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Introduction

The aim of the test was to get an in depth understanding of how an engine performs on a dyno. This includes how changing the throttle input has an impact on fuel consumption, overall efficiency and on power. The aim was to understand how to calculate important factors relating to performance from basic engine data such as RPM, fuel flow and power output. The dyno session is also important as it will educate the team about the dangers of engines, fuels, and harmful gasses. Using an engine dyno can be very dangerous so precaution must be taken. The last aim was to understand how this specific dyno records engine power. Another goal was to understand how an engine dyno differs from  a rolling road setup for cars.









































Equipment
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Figure 1 shows the load arms from the dyno. They have a specific length and weight which are used in calculations for power and torque. They sit above the load cells and help record the twisting force produced by the engine.
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Figure 3
In figure 2 it is possible to see the two load arms on the dyno. The yellow shaft on the dyno is what is connected to the crankshaft of the engine. The dyno has several coolant pipes entering from the left.
Figure 2
Figure 1
Figure 3 shows the load cells on either side of the dyno. The load cells are responsible for recording the twisting force that the engine produces. It does this by using sensors which detect the sensors either compressing or extending. This measurement is then converted into Kilowatts.
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Figure 6
Figure 5
Figure 4
Figure 6 gives a close up of the data collected from the dyno. The data can be exported to excel, and it can be used to calculate values such as efficiency and SFC. The light blue line is engine speed, the yellow line is the lambda reading, The dark blue line is Throttle feedback, the red line is exhaust manifold temperature and the white line is Torque. It is possible to adjust the fuel flow and timing and see how the graph lines change.
This figure shows the engine hooked up to the dyno. The overhead wires are the ancillaries for the engine such as spark plugs and various sensors. The right panel contains the ecu and ignition system for the car.
Figure 4 shows the controls for the dyno. The panel has dials to change engine rpm and dyno resistance. These are used to observe how much load the engine can produce before stalling. There is an emergency stop button next to it which will cut fuel and stop the dyno safely.

Methodology 

1. Preparing the dyno – Check over the engine to ensure that all the ancillaries are plugged in, and that the engine has enough oil. Then check to ensure the engine and dyno have no loose bolts, and that no wires will be tangled in the rotating elements of the engine. Turn the key to stage 2 on the ignition to check for any warning lights. If everything is clear the engine is ready to be started.				
2. Starting the engine – Sit at the control panel in the dyno safety room. Ensure the extraction is turned on and shut the door behind you. This will help keep harmful gasses out from the control room. Click the engine start button on the software. Ensuring the rpm dial is set to minimum. The engine must be warm before revving it and doing dyno runs. If the engine is cold, it could have poor oil circulation which might wear some components out faster. Ensure the engine idles for five minutes before commencing a dyno run.											
3. Initial measurement – Commence a few powers runs on the dyno with no added load. Raise the RPM dial in a smooth and linear motion.  Observe the data on the software.					
4. Dyno run with load – Raise the engine RPMs from idle, and at the same time slowly increase the load the dyno puts on the engine. When the engine revs drop below 2000, raise them to around 4000, then add some more load on the other dial. Do this until the engine cannot take anymore force, causing a stall. This will give you a torque output for the engine under load.					
5. Export the data collected to excel and analyse it. The data can be used to optimise the efficiency and performance of the engine by adjusting the ignition timing, varying the cam duration, and adjusting fuel load.


























Spreadsheet data

Below are images of the spreadsheet data collected in excel. The given values for the engine were fuel, load, dyno speed and lambda.
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(Figure 7, Engine dyno Calculations)
















Graph Analysis














(Figure 8, SFC vs engine speed)

The figure above shows the graph of Specific Fuel Consumption vs Engine speed. SFC can be defined by “The specific fuel consumption of an engine is the rate of fuel burnt to produce a unit of thrust.” (Specific Fuel Consumption Definition and Meaning | Collins English Dictionary, 2023). The graph shows a high initial SFC at idle,  when the engine is not running efficiently. Engines do not produce peak power or efficiency at very low RPMs. This is supported by the following quote “In fact, letting the engine idle damages it more because fuel is not burnt effectively, leaving residues. This happens because the engine is not running at its optimum temperature. This will result in the car returning lower fuel economy due to these fuel residues” (Specific Fuel Consumption Definition and Meaning | Collins English Dictionary, 2023) As RPM increases, so does the fuel consumption of the engine, resulting in a positive gradient.











(Figure 9, Torque vs Engine speed)
The figure above is the graph of Torque vs engine speed. As engine speed increases to between 2000 and 4000 rpm it is producing the peak torque output that is available. The torque band of an engine is typically in the middle and does not span from idle to redline. As higher RPMS typically result in more torque. Towards 5000 rpm, the engine is not operating in the efficient torque band, so the torque drops off.  When driving a car, this could be solved by changing gear to lower the rpms to get into the torque and power bands again.











(Figure 10, Brake power vs Engine speed)
The figure above shows the graph of Brake power vs engine speed. Brake power is defined as “the net power available at the shaft” (Workbook, 2023) With that in mind, as the engine speed increases, so does the available power at the output shaft. The higher the engine revs, the more power it makes. The curve drops off at the top as the engine has reached redline. It is typical for an engine to have a slight power drop off at redline. This can be caused by excess engine heat reducing power, or the fuel injectors reaching their maximum operating capacity.




Test conclusions

Overall, the test results look accurate and logical. It is clear to see that varying engine speed as a direct impact on fuel consumption, torque, and available power at the output shaft. This is because the engine is spinning faster and using more fuel. Which also results in an increase of torque and power. The graph of torque vs engine speed might be slightly incorrect. As expected, the torque increased with engine speed, however the curve looks rather flat. And the graph shows lots of torque being produced at idle. This was quite unexpected. The below figure was found after researching for a similar dyno experiment online. The data below is for a 2001 1.6 Honda civic. The torque curve looks similar, but the figure below shows 25nm of torque at idle. This seems more correct. So, some results for the torque calculations must be incorrect.
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(Figure 11, Honda Civic dyno run, 2010)














Performance and Test Evaluation
I think I performed well with the tasks. I asked the lecturer many questions to help build my understanding. I also took good pictures for evidence to help with the assignment. When I operated the dyno, I managed to produce the highest power and torque values for my group. This was due to my understanding of slowly building up load on the engine. I also checked over the engine before the dyno runs which I was pleased by. I was happy with my understanding of health and safety and ensuring no fluids leak during the runs. My performance could have been improved by asking what typical torque and power values are from idle to redline. This would help me with the assignment as I could check my calculations for errors. This would have stopped the confusion with my torque graph. The investigation could have bene improved by changing fuels and air filters to see if performance fuels and parts make a difference in power and fuel consumption. I also think that it could have been improved by unplugging one coil pack to induce a misfire. I would be very interested to compare the torque, power, efficiency, and lambda reading with the engine running on three and four cylinders.
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Honda CRX workshop manual – Given by lecturer
SFC vs Engine Speed

