realistic value which are standard assumed values for engine simulation. These changes have been made prior to the initial input checks and runs.
1.2.1 [bookmark: _Toc30950182]Ambient Pressure
The ambient air pressure was set to 1.065 bar, to make this 1 atm pressure it has been changed to 1.01325 bar.
1.2.2 [bookmark: _Toc30950183]Ambient Temperature
Triumph is a British company therefore; a decision was taken to change the ambient temperature from 300K to 291K. This is reducing the ambient temperature from 27°C to 18°C.[bookmark: _Toc30950212]Figure 8 Ambient options panel








1.2.3 [bookmark: _Toc30950184]Air/Fuel ratio
The model was initially set-up with a fuel/air ratio of 0.078 which equates to an air/fuel ratio of 13.698. To keep the model logically correct, the spec sheet from Triumph in Table 5 has a value of 12. The fuel/air ratio now in the model is 0.083 so the air/fuel ratio is shown in Equation 1.
[bookmark: _Ref30782380][bookmark: _Toc30950223]Equation 1 Air/Fuel ratio Calculation

In the next section of this report, the input check can be run prior to completing a baseline run of the model before any further changes are made in an attempt to optimise the model.


1.3 [bookmark: _Toc30950185]Input Check
To ensure any change which is made to the model is within the boundaries of what WAVE requires, an Input Check is run before a Direct Run is executed. These icons are shown in Figure 9.
[image: ]



Run Direct Icon
Input Check Icon
Wave Post Icon
[bookmark: _Ref30785225][bookmark: _Toc30950213]Figure 9 Run Input Check, Run Direct and Wave Post Icons
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[bookmark: _Ref30785559][bookmark: _Toc30950214]Figure 10 Input Check command prompt view

This command prompt window is presented to the user to highlight any errors in the model or changes made which inhibit the model from running. Figure 10 shows the command prompt as aforementioned.
1.4 [bookmark: _Toc30950186]Baseline Run
[image: ]With the values above changed and an Input Check complete, a Direct Run can be executed. During the run, the command prompt displays a live view of the cycles which the engine is completing which shows an overview of the performance output. The model will also complete the cases defined in the constants table defined by the user. This initial baseline run has been completed for 10250 to check the model runs and produces power now that the valves and initial changes have been made. 


[bookmark: _Toc30950215]Figure 11 Direct Run baseline command prompt view

[bookmark: _Ref30877400][bookmark: _Toc30950187]Baseline Model Results
To analyse results produced by Wave, the user must access Wave Post which is shown in Figure 9.
[bookmark: _Ref30786347][bookmark: _Toc30950247]Table 6 10250 Baseline Summary Data Table

[image: ]
In Graph 1, the highlighted areas are the values which do not match and will need attention in the re-evaluating once the combustion characteristics have been input and optimised.

[bookmark: _Toc30950256]Graph 1 10250 Baseline pressure v crank angle



Table 6 shows the results from this initial baseline run. Power and torque figures at this rpm will not correlate to the max output figures given in Table 5 as this is not 11750 or 12600 which are the rpm’s these peak figures are defined as being. The run however, is successful as this is relatively realistic when analysed logically. 
The combined displacement of the engine is 0.000675m3, this is a successful attempt in validating the cylinder volume is correct.

[bookmark: _Toc30950188]Wave Model Optimisation
1.5 [bookmark: _Ref30945702][bookmark: _Toc30950189]Combustion Characteristics
[image: ]To make the SI Wiebe combustion model as accurate and correlate with the real MFB given from Triumph, the following variables which can depending on RPM have been defined from manipulating the data given.







[bookmark: _Toc30950216]Figure 12 SI Wiebe Combustion Model panel

1.5.1.1 50% Burn point
This has been defined for each rpm site by looking in the data provided from Triumph for the point at which 50% of fuel is burnt, however there is not a simple 50% location, this has been interpolated to find an exact crank angle position. The values shown in Table 7 define the values which have been input into the {THB50} variable in the constants table, this is so the value can change for each case and engine speed.[bookmark: _Ref30791526][bookmark: _Toc30950248]Table 7 MFB 50% Burn Position



1.5.1.2 Combustion duration
The burn duration which WAVE requires is from 10%-90% so using the exact same process as finding the 50% burn location, the 10% and 90% has been interpolated to find the exact duration of combustion to input for the {BDUR} variable. Table 8 shows that the duration is longer as rpm increases.
[bookmark: _Ref30792159][bookmark: _Toc30950249]Table 8 Burn Duration values

