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   The aim of the test was to collect data from an engine dynamometer and calculate engine performance values. The data would then be graphed and analysed. The performance values required to be calculated were Corrected Power, Torque, BMEP, B.S.F.C. and Brake Thermal Efficiency. 
[bookmark: _Toc57290774]Experimental Procedure
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Description automatically generated]  The type of dynamometer used for the test was a Schenk WS230. To acquire torque values, this type of dynamometer uses electromagnetism (Schenk , 2001) and a strain gauge as shown in Figure 1, rather than hydraulic dynamometers that use impellers that rotate inside of a fluid. Electromagnetic dynamometers use a toothed rotor (induction disk) connected to the engine crank, which rotates through a magnetic field. The magnetic field acts a brake to the rotor, increasing the load on the engine. The opposing magnetic field of the rotor and the dynamometer outer casing, causes the outer casing to rotate against a strain gauge. The strain gauge produces a voltage that the computer software then compares to a calibration curve, which enables a torque value to be found.Figure 1 - An example of a dynamometer set-up. (Engineering Insider, 2018)












 The engine used for the test was an imported 1988 Honda Civic CRX 1600. The engine was fitted with a drum aftermarket air filter, not the factory airbox. It also did not have the factory exhaust system fitted and instead was using the building extraction system. 
 

 A sweep test was used to collect data from the dynamometer with the parameters detailed in figure 2. The sweep test was used as a fast way of collecting data with minimal strain on the engine however, this sacrifices accuracy due to the speed of the test. This is in comparison to a step test, where the engine is held for a period of time at set rpm values, allowing sensors to settle thus giving more accurate data. For the purposes of this test, high accuracy was not needed. 
Table 1 - Dynamometer Test Parameters
	Throttle %
	100
	Ramp Down Time (s)
	5

	Start-up Ramp Time (s)
	1
	End Engine Speed (rpm)
	1000

	Total Ramp Time (s)
	15
	Data log Intervals (rpm)
	50

	Starting Engine Speed (rpm)
	1250

	Final Engine Speed (rpm)
	5000
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(See Appendix for Excel results tables and formula used)
[bookmark: _Toc55820156][image: ][image: ] Figure 2 - Torque vs. Engine Speed / Brake Horsepower Vs. Engine Speed
Figure 3 - Corrected Power (Brake Power) vs. Engine Speed
[bookmark: _Toc55820157]
[image: ][image: ]Figure 4 - Lambda and B.S.F.C vs. Engine Speed

Figure 5 - Thermal Efficiency vs. Engine Speed
Table 2 - A summary of the calculated performance characteristics
	Peak Torque (Nm) 
	103.458 @ 2350 RPM

