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[bookmark: _Toc57502453]1 - Test Outcome and Aims
This report will analyse the performance and characteristics of a year 2000-2002 Honda 1.6L Vtech engine. The engine in question is missing the original air box which has been replaced with a drum air filter from a mower. Also, the exhaust system is not original and will be less restrictive due to it having less silencing.
The repercussions of the above factors will be reflected in the report and explained.

In the report I aim to:
· Show an understanding of the engine dynamometer principles.
· Show the engine’s performance as represented in an excel spreadsheet and in graphical format.
· [bookmark: _Hlk56186984]Explain my understanding of why the specific fuel consumption changes with engine rpm, using the aid of research.
· [bookmark: _Hlk56187139]Explain why the torque changes with engine rpm.
· Explain why the brake power changes with engine rpm.
· Make conclusions about the engine, based on my test results and my understanding of them.
· Self-evaluate my performance in executing the tasks set out.
· Evaluate the test as a whole and how it could be improved.
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[bookmark: _Toc57502454]2 - Dynamometer System and Test Method

The equipment used for measuring the output power of the engine is a Schenck W230 Eddy-Current Dynamometer. An Eddy-Current dynamometer functions in similar way to an alternator. However, instead of adding a magnetic load to create electricity, it uses electricity to add a load of up to 230 horsepower and 750 newton meters onto an engine. (Schenck, 2001)

The dynamometer measures the engine load via the load cell connected between the pendulum body housing and dynamometer frame.
When the engine load is applied to the pendulum body, the pendulum body will try to rotate. This is prevented by the load cell. The load cell measures the load applied as a voltage between 0-10volts. The voltage is then interpreted by the load cell as a weight in kilograms. This weight is then converted to a force, in this case Newtons, by multiplying the weight by gravity. Finally, the force is multiplied by the length of calibration arm to the load cell. (Schenck, 2001, Page 4)

Before testing, the dynamometer should be checked for calibration. If needed, this is done by firstly fixing the calibration arms to the pendulum body. Next, the length from the load cell to the end of calibration arm, and the calibration weight to be used, should be input into the calibration fields. The calibration should then be zeroed.
Then, attach the calibration weight to the calibration arm and load the calibration to the software. At this point the calibration is done and the dynamometer is ready to test the engine. (Fonneland)

The test method used was a sweep test. A sweep test is where the dynamometer software takes readings of the load from the engine at requested intervals of rpm change. In this case, every 50rpm. This is then multiplied by the length of the calibration arm to get the torque values. The software then produces a graph plotting power and torque from idle to max rpm. The advantage of this test is that it puts the dynamometer under load for less time. This reduces the chance of overheating or creating limescale build up. This is because it is not holding the engine load for a prolonged period, unlike in a step test. As a result of this, the sweep test gives results that would better demonstrate the engine’s maximum race performance. This is down to the fact that this engine would more often be accelerated or decelerated than held at a constant rpm.
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[image: ]Table 1 – Engine Performance Data
[image: ]






[bookmark: _Toc56367832][bookmark: _Toc57502456]4 - Graphical Data Analysis

[bookmark: _Toc57502457]4.1 – The Relationship Between Specific Fuel Consumption and Engine Speed


Figure 1 – Graph plotting specific fuel consumption against engine speed.

Figure 1 compares specific fuel consumption (SFC) against engine speed (RPM). The SFC formula for the graph above is:
(fuel flow (l/min) x weight of fuel (0.75) x 60 (converts per min to per hour) / power).
The SFC shows how much fuel is used per Kilowatt per hour. For example, the engine’s miles per gallon (MPG) could theoretically be calculated if the vehicle’s speed were known at a given rpm. So, assuming the engine propelled the vehicle at 100mph, at 5500rpm, using 42kw and an SFC of 0.374497kg/kwh the mpg would be:
Litres per hour = SFC x Power / 0.75 = 20.97liters/hr
Gallons per hour = 20.97liters/hr / 4.54 = 4.61Galons/hr.
MPG = 100 / 4.61 = 21.69mpg.

