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[bookmark: _Toc193792555]Introduction
 The aim of this report is to test a Honda Civic engine using a dynamometer and evaluate the resulting data. This will include looking at key parameters such as the load, dyno speed and fuel flow rate to calculate various other values. These include, but are not limited to, the torque, power and overall thermal efficiency.


[bookmark: _Toc193792556]Test Equipment and Method Used
[bookmark: _Toc193792557]Test Equipment
 The Schenck W5230 dynamometer is limited to 10000 rpm and a maximum load of 230kW. It is made up of many different elements which are essential to correctly operate the system.
 One element of the dyno system is a supply board, where fuel is pumped via a lift pump from the main tank via a filter. From there, the fuel is pumped via a fuel flow meter to a secondary pot that feeds the main fuel pump, which ultimately feeds the fuel to the engine via the regulator (UWTSD WISA Workshops, 2020a).
 The engine is self-contained on the rig, but ultimately the basic functions are controlled via the sensor modules and the main controls. The engine is connected to the dyno via a drive shaft and is bolted straight to the crank shaft at one end, and the dyno at the other. This is what allows the rpm of the engine to be the same of that of the dyno (UWTSD WISA Workshops, 2020a).
 The inner core of the dyno is powered by the engine and spins freely, while the outer casing is powered by a current which produces an electromagnetic field. This electromagnetic field puts a load on the engine which will try to slow it down. Ultimately, the reaction of the outer casing is trying to turn, but it is restricted by a strain gauge that sends a signal between 0 and 10V to the computer system within the control cell (UWTSD WISA Workshops, 2020a).
 The system is designed and calibrated with a calibration arm on either side of the dyno at a specific length of 815.776mm. A mass can be added to each of these arms which can be used to calculate what torque is applied around the central axis of the dyno by looking at what voltage signal has been sent to the computer system (UWTSD WISA Workshops, 2020a).
 As a lot of current flows through the system, a lot of heat can be produced. This means that that there is also an inlet and outlet from a coolant tank on the roof which has radiators and fans to always keep the temperature the same (UWTSD WISA Workshops, 2020a).

[bookmark: _Toc193792558]Method Used
 Due to unforeseen circumstances, the dynamometer was broken during the designated dyno session. However, it is still possible to look at methods that can be used when operating the system, as well as the method used to collect the data provided.
 There are three ways that tests can be run on the dyno: manually, via test sequencing, or with a sweep test. The sweep test method was used to collect the data provided; however, all three methods involve different processes.

 Running the dyno manually involves the user operating two dials; the dynamometer dial, which controls the rpm from the throttle box, and the engine dial, which controls the amount of current going to the dyno, ultimately controlling the torque (UWTSD WISA Workshops, 2020b).
 During test sequencing, different parameters can be filled out to determine how the engine behaves (UWTSD WISA Workshops, 2020b). Essentially, the system is running everything by itself and will work through a series of steps that it has been set to do. These steps can be looped to program in drive cycles.
 To collect the data provided, the sweep test was used. The process involved for this test begins with setting the starting and finishing rpm values. This is done in addition to setting the run time and how often to log the data. For example, the provided data was set to have a 1000rpm starting value and a 5500rpm finishing value. Data was also set to collect every 50rpm (UWTSD WISA Workshops, 2020b).
 The results collected during the sweep test won’t be as accurate as some other testing methods as it doesn’t pause at every rpm, it instead just takes readings. However, this does mean that the engine is unable to overheat (UWTSD WISA Workshops, 2020b).
 During the test, the total ramp time from start to finish was set to be 15 seconds. The test was also set to end at 0% throttle, taking a total time of 5 seconds to get there from the previous setting. All of this means that the dyno is controlling the speed once the test is started.

[bookmark: _Toc193792559]Spreadsheet Data Result Tables with Conclusions
 Using the data provided, it is possible to calculate other values which can be used to analyse the behaviour of the engine on the dyno. These can be presented in a table to provide as easy way to draw conclusions from the results.
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Table 1 - Engine Dynamometer Results Table
Table 2 - Engine Dynamometer Results Table Continued

[image: ]Table 3 - Constant Values needed for Equations


 Table 3 shows the constant values which were needed for the calculations. These include the humidity being at 46%, the Calorific value of the fuel being 44000kJ/kg (World Nuclear Association, 2020), the ambient temperature being 300K, the stroke being 0.09m (Honda Motor Co. LTD) and the radius at which the load acts being 0.00159m3 (UWTSD WISA Workshops, 2020a).

