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[bookmark: _Toc161528498]1.Introduction 
[image: ]In this report the data presented will be looking at the engine characteristics in terms of performance of a Honda CRX engine. The engine used is a 1.6l Vtec, model D6 from the early 2000s (Figure 1). The dynamometer used to measure the performance of the engine is a Schenck WS230, it is limited to 10,000rpm and a max load of 230Kw (Figure 1). The aim of this test will provide data via sensors on the engine and the dynamometer, which the data will then be used to calculate the performance characteristics. Using different calculations and the data provided the secondary data calculated will be corrected Power, Torque, Brake Mean Effective Pressure (BMEP), Specific Fuel Consumption (SFC), and Thermal Efficiency. 














                                                                              
[bookmark: _Toc161528158][bookmark: _Toc161528204][bookmark: _Toc161528464]                                                                             Figure 1- The Dynamometer and CRX 1.6 Engine
[bookmark: _Toc161528499]2.Methodology 
The two main pieces of equipment used to carry out this report is the engine and the dynamometer. 
The engine (as previously stated above) is a Honda CRX 1.6 litres (Co, 1987). It is connected to the dynamometer via a driveshaft that is bolted to the crankshaft of the engine (Figure 2). The engine is hooked up to three sensors; a cooling temperature sensor which measures the temperature of the engine coolant, a flow metre sensor to measure the flow rate and quantity of a liquid and a lambda sensor to measure the oxygen in the exhaust gases.
The dynamometer connected to the engine is an eddy current, it works by using the power from the engine making the inner core spin freely and the outer casing is fed by the current which produces an electromagnetic field and puts a load on the engine which then tries to slow it down (WORKSHOPS, 2020). A strain gauge is connected to the dynamometer which restricts it from turning, this is measured between 0-10 volts. The sensors on the dynamometer measure cooling temperature and engine speed. 
Two calibration arms are also used during the testing (Figure 4). These are tightened on either side of the dynamometer outer casing, and they neutralise each other. A hang mass is then placed on one of the calibration arms, which equals what torque is applied to the centre axis of the outer casing (Schenck, 2001) (Figure 3).
The computer cell is where the data collected by the sensors are presented on screen in a graph form. The throttle and torque dial that control the are also located in the computer cell (Figure 5). 
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[bookmark: _Toc161528159][bookmark: _Toc161528205][bookmark: _Toc161528465]                                                                            Figure 2- Dynamometer and Engine
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[bookmark: _Toc161528160][bookmark: _Toc161528206][bookmark: _Toc161528466]                                              Figure 3- Diagram of how the Calibration Arm works. (Schenck, 2001)
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[bookmark: _Toc161528467]                                                                                 Figure 4- Calibration Arms (815.776mm)
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[bookmark: _Toc161528162][bookmark: _Toc161528208][bookmark: _Toc161528468]                                                                                          Figure 5- Computer Cell 


[bookmark: _Toc161528500]3.Results and Analysis
[bookmark: _Toc161528501]3.1 Data Values
The data in figures 6 and 7 are the raw and calculated data produced from the Honda CRX on the dynamometer. 
Primary data: Load, Dyno Speed, Fuel Flow Rate and Lambda. 
[image: ]Secondary data: Torque, Correct Power, Correct BHP, Brake Mean Effective Pressure (BMEP) and Specific Fuel Consumption (SFC).
[bookmark: _Toc161528163][bookmark: _Toc161528209][bookmark: _Toc161528469]Figure 6- Data Values (part 1)






[bookmark: _Toc161528164][bookmark: _Toc161528210][bookmark: _Toc161528470][image: ]Figure 7- Data Values (part 2)

















[bookmark: _Toc161528502]3.2 Calculations 
[bookmark: _Toc161528503]3.2.1 Torque 
Torque is defined to be the engine’s rotational/twisting force. It is what makes a vehicle accelerate (Muscad, 2022).

[bookmark: _Toc161528504]3.2.2 Power
Power is the number of kilowatts an engine can put out.

    or    
[bookmark: _Toc161528505]3.2.3 Brake Horsepower 
Bhp is a value measured to know how much power/work the engine is capable of (Staff, 2022).

[bookmark: _Toc161528506]3.2.4 BMEP 
Brake mean effective pressure is a “measurement of an engines capacity to do work that is independent of engine displacement” (Spender, 2018).


[bookmark: _Toc161528507]3.2.5 SFC 
Specific fuel consumption is the amount of fuel consumed for each unit of power output (Bioenergy, 2022).