Looking at Figure 1, it can be seen that the fuel consumption per Kw is at its lowest at the rev range 1450-2800rpm. The simple explanation for why this is the case, is that the engine is most efficient at that rev range. So, between the 1450 and 2800rpm range the engine produces the most torque, and power, for the given amount of fuel consumed. This trend can be seen in the ‘Ne’ column for thermal efficiency in Table 1, where the highest thermal efficiency is between 1450-2800rpm.
Also, as friction increases with engine speed so does the energy, or power, lost in heat. This can potentially explain some of the increase in SFC from 2800rpm onwards. (Elfasakhany, 2014)

[bookmark: _Toc57502458]4.2 – The Relationship Between Torque and Engine Speed

Figure 2 - Graph plotting torque against engine speed.

Figure 2 compares torque (Nm) to engine speed (RPM). Torque is an engines ability to do work, or apply a force, over distance. In this case that is measured in Newton meters, but it can also be measured in foot pounds.

Looking at Figure 2, it can be seen that the Torque curve increases steadily, levels off and declines relatively early in comparison to the power curve in Figure 3. A few considerations have to be made to understand this torque curve, such as the engine being long stroke, the induction being normally aspirated, and the stresses incurred at higher rpm. (Stark)
Long stroke or over square means that piston stroke is longer that the bore diameter. This results in lower revving engines that produce more torque and less power compared to a short stroke, higher revving engines, which would produce more power and less torque.
There are a few factors that cause this, one being that on a long stroke engine the distance from the main journal to the big end journal is longer. This gives the connecting rod more leverage on the crank shaft resulting in more torque.
The second factor that affects long stroke engines is that for a given cylinder volume there is less valve area. This is unlike a short stroke engine which has more valve area for the same capacity. The result of the longer stroke and less valve area is that the engine will draw less air earlier in the upper rev range, ultimately lowering the maximum engine rpm. If the engine had forced induction, the engine would produce more torque all the way through the rev range and possibly rev higher producing more power.
The third factor that affects long stroke engines is that there is more material needed to make the crank shaft and connecting rod. This makes the rotating parts heavier causing more stress at higher rpm, lowering the maximum rpm again. (TVS Motor, 2018)
For the above reasons, the torque on this particular engine is relatively high and consistent due to the long stroke. However, it drops off at a relatively low rpm for the same reason.
[bookmark: _Toc57502459]4.3 – The Relationship Between Power and Engine Speed

Figure 3 - Graph plotting power against engine speed.

Figure 3 compares power (Kw) to engine speed (RPM). If you compare this power curve to the torque curve in Figure 2, you will see that the power continues to increase even after the torque curve starts to taper off.
As the torque and rpm determines the power, it makes sense that the power continues to rise. The rise in the power will only start to reduce once the fall in torque overcomes the rising rpm, as can be better represented by Figure 4. (Largiader)
Figure 4 - Graph plotting power against engine speed.


[bookmark: _Toc57502460]5 - Conclusion Based on Analysis
To conclude, engine performance is determined by the engine configuration and induction/exhaust method. In the case of this engine its performance is that of its design. Meaning the characteristics of this engine are consistent torque and low power. This is due to its low compression, long stroke, and normally aspirated intake. There are other factors that determine how an engine performs, the most notable of which are: the camshaft profiles, port size and fuel mapping. But these alterations for the most part could move the power and torque to a different rev range.
[bookmark: _Toc56367834]