Exponent in Wiebe Function
The Wiebe function is an equation used to estimate the mass fraction burned against crank angle which is required for this model. This function can be seen in Equation 2. The item from this function which Wave gives and option to define as a user is the M value. MATLAB Curve Fitting Tool has been used to find the value of M fitting the MFB from Triumph with the Wiebe function as the equation to fit this curve. 95% confidence bounds have been met with these curve fits. 
[bookmark: _Ref30794920][bookmark: _Toc30950224][image: ]Equation 2 Wiebe Function


10250rpm[bookmark: _Toc30950225]Equation 3 Wiebe equation manipulated for 10250 burn
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[image: ][bookmark: _Toc30950217]Figure 13 10250 MFB Curve Fit


13000rpm[bookmark: _Toc30950226]Equation 4 Wiebe equation manipulated for 13000 burn
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[image: ][bookmark: _Toc30950218]Figure 14 13000 MFB Curve Fit


[image: ][image: ]14400rpm
[bookmark: _Toc30950227]Equation 5 Wiebe equation manipulated for 14400 burn
[bookmark: _Toc30950219]Figure 15 14400 MFB Curve Fit

[bookmark: _Toc30950190]MFB Validation
With the combustion characteristics modified to match with the real data from Triumph, a Direct Run was executed to validate that this data input was correct and not making the model inaccurate. 
[image: ]The MFB which Wave has calculated for each rpm site is shown against the MFB measured from Triumph in Graph 3, Graph 2 and Graph 4.
[image: ][image: ]
The 50% burn position on all rpm curve fits for MFB matches with the MFB provided from Triumph.
Areas of inaccuracy are between 10%-25% mass fraction fuel burned. These inaccuracies are caused by the fact the Wiebe function is an estimation of the MFB and not a 100% perfect fit. 
Another area of inaccuracy is the 75%-100% of burn and this is caused by the same reason aforementioned above for the 10%-25% of mass fraction burned.



[bookmark: _Ref30861379][bookmark: _Toc30950257]Graph 2 14400 MFB Validation
[bookmark: _Ref30861378][bookmark: _Toc30950258]Graph 3 13000 MFB Validation
[bookmark: _Ref30861376][bookmark: _Ref30861372][bookmark: _Toc30950259]Graph 4 10250 MFB Validation

[bookmark: _Toc30950191]MFB Wave Results
[image: ][bookmark: _Ref30862799][bookmark: _Toc30950250]Table 9 Combustion characteristics changed results


[image: ][image: ][image: ]Table 9 above shows the power and torque outputs after the combustion characteristics have been changed, this is closer to the Triumph spec sheet output values. The Power stroke has a higher pressure seen at all 3-cylinder pressures. This is due to the heat lost through the cycle being too high, this is changed with valve timings and heat transfer multipliers.



[bookmark: _Toc30950260]Graph 5 13000 Wave Cylinder Pressure Comparison
[bookmark: _Toc30950261]Graph 6 10250 Wave Cylinder Pressure Comparison

[bookmark: _Toc30950262]Graph 7 14400 Wave Cylinder Pressure Comparison

[image: ][image: ][image: ]Peak cylinder pressure is 10bar lower than measured, having an adverse effect on the expansion process. Lastly, the compression process is also marginally off this can be a cause of intake valve timing.
Peak cylinder pressure is lower than measured again and the same issue as in Graph 8 at 10250 for the expansion process, however also the adiabatic compression process is marginally off.
Peak cylinder pressure is lower than measured, expansion process is affected by this and the cylinder pressure is dropping quicker due to the valve timing being incorrect.
[bookmark: _Ref30942260][bookmark: _Toc30950263]Graph 8 10250 P-V Comparison
[bookmark: _Toc30950264]Graph 9 14400 P-V Comparison
[bookmark: _Toc30950265]Graph 10 13000 P-V Comparison

[bookmark: _Toc30950192] Performance Characteristics
In order to assure that the performance characteristics are realistic and matching that which Triumph define, the following changes have been made to the Wave model. 
[bookmark: _Toc30950193]Valve Lift Profile Changes
Intake[bookmark: _Toc30950220]Figure 16 Change of inlet valve lift profile anchor in Wave


The performance of an engine is determined by its combustion characteristics and performance governing factors such as valve lift profile and timing of the maximum opening point in accordance to the crank angle. In Figure 16, the Profile Anchor has been set to 8.434 as this is maximum valve lift point. This is shown in 
[image: ]With the use of Wave Experiments, a matrix of different Inlet opening points have been tested in a fast version of Wave’s solver, the result given is 255 so this is what the {iop} variable has been set to for all rpm sites. [bookmark: _Toc30950251]Table 10 Performance characteristics changed results


