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[bookmark: _Toc161585834]Introduction
This report will cover an experiment using a dynamometer to observe and analyse certain aspects of an engine’s performance, including a description of the method and equipment used to carry out the experiment. This experiment was used to study the specific fuel consumption, brake power and torque of the engine, with displayed results.

[bookmark: _Toc161585835]Testing
This experiment required the usage of an engine dynamometer, a machine that is linked to an engine to test various values, in this case the load, engine speed, fuel flow rate and lambda; these values are then used to calculate other values such as brake power and torque.
The Dynamometer
In this experiment, the SCHENCK WS230 was used. This particular dynamometer is limited to 10,000rpm and a load of 230kW.
The dynamometer used was an eddy current dyno.
· This means that the inner core could spin freely and was powered by the engine.
· The outer casing was fed by current, creating an electromagnetic field which put a load onto the engine in an attempt to slow it down.
· While this occurs, the outer casing will attempt to rotate, but will be restricted by a strain gauge. This gauge, depending on the rotation, will send a reading of up to 10 volts to the computer.
The machine is calibrated by a pair of calibration arms attached to either side of the dyno so that they neutralise each other. These arms are made to a specific length, in this case 0.815776 metres. A mass is then hung from the end of the arm, measured in kilograms, which then allows the opportunity to calculate torque and other values from the known measurements.
In this test, a Honda CRX VTEC 1.6 with a custom air filter is what was used.
Attached to the engine was an extraction pipe and alternative silencer. It was supplied by a supply board which allowed a supply of fuel, after running through numerous pumps, a filter, a fuel flow metre and regulator. This allows for both fuel injected and non-fuel injected engines to be used.
Sensors attached to the engine were the coolant temperature, flow metre, and lambda sensors: though the dynamometer itself had near two thousand sensors, which could be put to use depending on what exactly was being tested with it. The throttle itself was controlled from the computer which allowed for recorded readings of that value as well. The engine was connected to the dynamometer directly by driveshaft which also connected linked to the crankshaft. Since the engine is self-contained, it only needed input and outputted to the sensors and the main controls. 


Manual Inputs
From the computer, there are two manual inputs: the dynamometer, controlling the dynamometer’s electromagnetic field, and the engine, controlling the rpm. Both are dials. Upon the computer screen, depending on input, the torque (controlled by the dynamometer dial) can increase to 200% and the throttle (controlled by the engine dial) can increase to 100%. Increased throttle will increase engine speed, whilst increased torque slows the engine. Doing this is how a manual test is performed.
Sweep Test
The method in which the data this report will refer to was obtained from was a sweep test. To begin with, a run time needs to be set, along with the starting and final steps in rpm, and how often the data is to be logged. Unlike a step test, the dynamometer does not pause whilst taking a reading, the reading will be taken as the engine is running. This will not give as accurate results as a step test could, but it does not cause the engine to overheat and run the risk of damaging it. Once the necessary instructions have been added, the throttle needs to be turned to 100% whilst the machine is still idle, only then can the test commence. The engine will rev up to the desired highest rpm before coming back to rest, taking the measurements as the engine speed increases. A short test that does procure the desired data.
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Results[bookmark: _Toc161434841][bookmark: _Toc161541052][bookmark: _Toc161541096][bookmark: _Toc161541173]Figure 1 - SFC against Engine Speed Results Graph

Figure 1 displays the data observed regarding the specific fuel consumption (SFC) as engine speed increased. As can be seen, between 1000rpm and 1500rpm, the SFC begins at a high value, though decreases before starting to increase again. This initial fall from higher SFC at low speeds is likely caused by the fact that the heat lost to the combustion chamber walls is proportionally greater than the power produced, which then leads to a greater fuel consumption whilst at these low speeds (Jahirul and Masjuki, 2010). After 1500rpm, the SFC begins to steadily increase until reaching 5500rpm, this can also be explained by the notion that during this, the friction power is rapidly increasing, causing the rate of increase in the brake power to not be as great as the rate of fuel consumption, eventually causing this gradual increase in the SFC as the engine reaches higher speeds (Jahirul and Masjuki, 2010).