 The given data included the load, dyno speed, fuel flow rate and lambda, table 1. These could be used to calculate the rest of the data using various equations:

                                                                                 (Equation 1)
                                                                          (Equation 2)
                                                          (Equation 3)
                                                         (Equation 4)
                                                      (Equation 5)
                                                                         (Equation 6)

 Looking at these calculated values, it is possible to see if they are expected for that of an ICE. For example, most of the SFC values range between 0.2 and 0.35 kg/kWh, which is within the typical expected value range of 0.3-0.5kg/kWh (Balli and Hepbasli, 2013).
 This can also be done for the overall thermal efficiency values which range from around 21-31%. The typical value range that would be expected is 20-30%, so these calculated values are as expected.




[bookmark: _Toc193792560]Graphical Results with Conclusions
 Using the data provided, table 1, it is possible to create graphs that can be used to draw conclusions about the engine’s behaviour.
[bookmark: _Toc193792561][image: ]SFC against Engine SpeedFigure 1 - SFC Vs Engine Speed Graph


 At the beginning of the test, as the engine speed increases, the SFC decreases, before beginning to increase, figure 1. The initial decrease in SFC is likely due to the power produced by the engine not increasing significantly with the fuel being entered, due to incomplete combustion (Irawan, Winoko, Puspitasari and Dwiyono, 2021). However, once this decrease has stopped and began to level off, the SFC is at its lowest. This means that the engine is operating most at its most efficient during this time, due to the least amount of fuel being consumed.
 After the initial decrease and flat section in the SFC graph, and as the engine speed increases, the injector will be opened for longer. This means that the fuel consumption will increase, ultimately meaning that the SFC increases due to the power factor generated by the engine (Irawan, Winoko, Puspitasari and Dwiyono, 2021). During this time, heat and frictional losses will increase, eventually reducing efficiency.




[bookmark: _Toc193792562][image: ]Torque against Engine SpeedFigure 2 - Torque Vs Engine Speed Graph

 The maximum torque that was recorded on the dyno was around 103Nm at 2400rpm, figure 2. At the beginning of the test, the torque steadily increases until the maximum torque. From there, the torque remains fairly constant, before beginning to decrease at around 3600rpm.
 Initially, increasing the engine speed also increases the torque, as up to a certain point, the combustion process will continue to become more efficient with increasing engine speed, allowing more energy to be converted into useful work.
 However, the decreasing torque at higher rpms could be due to several factors that could have affected the engine during this stage of the testing. These include friction, ignition delay, not enough time for effective combustion, mechanical or material limitations and air flow complications (Bite-Sized Science, 2020).

[bookmark: _Toc193792563][image: ]Brake Power against Engine SpeedFigure 3 - Brake Power Vs Engine Speed Graph


 Looking at the graph, figure 3, it can be seen that as the engine speed increases, so does the brake power. This is likely because engine speed and brake power are directly related (Ali, Koten and Alwan, 2022).
 The maximum brake power is seen to be at around 44kW at 4700rpm, before beginning to decrease slightly at higher engine speeds. This is likely due to the torque also decreasing at higher engine speeds, figure 2, and the brake power being related to how the torque acts.



[bookmark: _Toc193792564]Evaluation
 Overall, the testing of the engine on the dyno could have been improved in the future by being able to collect the data when the dyno is no longer broken. This would allow for a more accurate understanding of the results and easier identification of any anomalies in the data. This would have also allowed for a better understanding of the processes used when running the system.
 It can be concluded that the data provided was accurate as many of the values calculated from the data are within an expected typical range. This means that the test conducted to collect this data would have gone well and was carried out correctly. This allowed for accurate interpretation of the results. This meant that the appropriate research could be carried out to determine why the engine behaved as it did.
 


[bookmark: _Toc193792565]Conclusion
 In conclusion, running an engine on a dyno outputs various sets of data which can be used to calculate different values. These are essential when looking at the characteristics of the engine and analysing how it behaves in different conditions.
 The data collected and calculated can be presented in graphs to accurately draw conclusions on the engine behaviour. All this also allows for an evaluation to be made and for further improvements to be assessed.