[bookmark: _Toc161528508]3.3 Graphs
[bookmark: _Toc161528509]3.3.1 Specific Fuel Consumption against Engine Speed
















[bookmark: _Toc161528165][bookmark: _Toc161528211][bookmark: _Toc161528471]Figure 8- A graph showing SFC plotted against Engine Speed
Figure show how the specific fuel consumption of the Honda CRX engine has been affected by the engine speed. It can be seen that the SFC rapidly decreases from 0.48 to around 0.34, then it gradually increases to 0.50. the relationship between SFC and engine speed is important as it needs to be balanced because more rpm equals to more fuel consumption as it needs to drive the vehicle. To be as efficient as possible the engine speed needs to be relatively high as this is where the fuel consumption is maximised and working at its best compared to a lower rpm where more fuel is used. However, it can increase due to more work being put on the engine and fuel can be not burned and lost throughout the exhaust (Bioenergy, 2022). There are many factors that can influence the SFC at different engine speeds such as the air temperature, fuel type and the engine design as this can either increase or decrease the specific fuel consumption. 

[bookmark: _Toc161528510]3.3.2 Torque against Engine Speed
















[bookmark: _Toc161528166][bookmark: _Toc161528212][bookmark: _Toc161528472]Figure 9- A graph showing Torque against Engine Speed
As the torque of the vehicle is depended on the engine speed, this shows that as the engine speed builds up between 1000 and 2000 rpm then the torque is relatively high and as the rpm increases more the amount of torque has peaked at 2350rpm and a torque of 103.48Nm this is where the engine functions most efficiently. This shows a pattern of as torque starts high at low rpm then decreases with higher rpm (Muscad, 2022). The torque of an engine can be affected by the rpm by a mechanical loss and limited capacity of the engine, also timing of the intake and exhaust valve.


















[bookmark: _Toc161528511]3.3.3 Horsepower against Engine Speed
















[bookmark: _Toc161528167][bookmark: _Toc161528213][bookmark: _Toc161528473]Figure 10- A graph showing Brake Horsepower against Engine Speed
Compared to torque, horsepower starts low as the rpm is low and then it continues to rise gradually as the rpm increases until the horsepower has peaked. The horsepower of the CRX engine starts at 15bhp at 1000rpm, it rises and peaks at 80bhp at 4700rpm and then continues at a relatively consistent bhp of 79bhp to 75bhp. It does not drop off as rapidly as expected. Same as torque, mechanical loss and capacity restrictions can also affect the amount of horsepower that the engine can put out. 
