Exhaust
[bookmark: _Ref30874198][bookmark: _Toc30950221]Figure 17 Change of exhaust valve lift profile anchor in Wave

Figure 17 shows the change made to the exhaust valve lift profile anchor from 0 to the maximum opening point of 7.461. This value is dictating the amount of valve overlap which is present also in conjunction with changing the inlet profile anchor.
A Wave Experiment has been carried out in order to find the optimum {eop}, the range was set from 80-90 so every exhaust opening was tested in this range, resulting in 86 being the optimum timing of opening for the exhaust valve. 
[bookmark: _Toc30950194]Further Changes
Temperatures
As revolutions per minute rise, the cylinder walls do not have enough time per cycle to lose as much heat as they would in between each combustion process at a slower rpm, therefore the variables in the constants table have been altered to reflect this by using values from (Heywood, 1989). Cylinder head temperature is increased by increments of 10 Kelvin to also further simulate this process occurring. The temperature of the piston is kept at 550 Kelvin due to the principle of during a slower engine speed the flame front is slower at propagating therefore, the piston crown will be equally as hot as when cylinder pressures rise at higher rpms and the flame front travel faster not allowing the crown to get as hot, but with increased cylinder pressures this is balanced. 



[bookmark: _Ref30876818][bookmark: _Ref30876815][bookmark: _Toc30950252]Table 11 Table of constants for final Wave model













Woschni Heat Transfer Model
[image: ]






[bookmark: _Toc30950222]Figure 18 Woschni Model panel

Wave allows the user to change the heat transfer multipliers when the intake valves are open and closed. This dictates how much heat is retained in the engine block, head and piston when engine is during its intake cycle and the power stroke. The author has set these to variable for each rpm as this co-efficient will change for each engine speed due to the rate of heat transfer not being a constant in this scenario. Table 11 shows the {HTIO} and {HTIC} variables created and with decreasing values as this demonstrates that the engine has less time to lose heat at higher rpm sites. This multiplier is a co-efficient so is required to be from 0-1. 



[bookmark: _Toc30950195]Wave Model Results and Analysis 
These results are with the completed model which has been modified and optimised to achieve the correct power and combustion characteristics. In total, 33 runs on Ricardo Wave have been completed with this model, however it has been chosen to show the initial run as aforementioned in Baseline Model Results and a final overview of the changes and their effect. 
[bookmark: _Toc30950196]Cylinder Pressure
[image: ][image: ][image: ][image: ]
As aforementioned in Graph 11, the same issue is occurring, however if the EOP is changed from this optimum it lowers power as there is less overlap. 
The highlighted point where the exhaust valve opens is showing that the exhaust valve opening point is too late marginally.




[bookmark: _Ref30943948][bookmark: _Toc30950266]Graph 11 10250 final cylinder pressure
[bookmark: _Toc30950267]Graph 12 13000 final cylinder pressure

[image: ]
[image: ]



Here the issue with exhaust valve timing is only marginally off.







[bookmark: _Toc30950268]Graph 13 14400 final cylinder pressure

[bookmark: _Toc30950197]P-V Diagram 
[image: ]
During the expansion process the difference here is between real and wave results showing that the wave model has a higher rate of pressure change in this process.

[bookmark: _Toc30950269]Graph 14 10250 final P-V diagram

[image: ]
The same issue is occurring in the 13000rpm expansion process, this can be verified in the Log P-V diagram showing the polytropic index value which is causing this error margin.










[bookmark: _Toc30950270]Graph 15 13000 final P-V diagram


14400rpm has a larger error margin in this area of the expansion process which defines the n value.










[bookmark: _Toc30950271]Graph 16 14400 final P-V diagram

The P-V diagram comparing the real data against the exported wave data has displayed that the profile of the diagram is correct however the characteristic during the expansion process is not, this can be discussed further in a set of Log P-V diagrams. 

