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ADVANCED COMPUTATIONAL METHODS: RICARDO WAVE
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1. [bookmark: _Toc30980010]Introduction

For this assignment a base Ricardo model for the Triumph 675 was provided for analysis and optimisation, this was also accompanied by real engine dyno data for the 675.
For this assignment the author was tasked to reverse engineer information from real data provided to develop & validate the given Ricardo model into a more accurate representation of the engine’s characteristics and performance.

[bookmark: _Toc30980011]1.1 Constants Table Variables
Figure 1 Table of Constants
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The defeinition of these variables are:
· BDUR = Burn Duration 
· Eop = Exhaust opening point
· FARD = Fuel Air Ratio
· Iop = inlet opening point
· NCYC =no of cycles
· PREF = Reference Temperature (ambient)
· Speed = Engine Speed (RPM)
· Tcyl = cylinder Temp
· THB50 = 50% burn location 
· Thead = cylinder Head Temp  
· Thrt = throttle body diameter 
· TPis = Piston Temperature
· Tref = Reference Temp (amb)
· ACF,BCF,QCF  & CCF = Friction coefficient


2. [bookmark: _Toc30980012]Initial variables for operational model

The first step to developing the Ricardo model was to input the given valve lift profile and the flow rates in the exhaust and inlet which allows the model to run & produce initial results.
2.1 [bookmark: _Toc30980013]Valve lift data
[bookmark: _Ref30704246]Figure 2 Valve Lift import method












To import the valve lift profile the author had to follow the steps shown in Figure 1 Valve Lift import method  where the black line highlighted areas are the tabs required to navigate to the valve specifications. The red highlighted area is where the author input the largest value of the valve lift data to define max lift profile location. This is then repeated for both inlet and exhaust. 
[bookmark: _Toc30980014]2.2 Valve flow data
[bookmark: _Ref30705817]Figure 3 Valve Flow data import method









To import the valve flow data the same methodology as the lift profile data is used however rather than selecting the edit profile option select the edit flow coefficient profiles as seen in Figure 2 Valve Flow data import method.
[bookmark: _Toc30980015]2.3 Initial Basic Geometry changes

When checking the initial geometry of the model the author found that the set length for the conrod was 98mm whereas measurements of physical parts and specification listings state it is 104.6mm therefore this variable was changed to the correct value.
(MCS, n.d.)




The piston surface area (bore area) was checked and validated as a 4536.46mm^2 via using specifications of piston diameter (76mm) therefore bore area is equal to:


3. [bookmark: _Toc30980016]Excel/Data
For this study the author was given Real engine data to aid with validation and calculation of variables needed for an accurate representation of the engine model such as MFB Percentage location, Pressure, Volume & Wiebe exponents.
[bookmark: _Toc30980017]3.1. Calculation of pressure

To calculate the Pressure from the given engine Data the author via adding 1 to the % value given 
[bookmark: _Toc30980018]3.2 Calculation of volume

To calculate volume from the given Engine data the author had to calculate the swept volume via: 
· This allowed for the calculation of clearance volume via:

· And finally, volume from the percentage given is expressed as

4. [bookmark: _Toc30980019]Combustion Characteristics

[bookmark: _Toc30980020]4.1 MFB/Burn Rates

To determine at which degree of crank angle 10% - 90% of Mass Fraction Burnt is located this was determined from the Real data from triumph via analysing of the burn rates to determine the approximate crank angle degree of 10%, 50% and 90%
[bookmark: _Ref30709592]Table 1 MFB % locations @ 14400

The approximate angle for 10%, 50% and 90% are outlined in Table 1 MFB % locations which were found in the real data however these crank angle locations don’t represent the exact location of 10% - 90% Burn


The exact location of these value can be determined via:

[bookmark: _Ref30771374]Figure 4 MFB functions locations outside constants table

This equation produces the exact calculated crank angle of the % of burn the author was is looking for these values for 10%-90% can be found in Table 1 MFB % locations, This was then repeated for each Case of Rpm for individual results.
These values can be input into the constants table as {BDUR} which represents 10% - 90% duration that Ricardo asks for {THB50} represents the location of the 50% burn. See Figure 1 MFB functions locations outside constants table.