[bookmark: _Toc161528168][bookmark: _Toc161528214][bookmark: _Toc161528474]Figure 11- A graph showing Torque and BHP against Engine Speed
Overall looking at figure 10 the graph does follow the same configuration as a typical BHP and torque graphs. Also figure 8 shows how the specific fuel consumption does correlate to a standard petrol engine. Also looking at the BMEP and power in figure 6 and 7, both are also at the characteristic value of a 1.6l engine. 
[bookmark: _Toc161528512]Conclusion 
Overall, the lab session using the dynamometer went according to plan and produced the correct data values to then use to workout the secondary data needed. The graphs produced follow the correct pattern and have also produced valid information about the CRX engine on torque, brake horsepower and specific fuel consumption. Throughout the dynamometer experiment no human was carried out as all reading and inputting the engine speed was done through a software run on computers that logged the primary data. To finish the experiment completed was successful and the data was correct. In order to improve the project and data if resources weren’t limited, a different or similar engine could have been tested on the dynamometer. By having another engine tested then it would have given more data that can be used to compare against the CRX engine and given more insight how efficient and restricted the engine is.
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Baro Humidity | Ambient temp
mBar % Deg C
Load DynoSpeed | FuelFlowRate | lambda Torque | Correct Power | Correct BHP BMEP SFC Fuel Flow Rate
Newtons rpm I/min Lambda Nm Kw Pa I/h
102.275 1000 0.0704 12658 83.4564] 8.73981] 15.89040366 153 0.483305966 4.224
102.756 1050 0.0724 126783 83.848896] 9.219954006] 16.76339315 152 0.471152025 4344
103.689 1100 0.0737 127344 84610224  9.746700848] 17.72110556 150 0.453691979 4.422
104.209 1150 0.0728 128476 85.034544]  10.24083418] 1861952125 150 0.426527754 4.368
105.811 1200 0.0744 120181 86.341776]  10.85036456] 19.72774775 147 0.411414748 4.464
107.51 1250 0.07895 129729 87.72816]  11.48394596] 2087970297 145 0.412488879 4737
109.488 1300 0.079 129895 89.342208] 12.16304015] 22.11440792 143 0.3897052 474
111.797 1350 0.0796 129469 91226352  12.89722024] 23.44927174 140 0.370312297 4.776
114.268 1400 0.0835 12855 93.242688] 1367051662 24.85524813 137 0.366482126 5.01
115.783 1450 0.0847 127818 94478028  14.34647037] 26.08424326 135 0.354233471 5.082
116.985 1500 0.08865 12795 95.45976]  14.99524976] 27.26383092 133 0.354712331 5319
117.788 1550 0.0932 127766 96.115008]  15.60145171] 28.36600579 132 0.358428184 5592
118.471 1600 0.0959 128235 96.672336] 16.19810845] 29.45082589 132 0355226662 5754
118.772 1650 0.09875 129028 96.917952] 1674674006 30.44832841 131 0.353800201 5.925
118.656 1700 0.10005 129942 96.823296]  17.2373655] 31.34036618 131 0.348255074 6.003
118.861 1750 0.10305 131053 96.990576] 17.77500346] 32.31788043 131 0.347848034 6.183
119.584 1800 0.1093 13149 97.580544]  18.3940705] 33.44344615 130 0.356527937 6.558
119.934 1850 0.11415 131849 97.866144  18.96034835] 34.47303244 130 0.36122754 6.849
120.176 1900 0.11745 131892 98.063616] 19.51208194] 35.47617487 130 0.361160845 7.047
120.948 1950 0.12055 131484 98.693568] 20.15420019] 36.64365149 129 0.358883009 7.233
122.157 2000 0.12555 131653 99.680112] 20.87760226] 37.95891546 128 0.360817296 7533
122.845 2050 0.12785 132098 100.24152]  21.5200666] 39.12702133 127 0356458005 7.671
123.796 2100 0.1309 132287 | 101.01753¢] 22.21560641] 4039162711 126 0.353535252 7.854
124.794 2150 0.13435 132164 | 101831904] 22.92790801] 4168670861 125 0.351580266 8.061
125.137 2200 0.1377 131652 | 102111792] 23.52559874] 4277340868 125 0.351191912 8.262
126.028 2250 0.14105 130465 | 102838841 24.2315853] 44.05700838 124 0.349254904 8.463
126.66 2300 0.14495 120646 103.35456]  24.89428087] 45.26189794 123 0.34935735 8.697
126.822 2350 0.14985 128220 | 103.486752] 25.46799321] 4630500137 123 0.353031349 8991
126.69 2400 0.1537 127304 103.37904]  25.98279359] 47.24099315 123 0.354927193 9.222
126.552 2450 0.15565 126984 | 103.266432]  26.4952098] 4817265011 123 0.352478809 9339
126.438 2500 0.1596 127446 | 103.173408] 27.01157399] 49.11148515 123 0.354514698 9.576
126.239 2550 0.1626 127876 | 103.011024] 27.50844185] 5001487266 124 0354654766 9.756
126.161 2600 0.16805 127634 | 102947376] 28.03049299] 5096404752 124 0.3597154 10.083
125.847 2650 0.17145 128027 | 102691152] 28.49843468] 518148425 124 0.360967194 10.287
124.911 2700 0.17465 128371 | 101.927376] 28.82018172] 5239983153 125 0.363599373 10479
123.927 2750 0.1784 12812 101.124432]  29.12265033] 52.94976923 126 0.367548965 10.704
123.689 2800 0.18005 127448 | 100930224] 29.59520653] 53.80895415 126 0.365025329 10.803
