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The engine dynameter is vital in the development and design of an engine, this is because it runs the engine as if it were connected to a car in real time using high powered magnets to replicate loads which affect the speed at which the engine is running at (Jiang et al., 2009). The loads experiences by the engine will simulate what the engine will experience during its real world application which it does so by altering the torque and the speed of the engine independently (Bunker et al., 1997). During the test, the engine used was a 1.6L Honda CRX 4 cylinder. The engine dynamometer was then used to find the values of load in Newtons, Speed in revolution per minute, fuel flow rate in L/min and lambda (see appendix 1). The Speed was the independent variable for the test in which the RPM was increases from 1000 going up by 50 each time. From increasing the speed the other values mentioned above can be read from sensors inside the engine dyno. All of which are given and from that other calculated vales can be found. There include power, torque, BMEP, SFC and thermal efficiency of the engine. 
The purpose of the test was to find the values of brake power, torque, brake mean effective pressure (BMEP), specific fuel consumption (SFC) and the thermal efficiency on the engine. This report will discuss the aims of the test during the use of the engine dynameter. The purpose of the test was to be able to calculate a selection of values shown above. From the calculated results, Conclusions are then to be drawn with supporting evidence from graphs found from the data collected.
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The function of the dynamometer is to resist and measure the torque, simulating the change in environment the engine will experience (Grobbelaar et al., 2017). The type of dynamometer that was used to determine the data that was given is an eddy current dynamometer. This works by a stationary magnetic field, whose strength can be determined by the adjusted torque, and a solid magnetic rotating part. The rotating part is exposed to the magnetic field causing the part to decrease its speed (Sinaga et al., 2019). The dynamometer was run with varying speeds and magnet strength, connected to the 1.6L Honda engine to measure the values of load, fuel flow rate and lambda as the engine speed is increased. The load is the power of the engine (Kean et al., 2003) whilst flow rate is the amount of fuel in litres used per minute and lambda is the ratio of oxygen present during combustion (Baklacioglu, 2016; Tang et al., 2021). The engine speed is the independent variable and was increased at 50rpm each time staring at 1000rpm and ending at 5500rpm. The speed of the engine and strength of the magnets inside the dynamometer can be adjusted in the control room. The host computer sends signals like accelerate/decelerate or increased/decreased torque to the ECU which relays the command to the dynamometer to introduce a change to the engine’s working environment. Once that change has been recognised, the data showing the engine’s speed will be produced as well as the flow rate, load, and lambda (Jiang et al., 2009). 

[bookmark: _Toc130748278]Results
[bookmark: _Hlk130747736]Below in table 1 are the data values that have been found from the calculations. The brake power is the useable power output from the engine (Chunkaew et al., 2016). The results from the testing show an increase in the brake power as the engine speed increases. This increase is from 8.7kW to 41.6kW which is due to the torque being increased. However, the values for toque, the engines rotational force, also increase with engine speed but only up to a point, 103.4Nm (Rizzoni, 1989). After that it drops off due to the engine not being able to consume enough air so the volumetric efficiency declines (Franco et al., 2008). The brake mean effective pressure (BMEP) can be defined as the ratio of the brake work per cycle to the cylinder volume displaced per cycle (Rahman et al., 2009). The data for break mean effective pressure increases from 658kPa to 817kPa and then also decreases back down to 571kPa like torque. This may be because of friction caused between the piston and the cylinder as the engine speed is increased. If BMEP equals indicated mean effective power (IMEP) minus frictional mean effective power (FMEP), and the value for FMEP gets larger then that results in a lower value for the BMEP.
BMEP = IMEP - FMEP
The specific fuel consumption (SFC) is defined as the fuel flow rate required by the engine per unit power produced (Costa & Sodré, 2011). It decreases in value from 0.360kg/kWh to 0.260kg/kWh which shows as the engine speed and the brake power of the car increase, the fuel consumption decreases. However, it then increases from 0.260kg/kWh to 0.374kg/kWh once the engine hits higher rpms. From this it can be understood that when a vehicle is at higher revs, it will also consume more fuel showing it is less fuel efficient. The thermal efficiency of an engine is the measure of the ability of an engine to convert the energy in fuel into mechanical energy, powering the vehicle (Ikeya et al., 2015). The thermal efficiency of the engine is the ratio of the work done output to the heat output (Ikeya et al., 2015b). The data shows the engine thermal efficiency increase to a point but then decrease after this.
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Graph 1

Graph 1 shows the relationship between the specific fuel consumption and the engine speed of the engine. The trendline shows a positive gradient of 2x10-5 and crosses the Y axis at 0.2447. However, at the start of the graph the SFC decreases and the Engine Speed increases. This is due to the engine not producing enough power whilst the fuel is being entered (Irawan et al., 2021). At around 1800rpm the graph starts to increase from then. The increase in fuel consumption shows that more fuel is used when the engine is at higher rpms. 