[bookmark: _Toc30950198]Log P-Log V Diagram (N Value)
[image: ]The target values for N compression and expansion can be seen in Table 12. These graphs have been produced to also compare the pumping working and indicated work which is being done by and on the system.[bookmark: _Ref30883897][bookmark: _Toc30950253]Table 12 N value targets


Wave
N Compression = 1.79 (0.6%)
N Expansion = 1.16 (0.9%)


Pumping Work
Indicated Work
Pumping Work
Indicated Work
[bookmark: _Ref30944106][bookmark: _Toc30950272]Graph 18 10250 Log P-V Diagram
Wave
N Compression = 1.74 (3.3%)
N Expansion = 1.21 (5.0%)
[bookmark: _Ref30944105][bookmark: _Toc30950273]Graph 17 13000 Log P-V Diagram

[image: ]
Wave
N Compression = 1.84 (2.2%)
N Expansion = 1.11 (3.5%)



Indicated Work




Pumping Work




[bookmark: _Ref30944107][bookmark: _Toc30950274]Graph 19 14400 Log P-V Diagram


The pumping work which is done by the piston in for Graph 18 10250rpm is greater than the measured data shows, this can be caused by the flow of air in and out of the cylinder during the intake or exhaust valve open points. The indicated work done by the piston is accurately represented however the figure for indicated power is lower than usual at this rpm due to the increased losses from pumping.
Pumping in Graph 17 for 13000rpm is closer to the measured pumping losses, this is down to the inlet and exhaust valve timing being optimised correctly at this rpm and validated. The work done by the system is only marginally different as the exhaust valve opens slightly too late, however this is not an error which bears great significance. 
Graph 19 shows for 14400rpm that the pumping work done is correct for intake section of the pumping however the exhaust pumping work is decreased. Overall the area of the pumping work is correctly represented. Indicated work done by the system at 14400 is correct on the compressive stroke of the cycle but on the power stroke when the volume is increasing, the cylinder pressure is dropping at a higher rate, therefore there is less indicated work done in at this rpm site than from the measured data from Triumph.


[bookmark: _Toc30950199]Power and Torque Final Run
To validate the Brake Power figure of 94kW at 12600rpm and Brake Torque of 74Nm at 11750, a run at each rpm has been created using interpolated values for the variables changed in the Combustion Characteristics section. As the values used have been estimated using interpolation, they cannot be used as a definitive result, more of a guideline to demonstrate the trend seen and that the engine will produce its peak torque and power values at these engine speeds.
[image: ][bookmark: _Toc30950254]Table 13 Table of constants for power and torque final runs










[image: ][bookmark: _Toc30950255]Table 14 Final Power and Torque Run Figures







[bookmark: _Toc30950200]Conclusion
With the use of Ricardo Wave software, any engine can be optimised to reach its maximum performance however this can be unrealistic due to the model having 0 boundaries like a physical engine would have. 
The best practice for using such programs along with GT Power is to use these as a tool to validate changes made to the model and in real life to make sure that trends match and then these computational models can predict what type of result or change will be seen. Ricardo wave is a powerful 1-D CFD package, however the combustion modelling capabilities are somewhat limited in scope of accuracy down to the decreased number of parameters available for user manipulation. 
The peak cylinder pressures at 10250 and 13000 are within the 5% error threshold therefore are successfully validated however the 14400 proved challenging to increase the cylinder pressure resulting in a <5% error margin therefore cannot be deemed a success or useful set of data to make theoretical changes to the model.
By fitting the Wiebe function in MATAB and using this to determine the MFB for each rpm, it allowed for the cylinder pressures to rise accurately and brought cylinder pressures closer to their peak values. Therefore, defining the combustion characteristics of such motorcycle engines plays a pivotal role in the adiabatic compression phase of the Otto-cycle.
To finish, Ricardo Wave can be a misleading tool and if not used appropriately with unverified variables, it will give inaccurate predictions of performance and combustion characteristics. 
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[bookmark: _Toc30950202]Appendix/Further Work
· To take this assignment further:
· Measure under graphs to find area difference for work done and pumping or to find mean pressures
· Work with Wave experiements in order to apply changes to all parameters which have been optimised
· Further the authors understanding of the thermodynamics process occuring during the pumping cycle of Log P-V diagram to see how valve timing influences this
· Attempt to refine the friction co-efficient values to improve accuracy of Brake Power and Torque





[bookmark: _Toc30950203]Delta Pressure and Delta Volume Diagrams

[bookmark: _Toc30950275]Graph 24 10250 Delta pressure and volume
[bookmark: _Toc30950276]Graph 23 13000 Delta pressure and volume
[bookmark: _Toc30950277]Graph 25 14400 Delta pressure and volume