	Maximum Brake Power (KW) 
	44.432 @ 4700 RPM

	Maximum Thermal Efficiency (%)
	32.461% @ 1750 RPM

	Minimum B.S.F.C. (Kg/KWh)
	0.256 @1700-1750 RPM

	Maximum Lambda Value 
	1.322 @2100 RPM

	Max B.MEP
	812.560 Kpa@2350 RPM


1. [bookmark: _Toc57290776]Analysis
[bookmark: _Toc57290777]B.S.F.C. Variation with Engine Speed (Figure 4)
  The minimum Brake Specific Fuel Consumption calculated from the test was 0.256 Kg/kWh. This is a typical value for a gasoline engine (x-engineer.org, 2017). This value was achieved within the range 1700-1750 rpm however, between 1600 RPM and 3000 RPM the graph shows a relatively consistent value. 
 Whilst the engine was within this RPM range, it was operating at its most efficient in terms of air intake, due to a combination of the factory design of the intake, valve timing and the aftermarket air filter that was fitted for this test. This is supported by the lambda plot on figure 4, showing the engine was running most lean (λ>1) until it starts approaching 3000 RPM, at which point the B.S.F.C. begins to increase. 
 Both increasing and decreasing the engine speed, outside of the 1600-3000 RPM range, resulted in an increase in the B.S.F.C.. At low RPM, this can be attributed to the energy lost as heat (see Figure 5, thermal efficiency plot) during the longer time delay between power strokes. As the engine speed increased, the energy losses due to frictional forces within the engine including the heating of the oil, cause the B.S.F.C. value to rise (autospeed.com, 2008). Additionally, it is  possible the engine was over-fuelled in order to cool the cylinder at high RPM. Ultimately, the B.S.F.C.  would have continued to increase as power declined and fuel consumption increased with engine speed. 
[bookmark: _Toc57290778]Torque Variation with Engine Speed (Figure 2)
 Peak torque was achieved at 103.458 Nm at 2350 RPM. This is within the engine speed range where the B.S.F.C was lowest and thermal efficiency was at its greatest, allowing for maximum chemical energy to be converted into kinetic energy. The curve is flat, and peak torque is low in the RPM range, being typical in the design of a road car to increase ease of use during normal driving. The factory specification for torque is 144 Nm at 5700 RPM (carfromjapan.com). 5700 RPM was not tested, however 144 Nm would not be expected, given that the engine is running without an exhaust system and given that the Torque and Power began to decline above 5000 RPM. 
 Beyond peak torque, the frictional forces within the engine are still increasing with engine speed. Therefore, more of the indicated power is used to overcome the frictional forces, reducing torque output. 
 An additional cause for torque drop-off, which would be dependent on the engine design, may include a decrease in the volumetric efficiency of the cylinders, as the induction stroke is too rapid for the maximum air/fuel mixture to be drawn into the cylinder. The valve durations (overlap, lead and lag) and ignition timing would also be optimised for a certain range of RPM to maximise volumetric and combustion efficiency. The further from this engine speed, the further the decrease in force applied to the piston.
[bookmark: _Toc57290779]Brake Power Variation with Engine Speed (Figure 3)
  Maximum brake power was achieved at 44.432 KW (59.56 BHP) at 4700 RPM. Using the equation P=(2πNT)/60, as engine speed (N) increases, the power output will also increase. Similarly, as torque (T) increases, power increases. This explains why brake power continues to increase after peak torque, and even during torque decline. As long as the engine speed increases at a faster rate than torque decreases, the power will continue to increase. Beyond peak power at 4700 RPM, the more rapid decline in torque leads to the decline in power. 
 The factory specification for power is 96 KW at 6800 RPM (carfromjapan.com). Based on the power and torque curves, it is unlikely that the engine would have achieved this if the test had progressed to 6800 RPM. The torque curve shows an increasing rate of decline to 5500 RPM, which leads to the power curve starting to tail also. Maximum engine power is created at a Lambda value of around 0.86 λ (A. Stark (a)). The test engine was running much leaner with lambda values peaking at 1.3 λ.



[bookmark: _Toc57290780]Conclusion
 In its current state (running lean, drum air filter and without exhaust system ), the engine appears to have been designed for typical road driving between 2350-4700 RPM based on the peak torque value and peak power value, which would be considered typical for a road car . This would give consistent power delivery for ease of use. The results demonstrate the relationship between torque and power P=(2πNT)/60.
 The engine was at its most thermal efficient and had lowest S.F.C. at 1750 RPM. 
 The BMEP value of 812.56 Kpa (8.12 Bar) is poor by modern standards. A BMEP value considered good  for a naturally aspirated engine would be 1200-1400 KPa (12-14 Bar)(J. Fenske, 2020). The 1.2L 2020 Corsa, max torque 118 Nm at 2750 RPM, has a BMEP value of 1235.7 KPa (12.35 Bar) based on factory specifications (automobile-catalog.com).
  



[bookmark: _Toc57290781]Evaluation & Further Work
  The calculation of performance values gave similar results to typical values of other engines indicating that the calculations performed were likely correct. Additionally the graphs plotted showed the expected curves. 
 A comparison of the results from a test with the factory airbox and exhaust system fitted (with tuning of the AFR to 1 – 0.86 λ) would be useful, to determine to what degree this altered the engine performance, particularly with the low BMEP figure that was calculated. Further to this, performing the test at different throttle percentages (e.g. 25%, 50%) would be useful to see any variation in S.F.C. caused by pumping loss. 
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Table 3 - Input data for calculations
	
	(Shaded cells show data collected from the dynamometer by Mark Fall)
	
	
	
	
	
	

	
	Engine Spec
	S.G. GasolineB
	Gasoline Calorific ValueC
	Standard Conditions
	Measured Ambient Conditions
	Correction Factor
	Torque Arm RadiusD