SFC vs Engine speed	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	0.36259071173741181	0.35347245881708061	0.34037340600109051	0.31999398469675056	0.30865575185387828	0.30946159766749093	0.29236859466084314	0.27781945397823676	0.27494594413250945	0.26575663357339846	0.26611588874520353	0.26890363338690254	0.26650175545950677	0.26543158128723265	0.26127145972183219	0.26096608573204061	0.26747801068072369	0.27100379523157486	0.27095375834477775	0.2692448567740931	0.27069601767727886	0.26742554560469284	0.26523280812874783	0.26376611909701481	0.26347476401470182	0.26202156241350033	0.26209842057236332	0.26485476522473067	0.26627708471897726	0.26444023320617271	0.26596761855495415	0.26607270146430939	0.26986934190322037	0.2708084754671774	0.2727832155362519	0.2757463189498478	0.27385301071657525	0.27427141281375872	0.27857288546012421	0.28219922326802505	0.28709301845759599	0.2938053260946959	0.29467567795541177	0.29895579230046132	0.29750036014272446	0.29917248848780464	0.29593388239729429	0.29407034151666867	0.29515693883908678	0.29189010901332502	0.29502403203664107	0.2932304778426178	0.30080396086359085	0.29983070244462179	0.30407596185073082	0.30087569032097455	0.30225093655352997	0.30532436061180585	0.30505787367240034	0.31126286307511503	0.3122600178529103	0.31449704867994199	0.31610321097755478	0.31928697885086998	0.31903578874304916	0.32016517194401278	0.32362916425928961	0.32505049376425271	0.32507769977227768	0.32183062271715207	0.32486257402391544	0.32466509037721125	0.32599961043694103	0.3269600963160017	0.32683498149717477	0.33155611811379931	0.33263024902322769	0.3361310904683722	0.33993821178963368	0.34154928242667804	0.34250449431603569	0.34643694846210371	0.34897537710041426	0.35316925275201283	0.35667530202358799	0.35705667061544105	0.35992325149558874	0.3595230554604163	0.36870064274834147	0.3736767437391087	0.37684372518137677	Engine speed (rpm)


SFC (kg/kwh)



Torque vs Engine Speed

Torque vs engine Speed	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	83.433388125000008	83.825775899999996	84.586893974999995	85.011096975000001	86.317968525000012	87.703970250000012	89.317573199999998	91.201197675000003	93.216977700000001	94.452876825000004	95.433438375000009	96.088505699999999	96.645680025000004	96.891228300000009	96.796598400000008	96.963832275000001	97.553637600000002	97.839158850000004	98.036576400000001	98.666354699999999	99.652626675000008	100.213879875	100.98968190000001	101.80382535	102.08363617500001	102.81049170000001	103.32606149999999	103.45821705	103.35053475000001	103.2379578	103.14495945	102.98262022500001	102.918989775	102.66283642499999	101.899271025	101.09654842500001	100.902393975	100.657661475	99.947937225000004	99.391578675000005	99.28715947500001	98.809115325000008	98.8099311	98.587224524999996	98.379201900000012	98.578251000000009	99.225160575000004	99.672205274999996	100.285668075	100.727818125	100.6894767	101.323333875	101.20994115000001	101.129179425	101.00518162500001	100.966024425	100.755554475	100.07275079999999	99.652626675000008	98.8588776	97.896263100000013	96.860228849999999	95.806247549999995	95.037787500000007	94.573611525000004	93.841861350000002	93.317318025000006	93.011402400000009	92.893115025	92.986113375000002	92.432202149999995	92.242942350000007	91.525876124999996	90.600787275000002	89.713224074999999	88.637216850000002	87.349923899999993	85.852160999999995	84.540394800000001	83.482334624999993	82.479747149999994	81.018612547499998	79.604548162500009	78.190891665000009	77.3381620575	75.946694640000004	74.878845165000001	73.90415719500001	73.123949984999996	72.543281340000007	72.316332735000003	Engine Speed (rpm)


Torque (nm)



Brake Power vs Engine Speed

Brake power vs engine speed	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	8.7918519344276387	9.2748600757051953	9.8047437668223338	10.301819730823617	10.914979946619093	11.552334410539181	12.235472695923709	12.974026941704516	13.751926390422376	14.431905540548144	15.084548499863372	15.694360462098876	16.294570372405019	16.846469153039703	17.340016341466228	17.88085599962363	18.503609671062048	19.073259783150746	19.628279015755311	20.27422116980739	21.001931200271372	21.648221503923395	22.347903342520155	23.064446796926624	23.66569685788939	24.37588765663266	25.042529668380258	25.619658549652975	26.137524632357181	26.652992351150647	27.172431554269419	27.672258329924592	28.197418361654812	28.668146707783674	28.991809785866398	29.296079641789188	29.771449982583977	30.229584769109874	30.543044055213944	30.896699576610494	31.387362710943645	31.75684399563648	32.277714480443912	32.724399013460491	33.173688221261841	33.760195651017035	34.504539495700634	35.185146174734953	35.930087461324625	36.619213060199577	37.135785401797818	37.903412288245683	38.394247348307204	38.896438102727423	39.380920507125751	39.897621793020257	40.345312091547775	40.599160429483391	40.953765840529172	41.148428746474046	41.263550214189372	41.337194599935877	41.392167851581611	41.560895761402129	41.856195392447319	42.026771503847812	42.283525386592835	42.634967364236644	43.070180153027856	43.603222979403753	43.830487301590431	44.226750316619835	44.365176316815464	44.394115715043043	44.43189209570874	44.365992964025217	44.181886297802151	43.876649359657286	43.651667351514696	43.545198046079491	43.456806730982194	43.11383596378942	42.780764680036071	42.433013947780331	42.377728650937605	42.015415809489085	41.819178063872371	41.664208510464505	41.609633266879946	41.661431050322712	41.912114235599063	Engine speed (rpm)


Brake Power (kw)
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image7.emf
3250 0.22305 1.17378 98.578251 33550.04349 33.55004349 44.99134642 33.76019565 0.774231773 774.231773 33550.04349 33.55004349 33.63490563 0.299172488 223.05 10.03725

3300 0.2255 1.16118 99.22516058 34289.75391 34.28975391 45.98331436 34.5045395 0.779312589 779.312589 34289.75391 34.28975391 34.00299531 0.295933882 225.5 10.1475

3350 0.2285 1.15104 99.67220528 34966.12391 34.96612391 46.89034142 35.18514617 0.78282367 782.82367 34966.12391 34.96612391 34.21847428 0.294070342 228.5 10.2825

3400 0.2342 1.14117 100.2856681 35706.42805 35.70642805 47.88310556 35.93008746 0.787641795 787.641795 35706.42805 35.70642805 34.09250162 0.295156939 234.2 10.539

3450 0.23605 1.12669 100.7278181 36391.26394 36.39126394 48.80148556 36.61921306 0.791114434 791.114434 36391.26394 36.39126394 34.4740644 0.291890109 236.05 10.62225

3500 0.24195 1.11975 100.6894767 36904.6207 36.9046207 49.48990826 37.1357854 0.790813301 790.813301 36904.6207 36.9046207 34.10786012 0.295024032 241.95 10.88775

3550 0.24545 1.10622 101.3233339 37667.46923 37.66746923 50.51290492 37.90341229 0.795791603 795.791603 37667.46923 37.66746923 34.31648201 0.293230478 245.45 11.04525

3600 0.25505 1.09697 101.2099412 38155.24891 38.15524891 51.1670282 38.39424735 0.794901019 794.901019 38155.24891 38.15524891 33.45247977 0.300803961 255.05 11.47725

3650 0.25755 1.09401 101.1291794 38654.3136 38.6543136 51.83628494 38.8964381 0.794266718 794.266718 38654.3136 38.6543136 33.56106741 0.299830702 257.55 11.58975

3700 0.26445 1.09659 101.0051816 39135.78018 39.13578018 52.4819422 39.38092051 0.793292841 793.292841 39135.78018 39.13578018 33.09251529 0.304075962 264.45 11.90025