[image: ]Figure 2 displays the data observed regarding the variation of torque across engine speeds. The graph shows a distinctly level curve compared to other examples of graphs like these and reaches its maximum torque value relatively early. This initial rise in the torque is necessary because it is crucial for getting the vehicle moving, helping it increase speed as it rises through the gears. After torque reaches its peak, it steadily decreases because of the increased friction amongst the moving parts of the engine (Saraswat, 2018). This particular engine shows increased torque at the low to medium range of engine speeds, which is ideal for better acceleration, even if the torque values are comparatively small to other engines, such as the one used for in a BMW E39 530D, as can be observed as the black lines (dotted and solid) in figure 3 (Prajwowski, 2015).  [bookmark: _Toc161541174]Figure 2 - Torque against Engine Speed Results Graph
[bookmark: _Toc161541175]Figure 3 - BMW E39 530D Torque against Engine Speed Results Graph (Prajwowski, 2015)



Figure 3 shows the results of how brake power, measured in watts, varied across engine speeds. It can be observed that the power steadily increased up to around 4500rpm before dipping slightly. This is because, an engine will build up mechanical losses as it runs at increased engine speeds, due to reasons such as increased friction on piston rings, the cylinder and bearing surfaces. At higher running speeds, these losses will increase, along with the heavier need for other working components, like the cooling fan, which will eventually become so great that the brake power will begin to decrease, since not enough work is going to the generation of that power (Rjoob and Sabbar, 2013). [bookmark: _Toc161541054][bookmark: _Toc161541097][bookmark: _Toc161541176]Figure 4 - Brake Power against Engine Speed Results Graph



[bookmark: _Toc161585838]Conclusion
These results prove that there is a lot of friction within the engine, as torque, brake power and SFC are all hampered by friction, and other possible factors, enough to alter them fairly drastically.
The SFC reaches a peak at 5500rpm, above its starting point due to a constant build up of friction; the brake power hits a maximum before 5500rpm because the rate of friction eventually becomes greater than the rate of power increase with higher engine speeds, and torque decreases after an early high for the exact same reason.
This is an engine with compelling acceleration under small loads but has an issue with high friction loses.

[bookmark: _Toc161585839]Evaluation
This experiment’s data can be seen as non-useful in some regards as engine performance is dependent on ambient conditions, such as air pressure and temperature.
The results would no doubt see a change if either of those conditions changed. Therefore, it may prove useful to run this experiment again under different conditions to see what those results would be, possibly taking an average across each value produced for each rpm step to find a more general picture of the engine’s performance.
It may also simply be ideal to run the same experiment at the same conditions again, as there might be changes or trends that a singular set of data would not identify, for example if the results were an outlier to what they should be.
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Torque against Engine Speed
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Brake Power against Engine Speed
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image1.emf
Baro Humidity Ambient Temp Piston Area Stroke Number of Cylinders Radius of Load

mBar % Deg C m^2 m Integer m

1018.9 46 27 0.441786467 0.9 4 0.815776

Load Dyno Speed Fuel Flow Rate Lambda Power Corrected Power Torque BMEP SFC OTE

Newtons rpm l/min Lambda Watts Watts Nm Pascals kg/kWh %

102.275 1000 0.0704 1.2658 8737.13468 8791.862712 83.4334904 659.2275785 0.360333197 0.23652351

102.756 1050 0.0724 1.26783 9217.13676 9274.871445 83.82587866 662.3279301 0.351271715 0.242624923

103.689 1100 0.0737 1.27344 9743.72265 9804.755786 84.58699766 668.3417099 0.338254218 0.251962188

104.209 1150 0.0728 1.28476 10237.705 10301.83236 85.01120118 671.6934415 0.31800168 0.268008875

