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1. [bookmark: _Toc194255227] Introduction
1.1 [bookmark: _Toc194255228]Introduction of the test 
A Honda VTEC engine will be put through a test on a dynamometer to measure and analyse the performance and characteristics of the engine. This test will be conducted in a controlled environment where ambient temperature and humidity can be measured. The engine will be tested at a range of RPMs to gather a full set of data which will be used for analysis of the engine’s performance. 
1.2 [bookmark: _Toc194255229]Aims of the test
The aims of the tests are to calculate the corrected power output by the engine, the torque that the engine produces, the BMEP(Brake Mean Effective Pressure) in the cylinders that the engine produces, the SFC(Specific Fuel Consumption) of the engine and the overall thermal efficiency of the engine. Using the gathered results from the dynamometer test these values can be worked out using a range of formula. With the test results and worked out data comparisons and evaluations can be carried out and investigations into the relations between all the resultant data can be made to understand the performance of the engine and how engine speed(RPM) effects the engine. 
2. [bookmark: _Toc194255230]Equipment and Methodology
2.1 [bookmark: _Toc194255231]Equipment
For this test an Eddy-current dynamometer W series will be used to test an inline 4 cylinder engine from a Honda Civic Coupe CRX. The engine has a bore of 75mm, a stroke of 90mm and a displacement of 1590cc which will be needed to work out the BMEP of the engine. 
The dynamometer is driven by the engine, the energy from the engine is transformed into heat by the dynamometer, the test stand controller controls the observance of the speed and the desired torque(SCHENCK PEGASUS GmbH, 2001). As the engine tries to spin the outer casing of the dynamometer it is stopped by a strain gauge which sends the signal from the strain gauge of 0v-10v to the computer. The computer knows what the voltage means because the dynamometer is calibrated with the calibration arms, which give a length of 815.776mm for the centre of the dynamometer to the hook eye of the calibration arm. A mass is hung on one end so that the torque can be worked out round the centre axis of the dynamometer outer casing. From this the dynamometer report the found data back to the computer where the results are calculated and extrapolated by the computer. These results can then be use by the operator.  
2.2 [bookmark: _Toc194255232]Methodology 	    
The test process is first loaded onto the dynamometer control program this includes the startup process for the engine and then the engine speeds which the dynamometer needs to test for. In this test the engine speed ranges from 1000rpm to 5500rpm going up in increments of 50rpm which is controlled by the computer as the throttle is linked to it. With the load gathered from each engine speed explained above, the dynamometer also measures lambda and the fuel flow rate. The ambient temperature of the room, humidity and pressure in the air is also measured when the test is bring completed which were 27˚C, 47% and 1018.9 mbar. The data gathered is then put into an excel spreadsheet and the corrected power, torque, BMEP, SFC and overall thermal efficiency of the engine can then be worked out for each of the engine speeds. This data can then be put into graphs engine speed vs SFC, engine speed vs torque and engine speed vs corrected power. SFC, torque and corrected power values will be put through a smoothing software to give a better graph to look at and use to compare and analyse the data. 
3. [bookmark: _Toc194255233][image: A screenshot of a computer screen
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AI-generated content may be incorrect.]Below is the list of equations used to work out all the values for the table:
Torque:


The conversion to form Newton Meter to Foot-Pound is 0.73756 according to Szyk (2024). 
Brake Horsepower(BHP):

Brake Power:

Corrected Power:



SFC:


BMEP:

Thermal Efficiency:


The overall thermal efficiency is the average of all the thermal efficiency at the different engine speed. Overall thermal efficiency should be in the range of 20-30%. 
4. [bookmark: _Toc194255234]Graphical Results 
[bookmark: _Toc194255235]4.1 Reasons for Graphs and Smoothed Data  
To better understand the data, graphs can be used to visually show the relation between sets of data. Graphs mean that engineers can see trends with the data gathered from the tests, make comparisons between sets of data and see how one set of data affects others. For this test there are three useful graphs that can be created SFC vs Engine Speed, Torque vs Engine Speed, Brake Power vs Engine Speed.  To create these graphs the data can be smoothed to give better results for comparing and looking at trends this was done in an online smoothing software found at mazurka’s website. Below is the data returned once it had been smoothed by a factor of 0.7. 
[image: ]
[bookmark: _Toc194255236]4.2 SFC against Engine Speed  