3750 0.2651 1.09808 100.9660244 39649.26507 39.64926507 53.17053675 39.89762179 0.792985301 792.985301 39649.26507 39.64926507 33.44450463 0.30087569 265.1 11.9295

3800 0.2693 1.09907 100.7555545 40094.16857 40.09416857 53.76716212 40.34531209 0.791332274 791.332274 40094.16857 40.09416857 33.29233163 0.302250937 269.3 12.1185

3850 0.27375 1.10533 100.0727508 40346.43674 40.34643674 54.10545929 40.59916043 0.785969547 785.969547 40346.43674 40.34643674 32.95720786 0.305324361 273.75 12.31875

3900 0.2759 1.11704 99.65262668 40698.83478 40.69883478 54.57803282 40.95376584 0.7826699 782.6699 40698.83478 40.69883478 32.98599802 0.305057874 275.9 12.4155

3950 0.28285 1.12259 98.8588776 40892.28594 40.89228594 54.83745508 41.14842875 0.776435809 776.435809 40892.28594 40.89228594 32.32842594 0.311262863 282.85 12.72825

4000 0.28455 1.12461 97.8962631 41006.6908 41.0066908 54.9908745 41.26355021 0.768875452 768.875452 41006.6908 41.0066908 32.22519004 0.312260018 284.55 12.80475

4050 0.2871 1.1222 96.86022885 41079.87676 41.07987676 55.08901849 41.3371946 0.760738458 760.738458 41079.87676 41.07987676 31.9959709 0.314497049 287.1 12.9195

4100 0.28895 1.12394 95.80624755 41134.50781 41.13450781 55.16227993 41.39216785 0.752460509 752.460509 41134.50781 41.13450781 31.83339513 0.316103211 288.95 13.00275

4150 0.29305 1.12233 95.0377875 41302.18541 41.30218541 55.38713929 41.56089576 0.746425038 746.425038 41302.18541 41.30218541 31.51596865 0.319286979 293.05 13.18725

4200 0.2949 1.12179 94.57361153 41595.64685 41.59564685 55.78067753 41.85619539 0.742779408 742.779408 41595.64685 41.59564685 31.54078248 0.319035789 294.9 13.2705

4250 0.29715 1.12456 93.84186135 41765.16115 41.76516115 56.00799993 42.0267715 0.737032256 737.032256 41765.16115 41.76516115 31.42952232 0.320165172 297.15 13.37175

4300 0.3022 1.12278 93.31731803 42020.31678 42.02031678 56.35016924 42.28352539 0.732912502 732.912502 42020.31678 42.02031678 31.09311375 0.323629164 302.2 13.599

4350 0.30605 1.11943 93.0114024 42369.57108 42.36957108 56.81852695 42.63496736 0.730509846 730.509846 42369.57108 42.36957108 30.95715469 0.325050494 306.05 13.77225

4400 0.3092 1.11986 92.89311503 42802.07473 42.80207473 57.39852386 43.07018015 0.729580819 729.580819 42802.07473 42.80207473 30.95456386 0.3250777 309.2 13.914

4450 0.3099 1.11873 92.98611338 43331.79945 43.33179945 58.10889636 43.60322298 0.730311227 730.311227 43331.79945 43.33179945 31.26687676 0.321830623 309.9 13.9455

4500 0.31445 1.11563 92.43220215 43557.64908 43.55764908 58.41176569 43.8304873 0.725960818 725.960818 43557.64908 43.55764908 30.97506214 0.324862574 314.45 14.15025

4550 0.3171 1.10953 92.24294235 43951.44542 43.95144542 58.93985524 44.22675032 0.724474375 724.474375 43951.44542 43.95144542 30.9939033 0.32466509 317.1 14.2695

4600 0.3194 1.10569 91.52587613 44089.00974 44.08900974 59.12433202 44.36517632 0.71884255 718.84255 44089.00974 44.08900974 30.86702589 0.32599961 319.4 14.373

4650 0.32055 1.09782 90.60078728 44117.769 44.117769 59.16289881 44.39411572 0.711576919 711.576919 44117.769 44.117769 30.77635017 0.326960096 320.55 14.42475

4700 0.3207 1.09558 89.71322408 44155.31022 44.15531022 59.21324243 44.4318921 0.704606014 704.606014 44155.31022 44.15531022 30.78813158 0.326834981 320.7 14.4315

4750 0.32485 1.08827 88.63721685 44089.8213 44.0898213 59.12542035 44.36599296 0.696155073 696.155073 44089.8213 44.0898213 30.34972925 0.331556118 324.85 14.61825

4800 0.32455 1.08396 87.3499239 43906.86067 43.90686067 58.88006612 44.1818863 0.686044698 686.044698 43906.86067 43.90686067 30.25172379 0.332630249 324.55 14.60475

4850 0.3257 1.08221 85.852161 43603.52379 43.60352379 58.47328468 43.87664936 0.674281296 674.281296 43603.52379 43.60352379 29.93664883 0.33613109 325.7 14.6565

4900 0.3277 1.0846 84.5403948 43379.94226 43.37994226 58.17345693 43.65166735 0.663978708 663.978708 43379.94226 43.37994226 29.6013748 0.339938212 327.7 14.7465

4950 0.32845 1.08823 83.48233463 43274.13571 43.27413571 58.03156802 43.54519805 0.655668723 655.668723 43274.13571 43.27413571 29.46174662 0.341549282 328.45 14.78025

5000 0.3287 1.08687 82.47974715 43186.29462 43.18629462 57.91377118 43.45680673 0.647794419 647.794419 43186.29462 43.18629462 29.37958066 0.342504494 328.7 14.7915

5050 0.32985 1.0891 81.01861255 42845.45879 42.84545879 57.45670284 43.11383596 0.636318695 636.318695 42845.45879 42.84545879 29.04608894 0.346436948 329.85 14.84325

5100 0.3297 1.09185 79.60454816 42514.46083 42.51446083 57.01282729 42.78076468 0.625212659 625.212659 42514.46083 42.51446083 28.83480921 0.348975377 329.7 14.8365

5150 0.33095 1.09407 78.19089167 42168.87479 42.16887479 56.54938881 42.43301395 0.614109827 614.109827 42168.87479 42.16887479 28.4923966 0.353169253 330.95 14.89275

5200 0.3338 1.09346 77.33816206 42113.93364 42.11393364 56.47571152 42.37772865 0.607412504 607.412504 42113.93364 42.11393364 28.21232185 0.356675302 333.8 15.021

5250 0.3313 1.08804 75.94669464 41753.87614 41.75387614 55.99286649 42.01541581 0.596483945 596.483945 41753.87614 41.75387614 28.18218856 0.357056671 331.3 14.9085

5300 0.3324 1.08339 74.87884517 41558.85995 41.55885995 55.73134548 41.81917806 0.588097075 588.097075 41558.85995 41.55885995 27.9577337 0.359923251 332.4 14.958

5350 0.3308 1.08007 73.9041572 41404.85505 41.40485505 55.52482153 41.66420851 0.580441893 580.441893 41404.85505 41.40485505 27.9888543 0.359523055 330.8 14.886

5400 0.3388 1.07895 73.12394999 41350.61953 41.35061953 55.45209051 41.60963327 0.57431416 574.31416 41350.61953 41.35061953 27.29216402 0.368700643 338.8 15.246

5450 0.3438 1.07923 72.54328134 41402.09488 41.40209488 55.52112008 41.66143105 0.569753599 569.753599 41402.09488 41.40209488 26.92872539 0.373676744 343.8 15.471