[bookmark: _Toc30980021]4.2 Initial run results

To obtain comparable results between Ricardo and excel Data the author exported data from Ricardo into an excel file with the real data values for Pressure and volume allowing for the calculation of peak pressures and PV diagrams as the main method of comparing engine performance characteristics as well as aiming to match maximum power values of  94Kw (126hp) @ 12600RPM therefore the studied cases of 14400, 13000 & 10250 the peak HP values should be found @ 13000 RPM with values just below (94kw) & 126hp.
[bookmark: _Ref30776882]Table 2 Run 1 Peak pressures Vs Real data peak pressure

As can be seen in Table 2 Run 1 Peak pressures Vs Real data peak pressure the degree of accuracy in 13000 and 10250 are within 5% of the real data values which is a good margin of accuracy to be within however the accuracy of 14400 blow acceptable margin of accuracy still.
[bookmark: _Ref30777035]Figure 5 Initial Run 1 PV diagrams 13000RPM & 10250RPM











Figure 4 shows the initial results of the PV diagram to bring real data results into range of Ricardo results the cylinder volume values needed to be divided by the clearance volume like as Ricardo states it does in the export data headings.
[bookmark: _Ref30868911]Table 3 Run 1 summery of Performance Results



 It can be seen in the highlighted area in red that the work done by the system is too high in the Ricardo model leading to the divergence of data in this area, Due to this it can be assumed that reducing the friction values will correct this in part. 
5. [bookmark: _Toc30980022]Performance characteristics
[bookmark: _Toc30980023]5.1 Dyno curve
As a method of determining the accuracy of the results the author obtained a power curve for the 2009 triumph 675 which demonstrated the trend of the power and torque at each RPM. See Figure 6 2009 675 dyno curve. (Drevenstedt, 2009)[bookmark: _Ref30862853]Figure 6 2009 675 dyno curve











This dyno curve was then scaled for an in-depth analysis of the approximate values for peak power and torque for each case of RPM the author was studying. to see scaling see Figure 17 & Figure 18 
Table 4 Dyno curve Power Results & scaling to Real results












Table 5 Dyno curve Torque Results & scaling to Real results











(Metric Conversions, 2018)
The results seen in Figure 6 & Figure 7 the values of power and torque found from scaling the dyno curve which were used as a basis for the power and torque values to aim for at 10250 RPM & 13000RPM due to the fact that 14400 was beyond the limits of the stock engine dyno curve it was discounted in this area of the study.
Due to the dyno results being determined to be lower than the supposed max value for HP and Torque the author determined the difference in values between the max power and torque from given data and the stated max on the dyno curve seen highlighted in red (torque converted to N/m from ft/lbs to match SI units in the rest of the study).
This value of difference was then added to the result found in the dyno curve to estemate the peak values of the cases in question in relation to Real data given.
[bookmark: _Ref30953287]Table 6 results & degree of accuracy of scaled dyno curve Values compared to output values of Run 1 results

The estimated values found, fell within the margins of what the author deemed to be reasonable predicted results, the percentage of difference between the new calculated values & the exported summery data from Ricardo (see Table 3 ) to further determine the accuracy of results as seen in red in Figure 8.



6. [bookmark: _Toc30980024]Wiebe function curve fit


To determine the values of Wiebe M exponent for combustion the author had to use the curve fitting functions in MatLab due to it being the most accurate method of calculating the results.