	
	StrokeA
	Bore
	
	
	Baro
	Temp
	Baro
	Humidity
	Temp
	
	

	
	(m)
	(m)
	(g/m3)
	(KJ/Kg)
	(Bar)
	(K)
	(Bar)
	(%)
	(K)
	1.0063
	(m)

	
	0.0903
	0.0751
	0.739
	43.4*103
	1.01325
	293
	1.0189
	46
	300
	
	0.815776

	
	Bore Area (m2)=
	0.0044
	
	
	(DIN 70020)
	
	
	
	
	



	Notes 
	
	
	
	
	
	
	

	A-
	Stroke calculated from capacity of 1600cc and bore diameter which were found in the workshop manual -

	
	HONDA MOTOR CO. LTD, HONDA CIVIC COUPE CRX 1600 1988
	
	
	
	

	B-
	S.G. of Gasoline used -
	
	
	
	
	

	
	https://www.engineeringtoolbox.com/specific-gravity-liquids-d_336.html 
(Accessed 05-Nov-2020)
	
	

	C-
	Calorific Value of Gasoline used -
	
	
	
	
	

	
	https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html
(Accessed 05-Nov-2020)
	

	D-
	Torque arm radius found printed on calibration plate of dynamometer.
	
	
	



[bookmark: _Toc57290786]Formula Used
Torque (Nm) –      	where; (W=load (N)) (R=Radius Torque Arm (m))
Brake Power (W) - 	where; (N=engine speed (RPM)) (T=Torque (Nm))
Corrected Power (kW) - 
B.S.F.C (Kg/kWh) – 
BMEP (KPa) - 
B. Thermal Efficiency (%) - 
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Load Dyno Speed Fuel Flow Rate Lambda Torque B.Power Corrected Power Horsepower B.S.F.C. BMEP B.Thermal Eff.

(Newtons) (rpm) (l/min) (Lambda) (Nm) (W) (KW) (BHP) (Kg/KWh) (KPa) (%)

102.275 1000 0.0704 1.2658 83.433 8737.135 8.792 11.785 0.355 655.285 23.363

102.756 1050 0.0724 1.26783 83.826 9217.137 9.275 12.433 0.346 658.367 23.965

103.689 1100 0.0737 1.27344 84.587 9743.723 9.805 13.143 0.333 664.345 24.888

104.209 1150 0.0728 1.28476 85.011 10237.705 10.302 13.809 0.313 667.676 26.473

105.811 1200 0.0744 1.29181 86.318 10847.049 10.915 14.631 0.302 677.941 27.445

107.51 1250 0.07895 1.29729 87.704 11480.437 11.552 15.486 0.303 688.826 27.374

109.488 1300 0.079 1.29895 89.318 12159.324 12.235 16.401 0.286 701.499 28.974

111.797 1350 0.0796 1.29469 91.201 12893.281 12.974 17.391 0.272 716.293 30.492

114.268 1400 0.0835 1.2855 93.217 13666.339 13.752 18.434 0.269 732.125 30.810

115.783 1450 0.0847 1.27818 94.453 14342.087 14.432 19.346 0.260 741.832 31.876

116.985 1500 0.08865 1.2795 95.434 14990.668 15.085 20.221 0.261 749.533 31.833

117.788 1550 0.0932 1.27766 96.089 15596.685 15.694 21.038 0.263 754.678 31.503

118.471 1600 0.0959 1.28235 96.646 16193.159 16.295 21.843 0.261 759.054 31.786

118.772 1650 0.09875 1.29028 96.891 16741.623 16.846 22.582 0.260 760.983 31.915

118.656 1700 0.10005 1.29942 96.797 17232.098 17.340 23.244 0.256 760.240 32.423

118.861 1750 0.10305 1.31053 96.964 17769.572 17.881 23.969 0.256 761.553 32.461

119.584 1800 0.1093 1.3149 97.554 18388.450 18.504 24.804 0.262 766.185 31.670

119.934 1850 0.11415 1.31849 97.839 18954.555 19.073 25.567 0.265 768.428 31.258

120.176 1900 0.11745 1.31892 98.037 19506.120 19.628 26.311 0.265 769.978 31.264

120.948 1950 0.12055 1.31484 98.666 20148.042 20.274 27.177 0.264 774.925 31.463

122.157 2000 0.12555 1.31653 99.653 20871.223 21.002 28.153 0.265 782.671 31.294

122.845 2050 0.12785 1.32098 100.214 21513.491 21.648 29.019 0.262 787.079 31.677