5500 0.3488 1.08366 72.31633274 41651.2176 41.6512176 55.85519913 41.91211424 0.567971149 567.971149 41651.2176 41.6512176 26.70241733 0.376843725 348.8 15.696
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Dyno Speed Fuel Flow Rate Lambda Calculated Torque (nm) Engine Power (w) Engine Power (KW) BHP Conversion Corrected Power (kw) brake power BMEP (mpa) BMEP in KpaBrake Power (watts)Brake Power (KW) Thermal Efficiency (%) SFC (Kg/kwh) litre to cc fuel kg/h

rpm l/min Lambda

1000 0.0704 1.2658 83.43338813 8737.123973 8.737123973 11.71667546 8.791851934 0.655284298 655.284298 8737.123973 8.737123973 27.75205787 0.362590712 70.4 3.168

1050 0.0724 1.26783 83.8257759 9217.125461 9.217125461 12.36036802 9.274860076 0.658366104 658.366104 9217.125461 9.217125461 28.46795603 0.353472459 72.4 3.258

1100 0.0737 1.27344 84.58689398 9743.710706 9.743710706 13.06653042 9.804743767 0.664343912 664.343912 9743.710706 9.743710706 29.56352711 0.340373406 73.7 3.3165

1150 0.0728 1.28476 85.01109698 10237.69245 10.23769245 13.7289708 10.30181973 0.667675594 667.675594 10237.69245 10.23769245 31.44633617 0.319993985 72.8 3.276

1200 0.0744 1.29181 86.31796853 10847.03583 10.84703583 14.54611369 10.91497995 0.677939739 677.939739 10847.03583 10.84703583 32.60149327 0.308655752 74.4 3.348

1250 0.07895 1.29729 87.70397025 11480.42286 11.48042286 15.39549962 11.55233441 0.688825372 688.825372 11480.42286 11.48042286 32.51659816 0.309461598 78.95 3.55275

1300 0.079 1.29895 89.3175732 12159.30871 12.15930871 16.30590049 12.2354727 0.70149858 701.49858 12159.30871 12.15930871 34.41764471 0.292368595 79 3.555

1350 0.0796 1.29469 91.20119768 12893.26557 12.89326557 17.29015278 12.97402694 0.716292532 716.292532 12893.26557 12.89326557 36.22006405 0.277819454 79.6 3.582

1400 0.0835 1.2855 93.2169777 13666.32271 13.66632271 18.32683941 13.75192639 0.732124431 732.124431 13666.32271 13.66632271 36.59860649 0.274945944 83.5 3.7575

1450 0.0847 1.27818 94.45287683 14342.06909 14.34206909 19.23303018 14.43190554 0.74183116 741.83116 14342.06909 14.34206909 37.86411004 0.265756634 84.7 3.8115

1500 0.08865 1.2795 95.43343838 14990.64945 14.99064945 20.1027907 15.0845485 0.749532472 749.532472 14990.64945 14.99064945 37.81299367 0.266115889 88.65 3.98925

1550 0.0932 1.27766 96.0885057 15596.66542 15.59666542 20.91547145 15.69436046 0.754677359 754.677359 15596.66542 15.59666542 37.42098346 0.268903633 93.2 4.194

1600 0.0959 1.28235 96.64568003 16193.13911 16.19313911 21.7153558 16.29457037 0.759053396 759.053396 16193.13911 16.19313911 37.7582444 0.266501755 95.9 4.3155

1650 0.09875 1.29028 96.8912283 16741.60241 16.74160241 22.45085714 16.84646915 0.760981928 760.981928 16741.60241 16.74160241 37.91047911 0.265431581 98.75 4.44375

1700 0.10005 1.29942 96.7965984 17232.07734 17.23207734 23.10859482 17.34001634 0.760238706 760.238706 17232.07734 17.23207734 38.51411259 0.26127146 100.05 4.50225

1750 0.10305 1.31053 96.96383228 17769.55035 17.76955035 23.82935795 17.880856 0.761552158 761.552158 17769.55035 17.76955035 38.55918055 0.260966086 103.05 4.63725

1800 0.1093 1.3149 97.5536376 18388.42747 18.38842747 24.65928579 18.50360967 0.766184478 766.184478 18388.42747 18.38842747 37.62043239 0.267478011 109.3 4.9185

1850 0.11415 1.31849 97.83915885 18954.5316 18.9545316 25.41844387 19.07325978 0.768426957 768.426957 18954.5316 18.9545316 37.13098707 0.271003795 114.15 5.13675

1900 0.11745 1.31892 98.0365764 19506.09592 19.50609592 26.15810376 19.62827902 0.769977471 769.977471 19506.09592 19.50609592 37.13784403 0.270953758 117.45 5.28525

1950 0.12055 1.31484 98.6663547 20148.01718 20.14801718 27.0189343 20.27422117 0.774923738 774.923738 20148.01718 20.14801718 37.37355854 0.269244857 120.55 5.42475

2000 0.12555 1.31653 99.65262668 20871.19732 20.87119732 27.98873478 21.0019312 0.7826699 782.6699 20871.19732 20.87119732 37.17320448 0.270696018 125.55 5.64975

2050 0.12785 1.32098 100.2138799 21513.46457 21.51346457 28.85002928 21.6482215 0.787077972 787.077972 21513.46457 21.51346457 37.62781298 0.267425546 127.85 5.75325

2100 0.1309 1.32287 100.9896819 22208.79099 22.20879099 29.78247731 22.34790334 0.793171107 793.171107 22208.79099 22.20879099 37.93889032 0.265232808 130.9 5.8905

2150 0.13435 1.32164 101.8038254 22920.87407 22.92087407 30.73739639 23.0644468 0.799565375 799.565375 22920.87407 22.92087407 38.14985204 0.263766119 134.35 6.04575

2200 0.1377 1.31652 102.0836362 23518.38144 23.51838144 31.53866692 23.66569686 0.801763004 801.763004 23518.38144 23.51838144 38.19203882 0.263474764 137.7 6.1965

2250 0.14105 1.30465 102.8104917 24224.15141 24.22415141 32.48511997 24.37588766 0.807471714 807.471714 24224.15141 24.22415141 38.40385625 0.262021562 141.05 6.34725

2300 0.14495 1.29646 103.3260615 24886.64367 24.88664367 33.37353667 25.04252967 0.811520989 811.520989 24886.64367 24.88664367 38.39259464 0.262098421 144.95 6.52275

2350 0.14985 1.28229 103.4582171 25460.18001 25.46018001 34.14266152 25.61965855 0.812558937 812.558937 25460.18001 25.46018001 37.99304275 0.264854765 149.85 6.74325

2400 0.1537 1.27304 103.3505348 25974.82246 25.97482246 34.83280836 26.13752463 0.811713202 811.713202 25974.82246 25.97482246 37.79010284 0.266277085 153.7 6.9165

2450 0.15565 1.26984 103.2379578 26487.08147 26.48708147 35.51975896 26.65299235 0.810829024 810.829024 26487.08147 26.48708147 38.05259999 0.264440233 155.65 7.00425

2500 0.1596 1.27446 103.1449595 27003.28724 27.00328724 36.21200226 27.17243155 0.810098617 810.098617 27003.28724 27.00328724 37.83407345 0.265967619 159.6 7.182

2550 0.1626 1.27876 102.9826202 27500.00267 27.50000267 36.87810858 27.67225833 0.808823608 808.823608 27500.00267 27.50000267 37.81913124 0.266072701 162.6 7.317

2600 0.16805 1.27634 102.9189898 28021.89366 28.02189366 37.57797588 28.19741836 0.808323855 808.323855 28021.89366 28.02189366 37.28707509 0.269869342 168.05 7.56225