The graph starts SFC with decreasing from 1000rpm too around 1500rpm where it then proceeds to slowly increase SFC till it reaches the end of the test at 5500rpm. The SFC could starts off high at low engine speeds because the engine runs at relatively low temperatures at low engine speed and there for is less efficient and means more fuel ned to be consumed by the engine to keep the engine running this is caused because of a low load on the engine which increases SFC (Arnold, no date). Russo (2012) says that for petrol as load decreases SFC increase.  Once the rpm gets past approximately 1500rpm the SFC starts to trend back up but at a slower rate this is because the mid-range engine speeds are the most fuel efficient. The lower the SFC the better as the engine is using less fuel and there for is more efficient (Suresh et al., 2021). 
[bookmark: _Toc194255237]
4.3 Torque against Engine Speed 

[bookmark: _Toc194255238]The graphs starts with the torque of the engine lower than it increases till around 2500rpm and then it slowly decreases till it hits the end of the test at 5500rpm. At lower engine speed more torque is needed to get the car moving and get its power to the road (Arnold, no date). 
4.4 Brake Power against Engine Speed 

The graph shows how at low engine speed brake power is very low and trends constantly upwards till around 4500rpm when it starts to slowly flatten out as it has reached its peak power. After this it flattens and slowly trend down but not too much till it hits 5500rpm. At low rpms the engine creates torque to get the car moving and power needs to be low to keep it controllable. Then as the engine speed increases power increases with it. This means that the power created by the engine can go to the road and increase the speed of the car.  
5. [bookmark: _Toc194255239]Conclusion
In conclusion from the data acquired form the test you can see that the peak of torque and low point of SFC are at the mid-range of engine speeds showing that the engine is most efficient from around 2000rpm – 4000rpm. These along with power also show how low engine speed and high engine speeds worse the performance of the engine. All this data proves how there is a range of engine speeds where efficiency is improved, and that the engine should be kept in those conditions for the best performance out.  
6. [bookmark: _Toc194255240]Evaluation and Improvements 
6.1 [bookmark: _Toc194255241]Evaluation of the Test
Due to the dynamometer being broken at the time of the test, the test was not completed by the group, but previously recorded data was used for the results off the test. 
6.2 [bookmark: _Toc194255242]Further Improvements
Improvements for if this test was to be ran again would be to have a working dynamometer and be able to record fresh and up to date data and repeat it to get rid of any anomalies that may crop up. Using an average of multiple tests is a better way to gather data as it led to a better set of results for evaluations and to make comments about as they are going to be more realistic and reduce imperfections. Another improvement that could be done is to test the engine with the Morse test so that indicated power can be worked out properly leaving and having more data to compare. The test could also be improved by having the test done at multiple different ambient temperatures to see how the temperature effects the performance of the engine and see if there are any major changes at high and low temperatures which you would expect there to be. 
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117.788 1550 0.0932 1.27766 | 96.08862349]  70.87112514] 20.91589 | 15.59717 | 15.69486716 | 0.267221121 3103.56 37.2370606| 3723.70606
118.471 1600 0.0959 128235 | 96.6457985|  71.28207514] 21.71579 | 16.19366 | 16.29509645 | 0.264834272 3103.47|  37.45298168[ 3745.298168