123.796 2100 0.1309 1.32287 100.990 22208.818 22.348 29.957 0.260 793.172 31.939

124.794 2150 0.13435 1.32164 101.804 22920.902 23.064 30.918 0.258 799.566 32.116

125.137 2200 0.1377 1.31652 102.084 23518.410 23.666 31.723 0.258 801.764 32.152

126.028 2250 0.14105 1.30465 102.811 24224.181 24.376 32.675 0.257 807.473 32.330

126.66 2300 0.14495 1.29646 103.326 24886.674 25.043 33.569 0.257 811.522 32.320

126.822 2350 0.14985 1.28229 103.458 25460.211 25.620 34.343 0.259 812.560 31.984

126.69 2400 0.1537 1.27304 103.351 25974.854 26.138 35.037 0.261 811.714 31.813

126.552 2450 0.15565 1.26984 103.238 26487.114 26.653 35.728 0.259 810.830 32.034

126.438 2500 0.1596 1.27446 103.145 27003.320 27.172 36.424 0.260 810.100 31.850

126.239 2550 0.1626 1.27876 102.983 27500.036 27.672 37.094 0.261 808.825 31.838

126.161 2600 0.16805 1.27634 102.919 28021.928 28.197 37.798 0.264 808.325 31.390

125.847 2650 0.17145 1.28027 102.663 28489.727 28.668 38.429 0.265 806.313 31.281

124.911 2700 0.17465 1.28371 101.899 28811.375 28.992 38.863 0.267 800.316 31.054

123.927 2750 0.1784 1.2812 101.097 29113.752 29.296 39.271 0.270 794.011 30.721

123.689 2800 0.18005 1.27448 100.903 29586.163 29.771 39.908 0.268 792.487 30.933

123.389 2850 0.1831 1.26036 100.658 30041.447 30.230 40.522 0.269 790.564 30.886

122.519 2900 0.1879 1.2531 99.948 30352.955 30.543 40.942 0.273 784.990 30.409

121.837 2950 0.19255 1.23943 99.392 30704.410 30.897 41.417 0.276 780.621 30.018

121.709 3000 0.199 1.22735 99.287 31192.019 31.387 42.074 0.281 779.800 29.507

121.123 3050 0.20605 1.2193 98.809 31559.201 31.757 42.570 0.288 776.046 28.833

121.124 3100 0.21005 1.20692 98.810 32076.830 32.278 43.268 0.289 776.052 28.747

120.851 3150 0.21605 1.19274 98.587 32520.734 32.724 43.867 0.293 774.303 28.336

120.596 3200 0.21795 1.18481 98.379 32967.227 33.174 44.469 0.291 772.669 28.474

120.84 3250 0.22305 1.17378 98.578 33550.085 33.760 45.255 0.293 774.233 28.315

121.633 3300 0.2255 1.16118 99.225 34289.796 34.505 46.253 0.290 779.314 28.625

122.181 3350 0.2285 1.15104 99.672 34966.167 35.185 47.165 0.288 782.825 28.807

122.933 3400 0.2342 1.14117 100.286 35706.472 35.930 48.164 0.289 787.643 28.700

123.475 3450 0.23605 1.12669 100.728 36391.309 36.619 49.087 0.286 791.115 29.022

123.428 3500 0.24195 1.11975 100.690 36904.666 37.136 49.780 0.289 790.814 28.713

124.205 3550 0.24545 1.10622 101.323 37667.515 37.903 50.809 0.287 795.793 28.889

124.066 3600 0.25505 1.09697 101.210 38155.296 38.394 51.467 0.295 794.902 28.162

123.967 3650 0.25755 1.09401 101.129 38654.361 38.896 52.140 0.294 794.268 28.253

123.815 3700 0.26445 1.09659 101.005 39135.828 39.381 52.790 0.298 793.294 27.859