2650 0.17145 1.28027 102.6628364 28489.69179 28.48969179 38.20530346 28.66814671 0.806312032 806.312032 28489.69179 28.48969179 37.15776768 0.270808475 171.45 7.71525

2700 0.17465 1.28371 101.899271 28811.34011 28.81134011 38.63664094 28.99180979 0.800315003 800.315003 28811.34011 28.81134011 36.8887741 0.272783216 174.65 7.85925

2750 0.1784 1.2812 101.0965484 29113.71593 29.11371593 39.04213357 29.29607964 0.794010435 794.010435 29113.71593 29.11371593 36.49237624 0.275746319 178.4 8.028

2800 0.18005 1.27448 100.902394 29586.12717 29.58612717 39.67564743 29.77144998 0.792485549 792.485549 29586.12717 29.58612717 36.74466967 0.273853011 180.05 8.10225

2850 0.1831 1.26036 100.6576615 30041.41013 30.04141013 40.2861919 30.22958477 0.790563425 790.563425 30041.41013 30.04141013 36.68861553 0.274271413 183.1 8.2395

2900 0.1879 1.2531 99.94793723 30352.91818 30.35291818 40.70393105 30.54304406 0.784989263 784.989263 30352.91818 30.35291818 36.12210284 0.278572885 187.9 8.4555

2950 0.19255 1.23943 99.39157868 30704.37225 30.70437225 41.17523868 30.89669958 0.780619633 780.619633 30704.37225 30.70437225 35.65792386 0.282199223 192.55 8.66475

3000 0.199 1.22735 99.28715948 31191.98108 31.19198108 41.82913285 31.38736271 0.779799527 779.799527 31191.98108 31.19198108 35.05009795 0.287093018 199 8.955

3050 0.20605 1.2193 98.80911533 31559.1624 31.5591624 42.32153108 31.756844 0.776044977 776.044977 31559.1624 31.5591624 34.24933969 0.293805326 206.05 9.27225

3100 0.21005 1.20692 98.8099311 32076.79054 32.07679054 43.01568181 32.27771448 0.776051384 776.051384 32076.79054 32.07679054 34.1481811 0.294675678 210.05 9.45225

3150 0.21605 1.19274 98.58722453 32520.69453 32.52069453 43.61096682 32.72439901 0.774302251 774.302251 32520.69453 32.52069453 33.65928567 0.298955792 216.05 9.72225

3200 0.21795 1.18481 98.3792019 32967.18698 32.96718698 44.20972302 33.17368822 0.772668445 772.668445 32967.18698 32.96718698 33.82395373 0.29750036 217.95 9.80775
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Motorcycle/Motorsport/Vehicle Technology


ACHA4003/4004/4012

Part 1.


Aim


This module is designed to allow the student to acquire knowledge of a range of powertrain, suspension, control and chassis systems through lectures and practical investigations.


Vehicle Emissions

The burning of hydrocarbons (Petrol or Diesel) creates several by-products, what is the content of exhaust gases from an internal combustion engine?

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..……………………………………………………………………………………………………………………………………………………………………………………………………………


Emissions legislation

Emissions data history is fairly recent (compared with how long we have had vehicles), since emissions regulations have only been mandatory since 1982, and then were not up-dated until 1992, with the introduction of the ‘Euro’ regulations by the European Union.  


Below are two tables, Tables 1 and 2, containing the data for both Petrol and Diesel internal combustion engines emissions from 1982 up to the present Euro vi standard.


		Year of Regulation

		CO (g/km)

		HC & NOx (g/km)

		HC (g/km)

		NOx (g/km)



		1982

		20.7

		5.8

		-

		-



		1992 (Euro 1)

		2.72

		0.97

		-

		-



		1996 (Euro 2)

		2.2

		0.5

		-

		-



		2000 (Euro 3)

		2.3

		0.35

		0.2

		0.15



		2005 (Euro 4)

		1.0

		0.18

		0.1

		0.08



		2009 (Euro 5)

		1.0

		0.16

		0.1

		0.06



		2014 (Euro 6)

		1.0

		0.16

		0.1

		0.06





Table 1: Petrol Emissions


Data are shown graphically in figure 1 and illustrate the reduction of emissions due to developments in legislation.
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Figure 1: Petrol Emission Regulations Over Time


		Year of Regulation.

		CO (g/km)

		HC & NOx (g/km)

		HC (g/km)

		NOx (g/km)

		Particulate Matter (PM) (g/km)



		1982

		20.7

		5.8

		-

		-

		-



		1992 (Euro 1)

		2.72

		0.97

		-

		-

		0.14



		1996 (Euro 2)

		1.0

		0.7

		-

		0.8

		0.08



		2000 (Euro 3)

		0.64

		0.56

		0.5

		0.5

		0.05



		2005 (Euro 4)

		0.5

		0.3

		0.25

		0.25

		0.025



		2009 (Euro 5)

		0.5

		0.23

		-

		0.18

		0.005



		2014 (Euro 6)

		0.5

		0.17

		-

		0.08

		0.005





Table 2: Diesel Emissions


(www.europa.eu.int, 2004)


Data are shown graphically in figure 2.
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Figure 2: Diesel Emission Regulations Over Time


Both Figure 1 and Figure 2 illustrate the reduction of emissions required since the mandatory regulations were introduced.  Each manufacturer has had to conform to the legislation with every vehicle in their range if the car is to be sold in the E.U. If the car is of a higher emission output then the owner pays a percentage of tax based on the vehicle’s emissions, a ruling that will be in place until April 2017. (Haymarket Motoring, 2004)


Prior to 2003, the main method for measuring tailpipe emissions was to take an instantaneous value, this measurement being performed within 40 seconds of the engine being started.  It is within this period that a vehicle emits the highest volume of unwanted emissions (Blix 2004).  


Since 2003, test cycles have been devised to synthetically generate a typical driving curve, including an urban traffic cycle and a suburban section.  This idea has been developed and legislated on by the E.U. as the ECE/EC test cycle and is currently required by law in the European countries.


Figures 3 and 4 below show the ECE/EC Euro v test cycle, over which emissions measurements are taken. Figure 3 concerns petrol powered passenger cars and light commercial vehicles, whilst Figure 4 concerns diesel engined equivalents and heavier commercial vehicles. These figures also show how the regulations relate to vehicles of specific weights.  


The petrol cycle is 1220secs (20 minutes) long; it covers a distance of 11 km; averages a speed of 32.5km/h and reaches a top speed of 120km/h. The diesel cycle lasts for 1180secs, and also has an average speed of 32.5km/h and a top speed of 120km/h (Bosch, 2000). 


 Looking at the first 850 second of the petrol emissions cycle (Figure 3) the chart shows a series of peaks increasing from around 15km/h then 35km/h and finally 50km/h between each peak the vehicle comes back to rest.  This series of peaks is repeated four times.  This part of the drive cycle simulates urban driving, with a ‘start stop’ pattern that a driver might experience whilst driving through town, travelling through congestion and traffic management e.g. traffic light systems.  From 850 seconds until the end of the test, the cycle accelerates up to 70km/h maintains this speed for a short period, drops to 50km/h for a short period, and then accelerates up to 120km/h before returning to rest.  This section of the cycle represents a suburban driving pattern, where the driver is now making progress on a more open highway e.g. duel carriageway and experiencing less congestion.  