123.389 2850 0.1831 126036 | 100.685424] 30.05062022] 54.63698751 126 0365583027 10.986
122,519 2900 0.1879 12531 99.975504]  30.36223286] 55.2035342 127 0.371316565 11274
121.837 2950 0.19255 123943 99.418992]  30.71379478] 55.84273161 128 0.376150198 11553
121.709 3000 0.199 122735 99.314544]  3120155325] 56.72955674 128 0.382673257 1194
121.123 3050 0.20605 12193 98.836368] 31.56884725] 57.39735765 129 0.391620255 12.363
121.124 3100 0.21005 120692 98.837184] 32.08663424] 58.33877959 129 0.392780368 12.603
120.851 3150 0.21605 119274 98.614416] 32.53067446] 59.14611775 129 0.398485436 12.963
120.596 3200 0.21795 118481 98.406336] 32.97730393] 59.95816359 129 0.396545455 13.077
120.84 3250 0.22305 117378 98.60544]  33.5603393] 6101821782 129 0.398774276 13.383
121.633 3300 0.2255 1.16118 99.252528]  34.30027672] 62.36354577 1.28 0.394457459 13.53
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122.181 3350 0.2285 115104 99.699696]  34.97685429] 63.5936751 1.28 0.3919735 13.71
122933 3400 0.2342 114117 | 100.313328] 35.71738561| 64.94008286 127 0.393421852 14.052
123.475 3450 0.23605 1.12669 100.7556]  36.40243167] 66.18560929 126 0.389067415 14.163
123.428 3500 0.24195 111975 | 100.717248] 36.91504596] 67.11926276 126 0.393244697 14.517
124.205 3550 0.24545 1.10622 101.35128] 37.67902859] 68.50667251 126 0.390854025 14.727
124.066 3600 0.25505 109697 | 101.237856] 38.16695796] 69.39380838 126 0.400948905 15.303
123.967 3650 0.25755 109401 | 101.157072] 38.66617581| 70.30146855 126 0.399651625 15.453
123.815 3700 0.26445 1.09659 101.03304] 39.14779014) 71.17712262 126 0.405310235 15.867
123.767 3750 0.2651 109808 | 100.993872] 39.66143261| 72.11100914 126 0.401044515 15.906
123.509 3800 0.2693 1.09907 | 100.783344] 40.10647264] 72.92016512 126 0.402877614 16.158
122672 3850 0.27375 110533 | 100.100352] 40.35881822) 73.37897091 127 0.406974256 16.425
122157 3900 0.2759 1.11704 99.680112]  40.71132441] 74.01988515 128 0.406619049 16.554
121184 3950 0.28285 1.12259 08.886144]  40.90483494) 74.37171912 129 0.41488983 16.971
120.004 4000 0.28455 1.12461 97.923264]  41.0192749] 74.57978979 130 0.416218962 17.073
118.734 4050 0.2871 11222 96.886944]  41.09248332] 74.71289474 131 0.419200754 17.226
117.442 4100 0.28895 112394 05.832672] 41.14713113] 74.81225347 133 0.421341647 17.337
1165 4150 0.20305 112233 05.064] 41.31486019] 75.11721249 134 0.425585368 17.583
115.031 4200 0.2049 112179 94.509696]  41.60841169 75.6509374 135 0.425250551 17.694
115.034 4250 0.20715 1.12456 03.867744]  41.77797801| 75.95923686 136 0.426755933 17.829
114391 4300 0.3022 112278 93.343056]  42.03321194] 76.42329414 136 0.431373173 18.132
114.016 4350 0.30605 111943 93.037056]  42.38257342] 77.05849078 137 0.433267697 18.363
113.871 4400 0.3092 1.11986 92.918736]  42.8152098] 77.8450949 137 0.433303961 18.552
113.985 4450 0.3099 111873 93.01176]  43.34509708] 78.80851714 137 0.428975853 18.504
113306 4500 0.31445 1.11563 92.457696]  43.57101602] 79.21927494 138 0.433017215 18.867
113.074 4550 0.3171 1.10053 92.268384]  43.96493321] 79.93548119 138 0.432753984 19.026
112195 4600 0.3194 1.10569 01.55112]  44.10253974] 80.18567251 139 0.434532798 19.164
111.061 4650 0.32055 1.09782 90.625776] 44.13130782] 80.23797761 1.40 0.435813053 19.233
109.973 4700 0.3207 1.09558 89.737968]  44.16886057] 80.30625468 142 0.435646285 19.242
108.654 4750 0.32485 1.08827 88.661664] 44.10335156] 80.18714851 144 0.441939202 19.491
107.076 4800 0.32455 1.08396 87.374016]  43.92033478] 79.85439391 146 0.443370937 19.473
105.24 4850 0.3257 1.08221 85.87584] 43.61690481] 79.3027083 148 0.448037294 19.542
103.632 4900 0.3277 1.0846 84.563712] 43.39325467] 78.80607555 151 0.453111898 19.662
102335 4950 0.32845 1.08823 83.5053¢]  43.28741565] 78.7036428 152 0.455259334 19.707
101.106 5000 0.3287 1.08687 82.502496]  43.1995476] 78.54388423 154 0.456532559 19.722
99.3149 5050 0.32985 1.0891 81.0409584]  42.85860718] 77.92399846 157 0.461774222 19.791
97.5815 5100 0.3297 1.09185 79.626504]  42.52750763] 77.32200503 1.60 0.465157756 19.782
95.8486 5150 0.33095 109407 | 78.2124576] 42.18181555| 76.69347994 163 0.470747874 19.857
94.8033 5200 0.3338 109346 | 77.3504928] 42.12685753] 76.50355723 165 0.475421172 20.028
93.0976 5250 0.3313 108804 | 75.0676416] 41.76668954] 75.93871257 168 0.475929508 19.878
91.7886 5300 0.3324 108339 | 74.8994976]  41.5716135| 75.58403223 1.70 0.479750443 19.944
90.5038 5350 0.3308 108007 | 73.9245408] 41.41756134] 75.30394008 172 0.479217012 19.848
89.6374 5400 0.3388 107895 | 73.1441184] 41.36330918] 75.20530072 174 0.491450041 20.328
88.9256 5450 0.3438 107923 | 72.5632896] 41.41480033] 75.20892009 175 0.498082807 20.628
88.6474 5500 0.3488 108366 | 72.3362784] _ 41.6639995] 75.75200518 176 0.502304154 20.928
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