Graph 2

The relationship between Engine Speed and Torque in graph 2 shows a negative correlation as stated by the trendline, with a gradient of -0.0031. The Torque initially increases as the Engine Speed increases due to the engine gaining power. It then decreases until the end point. This decrease is because of the engine not getting enough air (Zweiri et al., 1999).
Graph 3

Graph 3 above shows how the Brake Power of the engine is affected by the increase of the Engine Speed. The trendline shows a positive correlation with a gradient of 8.1291 showing an increase in the Brake Power as the Engine Speed increases. This is due to there being an increase in the power output from the engine because of the more work being done by the engine (Augusto et al., 2010).
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Overall, from the results conclusions can be drawn. The first being that none of the graphs or the results are inversely proportional. This shows that all the values can and will be affected by external factors whether it be friction occurred in the piston cylinder, or the quantity of the air intake. This will affect the results in different ways as some will show a positive correlation, but the graph will trail off to a more negative gradient or the opposite where its starts negative and corrects to a positive gradient (Rizzoni, 1989).  In addition, some of the values do not show strong correlations showing that the values do not change a lot when the speed of the engine increases. They tend to start strong but then reverse on themselves when they get to a certain point. This is because as the engine speed increases indefinitely the values get to a maximum value where then the engine will not run as efficiently. This is the case with thermal efficiency where it reaches the value 0.00309% where it then decreases. This is caused by the engine working a lot more as the speed of the engine is increases at which point it no longer become thermally efficient as the engine heats up because of the more work done (Ikeya et al., 2015b)
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The purpose of this evaluation is to see what was done well and what can be improved upon. During the tasks, I believe that I have performed well and been able to explain what the data shows and what can be interpretated as a result. The tasks ask for the methods and results to be explained from which I have done as well as explained what the values are that were to be found and why they are beneficial to be found. To improve the investigation control variables could be added to improve the validity of the raw data (Bernerth & Aguinis, 2016). Also, showing how the dynamometer is calibrated so students can see that the results given are accurate (Dynamometer Calibration and Usage, 2000).
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Brake Power against Engine Speed
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SFC against Engine Speed
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Torque against Engine Speed
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Load Dyno Speed Fuel Flow Rate Lambda