The diesel cycle (Figure 4) mimics the petrol cycle very closely but simulates slightly higher top speeds in the urban driving section of the test.
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Figure 3: Petrol Emissions Test Cycle
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Figure 4: Diesel Emissions Test Cycle


Criticism

Inability to represent real-life driving:  The NEDC was conceived at a time when European vehicles were lighter and less powerful. The test offers a stylised driving speed pattern with low rates of acceleration, constant speed cruises, and many idling events, however the transient accelerations are much steeper and more dynamic in practice,[6] in part caused by the power surplus of modern engines, as the 0–100 km/h average time decreased from 14 seconds in 1981 to 9 seconds in 2007. Thus, drivers fail to achieve the certified values in practice. 


Cycle beating:  For the emission standards to deliver real emission reductions it is crucial to use a test cycle that reflects real-world driving style. However, the fixed speeds, gear shift points and accelerations of the NEDC offer possibilities for manufacturers to engage in what was called 'cycle beating' to optimise engine emission performance to the corresponding operating points of the test cycle, while emissions from typical driving conditions would be much higher than expected, undermining the standards and public health. In one particular instance, research from two German technology institutes found that for diesel cars no 'real' NOx reductions have been achieved after 13 years of stricter standards.  


The Volkswagen emissions scandal, devalued the EDC after VAG programmed engine management software to detect test conditions, and alter the emission control when under these conditions.  So although the cars would pass the test, during actual driving conditions, the cars emitted up to 40 times more emissions.


Alkane Derived Fuels


If these fuels are burned with enough oxygen the only emissions are CO2 and H2O:


· 2C8H18 + 25O2 = 16CO2 + 18H2O


          (Petrol + Oxygen = Carbon Dioxide + Water)


· 2C12H26 + 37O2 = 24CO2 + 26H2O



(Diesel + Oxygen = Carbon Dioxide +Water)


Water vapour and carbon dioxide are not harmful to the environment directly, but are greenhouse gases.  The production of CO2 in particular needs to be lowered in an attempt to reduce the observed increase in CO2 levels in the atmosphere. (Kiehl, J.T, and Trenberth, K, 1997).


If combustion is not complete, i.e. there is not enough oxygen present during burning, then other chemicals are produced, namely carbon monoxide, hydrocarbons, and Nitrous Oxides.  These chemicals are harmful to plants and animals as described earlier and hence it is important to keep production of these chemicals to a minimum.  There are different degrees of incomplete combustion; the less oxygen there is present whilst combustion is taking place, the worse the resulting emissions (Nelson, 1978).


Below are the variations of incomplete combustion for both petrol and diesel.

Petrol:


· C8H18 + 12O2 = 7CO2 + CO + 9H2O


(Petrol + Oxygen = Carbon Dioxide + Carbon Monoxide + Water)


· C8H18 + 10O2 = 6CO2 + CO + 7H2O +CH4

(Petrol + Oxygen = Carbon Dioxide + Carbon Monoxide + Water +Hydro Carbons)


· C8H18 + 7O2 = 7CO +7H2O +CH4

(Petrol + Oxygen = Carbon Monoxide + Water + Hydro Carbons)


Diesel:


· C12H26 + 18O2 = 11CO2 + CO +13H2O 


(Diesel + Oxygen = Carbon Dioxide + Carbon Monoxide + Water)


· C12H26 + 11O2 = 10CO2 + CO + 11H2O + CH4

(Diesel + Oxygen = Carbon Dioxide + Carbon Monoxide + Water + Hydro Carbons)


· C12H26 + 11O2 = 11CO + 11H2O + CH4

(Diesel + Oxygen = Carbon Monoxide + Water + Hydro Carbons)


Nitrogen oxides are also produced as a result of lack of oxygen during combustion.  NO and NO2 are produced from the nitrogen present in air, combined with oxygen during combustion.


Another toxin produced during Diesel combustion is sulphur dioxide, SO2 (described in chapter 1) that is present in the fuel and comes out as an emission as a result of the combustion process. 


All alkanes produce the same types of emission but in different quantities depending on the amount of oxygen present during combustion.  Hence alkanes are problematic as fuels for internal combustion engines as there will always be undesirable bi-products of the combustion process, even if combustion is stoichiometric.


Engine Performance Testing and Analysis 


Calculation of the Engine Capacity


Engines come in varying sizes; the larger the engine the more fuel it can burn in one engine cycle.  The size of the engine is known as its capacity and is measured in either litres or cc.


Calculation of the capacity of the engine can be performed using a small amount of data from the engine measurements.


The area of your bore/cylinder can be calculated using the simple formula for the area of a circle:  

Area of a circle = [image: image6.png]





Where d is the diameter of the cylinder bore, and can be measured by hand.


The distance the piston travels up and down the bore is called the stroke and is represented by the letter ‘l’, this can also be measured by hand.


So the engine capacity is calculated using the following formula:


Engine Capacity = [image: image8.png]nd?®
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Example


Given that a four cylinder engine has a cylinder diameter of 83mm and a stroke of 88mm, determine its capacity.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………This figure is not entirely accurate as there is a portion scooped out of the cylinder head known as the combustion chamber that contributes to this capacity but can only be obtained by measuring.


Engine Performance Testing and Analysis


Engine Testing

Use of an engine dynamometer to measure standard engine variables such as torque, engine speed, time for fuel consumption, ignition timing, manifold pressure and indicated power.


Calculation and plotting of engine variables such as engine power, engine torque, SFC, thermal efficiency and volumetric efficiency against engine speed.


Calculation of BMEP and IMEP, from engine readings and hence calculation of mechanical efficiency.


Recommended Reading:


· Stone R-Introduction to Internal Combustion Engines (Macmillan)


· Heisler Heinz-Vehicle and Engine Technology (Edward Arnold)


· Zammit SJ-Motor Vehicle Science for Technicians (Longman)


Engine Testing: Important Formulae


So given knowledge of the Four Stroke Cycle the internal work done by expanding gas each engine power stroke is given by:
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Where:


W.D is the Work done (J)


MEP is the mean effective pressure (Pa)


L is the engine stroke (m)


A is the piston area (m2)


n is the number of cylinders


2 is the idle stoke (every other stroke with four strokes)


What is the equation for ‘Work done’?


W.D = Force x Distance


So in terms of engines:


W.D per engine revolution = 2πRW


Where 2πR is the distance in a circular motion (circumference) and W is the load on the engine i.e. the force.


So in engine terms (circular motion) the formula becomes:


T = WR


Where T is the Torque produced by the engine (Nm)



  W is the engine load (N)



   R is the radius at which the load acts (m)


So now Work done per engine revolution =2πT…………….………………..Equation 2


So by Equating equations 1 and 2
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…………………………………………………………………………………Equation 3


Power = Work done per second so from Equation 2
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…………………………………………………………………………………….…Equation 4


Where P is the power developed at the engine (W)


and
N is the engine speed (r/m)


So substituting for T from Equation 3
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………………………………………………………………………..…….Equation 5


Indicated Mean Effective Pressure (IMEP)


This is the mean of the pressure actually available within the cylinders to do work throughout the stroke.  It is a measure of the effectiveness of the combustion process and allows different engines to be compared.


It can be found by calculation after finding indicated power by the Morse test method or by calculation.   Typical value 1200kPa


The Morse Test


Another way of measuring the indicated power of a multi cylinder internal combustion engine is by means of the Morse Test.


· In this method an engine coupled to a dynamometer is run up to a specific rpm and the brake horse power is measured for all the cylinders running.


· Following this measurement in turn each cylinder is ‘cut-out’.


· In the case of a spark ignition engine this is done by short circuiting the spark to each cylinder in turn.