118.772 1650 0.09875 120028 | 96.89134707|  71.46318195] 22.4513 | 16.74214| 16.84701304 | 0.263770794 3288.375]  37.54813871] 3754.813871
118.656 1700 0.10005 129942 | 96.79671706|  71.39338663] 23.10906 | 17.23263 | 17.34057617 | 0.259636702 3331.665 37.5114669| 3751.14669
118.861 1750 0.10305 131053 | 96.96395114]  71.5167318] 23.82983 | 17.77012| 17.88143329 | 0.259333238] 3431.565]  37.57627484| 3757.627484]
119.584 1800 0.1093 13149 | 97.55375718]  71.95174915] 24.65978 | 18.38902 | 18.50420706 | 0.265804419 3639.69|  37.80484137| 3780.484137
119.934 1850 0.11415 131849 | 97.83927878|  72.16233846] 25.41805 | 18.95514 | 19.07387557 | 0.269308143 3801.195]  37.91548907| 3791.548907|
120.176 1900 0.11745 131802 | 98.03669658|  72.30794593] 26.15862 | 19.50673 | 19.62891272 | 0.269258419 3911.085]  37.99199405| 3799.199405
120.948 1950 0.12055 1.31484 | 98.66647565|  72.77244578] 27.01947 | 20.14867 | 20.27487573 0.26756021 4014315 38.23605126| 3823.605126|
122.157 2000 0.12555 131653 | 99.65274883|  73.49988143] 27.98929 | 20.87187 | 21.00260925 | 0.269002291 4180.815|  38.61826003| 3861.826003
122.845 2050 0.12785 1.32098 | 100.2140027| 73.91383985| 28.8506 | 21.51416| 21.64892042 | 0.265752282 4257.405|  38.83576179| 3883.576179
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109.973 4700 0.3207 1.09558 | 89.71333405|  66.16896666| 59.21442 | 44.15674 | 44.43332659 0.324789997 10679.31 34.76645554| 3476.645554
108.654 4750 0.32485 1.08827 | 88.6373255 65.3753458| 59.1266 | 44.09124 | 44.36742533 0.329481594] 10817.505 34.34947179| 3434.947179)]
107.076 4800 0.32455 1.08396 | 87.35003098|  64.42588885| 58.88124 | 43.90828 | 44.18331272 0.330549004] 10807.515 33.85060873| 3385.060873
105.24 4850 0.3257 1.08221 | 85.85226624|  63.32119749| 58.47445 | 43.60493 | 43.87806593 0.334027941 10845.81 33.27018251 3327.018251
103.632 4900 0.3277 1.0846 | 84.54049843|  62.35369002| 58.17462 | 43.38134 | 43.65307665 0.337811241 10912.41 32.76183537| 3276.183537|
102.335 4950 0.32845 1.08823 | 83.48243696 61.5733062| 58.03272 | 43.27553 | 43.54660391 0.339412231 10937.385 32.35180661| 3235.180661
101.106 5000 0.3287 1.08687 | 82.47984826|  60.83383688| 57.91492 | 43.18769 | 43.45820974 0.340361467| 10945.71 31.96327512| 3196.327512]
99.3149 5050 0.32985 1.0801 | 81.01871186|  59.75616112| 57.45785 | 42.84684 | 43.1152279 0.344269316 10984.005 31.39704342| 3139.704342|
97.5815 5100 0.3297 1.09185 | 79.60464574|  58.71320251| 57.01396 | 42.51583 | 42.78214587 0.346791861 10979.01 30.84905278| 3084.905278|
95.8486 5150 0.33095 1.09407 | 78.19098751|  57.67054475| 56.55052 | 42.17024 | 42.43438391 0.350959496 11020.635 30.30122022| 3030.122022|
94.8033 5200 0.3338 1.09346 | 77.33825686|  57.04160473| 56.47684 | 42.11529 | 42.37909682 0.354443608)| 11115.54] 29.97076296| 2997.076296|
93.0976 5250 0.3313 1.08804 | 75.94678774|  56.01531276| 55.99398 | 41.75522 | 42.01677229 0.354822591 11032.29 29.4315293| 2943.15293
91.7886 5300 0.3324 1.08339 | 74.87893695|  55.22770874| 55.73246 | 41.5602 | 41.8205282 0.357671236 11068.92 29.0177069| 2901.77069]
90.5938 5350 0.3308 1.08007 | 73.90424779 54.508817| 55.52593 | 41.40619 | 41.66555365 0.357273544] 11015.64] 28.63998727| 2863.998727|
89.6374 5400 0.3388 1.07895 | 73.12403962|  53.93336666| 55.45319 | 41.35195 | 41.61097664 0.366393707] 11282.04] 28.33763453| 2833.763453
88.9256 5450 0.3438 1.07923 | 72.54337027|  53.50508817| 55.52223 | 41.40343 | 41.6627761 0.371338673 11448.54] 28.11260872| 2811.260872|
88.6474 5500 0.3488 1.08366 | 72.31642138|  53.33769975| 55.85631 | 41.65256 | 41.91346738 0.374485839 11615.04] 28.02465961| 2802.465961