Newtons rpm l/min Lambda

102.275 1000 0.0704 1.2658

102.756 1050 0.0724 1.26783

103.689 1100 0.0737 1.27344

104.209 1150 0.0728 1.28476

105.811 1200 0.0744 1.29181

107.51 1250 0.07895 1.29729

109.488 1300 0.079 1.29895

111.797 1350 0.0796 1.29469

114.268 1400 0.0835 1.2855

115.783 1450 0.0847 1.27818

116.985 1500 0.08865 1.2795

117.788 1550 0.0932 1.27766

118.471 1600 0.0959 1.28235

118.772 1650 0.09875 1.29028

118.656 1700 0.10005 1.29942

118.861 1750 0.10305 1.31053

119.584 1800 0.1093 1.3149

119.934 1850 0.11415 1.31849

120.176 1900 0.11745 1.31892

120.948 1950 0.12055 1.31484

122.157 2000 0.12555 1.31653

122.845 2050 0.12785 1.32098

123.796 2100 0.1309 1.32287

124.794 2150 0.13435 1.32164

125.137 2200 0.1377 1.31652

126.028 2250 0.14105 1.30465

126.66 2300 0.14495 1.29646

126.822 2350 0.14985 1.28229

126.69 2400 0.1537 1.27304

126.552 2450 0.15565 1.26984

126.438 2500 0.1596 1.27446

126.239 2550 0.1626 1.27876

126.161 2600 0.16805 1.27634

125.847 2650 0.17145 1.28027

124.911 2700 0.17465 1.28371

123.927 2750 0.1784 1.2812

123.689 2800 0.18005 1.27448

123.389 2850 0.1831 1.26036

122.519 2900 0.1879 1.2531

121.837 2950 0.19255 1.23943

121.709 3000 0.199 1.22735

121.123 3050 0.20605 1.2193

121.124 3100 0.21005 1.20692

120.851 3150 0.21605 1.19274

120.596 3200 0.21795 1.18481

120.84 3250 0.22305 1.17378

121.633 3300 0.2255 1.16118

122.181 3350 0.2285 1.15104

122.933 3400 0.2342 1.14117

123.475 3450 0.23605 1.12669

123.428 3500 0.24195 1.11975

124.205 3550 0.24545 1.10622

124.066 3600 0.25505 1.09697

123.967 3650 0.25755 1.09401

123.815 3700 0.26445 1.09659

123.767 3750 0.2651 1.09808

123.509 3800 0.2693 1.09907

122.672 3850 0.27375 1.10533

122.157 3900 0.2759 1.11704

121.184 3950 0.28285 1.12259

120.004 4000 0.28455 1.12461

118.734 4050 0.2871 1.1222

117.442 4100 0.28895 1.12394

116.5 4150 0.29305 1.12233

115.931 4200 0.2949 1.12179

115.034 4250 0.29715 1.12456

114.391 4300 0.3022 1.12278

114.016 4350 0.30605 1.11943

113.871 4400 0.3092 1.11986

113.985 4450 0.3099 1.11873

113.306 4500 0.31445 1.11563

113.074 4550 0.3171 1.10953

112.195 4600 0.3194 1.10569

111.061 4650 0.32055 1.09782

109.973 4700 0.3207 1.09558

108.654 4750 0.32485 1.08827

107.076 4800 0.32455 1.08396

105.24 4850 0.3257 1.08221

103.632 4900 0.3277 1.0846

102.335 4950 0.32845 1.08823

101.106 5000 0.3287 1.08687

99.3149 5050 0.32985 1.0891

97.5815 5100 0.3297 1.09185

95.8486 5150 0.33095 1.09407

94.8033 5200 0.3338 1.09346

93.0976 5250 0.3313 1.08804

91.7886 5300 0.3324 1.08339

90.5938 5350 0.3308 1.08007

89.6374 5400 0.3388 1.07895

88.9256 5450 0.3438 1.07923

88.6474 5500 0.3488 1.08366


image1.emf
Power Torque BMEP SFC Thermal Efficiency Corrected Power

W Nm Pa kg/kWh % W

8737.135 83.43349 658909.1 0.360333197 0.000551077 8791.862712

9217.137 83.82588 662008 0.351271715 0.000596349 9274.871445

9743.723 84.587 668018.8 0.338254218 0.00065468 9804.755786

10237.7 85.0112 671368.9 0.31800168 0.000731679 10301.83236

10847.05 86.31807 681689.9 0.30673404 0.000803706 10914.99333

11480.44 87.70408 692635.7 0.307534869 0.000848421 11552.34857

12159.32 89.31768 705379 0.290548288 0.000951127 12235.48769

12893.28 91.20131 720254.8 0.276089731 0.001061355 12974.04285

13666.34 93.21709 736174.3 0.273234112 0.001136749 13751.94325

14342.09 94.45299 745934.7 0.264102015 0.001234207 14431.92323

14990.67 95.43356 753678.6 0.264459033 0.001288279 15084.56699

15596.68 96.08862 758852 0.267229421 0.001326464 15694.3797

16193.16 96.6458 763252.2 0.264842497 0.001389605 16294.59035

16741.62 96.89135 765191.4 0.263778986 0.001442463 16846.4898

17232.1 96.79672 764444.1 0.259644766 0.001508363 17340.0376

17769.57 96.96395 765764.8 0.259341293 0.00155723 17880.87792

18388.45 97.55376 770422.7 0.265812674 0.001572232 18503.63235

18954.55 97.83928 772677.6 0.269316507 0.00159955 19073.28316

19506.12 98.0367 774236.7 0.269266782 0.0016464 19628.30308

20148.04 98.66648 779210.3 0.26756852 0.001711375 20274.24602

20871.22 99.65275 786999.4 0.269010646 0.001763298 21001.95695

21513.49 100.214 791431.8 0.265760536 0.001839788 21648.24804

22208.82 100.9898 797558.7 0.263581451 0.001914952 22347.93074

22920.9 101.804 803988.3 0.262123893 0.001987341 23064.47507