[bookmark: _Toc57502461]6 - Report Evaluation
I feel that, in the creating of my excel spreadsheet, I understood the equations provided and worked out the data correctly. I have come to this conclusion because when I used this data to plot the graphs, the trends produced were what I expected from this engine.
Also, when explaining why the power curve tapered off later than the torque curve, I created Figure 4 so that the trend between the two could be seen more easily.
I believe that I successfully found appropriate sources to back up my explanations, although I would have liked to have found more academic journals relevant to this investigation.
In my opinion, the testing of the engine could have been improved by fitting a stock air box and exhaust system. This would give results that more accurately reflect the engines performance in the vehicle. Or alternatively, the engine could be tested once with its current setup, then again with a more stock setup to compare the difference between the results.
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Baro HumidityAmbient temp

mBar % Deg C

1018.9 46 27

Load Dyno SpeedFuel Flow Rate Lambda torque power corrected power SFC Bmep Ne

Newtons rpm l/min Lambda N/m Kw Kw Kg/Kwh psi %

102.275 1000 0.0704 1.2658 83.43349 8.737135 8.791862712 0.360333 95.61285176 23.02494315

102.756 1050 0.0724 1.26783 83.82588 9.217137 9.274871445 0.351272 96.06251963 23.61889962

103.689 1100 0.0737 1.27344 84.587 9.743723 9.804755786 0.338254 96.93474442 24.52785787

104.209 1150 0.0728 1.28476 85.0112 10.2377 10.30183236 0.318002 97.42087185 26.08996082

105.811 1200 0.0744 1.29181 86.31807 10.84705 10.91499333 0.306734 98.91851828 27.04835557

107.51 1250 0.07895 1.29729 87.70408 11.48044 11.55234857 0.307535 100.5068462 26.97792097

109.488 1300 0.079 1.29895 89.31768 12.15932 12.23548769 0.290548 102.3560001 28.55515495

111.797 1350 0.0796 1.29469 91.20131 12.89328 12.97404285 0.27609 104.5145929 30.05056127

114.268 1400 0.0835 1.2855 93.21709 13.66634 13.75194325 0.273234 106.824633 30.36462513

115.783 1450 0.0847 1.27818 94.45299 14.34209 14.43192323 0.264102 108.2409466 31.41457059

116.985 1500 0.08865 1.2795 95.43356 14.99067 15.08456699 0.264459 109.3646489 31.37216107

117.788 1550 0.0932 1.27766 96.08862 15.59668 15.6943797 0.267229 110.1153418 31.04692346

118.471 1600 0.0959 1.28235 96.6458 16.19316 16.29459035 0.264842 110.7538515 31.32673745

118.772 1650 0.09875 1.29028 96.89135 16.74162 16.8464898 0.263779 111.0352445 31.45304143

118.656 1700 0.10005 1.29942 96.79672 17.2321 17.3400376 0.259645 110.9268007 31.95385571

118.861 1750 0.10305 1.31053 96.96395 17.76957 17.88087792 0.259341 111.1184471 31.99124706

119.584 1800 0.1093 1.3149 97.55376 18.38845 18.50363235 0.265813 111.7943512 31.21239949

119.934 1850 0.11415 1.31849 97.83928 18.95455 19.07328316 0.269317 112.1215523 30.80632327

120.176 1900 0.11745 1.31892 98.0367 19.50612 19.62830308 0.269267 112.3477885 30.81201226

120.948 1950 0.12055 1.31484 98.66648 20.14804 20.27424602 0.267569 113.0695008 31.00757661

122.157 2000 0.12555 1.31653 99.65275 20.87122 21.00195695 0.269011 114.1997471 30.84134963

122.845 2050 0.12785 1.32098 100.214 21.51349 21.64824804 0.265761 114.8429311 31.21852292

123.796 2100 0.1309 1.32287 100.9898 22.20882 22.34793074 0.263581 115.7319833 31.47661325

124.794 2150 0.13435 1.32164 101.804 22.9209 23.06447507 0.262124 116.6649741 31.65164105

125.137 2200 0.1377 1.31652 102.0838 23.51841 23.66572587 0.261834 116.9856312 31.686642

126.028 2250 0.14105 1.30465 102.8106 24.22418 24.37591754 0.26039 117.8185918 31.86237975

126.66 2300 0.14495 1.29646 103.3262 24.88667 25.04256037 0.260467 118.4094236 31.85303637

126.822 2350 0.14985 1.28229 103.4583 25.46021 25.61968995 0.263206 118.560871 31.52154169