[bookmark: _Toc193792566]References
 Ali, O.M and Koten, H, and Alwan, N.T (2022) ‘Optimization of SI Engine Performance Operating with Low Octane Gasoline and Fuel Additives from Waste’, Mathematical problems in engineering, 2022, p. 1–10. Available at: https://doi.org/10.1155/2022/9828556 
 Balli, O. and Hepbasli, A. (2013) ‘Energetic and exergetic analyses of T56 turboprop engine’, Energy Conversion and Management, 73. 106–120. Available At: http://dx.doi.org/10.1016/j.enconman.2013.04.014 
 Bite-Sized Science (2020) TORQUE – and why it reduces at high revs. Available At: https://www.youtube.com/watch?v=TTbqp7FcWQE (Accessed: 22 March 2025).
 Honda Motor Co. LTD (unknown date), Civic Coupe CRX Chassis Maintenance and Repair.
 Irawan, B. and Winoko, Y.A. and Puspitasari, E. and Dwiyono, T (2021) ‘Analysis of fuel pressure on the performance of motorcycle engine with ethanol fuel’, IOP Conference Series: Materials Science and Engineering, 1073. 012081. 10.1088/1757-899X/1073/1/012081. Available At: https://www.researchgate.net/figure/Engine-speed-vs-SFC_fig3_349656199#:~:text=Figure%205%20shows%20that%20the,to%20incomplete%20combustion.%20 
 UWTSD WISA Workshops (2020a) Engine Dynamometer Overview. Available At: https://www.youtube.com/watch?v=-WajOAp2LUE (Accessed: 19 March 2025).
UWTSD WISA Workshops (2020b) Engine Dynamometer Testing. Available At:  https://www.youtube.com/watch?v=VD9OPoaAcJU (Accessed: 19 March 2025).
 World Nuclear Association (2020) Heat Values of Various Fuels. Available At: https://world-nuclear.org/information-library/facts-and-figures/heat-values-of-various-fuels (Accessed: 22 March 2025)
2

image3.emf
Baro Humidity Ambient temp Ambient TempDisplacement radius at which the load acts stroke Standard Pressure Calorific Value of Gasoline