123.767 3750 0.2651 1.09808 100.966 39649.314 39.898 53.482 0.295 792.986 28.155

123.509 3800 0.2693 1.09907 100.756 40094.218 40.345 54.082 0.296 791.333 28.027

122.672 3850 0.27375 1.10533 100.073 40346.486 40.599 54.423 0.299 785.971 27.745

122.157 3900 0.2759 1.11704 99.653 40698.885 40.954 54.898 0.299 782.671 27.769

121.184 3950 0.28285 1.12259 98.859 40892.336 41.148 55.159 0.305 776.437 27.215

120.004 4000 0.28455 1.12461 97.896 41006.741 41.264 55.313 0.306 768.876 27.128

118.734 4050 0.2871 1.1222 96.860 41079.927 41.337 55.412 0.308 760.739 26.936

117.442 4100 0.28895 1.12394 95.806 41134.558 41.392 55.486 0.310 752.461 26.799

116.5 4150 0.29305 1.12233 95.038 41302.236 41.561 55.712 0.313 746.426 26.531

115.931 4200 0.2949 1.12179 94.574 41595.698 41.856 56.108 0.312 742.780 26.552

115.034 4250 0.29715 1.12456 93.842 41765.212 42.027 56.336 0.314 737.033 26.459

114.391 4300 0.3022 1.12278 93.317 42020.368 42.284 56.680 0.317 732.913 26.175

114.016 4350 0.30605 1.11943 93.012 42369.623 42.635 57.152 0.318 730.511 26.061

113.871 4400 0.3092 1.11986 92.893 42802.127 43.070 57.735 0.318 729.582 26.059

113.985 4450 0.3099 1.11873 92.986 43331.853 43.603 58.449 0.315 730.312 26.322

113.306 4500 0.31445 1.11563 92.432 43557.702 43.831 58.754 0.318 725.962 26.076

113.074 4550 0.3171 1.10953 92.243 43951.499 44.227 59.285 0.318 724.475 26.092

112.195 4600 0.3194 1.10569 91.526 44089.064 44.365 59.471 0.319 718.843 25.985

111.061 4650 0.32055 1.09782 90.601 44117.823 44.394 59.510 0.320 711.578 25.909

109.973 4700 0.3207 1.09558 89.713 44155.364 44.432 59.560 0.320 704.607 25.919

108.654 4750 0.32485 1.08827 88.637 44089.875 44.366 59.472 0.325 696.156 25.550

107.076 4800 0.32455 1.08396 87.350 43906.914 44.182 59.225 0.326 686.046 25.467

105.24 4850 0.3257 1.08221 85.852 43603.577 43.877 58.816 0.329 674.282 25.202

103.632 4900 0.3277 1.0846 84.540 43379.995 43.652 58.514 0.333 663.980 24.920

102.335 4950 0.32845 1.08823 83.482 43274.189 43.545 58.372 0.334 655.670 24.802

101.106 5000 0.3287 1.08687 82.480 43186.348 43.457 58.253 0.335 647.795 24.733

99.3149 5050 0.32985 1.0891 81.019 42845.511 43.114 57.793 0.339 636.319 24.452

97.5815 5100 0.3297 1.09185 79.605 42514.513 42.781 57.347 0.342 625.213 24.274

95.8486 5150 0.33095 1.09407 78.191 42168.926 42.433 56.881 0.346 614.111 23.986

94.8033 5200 0.3338 1.09346 77.338 42113.985 42.378 56.807 0.349 607.413 23.750

93.0976 5250 0.3313 1.08804 75.947 41753.927 42.015 56.321 0.350 596.485 23.725

91.7886 5300 0.3324 1.08339 74.879 41558.911 41.819 56.058 0.352 588.098 23.536

90.5938 5350 0.3308 1.08007 73.904 41404.906 41.664 55.850 0.352 580.443 23.562

89.6374 5400 0.3388 1.07895 73.124 41350.670 41.610 55.777 0.361 574.315 22.976

88.9256 5450 0.3438 1.07923 72.543 41402.146 41.661 55.846 0.366 569.754 22.670

88.6474 5500 0.3488 1.08366 72.316 41651.269 41.912 56.183 0.369 567.972 22.479
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