Firstly, the author has to import the burn rates from the real engine data provided per degree of crank angle.
Figure 7 MatLab import code














Figure 7 , (Figure 10  & Figure 11 see Appendix) show how the imported data is used to produce a curve fit through the custom equation option in curve fitting where the MFB formula was used as seen highlighted in green. Using determined 0.01% burn location at the starting location (-59.19⁰) and the duration between 0.01% & as close to 100% burn as possible is used as the burn duration (98⁰). This function calculated the values for the M exponent for the Wiebe function exponent Ricardo asks for. 
[bookmark: _Ref30796757]Figure 8 MatLab Curve Fit For 13000 RPM










[bookmark: _Ref30798024]Figure 9 Wiebe Exponent panel location

Due to the fact that there are varying values for the M exponent across the RPM range the author has to add the exponent function to the constants table via labelling the value as {Wiebe} in the exponent location found in the Wiebe combustion model panel as seen in Figure 8 .[bookmark: _Ref30870069]Figure 10 Constant Table M Values


With these input into the constants table as seen in Figure 9 the author can determine further improvements based on the change in results due to the new M values.

[bookmark: _Ref30946337][bookmark: _Toc30980025]6.1 Run 2 Results
[bookmark: _Ref30875205]Figure 11 Run 2 1300 RPM PV diagram
















[bookmark: _Ref30875209]Figure 12 Run 2 10250 RPM PV Diagram

The results seen In Figure 10 & Figure 11 demonstrates the effects of adding the M exponent for the Wiebe function, it can be seen that peak pressure has been marginally increased which is beneficial for 13000 RPM & 14000RPm however led to 10250’s pressure to increase further away from the desired target.
the author determined from the compression stroke shown in green that the step in from the second run compared to the near ideal line in run 1, this is due to a quicker increase of pressure in the same volume, this is indicative of early ignition, therefore adjusting the valve timing later across the system in theory should show a degree of improvement in this area. (Thermodynamics and P-V diagrams, 2015)
Table 7 Run 2 Pressure results






Table 7 shows the peak pressure results and their accuracy to the real data values, the pressure for 13000 rpm and 10250 are exceptionally accurate however the standard of accuracy across each RPM is too inconsistent and therefore the author continued with logical improvements.


[bookmark: _Toc30980026]6.2 valve timing change Results (run 5)

Due to the results in section 6.1 Run 2 Results the author decided to run varying cases of valve timing & from gathered results the Data from run 5 showed the largest improvement as seen in a valve timing of 260⁰ after power stroke TDC for inlet opening (IOP) and 72⁰  ATDC power stroke for Exhaust opening point (EOP) which can be seen in Table 8 Run 5 which shows the pressures accuracy across each RPM has fallen to a minimum of 93% which is a significant improvement for 14400 & 10250, however the accuracy of 13000 has reduced by 4% which in the authors opinion is an acceptable reduction for such an improvement the other cases.
[bookmark: _Ref30948487][bookmark: _Ref30950800]Table 8 Run 5 Valve timing change Pressure results





Table 8 Run 5 Results for Peak pressure values shows the effect of adjusting the valve timing and as can be seen the accuracy across the Rang has increased even though the Pressure for 13000 has decreased it still falls within 5% of the target which is an acceptable variance as well as the fact that 10250 is also within 5% and 14400 6.8% 












[bookmark: _Ref30951095]Figure 13 Run 5 13000 RPM PV diagram after valve time change

Figure 12 Run 5 @ 13000 RPM  & Figure 13 Run 5 @ 10250 RPM show how the pressure decrease with expansion is near perfect, although peak pressure is high as highlighted in purple. The nipple created by increased pressure can be seen to be stepped forward indicating ignition is still too early. (not figures 12 & 13 are interactive and the improvements for each run can be added for comparison).










[bookmark: _Ref30951102]Figure 14 Run 5 10250 RPM PV diagram after valve time change

Figure 13 shows that the valve timing still requires refining due to the evidence showing that the timing currently employed is near ideal for 13000 RPM however 10250 could still see some improvement, the author determined a valve timing more suited for the rang may be more beneficial.Table 9 Run 5 Performance Results

The power characteristic of run 5 are demonstrated in table 9 and the accuracy of these results to the predicted real values compared to previous tuns the torques accuracy has increased however the power has been decreased (see Table 6 results & degree of accuracy of scaled dyno curve Values compared to output values of Run 1 results)
Table 10 Run 5 Performance Results Accuracy