126.69 2400 0.1537 1.27304 103.3507 25.97485 26.13755667 0.264619 118.4374695 31.35316932

126.552 2450 0.15565 1.26984 103.2381 26.48711 26.65302502 0.262794 118.3084587 31.57095432

126.438 2500 0.1596 1.27446 103.1451 27.00332 27.17246486 0.264312 118.2018846 31.38965025

126.239 2550 0.1626 1.27876 102.9827 27.50004 27.67229225 0.264416 118.0158474 31.3772532

126.161 2600 0.16805 1.27634 102.9191 28.02193 28.19745293 0.268189 117.9429283 30.93582422

125.847 2650 0.17145 1.28027 102.663 28.48973 28.66818185 0.269122 117.6493821 30.82854224

124.911 2700 0.17465 1.28371 101.8994 28.81138 28.99184532 0.271085 116.7743527 30.60536737

123.927 2750 0.1784 1.2812 101.0967 29.11375 29.29611555 0.27403 115.8544501 30.27648948

123.689 2800 0.18005 1.27448 100.9025 29.58616 29.77148648 0.272148 115.6319533 30.4858088

123.389 2850 0.1831 1.26036 100.6578 30.04145 30.22962183 0.272564 115.3514951 30.43930258

122.519 2900 0.1879 1.2531 99.94806 30.35296 30.5430815 0.276838 114.5381666 29.96928617

121.837 2950 0.19255 1.23943 99.3917 30.70441 30.89673745 0.280442 113.9005917 29.58417258

121.709 3000 0.199 1.22735 99.28728 31.19202 31.38740119 0.285306 113.7809296 29.07987999

121.123 3050 0.20605 1.2193 98.80924 31.5592 31.75688292 0.291976 113.2331014 28.41551797

121.124 3100 0.21005 1.20692 98.81005 32.07683 32.27775405 0.292841 113.2340362 28.33159011

120.851 3150 0.21605 1.19274 98.58735 32.52073 32.72443913 0.297094 112.9788193 27.92597012

120.596 3200 0.21795 1.18481 98.37932 32.96723 33.17372889 0.295648 112.7404299 28.06258964

120.84 3250 0.22305 1.17378 98.57837 33.55008 33.76023704 0.29731 112.9685359 27.90574282

121.633 3300 0.2255 1.16118 99.22528 34.2898 34.50458179 0.294091 113.7098802 28.21113438

122.181 3350 0.2285 1.15104 99.67233 34.96617 35.18518931 0.292239 114.2221837 28.38990998

122.933 3400 0.2342 1.14117 100.2858 35.70647 35.93013151 0.293319 114.9251988 28.28539474
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123.475 3450 0.23605 1.12669 100.7279 36.39131 36.61925795 0.290073 115.4318931 28.60196446

123.428 3500 0.24195 1.11975 100.6896 36.90467 37.13583092 0.293187 115.3879547 28.29813716

124.205 3550 0.24545 1.10622 101.3235 37.66752 37.90345875 0.291405 116.1143413 28.47122368

124.066 3600 0.25505 1.09697 101.2101 38.1553 38.39429441 0.298931 115.9843957 27.75439027

123.967 3650 0.25755 1.09401 101.1293 38.65436 38.89648578 0.297964 115.8918445 27.84448176

123.815 3700 0.26445 1.09659 101.0053 39.13583 39.38096878 0.302183 115.7497457 27.45573992

123.767 3750 0.2651 1.09808 100.9661 39.64931 39.8976707 0.299002 115.7048724 27.74777356

123.509 3800 0.2693 1.09907 100.7557 40.09422 40.34536155 0.300369 115.4636784 27.62152078

122.672 3850 0.27375 1.10533 100.0729 40.34649 40.5992102 0.303423 114.6812002 27.34347992

122.157 3900 0.2759 1.11704 99.65275 40.69888 40.95381604 0.303159 114.1997471 27.36736614

121.184 3950 0.28285 1.12259 98.859 40.89234 41.14847919 0.309325 113.2901279 26.82180085