· In the case of a compression ignition engine, the interrupting the fuel supply to the cylinder.


· The loss of a cylinder will cause the power to drop and hence the load on the dyno’ must be reduced to restore the engine to its original rpm.


· The brake horse power is then measured again with each cylinder cut-out and the difference between the two powers is the equivalent to the indicated power of the cut out cylinder.


· This procedure repeated for each of the engine cylinders will eventually give the indicated power for the whole engine.


· This must be performed relatively quickly to avoid any changes to the running caused by the cooling of the cut out cylinder.


So with all cylinders firing:


Brake Power = Indicated Power – Friction Power.


For a four cylinder engine


I.e. Power out = (Ip1 + Ip2 + Ip3 + Ip4) – Friction Power…………….(1)


With one cylinder out:


      Power out = (Ip2 + Ip3 + Ip4) – Friction Power……………………(2)


So  (1) – (2) = Ip1

And is repeated for the remaining cylinders to obtain the total indicated power.


Also 


Ip = (total bp x No of cylinders) – (the sum of the bp with each of the cylinders out)


Brake Mean Effective Pressure (BMEP)


This is the equivalent of the mean of the pressure available throughout the stroke to do mechanical work after all frictional losses have been taken into account.  It is proportional to the engine torque and enables the performance of different engines to be compares irrespective of their capacity.  It can be found by calculation after finding the brake power at the flywheel.


Typical value 900kPa


Typical Peak Pressure Values:


SI Engine: 7000kPa


Diesel: 14000kPa


F1 Turbo: 28000kPa


Specific Fuel Consumption (SFC)


SFC is measured in kilograms of fuel used per kilowatt hour (kg/kWh) and is an important measure of an engines efficiency in producing power.  It enables the designer to determine the best operating conditions for the engine as well as estimating the running costs of the vehicle.  Although it rarely quoted for passenger cars it is widely used by truck engineers where the cost of carrying a given load is critical.

Indicated SFC = M’


Brake SFC = M’



  IP



         BP

   


[image: image14.wmf]

Where M’ is the mass of fuel used per hour



IP is the indicated power (kW)



BP is the brake power (kW)


To obtain SFC the time taken in seconds to use a known quantity of fuel (cc) is recorded.
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Where:


1000 converts fuel volume in cc to litres,


0.75 is the Specific Gravity of the fuel and converts litres of fuel to kg,


3600 converts fuel used per second to fuel used per hour,


V is the volume of fuel being measured (cc),


t is the time taken to use the fuel (s).


Typical value 0.3-0.5kg/kWh


For electronic fuel injection SFC can also be found from the injection pulse width.


Mechanical Efficiency (ηm)


This is a measure of the frictional losses in an engine.  The higher the efficiency the lower frictional losses.
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And hence
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Where FP is frictional power



IP is indicated power



BP is brake power


Brake Thermal Efficiency (ηt)


Brake thermal efficiency is an arbitrary, overall measure of the ability of an engine to convert fuel energy into mechanical energy.  Engines do not convert all of their heat energy supplied by the fuel into useful work, approximately 1/3 of the heat value of fuel is converted into mechanical work leaving the remaining 2/3 to be lost to exhaust gas, cooling system and radiation to the surrounding area.


Thermal efficiency is dependent on the following factors:


i. Mixture strength


ii. Compression ratio


iii. Engine speed


iv. Throttle position


v. Valve timing


vi. Ignition timing


vii. Fuel type


viii. Dimensions of the engine


ix. Combustion chamber design


x. Inlet charge temperature


xi. Cylinder temperature


ηt of an engine is a ratio: 
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But for the purpose of calculating the ηt from measurements taken whilst dyno’ testing:


[image: image20.png]





Where SFC is the specific fuel consumption (kg/sec)


and  CV is the calorific value of fuel (kJ/kg)


Typical value 20%-30% for an SI engine


Volumetric Efficiency ηv

This is a measure of the effectiveness of the induction and exhaust system in filling the cylinder with charge i.e a volumetric efficiency of 100% would indicate that during each cycle the cylinder is completely filled with air at standard temperature and pressure (STP).  It can also be explained as the ratio of actual charge admitted into the cylinder at STP to the volume swept by the piston:
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The ηv rarely exceeds 80% for a n/a engine.


Factors influencing it can be:


i. Engine speed


ii. Compression ratio


iii. Inlet charge temperature


iv. Mixture strength


v. Inlet and exhaust design


vi. Valve area


vii. Valve timing


viii. Throttle opening 


ix. Cylinder temperatures.


Power Correction for Varying Atmospheric Conditions


To enable tests to be carried out under different atmospheric conditions to be compared a correction factor is used to modify the actual power figures obtained. Although this is an accepted European practice (DIN Standard 70020) it does not have any absolute validity as some engines may not respond to atmospheric changes in this way.


Engine power output is affected by air charge density (hence why your car might feel quicker on a cool crisp morning compared with a warm humid afternoon) and by the flow conditions into the engine.  The flow conditions are affected by the Mach number (speed of charge flow relative to the speed of sound)


The power correction factor used is given by:


Power Correction Factor = Air density factor x Mach number factor


Which, when simplified gives a factor of:




[image: image22.wmf]293


01325


.


1


a


a


s


T


p


P


P


=




Where:


Ps is the corrected power


P is the measured power


pa is the ambient pressure


Ta is the ambient temperature


1.01325 is standard pressure in bar


293 is standard temperature in Kelvin


Example Sheet 1: Engine Performance


Example 1.


A four stroke cycle engine develops a Torque of 220Nm at an engine speed of 5200rpm.


Calculate the power.





          

                 [119.8Kw]


Example 2.


A four stroke cycle engine produces 80 kW of power at 6200rpm, Calculate:


(i)  The torque developed by the engine.


(ii) The load on the engine supplied by a dynamometer with a torque arm of radius 0.25m.



    





            [123.22Nm, 492.87N]


Example 3.


Determine the Indicated power of a four stroke four cylinder engine of the following:


Bore = 0.06m


Engine speed = 3200rpm


Stroke = 0.088m


MEP = 600kN/m2.






        

   [15.77kW]


Example Sheet 2: Engine Performance 


1.
An engine rotating at a speed of 3000rpm lifts a dynamometer load of 87.5N.  If the length of the torque arm is 0.4m, calculate the torque and brake power of the engine (35Nm, 11kW)


2.
Given the following engine dynamometer readings, calculate the brake power in kW:  Load = 84N, Length of Torque Arm = 0.5m, Engine Speed = 100 rev/sec (26.4kW)


3.
During an engine test a single cylinder ran at 2500rpm, against a load of 75N on a dynamometer with a torque arm radius of 0.35m. The IMEP was 860 kPa.  Given that the bore is 75mm and the stroke is 100mm, determine the Indicated Power, Brake Power, Frictional Power and Mechanical Efficiency (7.92kW, 6.87kW, 1.05kW, 86.7%)


4.
An engine on test at 2800rpm overcomes a resistance of 165.5N acting at a radius of 0.355m while consuming fuel at the rate of 6.9 litres/hour. If 1 litre/hour is the equivalent of 12kW determine the mechanical efficiency. (20.5%)


5.
A Morse Test on a 6 cylinder petrol engine gave the following results when the speed was maintained at 2000rpm.


		Cylinder Not Firing

		None

		1

		2

		3

		4

		5

		6



		Brake Power (kW)

		40.65

		32.44

		31.32

		32.44

		32.80

		32.10

		31.70





Determine the indicated power, Frictional Power and the Mechanical Efficiency. (51.1kW, 10.45kW, 79.55%)