[bookmark: _Toc30950204]Power and Torque final run summary output tables
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As a topic of interest, the area highlighted above shows a zoomed in Cylinder Pressure v Crank Angle graph, this displays a fluctuating cylinder pressure and has been described as the inlet valve closing point, however this is too late in the compression stroke to be the IVC point. Therefore, after further investigation it seems that the maximum rod angle is occurring at this point. This could be a sign of blow-by from the rod tilting the piston slightly and allowing the rings to their seal with the cylinder liner face. 
[image: ][image: ]
image30.emf
DescriptionVariable Unit 10250 13000 14400

MFB 50% THB50 deg 9.43 10.7 7.42
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DescriptionVariable Unit 10250 13000 14400

MFB 50% THB50 deg 9.43 10.7 7.42
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Description Variable Unit 10250 13000 14400

Burn durationBDUR deg 26.1 27.6 29.07
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Description Variable Unit 10250 13000 14400

Burn durationBDUR deg 26.1 27.6 29.07
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Description Value Units

Engine 0 Litre

Cylinders 3 In-Line

Swept Volume (+Base Gasket) 225.0084 cc

Bore 0.0760 Metre

Stroke 0.0496 Metre

Conrod Length 0.1046 Metre

Crank Radius 0.0248 Metre

Head Gasket Thickness 0 Metre

Base Gasket Thickness 0 Metre

Inlet Valve Diameter 0.0310 Metre

Inlet Valve Area 0.0008

Metre

3

Number of Valves 2 #

Inlet Bore Area Ratio 3.005202914 #

Distance Piston to Trumpet 0.2 Metre

Clearance Volume (+Head Gasket) 0 19.2315

Compression Ratio 12.7 12.7

S-Swept 0.1294 Metre

Lambda 0.90 1

Air Temp 20 Celcius

Air Density 1.167 Kg/m³

Air Pressure 1 Bar

Calorific Fuel Value 44000000 J/Kg

Air/Fuel Ratio 12 12 calculated

Volumetric Efficiency 90% %

Combustion Efficiency 85% %

nCompression 1.8 #

nExpansion 1.15 #

R 286.9 J/Kg.K

Qr 0 J

Word Done 0 J

RPM 10250 1073.377 rad/s

Brake Power 94 kW @ 12,600rpm

BHP 126.054 BHP

Brake Torque 73 Nm @ 11,750rpm

Specific Heat Ratio-ꙋ 1.25 Gamma

Wiebe a 5 #

Wiebe m 2 #

Ignition Crankshaft Degree -20 Degree

Ignition Delay Degree 8 Degree

Burn Duration 37 Degree

Crankshaft Burn Duration 205 Degree

Air Mass per Cylinder 0.000236326 Kg

Fuel Mass per Cylinder 1.96939E-05 Kg

Heat Output per Cylinder 736.5503904 Joules

∆T 2876.923077 Kelvin
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Description Value Units

Engine 0 Litre

Cylinders 3 In-Line

Swept Volume (+Base Gasket) 225.0084 cc

Bore 0.0760 Metre

Stroke 0.0496 Metre

Conrod Length 0.1046 Metre

Crank Radius 0.0248 Metre

Head Gasket Thickness 0 Metre

Base Gasket Thickness 0 Metre

Inlet Valve Diameter 0.0310 Metre

Inlet Valve Area 0.0008

Metre

3

Number of Valves 2 #

Inlet Bore Area Ratio 3.005202914 #

Distance Piston to Trumpet 0.2 Metre

Clearance Volume (+Head Gasket) 0 19.2315

Compression Ratio 12.7 12.7

S-Swept 0.1294 Metre

Lambda 0.90 1

Air Temp 20 Celcius

Air Density 1.167 Kg/m³

Air Pressure 1 Bar

Calorific Fuel Value 44000000 J/Kg

Air/Fuel Ratio 12 12 calculated

Volumetric Efficiency 90% %

Combustion Efficiency 85% %

nCompression 1.8 #

nExpansion 1.15 #

R 286.9 J/Kg.K

Qr 0 J

Word Done 0 J

RPM 10250 1073.377 rad/s

Brake Power 94 kW @ 12,600rpm

BHP 126.054 BHP

Brake Torque 73 Nm @ 11,750rpm

Specific Heat Ratio-ꙋ 1.25 Gamma

Wiebe a 5 #

Wiebe m 2 #

Ignition Crankshaft Degree -20 Degree

Ignition Delay Degree 8 Degree

Burn Duration 37 Degree

Crankshaft Burn Duration 205 Degree

Air Mass per Cylinder 0.000236326 Kg

Fuel Mass per Cylinder 1.96939E-05 Kg

Heat Output per Cylinder 736.5503904 Joules

∆T 2876.923077 Kelvin
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