105.811 1200 0.0744 1.29181 10847.0491 10914.99333 86.31807434 682.0193528 0.30673404 0.277853976

107.51 1250 0.07895 1.29729 11480.4369 11552.34857 87.70407776 692.9704909 0.307534869 0.277130438

109.488 1300 0.079 1.29895 12159.3236 12235.48769 89.31768269 705.719962 0.290548288 0.293332559

111.797 1350 0.0796 1.29469 12893.2814 12974.04285 91.20130947 720.602939 0.276089731 0.308694106

114.268 1400 0.0835 1.2855 13666.3395 13751.94325 93.21709197 736.5301094 0.273234112 0.311920324

115.783 1450 0.0847 1.27818 14342.0867 14431.92323 94.45299261 746.2952502 0.264102015 0.322705879

116.985 1500 0.08865 1.2795 14990.6678 15084.56699 95.43355536 754.0429065 0.264459033 0.322270227

117.788 1550 0.0932 1.27766 15596.6845 15694.3797 96.08862349 759.2187535 0.267229421 0.318929227

118.471 1600 0.0959 1.28235 16193.159 16294.59035 96.6457985 763.6211239 0.264842497 0.321803614

118.772 1650 0.09875 1.29028 16741.6229 16846.4898 96.89134707 765.5612608 0.263778986 0.32310107

118.656 1700 0.10005 1.29942 17232.0985 17340.0376 96.79671706 764.8135669 0.259644766 0.32824568

118.861 1750 0.10305 1.31053 17769.5721 17880.87792 96.96395114 766.1349226 0.259341293 0.328629783

119.584 1800 0.1093 1.3149 18388.45 18503.63235 97.55375718 770.7951185 0.265812674 0.320629078

119.934 1850 0.11415 1.31849 18954.5548 19073.28316 97.83927878 773.0510916 0.269316507 0.316457664

120.176 1900 0.11745 1.31892 19506.1198 19628.30308 98.03669658 774.6109359 0.269266782 0.316516104

120.948 1950 0.12055 1.31484 20148.0419 20274.24602 98.66647565 779.5869681 0.26756852 0.318525037

122.157 2000 0.12555 1.31653 20871.2229 21001.95695 99.65274883 787.3797439 0.269010646 0.316817472

122.845 2050 0.12785 1.32098 21513.4909 21648.24804 100.2140027 791.8143425 0.265760536 0.320691981

123.796 2100 0.1309 1.32287 22208.8182 22347.93074 100.9898057 797.9441438 0.263581451 0.323343212

124.794 2150 0.13435 1.32164 22920.9022 23064.47507 101.8039501 804.37689 0.262123893 0.325141183

125.137 2200 0.1377 1.31652 23518.4103 23665.72587 102.0837613 806.5877437 0.261834352 0.32550073

126.028 2250 0.14105 1.30465 24224.1811 24375.91754 102.8106177 812.3308067 0.260390198 0.327305994

126.66 2300 0.14495 1.29646 24886.6742 25042.56037 103.3261882 816.4044497 0.260466578 0.327210015

126.822 2350 0.14985 1.28229 25460.2112 25619.68995 103.4583439 817.4486429 0.263205761 0.323804739

126.69 2400 0.1537 1.27304 25974.8543 26137.55667 103.3506614 816.5978188 0.264619225 0.322075135

126.552 2450 0.15565 1.26984 26487.1139 26653.02502 103.2380844 815.7083208 0.26279381 0.324312329

126.438 2500 0.1596 1.27446 27003.3203 27172.46486 103.1450859 814.9735181 0.264311686 0.322449885

126.239 2550 0.1626 1.27876 27500.0364 27672.29225 102.9827465 813.6908363 0.264416115 0.322322536

126.161 2600 0.16805 1.27634 28021.928 28197.45293 102.9191159 813.1880765 0.268189117 0.317787961