7. [bookmark: _Toc30980027]Friction

The author determined that part of the reason that Brake power and Brake torque values are low in part due to the friction in the cylinder therefore the author found a help file within Ricardo specifically relating to friction which outlined the constants values definitions & location as seen in Figure 14 [bookmark: _Ref30961950]Figure 15 Fiction Help File & constants location





Halfling all values for ACF, BCF & CCF to 350 from the original, the effect of this on the combustion characteristics were negligible as the values for peak pressure don’t change more than 0.1 Bar and the Trend of the PV diagram has no variant from the previous run.
However, the effect on power and Torque put the values to almost the exact predicted results as seen in Table 11 Run 7 & Table 12 Run 7 Accuracy Results[bookmark: _Ref30962436]Table 11 Run 7 Performance Results


Table 12 demonstrates the effects of halving the friction in the cylinder to increase power and Torque, the accuracy of power and torque at 13000Rpm are both 99.7% accurate at minimum and the values for power at 10250 is 97% accurate to predicted values, the last remaining element to improve is the torque produced at 10250 which is only 89% accurate.
the author theorised that to obtain the final accuracy of the torque value @ 10250 and to decrease the peak gas forces, the valve timing needed a final refinement such as increasing scavenging to decrease peak pressure. [bookmark: _Ref30962645]Table 12 Run 7 Accuracy Results

6. [bookmark: _Toc30980028]Conclusion

In conclusion the author determined refining the valve timing, combustion characteristics and friction are the main changes to be made to achieve the target performance and combustion characteristics defined from the real Data values given/calculated such as power torque and peak pressure. The author determined that an accuracy of within 5% for peak power and peak pressure are within acceptable accuracy range to assume correct values.
The author would suggest further refinement of valve timing as well as the burn durations to further refine the Wiebe values and burn locations to improve peak pressure. 
[bookmark: _Toc30980029]6.1 Final Validation
As a final validation the author decided to add two cases representing 12600RPM (supposed Peak power RPM) & 11750 RPM (Peak Torque) as seen in Table 13 Final power & torque Results.Table 13 Final power & torque Results

The final results comparison can be seen in table 14 where it demonstrates the accuracy of the Ricardo results to the real values with no changes after adding these two extra cases, therefore the author is satisfied with a similarity of 99% for real Peak power and 97 for Real peak Torque, as a form of validation this demonstrates that the accuracy of the other results after no changes being made to settings after adding these variables.Table 14 Final Power & Torque with 12600RPM & 11750





7. [bookmark: _Ref30796868][bookmark: _Toc30980030]Appendix
8. [bookmark: _Toc30980031]Graphics[bookmark: _Ref30796795]Figure 16 MatLab Curve Fit 10250 RPM




[bookmark: _Ref30796797]Figure 17 MatLab Curve Fit For 14400 RPM

[bookmark: _Ref30866029]Figure 18 Dyno curve scaling for power @ 10250 & 13000





[bookmark: _Ref30866112]Figure 19 dyno torque curve scaling










Figure 20 Valve lift profiles & overlap






















References
(2019, october 24). Retrieved from wikipedia.
Drevenstedt, G. (2009, march 17). Rider Motorcycling at its best. 
Heywood, J. B. (2018). internal Combustion Engine second edition. Cambridge, massachusetts: McGraw-Hill Education.
MCS. (n.d.). MCS Triumph daytona 675. Retrieved from MCS: https://www.motorcyclespecs.co.za/model/triu/triumph_daytona_675%2009.htm
Metric Conversions. (2018, july 22). Retrieved from https://www.metric-conversions.org/energy-and-power/foot-pounds-to-newton-meters.htm
Thermodynamics and P-V diagrams. (2015, march 03). Retrieved from Youtube: https://www.youtube.com/watch?v=qVAvmieRM1E&t=131s


Run 5, 13000 Rpm 
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Pressure (Bar)




Run 5, 10250 Rpm 
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account for changes in rpm, varying frictional losses across a range of engine speeds.

When completed, the Geometry tab should appear as in Figure 3.

Figure 3: The Engine General Panel Geometry tab
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