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122.933 3400 0.2342 1.14117 100.285791|  73.96678802| 47.88406 | 35.70758 | 35.93124747 0.293310162 7798.86) 38.86358178| 3886.358178)|
123.475 3450 0.23605 1.12669 | 100.7279416|  74.29290061| 48.80246 | 36.39244 | 36.62039532 0.290063772 7860.465 39.03492765| 3903.492765
123.428 3500 0.24195 1.11975 | 100.6896001|  74.26462147| 49.49089 | 36.90581 | 37.13698434 0.293178086) 8056.935 39.02006924| 3902.006924|
124.205 3550 0.24545 1.10622 | 101.3234581|  74.73212974| 50.51391 | 37.66869 | 37.90463601 0.291395754] 8173.485 39.26570714| 3926.570714|
124.066 3600 0.25505 1.09697 | 101.2100652 74.6484957| 51.16805 | 38.15648 | 38.39548691 0.298921851 8493.165 39.22176419| 3922.176419)
123.967 3650 0.25755 1.09401 | 101.1293034|  74.58892901| 51.83732 | 38.65556 | 38.89769388 0.297954682 8576.415 39.1904667| 3919.04667|
123.815 3700 0.26445 1.09659 | 101.0053054|  74.49747308| 52.48299 | 39.13704 | 39.38219193 0.302173379 8806.185 39.14241399| 3914.241399)]
123.767 3750 0.2651 1.09808 | 100.9661482|  74.46859226| 53.1716 |39.65055 | 39.8989099 0.298993131 8827.83 39.12723944| 3912.723944|
123.509 3800 0.2693 1.09907 100.755678|  74.31335785| 53.76823 | 40.09546 | 40.34661465 0.300359773 8967.69 39.04567628| 3904.567628|
122.672 3850 0.27375 1.10533 | 100.0728735|  73.80974856| 54.10654 | 40.34774 | 40.60047118 0.303413966) 9115.875 38.78107021| 3878.107021
122.157 3900 0.2759 1.11704 | 99.65274883|  73.49988143| 54.57912 | 40.70015 | 40.95508804 0.303149147] 9187.47 38.61826003| 3861.826003
121.184 3950 0.28285 1.12259 | 98.85899878|  72.91444314| 54.83855 | 40.89361 | 41.14975723 0.309315312 9418.905 38.31065942| 3831.065942|
120.004 4000 0.28455 1.12461 97.8963831|  72.20445632| 54.99197 | 41.00801 | 41.26488242 0.310306228| 9475.515 37.93761861| 3793.761861
118.734 4050 0.2871 1.1222 | 96.86034758|  71.44031796| 55.09012 | 41.0812 | 41.33852918 0.312529262 9560.43 37.53612553| 3753.612553
117.442 4100 0.28895 1.12394 | 95.80636499|  70.66294256| 55.16338 | 41.13584 | 41.39350421 0.314125374] 9622.035 37.12767745| 3712.767745
116.5 4150 0.29305 1.12233 95.037904|  70.09615647| 55.38824 | 41.30352 | 41.56223756 0.317289221 9758.565 36.82987707| 3682.987707|
115.931 4200 0.2949 1.12179 | 94.57372746|  69.75379842| 55.78179 | 41.59699 | 41.85754673 0.317039603 9820.17 36.64999552| 3664.999552|
115.034 4250 0.29715 1.12456 | 93.84197638| 69.2140881| 56.00912 | 41.76651 | 42.02812835 0.31816192 9895.095 36.36642128| 3636.642128|
114.391 4300 0.3022 1.12278 | 93.31743242|  68.82720545| 56.35129 | 42.02167 | 42.28489052 0.321604238)| 10063.26| 36.16314565| 3616.314565
114.016 4350 0.30605 1.11943 | 93.01151642|  68.60157405| 56.81966 | 42.37094 | 42.63634384 0.323016674] 10191.465 36.04459454| 3604.459454|
113.871 4400 0.3092 1.11986 | 92.8932289 68.5143299| 57.39967 | 42.80346 | 43.07157068 0.32304371 10296.36| 35.99875478| 3599.875478|
113.985 4450 0.3099 1.11873 | 92.98622736|  68.58292185| 58.11005 | 43.3332 | 43.60463072 0.31981695 10319.67| 36.03479432| 3603.479432|
113.306 4500 0.31445 1.11563 | 92.43231546|  68.17437859| 58.41293 | 43.55906 | 43.83190238 0.322829931 10471.185 35.82013778| 3582.013778|
113.074 4550 03171 1.10953 | 92.24305542|  68.03478796| 58.94103 | 43.95286 | 44.22817819 0.322633683 10559.43 35.74679416| 3574.679416|
112.195 4600 0.3194 1.10569 | 91.52598832|  67.50590795| 59.12551 | 44.09043 | 44.36660866 0.323959853 10636.02 35.46891037| 3546.891037|
111.061 4650 0.32055 1.09782 | 90.60089834|  66.82359858| 59.16408 | 44.11919 | 44.39554899 0.324914329 10674.315 35.11041182| 3511.041182|
109.973 4700 0.3207 1.09558 | 89.71333405| 66.16896666| 59.21442 | 44.15674 | 44.43332659 0.324789997| 10679.31 34.76645554| 3476.645554
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Smoothed Corrected PowerSmoothed SFC Smoothed Torque