125.847 2650 0.17145 1.28027 28489.7267 28668.18185 102.6629623 811.1641463 0.269122403 0.316685908

124.911 2700 0.17465 1.28371 28811.3754 28991.84532 101.8993959 805.1310296 0.271084849 0.314393346

123.927 2750 0.1784 1.2812 29113.7516 29296.11555 101.0966724 798.7885223 0.274029504 0.311014951

123.689 2800 0.18005 1.27448 29586.1634 29771.48648 100.9025177 797.2544606 0.272147983 0.313165182

123.389 2850 0.1831 1.26036 30041.447 30229.62183 100.6577849 795.3207693 0.27256378 0.312687448

122.519 2900 0.1879 1.2531 30352.9554 30543.0815 99.94805974 789.7130646 0.276838472 0.307859208

121.837 2950 0.19255 1.23943 30704.4099 30896.73745 99.39170051 785.3171398 0.280442232 0.303903133

121.709 3000 0.199 1.22735 31192.0193 31387.40119 99.28728118 784.4920982 0.285305558 0.298722792

121.123 3050 0.20605 1.2193 31559.2011 31756.88292 98.80923645 780.7149547 0.291976074 0.291898139

121.124 3100 0.21005 1.20692 32076.8299 32277.75405 98.81005222 780.7214003 0.292841007 0.291035991

120.851 3150 0.21605 1.19274 32520.7344 32724.43913 98.58734538 778.9617412 0.297094473 0.286869264

120.596 3200 0.21795 1.18481 32967.2274 33173.72889 98.3793225 777.3181037 0.295648103 0.288272686

120.84 3250 0.22305 1.17378 33550.0846 33760.23704 98.57837184 778.8908392 0.29730982 0.286661479

121.633 3300 0.2255 1.16118 34289.7959 34504.58179 99.22528221 784.0022298 0.294091378 0.289798611

122.181 3350 0.2285 1.15104 34966.1668 35185.18931 99.67232746 787.5344392 0.292239439 0.291635081

122.933 3400 0.2342 1.14117 35706.4718 35930.13151 100.285791 792.3815586 0.293319272 0.29056145

123.475 3450 0.23605 1.12669 36391.3086 36619.25795 100.7279416 795.8750941 0.290072781 0.293813409

123.428 3500 0.24195 1.11975 36904.6659 37135.83092 100.6896001 795.5721492 0.293187192 0.290692346

124.205 3550 0.24545 1.10622 37667.5154 37903.45875 101.3234581 800.5804095 0.291404805 0.292470376

124.066 3600 0.25505 1.09697 38155.2957 38394.29441 101.2100652 799.6844659 0.298931135 0.285106711

123.967 3650 0.25755 1.09401 38654.361 38896.48578 101.1293034 799.0463478 0.297963936 0.286032175

123.815 3700 0.26445 1.09659 39135.8282 39380.96878 101.0053054 798.0666109 0.302182764 0.282038828

123.767 3750 0.2651 1.09808 39649.3137 39897.6707 100.9661482 797.7572203 0.299002418 0.285038741

123.509 3800 0.2693 1.09907 40094.2177 40345.36155 100.755678 796.0942458 0.300369102 0.283741811

122.672 3850 0.27375 1.10533 40346.4862 40599.2102 100.0728735 790.6992472 0.30342339 0.280885639

122.157 3900 0.2759 1.11704 40698.8847 40953.81604 99.65274883 787.3797439 0.303158562 0.28113101

121.184 3950 0.28285 1.12259 40892.3361 41148.47919 98.85899878 781.1081385 0.309324919 0.275526695

120.004 4000 0.28455 1.12461 41006.7411 41263.6008 97.8963831 773.5022863 0.310315866 0.274646843

118.734 4050 0.2871 1.1222 41079.9271 41337.24527 96.86034758 765.3163266 0.312538969 0.272693268