6.
An engine dyno test gives a power measurement of 43.2kW. However, the temperature in the test cell is 32 degrees Celsius, and the ambient pressure is 1.011bar. What is the corrected power according to the DIN standard? (44.2kW)


Pistons and Rings


The piston is an area where material choice is critical.  Smaller engine pistons are usually made from aluminium whereas larger slower rpm engines tend to have cast iron pistons.  Pistons undergo three main types of force, a frictional force caused by the effect of the piston rings on the wall of the cylinder (this is usually minimized through design of the rings and lubrication), an inertial force that is a result of the mass of piston and connecting rod assembly and the force of the explosion of combustion on the crown of the piston hence forcing the assembly down.  The inertial forces can be minimized by reducing the mass of the piston and connecting rod, since the connecting rod takes the brunt of the compressing inertial forces there is very little can be done to reduce its weight and any radical material removal is done at the cost of strength often resulting in catastrophic failure.  Pistons however have much scope for reducing the weight of the assembly since the force of combustion is spread over the area of the piston crown and are not concentrated.  There are two ways of reducing piston weight, firstly by reducing the amount of piston skirt and secondly by manufacturing it from lighter materials.  The piston skirts function is largely to take the brunt of the inertial side loading and also as some cooling effect, transmitting the heat away from the piston crown, this material can be reduced but not done away with totally.


Material choice is the best weight saving option, aluminium being the lightest but not always suitable for larger engines.  Modern composites technology is progressing rapidly and there is much speculation of the possibilities of carbon pistons in the internal combustion engine. But when applying this technology to piston design the following has to be considered:


· Low thermal expansion.


· High strength at high temperatures.


· Lower strength than cast iron.


· Lower modulus of elasticity.


· Deforms easily under pressure loading.


The first two criteria suggest that the carbon piston would significantly reduce the inefficiencies caused during engine warm up (as with the aluminium pistons) since there is little thermal expansion the piston will hardly change size during heating, also once up to temperature the carbons strength will be unaffected by the heat.  Unfortunately the last three criteria count against the carbon piston, its low strength and modulus of elasticity mean that its inability to undergo repeated compression and extension however small would result in premature failure, and its tendency to deform under pressure means that it would be no good for diesel fuelled (compression ignition) vehicles. 


(SAE SP-1071, 1995)


There are also weaknesses in the construction of the carbon piston:


1. The boss to under the crown blend.


2. The upper most face of the gudgeon pin hole.


These regions are areas of difficulty were fabrication is concerned and are also areas of stress concentration.  If construction of these regions were of a poor quality then a carbon piston would fail when put under the conditions of an internal combustion engine. (SAE SP-1071, 1995) 


With this in mind the continued use of aluminium pistons would be more appropriate until further perfection of the carbon equivalent is perfected.


Piston rings have three main roles:


1. To seal the combustion chamber from the rest of the crank casing.


2. To transfer heat away from the piston to the cylinder walls.


3. To control the flow of oil.


The piston system accounts for approximately 40% of the total frictional force of an engine and approximately 70% of the frictional force of the piston system is that of the piston rings.  Since this is the case, engine builders are continually striving to reduce the friction caused by the piston rings by improving their design.  There are two types of ring used in the piston assembly, a compression or scraper ring made from cast iron and an oil control ring made from mild steel.  These rings can be prone to wear since they are always in contact with the cylinder walls, ring wear causes damage to the surface of the cylinder and the seal between the combustion chamber and the crank casing to be compromised, resulting in inefficient and less effective combustion and allowing oil to flow into the combustion chamber being burnt during the process increasing the toxicity of exhaust gases.


The process of nitriding can improve ring wear.  Gas nitrided or silicon carbide rings feature a number of superior characteristics as well as high wear resistance, reduced attack on cylinder bore and reducing oil ring groove wear by ion nitriding.


Furthermore, partial nitriding with ion nitriding is considered to be effective to maintain strength and avoid deformation of the three thin components of the oil control ring, which are required for high performance engines.


There are usually two compression rings and one oil control ring used in engines, but recent research suggests that having only one of each ring produces less friction throughout the whole engine speed range and improve fuel consumption and acceleration.  Also the use of a ‘double tapered step joint’ in the scraper ring instead of the usual plain taper dramatically reduces oil consumption (see figure 1 below).(SAE SP-1071, 1995)
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Figure 1: Piston rings


Cylinder liners are cooled directly by water flowing around them.  This cooling could be greatly enhanced by adding fins, similar to those found on air-cooled engines.  More effective cooling means that there is less coolant needed and that the engine warms up quicker from the more efficient flow.  This effective warm-up results in the engine reaching optimum running temperature sooner and increased engine efficiency and reducing emissions which occur through the inefficient early combustion process.  These fins are a great advantage to engine efficiency, but require complex casting which ill often be offset by the price of the finished product.


Connecting Rods
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Figure 2: Connecting rod


Loading due to gas pressure from combustion has a buckling effect on the shank in the direction of the crankshaft axis.  This tendency to buckle is supported by the gudgeon pin and the crankshaft, but because there is no support for buckling sideways the rod is made from ‘I’ section.

Big-End


Some connecting rods consist of piece, and have a solid-eye big end that can only be fitted to crankshafts made of many parts.  Normally Automotive engines are fitted with two-piece connecting rods such as the rod featured in figure 2, which is split at the big end to fit on to a single piece crankshaft.  This split wherever possible is at right angles to the length of the connecting rod (figure 2).  In order to give as large as possible big end (for strength) it is sometimes necessary to split the big end obliquely.  The nature of the way these big ends are split determines the forces that the bolts need to withstand.  The connecting rods split at right angles to the rod undergo severe tension as the forces through the engine cycle try to pull the cap off the big end.  The obliquely split big ends undergo this tension but, also experience shear forces.  In order to reduce these forces the mating faces are often serrated to inhibit any movement (figure 3).

[image: image25.png]





Figure 3: Serrated mating faces

Small-End


The small end is fitted to the piston via a semi floating gudgeon pin.  This is a heavy-duty piece of tube which is pushed through the small end of the connecting rod and the piston.  It is called semi floating because the gudgeon pin is fitted within the connecting rod and cannot move once in place but is free to rotate within the piston. This close fitment of the gudgeon pin is known as an interference fitment, this is where the pin is actually too small to fit in the small end of the connecting rod.  In order to fit the gudgeon pin the connecting rod is heated up so that it expands and the pin can be placed easily.  Once cool the connecting rod will have contracted and gripped the pin securely.

Shank

As mentioned above the shank is prone to buckling when under the stress of combustion and in order to retain as much integrity of the rod but still keeping it light the ‘H’ section is used.  This can be turned through 90° to an ‘I’ shape so that the rod can move through the oil in the lower parts of the engine better at high engine speeds.

Also shanks that taper dramatically channel stresses through the rod to the narrowest and hence potentially weakest point.  Non tapered shanks spread potentially harmful stresses over a larger area dispersing the loading.

Polishing

All grinding/polishing must be done lengthwise to encourage any imperfections to follow the shape of the rod discouraging any cracks from propagating across the shank.  As little material as possible should be removed from the cross sectional area as this is the narrowest part of the rod and needs the material to maintain rigidity and strength.  Removing any casting flash, nicks or imperfections on the outer side of the rod and round off all edges removes surface imperfections or sights where stress raisers could develop into cracks. 

A draw back to rod polishing is the possible removal of any case hardening, nitriding or other surface treatments that would have to be put back into the part once all the other process have been completed.

What are connecting rods usually manufactured from?
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