120.004 4000 0.28455 1.12461 97.89638 41.00674 41.2636008 0.310316 112.1869925 26.73614951

118.734 4050 0.2871 1.1222 96.86035 41.07993 41.33724527 0.312539 110.9997198 26.54597415

117.442 4100 0.28895 1.12394 95.80636 41.13456 41.39221859 0.314135 109.7918801 26.41109054

116.5 4150 0.29305 1.12233 95.0379 41.30224 41.56094671 0.317299 108.9112416 26.14773253

115.931 4200 0.2949 1.12179 94.57373 41.5957 41.8562467 0.317049 108.379306 26.16831973

115.034 4250 0.29715 1.12456 93.84198 41.76521 42.02682302 0.318172 107.5407361 26.07601093

114.391 4300 0.3022 1.12278 93.31743 42.02037 42.28357722 0.321614 106.9396209 25.79690413

114.016 4350 0.30605 1.11943 93.01152 42.36962 42.63501963 0.323027 106.5890482 25.6841035

113.871 4400 0.3092 1.11986 92.89323 42.80213 43.07023295 0.323054 106.4534934 25.68195398

113.985 4450 0.3099 1.11873 92.98623 43.33185 43.60327643 0.319827 106.5600675 25.94106942

113.306 4500 0.31445 1.11563 92.43232 43.5577 43.83054103 0.32284 105.9252973 25.6989607

113.074 4550 0.3171 1.10953 92.24306 43.9515 44.22680453 0.322644 105.7084097 25.71459258

112.195 4600 0.3194 1.10569 91.52599 44.08906 44.3652307 0.32397 104.8866673 25.60932669

111.061 4650 0.32055 1.09782 90.6009 44.11782 44.39417013 0.324924 103.8265356 25.53409611

109.973 4700 0.3207 1.09558 89.71333 44.15536 44.43194656 0.3248 102.8094074 25.54387075

108.654 4750 0.32485 1.08827 88.63733 44.08988 44.36604735 0.329492 101.5763265 25.18014317

107.076 4800 0.32455 1.08396 87.35003 43.90691 44.18194046 0.330559 100.1011167 25.09883136

105.24 4850 0.3257 1.08221 85.85227 43.60358 43.87670314 0.334038 98.38471297 24.83742433

103.632 4900 0.3277 1.0846 84.5405 43.38 43.65172086 0.337822 96.88145738 24.55925881

102.335 4950 0.32845 1.08823 83.48244 43.27419 43.54525143 0.339423 95.66894338 24.44341404

101.106 5000 0.3287 1.08687 82.47985 43.18635 43.45686 0.340372 94.5199999 24.37524372

99.3149 5050 0.32985 1.0891 81.01871 42.84551 43.11388881 0.34428 92.84557136 24.09855693

97.5815 5100 0.3297 1.09185 79.60465 42.51451 42.78081712 0.346803 91.22508427 23.92326528

95.8486 5150 0.33095 1.09407 78.19099 42.16893 42.43306596 0.35097 89.60506461 23.63917713

94.8033 5200 0.3338 1.09346 77.33826 42.11399 42.3777806 0.354455 88.62785499 23.40680859

93.0976 5250 0.3313 1.08804 75.94679 41.75393 42.01546731 0.354834 87.03326353 23.38180802

91.7886 5300 0.3324 1.08339 74.87894 41.55891 41.81922933 0.357682 85.80953121 23.19558542

90.5938 5350 0.3308 1.08007 73.90425 41.40491 41.66425958 0.357285 84.69255996 23.22140513

89.6374 5400 0.3388 1.07895 73.12404 41.35067 41.60968427 0.366405 83.79845943 22.64338478

88.9256 5450 0.3438 1.07923 72.54337 41.40215 41.66148212 0.37135 83.13302577 22.34185205

88.6474 5500 0.3488 1.08366 72.31642 41.65127 41.91216561 0.374497 82.87294759 22.15409191
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