117.442 4100 0.28895 1.12394 41134.5582 41392.21859 95.80636499 756.9885629 0.314135131 0.271307677

116.5 4150 0.29305 1.12233 41302.236 41560.94671 95.037904 750.9167723 0.317299076 0.268602335

115.931 4200 0.2949 1.12179 41595.6978 41856.2467 94.57372746 747.2492046 0.31704945 0.268813817

115.034 4250 0.29715 1.12456 41765.2123 42026.82302 93.84197638 741.4674677 0.318171802 0.267865575

114.391 4300 0.3022 1.12278 42020.3683 42283.57722 93.31743242 737.3229228 0.321614227 0.264998453

114.016 4350 0.30605 1.11943 42369.623 42635.01963 93.01151642 734.9058087 0.323026707 0.26383971

113.871 4400 0.3092 1.11986 42802.1272 43070.23295 92.8932289 733.9711913 0.323053744 0.263817629

113.985 4450 0.3099 1.11873 43331.8526 43603.27643 92.98622736 734.705994 0.319826883 0.26647939

113.306 4500 0.31445 1.11563 43557.7025 43830.54103 92.43231546 730.3294061 0.322839957 0.26399233

113.074 4550 0.3171 1.10953 43951.4993 44226.80453 92.24305542 728.8340182 0.322643703 0.264152909

112.195 4600 0.3194 1.10569 44089.0638 44365.2307 91.52598832 723.1683028 0.323969915 0.263071566

111.061 4650 0.32055 1.09782 44117.8231 44394.17013 90.60089834 715.8589498 0.32492442 0.262298761

109.973 4700 0.3207 1.09558 44155.3644 44431.94656 89.71333405 708.8460962 0.324800085 0.26239917

108.654 4750 0.32485 1.08827 44089.8754 44366.04735 88.6373255 700.3443003 0.329491827 0.258662782

107.076 4800 0.32455 1.08396 43906.9145 44181.94046 87.35003098 690.1730843 0.33055927 0.257827507

105.24 4850 0.3257 1.08221 43603.5772 43876.70314 85.85226624 678.3388937 0.334038315 0.255142206

103.632 4900 0.3277 1.0846 43379.9954 43651.72086 84.54049843 667.9743086 0.337821733 0.252284754

102.335 4950 0.32845 1.08823 43274.1888 43545.25143 83.48243696 659.6143167 0.339422773 0.251094739

101.106 5000 0.3287 1.08687 43186.3476 43456.86 82.47984826 651.6926282 0.340372038 0.25039446

99.3149 5050 0.32985 1.0891 42845.5113 43113.88881 81.01871186 640.1478468 0.344280008 0.247552198

97.5815 5100 0.3297 1.09185 42514.5129 42780.81712 79.60464574 628.9749787 0.346802633 0.245751516

95.8486 5150 0.33095 1.09407 42168.9265 42433.06596 78.19098751 617.8053334 0.350970397 0.242833223

94.8033 5200 0.3338 1.09346 42113.9853 42377.7806 77.33825686 611.0677085 0.354454617 0.24044622

93.0976 5250 0.3313 1.08804 41753.9273 42015.46731 75.94678774 600.0733846 0.354833611 0.240189401

91.7886 5300 0.3324 1.08339 41558.9109 41819.22933 74.87893695 591.6360451 0.357682345 0.238276432

90.5938 5350 0.3308 1.08007 41404.9058 41664.25958 73.90424779 583.9347973 0.35728464 0.238541664

89.6374 5400 0.3388 1.07895 41350.6702 41609.68427 73.12403962 577.7701896 0.366405087 0.232603956

88.9256 5450 0.3438 1.07923 41402.1456 41661.48212 72.54337027 573.1821848 0.371350207 0.229506464

88.6474 5500 0.3488 1.08366 41651.2687 41912.16561 72.31642138 571.3890085 0.37449747 0.227577699
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