kW kg/kWH Nm

9.0054 0.35578 83.6469

9.35373 0.348362 83.9954

9.8304 0.336208 84.6208

10.3485 0.320729 85.3013

10.9421 0.309719 86.4555

11.5796 0.303601 87.8342

12.2611 0.291074 89.4256

12.9839 0.279421 91.1931

13.722 0.273224 92.9472

14.4105 0.267025 94.2604

15.0631 0.265614 95.259

15.68 0.266104 95.9726

16.2727 0.264768 96.4967

16.8289 0.263324 96.7772

17.3554 0.26115 96.8714

17.9062 0.261448 97.0875

18.4973 0.265199 97.5053

19.0773 0.267962 97.8438

19.6628 0.268527 98.1899

20.3036 0.267898 98.7862

20.9913 0.26782 99.578

21.6607 0.265811 100.248

22.3492 0.263899 100.973

23.0385 0.262518 101.669

23.6843 0.261793 102.146

24.3593 0.261014 102.725

25.0058 0.261266 103.164

25.5912 0.262836 103.337

26.1287 0.263817 103.313

26.6503 0.263502 103.226

27.166 0.264356 103.121

27.6699 0.265295 102.975

28.1685 0.267683 102.817

28.6184 0.269259 102.492

28.9857 0.271073 101.887

29.3414 0.272881 101.26

29.7695 0.272827 100.902

30.193 0.273895 100.542

30.555 0.27715 99.9934

30.9348 0.280928 99.5188

31.3752 0.285515 99.2518

31.7942 0.290457 98.9268

32.2725 0.292932 98.7938

32.7405 0.295569 98.6342

33.2332 0.295732 98.5511

33.8214 0.296045 98.7485

34.5079 0.294307 99.2239

35.1979 0.292937 99.6971

35.907 0.292722 100.211

36.5765 0.291546 100.602

37.1744 0.29279 100.787

37.8333 0.293399 101.13

38.3758 0.297282 101.158

38.886 0.298484 101.1

39.3773 0.300553 100.995

39.8605 0.299974 100.873

40.281 0.300996 100.598

40.5942 0.303057 100.066

40.8971 0.304536 99.5221

41.1054 0.308278 98.765

41.2413 0.310327 97.8543

41.3388 0.312411 96.8748

41.4367 0.314303 95.9189

41.6053 0.316483 95.1467

41.8441 0.317348 94.5522

42.0608 0.318717 93.9227

42.331 0.320993 93.425

42.6765 0.322271 93.1031

43.0876 0.32233 92.9309

43.525 0.321224 92.8202

43.8323 0.322417 92.4385

44.1401 0.322936 92.0667

44.3042 0.323948 91.4069

44.3662 0.324941 90.5527

44.3804 0.325979 89.6197

44.3082 0.328959 88.5338

44.1392 0.331085 87.2788

43.8981 0.334088 85.9075

43.6896 0.337187 84.6265

43.5407 0.339268 83.4859

43.3823 0.341114 82.3511

43.1 0.344189 81.0059

42.7928 0.347134 79.6399

42.5028 0.350637 78.3316

42.3247 0.353615 77.2528

42.0579 0.355239 76.0345

41.8582 0.357544 74.9595

41.7199 0.359641 74.0161

41.6703 0.365605 73.2554

41.7177 0.370279 72.7093

41.8547 0.373224 72.4343