mBar % Deg C K m^3 m m bar kJ/kg

1018.9 46 27 300 0.00159 0.815776 0.09 1.01325 44000
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Brake Power Vs Engine Speed
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Load Dyno Speed | Fuel Flow Rate | Lambda | Torque | Power |Corrected Power| Brake Power BMEP SFC Overall Thermal Effciency
Newtons rpm I/min Lambda Nm w kw kw Pa kg/kWh N/A
102.275 1000 0.0704 1.2658 83.43349| 8737.135 8.7919 8.7371 659406.3912 0.36033 22.56%
102.756 1050 0.0724 1.26783 | 83.82588| 9217.137 9.2749 9.2171 662507.5838 0.35127 23.15%
103.689 1100 0.0737 1.27344 84.587| 9743.723 9.8048 9.7437 668522.9948 0.33825 24.04%
104.209 1150 0.0728 1.28476 85.0112| 10237.7 10.3018 10.2377 671875.6355 0.31800 25.57%
105.811 1200 0.0744 1.29181 | 86.31807| 10847.05 10.9150 10.8470 682204.3477 0.30673 26.51%
107.51 1250 0.07895 1.29729 | 87.70408| 11480.44| 11.5523 11.4804 693158.4563 0.30753 26.44%
109.488 1300 0.079 1.29895 | 89.31768| 12159.32 12.2355 12.1593 705911.3856 0.29055 27.98%
111.797 1350 0.0796 1.29469 |91.20131) 12893.28 12.9740 12.8933 720798.3996 0.27609 29.45%
114.268 1400 0.0835 1.2855 93.21709| 13666.34 13.7519 13.6663 736729.8901 0.27323 29.76%
115.783 1450 0.0847 1.27818 | 94.45299| 14342.09 14.4319 14.3421 746497.6797 0.26410 30.79%
116.985 1500 0.08865 1.2795 95.43356| 14990.67 15.0846 14.9907 754247.4375 0.26446 30.75%
117.788 1550 0.0932 1.27766 | 96.08862| 15596.68 15.6944 15.5967 759424.6884 0.26723 30.43%
118.471 1600 0.0959 1.28235 96.6458| 16193.16 16.2946 16.1932 763828.2530 0.26484 30.70%
118.772 1650 0.09875 1.29028 | 96.89135| 16741.62 16.8465 16.7416 765768.9161 0.26378 30.82%
118.656 1700 0.10005 1.29942 | 96.79672| 17232.1 17.3400 17.2321 765021.0194 0.25964 31.32%
118.861 1750 0.10305 1.31053 | 96.96395| 17769.57 17.8809 17.7696 766342.7335 0.25934 31.35%
119.584 1800 0.1093 1.3149 97.55376| 18388.45 18.5036 18.3885 771004.1935 0.26581 30.59%
119.934 1850 0.11415 1.31849 | 97.83928| 18954.55 19.0733 18.9546 773260.7785 0.26932 30.19%
120.176 1900 0.11745 1.31892 98.0367| 19506.12 19.6283 19.5061 774821.0459 0.26927 30.20%
120.948 1950 0.12055 1.31484 | 98.66648| 20148.04| 20.2742 20.1480 779798.4278 0.26757 30.39%
122.157 2000 0.12555 1.31653 | 99.65275| 20871.22 21.0020 20.8712 787593.3173 0.26901 30.23%
122.845 2050 0.12785 1.32098 100.214| 21513.49 21.6482 21.5135 792029.1188 0.26576 30.59%
123.796 2100 0.1309 1.32287 | 100.9898| 22208.82 22.3479 22.2088 798160.5828 0.26358 30.85%
124.794 2150 0.13435 1.32164 101.804| 22920.9 23.0645 22.9209 804595.0739 0.26212 31.02%
125.137 2200 0.1377 1.31652 | 102.0838| 23518.41 23.6657 23.5184 806806.5273 0.26183 31.05%
126.028 2250 0.14105 1.30465 | 102.8106| 24224.18 24.3759 24.2242 812551.1481 0.26039 31.23%
126.66 2300 0.14495 1.29646 | 103.3262| 24886.67 25.0426 24.8867 816625.8960 0.26047 31.22%
126.822 2350 0.14985 1.28229 | 103.4583| 25460.21 25.6197 25.4602 817670.3725 0.26321 30.89%
126.69 2400 0.1537 1.27304 | 103.3507| 25974.85 26.1376 25.9749 816819.3175 0.26462 30.73%
126.552 2450 0.15565 1.26984 | 103.2381| 26487.11 26.6530 26.4871 815929.5783 0.26279 30.94%
126.438 2500 0.1596 1.27446 | 103.1451) 27003.32 27.1725 27.0033 815194.5763 0.26431 30.76%
126.239 2550 0.1626 1.27876 | 102.9827| 27500.04| 27.6723 27.5000 813911.5465 0.26442 30.75%
126.161 2600 0.16805 1.27634 | 102.9191| 28021.93 28.1975 28.0219 813408.6504 0.26819 30.32%
125.847 2650 0.17145 1.28027 102.663| 28489.73 28.6682 28.4897 811384.1712 0.26912 30.21%
124.911 2700 0.17465 1.28371 | 101.8994| 28811.38 28.9918 28.8114 805349.4181 0.27108 29.99%
123.927 2750 0.1784 1.2812 101.0967| 29113.75 29.2961 29.1138 799005.1903 0.27403 29.67%
123.689 2800 0.18005 1.27448 | 100.9025| 29586.16) 29.7715 29.5862 797470.7125 0.27215 29.88%
123.389 2850 0.1831 1.26036 | 100.6578| 30041.45 30.2296 30.0414 795536.4967 0.27256 29.83%
122.519 2900 0.1879 1.2531 99.94806| 30352.96 30.5431 30.3530 789927.2710 0.27684 29.37%
121.837 2950 0.19255 1.23943 99.3917| 30704.41 30.8967 30.7044 785530.1539 0.28044 28.99%
121.709 3000 0.199 1.22735 | 99.28728| 31192.02 31.3874 31.1920 784704.8885 0.28531 28.50%
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