23518.41 102.0838 806198.1 0.261834352 0.002041403 23665.72587

24224.18 102.8106 811938.4 0.260390198 0.002114325 24375.91754

24886.67 103.3262 816010 0.260466578 0.002171512 25042.56037

25460.21 103.4583 817053.7 0.263205761 0.002198437 25619.68995

25974.85 103.3507 816203.3 0.264619225 0.002230895 26137.55667

26487.11 103.2381 815314.2 0.26279381 0.002290693 26653.02502

27003.32 103.1451 814579.8 0.264311686 0.002321925 27172.46486

27500.04 102.9827 813297.7 0.264416115 0.002363702 27672.29225

28021.93 102.9191 812795.2 0.268189117 0.002374675 28197.45293

28489.73 102.663 810772.3 0.269122403 0.002405945 28668.18185

28811.38 101.8994 804742.1 0.271084849 0.002415495 28991.84532

29113.75 101.0967 798402.6 0.274029504 0.002414617 29296.11555

29586.16 100.9025 796869.3 0.272147983 0.002470762 29771.48648

30041.45 100.6578 794936.5 0.27256378 0.002504956 30229.62183

30352.96 99.94806 789331.5 0.276838472 0.00249185 30543.0815

30704.41 99.3917 784937.7 0.280442232 0.002488311 30896.73745

31192.02 99.28728 784113.1 0.285305558 0.002484738 31387.40119

31559.2 98.80924 780337.8 0.291976074 0.002456553 31756.88292

32076.83 98.81005 780344.2 0.292841007 0.00248947 32277.75405

32520.73 98.58735 778585.4 0.297094473 0.002487786 32724.43913

32967.23 98.37932 776942.6 0.295648103 0.00253428 33173.72889

33550.08 98.57837 778514.6 0.29730982 0.002564671 33760.23704

34289.8 99.22528 783623.5 0.294091378 0.002649903 34504.58179

34966.17 99.67233 787154 0.292239439 0.002719296 35185.18931

35706.47 100.2858 791998.8 0.293319272 0.002766646 35930.13151

36391.31 100.7279 795490.6 0.290072781 0.002851268 36619.25795

36904.67 100.6896 795187.8 0.293187192 0.002860774 37135.83092

37667.52 101.3235 800193.6 0.291404805 0.002937769 37903.45875

38155.3 101.2101 799298.1 0.298931135 0.002900888 38394.29441

38654.36 101.1293 798660.3 0.297963936 0.002948371 38896.48578

39135.83 101.0053 797681.1 0.302182764 0.002943419 39380.96878

39649.31 100.9661 797371.8 0.299002418 0.003013757 39897.6707

40094.22 100.7557 795709.6 0.300369102 0.003033708 40345.36155

40346.49 100.0729 790317.3 0.30342339 0.003022066 40599.2102

40698.88 99.65275 786999.4 0.303158562 0.003051125 40953.81604

40892.34 98.859 780730.8 0.309324919 0.003004515 41148.47919

41006.74 97.89638 773128.6 0.310315866 0.003003299 41263.6008

41079.93 96.86035 764946.6 0.312538969 0.002987259 41337.24527

41134.56 95.80636 756622.9 0.314135131 0.002976032 41392.21859

41302.24 95.0379 750554 0.317299076 0.002958367 41560.94671

41595.7 94.57373 746888.2 0.31704945 0.002981733 41856.2467

41765.21 93.84198 741109.3 0.318171802 0.002983323 42026.82302

42020.37 93.31743 736966.7 0.321614227 0.002969422 42283.57722

42369.62 93.01152 734550.8 0.323026707 0.00298101 42635.01963

42802.13 92.89323 733616.6 0.323053744 0.003011188 43070.23295

43331.85 92.98623 734351.1 0.319826883 0.003079212 43603.27643

43557.7 92.43232 729976.6 0.322839957 0.003066373 43830.54103

43951.5 92.24306 728481.9 0.322643703 0.003095978 44226.80453

44089.06 91.52599 722818.9 0.323969915 0.003092954 44365.2307

44117.82 90.6009 715513.1 0.32492442 0.00308588 44394.17013

44155.36 89.71333 708503.6 0.324800085 0.003089688 44431.94656

44089.88 88.63733 700006 0.329491827 0.003041176 44366.04735

43906.91 87.35003 689839.7 0.33055927 0.003018776 44181.94046

43603.58 85.85227 678011.2 0.334038315 0.002966697 43876.70314

43380 84.5405 667651.6 0.337821733 0.00291843 43651.72086

43274.19 83.48244 659295.7 0.339422773 0.002897579 43545.25143

43186.35 82.47985 651377.8 0.340372038 0.002883633 43456.86

42845.51 81.01871 639838.6 0.344280008 0.0028284 43113.88881

42514.51 79.60465 628671.1 0.346802633 0.002786135 42780.81712

42168.93 78.19099 617506.9 0.350970397 0.002730671 42433.06596

42113.99 77.33826 610772.5 0.354454617 0.002700306 42377.7806

41753.93 75.94679 599783.5 0.354833611 0.00267436 42015.46731

41558.91 74.87894 591350.2 0.357682345 0.002640669 41819.22933

41404.91 73.90425 583652.7 0.35728464 0.002633812 41664.25958

41350.67 73.12404 577491.1 0.366405087 0.002564888 41609.68427

41402.15 72.54337 572905.3 0.371350207 0.002533883 41661.48212

41651.27 72.31642 571113 0.37449747 0.002527707 41912.16561


