Vehicle Technology (M4X00394)

Engine performance characteristics

Introduction

In groups we were shown how to conduct an engine dynamometer test to find out the fuel consumption rate of the engine when operating at various rpm and at 100% throttle opening. To do so we used the a very complex computing programme to accurately add and reduce the load put on the engine.

The engine in question is a 1.6L Vtec Honda CRX 16v, which has a naturally aspirated four cylinder in line transverse front engine with a 5 speed manual gearbox.


Equipment and Method used

Using an APICOM DSG hydraulic dyno, were able to conduct an experiment on an old 1.6L Vtec Honda CRX engine. With the dyno turned on the computer consists of complex software ready to simulate any test done on the engine. In this case we were looking to add increasing amounts of load to stress the engine therefore increasing the fuel consumption giving us an accurate torque curve.

The dyno has attached to it a large water pressure brake, first the cold water flows through a load or rpm control valve through a flexible inlet hose to the stationary housing.  Connected to the stationary housing is a torque arm and integral load cell which has a varying amount of 44.8lb weights attached to it. The Honda’s crankshaft is then connected to the rotor shaft inside. There is a load cell at a measured distance from the centre of the housing.

 The load cell is also orientated perpendicular to the arm extending from the housing. The Torque output of the engine is just the force measured at the load cell multiplied by the distance to where the extended arm and load cell both connect.

Basically, being very inefficient pumps, it uses the engine power to accelerate a mass of water within the absorber’s rotor pockets inside the stationary housing it Transfers the kinetic energy by colliding the radially spinning water into the brakes stationery walls. During all this churning friction heats up the water so to prevent boiling it must frequently drain hot water via the drainage pipe. The computer programme basically allows the user to add increasing amounts of water this increasing the load put against the engines crankshaft trying to turn the rotor.

The computer system also consisted of 2 large rotating dials, one increasing the RPM of the engine and the other increasing the load being applied. With the slight increase of just one the other would be affected drastically. For example, when the load would be increased the RPM would begin to drop rapidly and when falling between a certain amount could cause the engine to stall. Working in pairs to keep the engine at a steady number of revs it requires the pair operating the dials to communicate effectively and to stay in sync with each other’s increments. Whilst this is happening the computer programme is recording all the data and changes that’s happening to the engine such as the increase fuel consumption to pull such a heavy load.



Analysis and Results

Torque / RPM:
The torque curve starts out slowly increasing till it reaches its peak and begins to flatline till it falls off heavily towards its maximum rpm. This is because as RPMs increase, the effect of valves, valve stem is magnified due to the restriction of air flow. Therefore, regardless of the amount of air being pumped in even under 100% throttle use, the restriction in the air flow is so great that because of the lack of space it does not have enough room to get through. Another reason it falls off so hard is because of the increase in friction as RPMs increase.
Power however continues to increase even though the Torque decreases because the rate of increase in Engine speed is always greater than the rate in which the Torque decreases.
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For an engine of considerable age its torque curve is consistent, however due to the human element running the test if would have been possible to eliminate a few of the inconsistencies to get a smoother curve.









Brake power / RPM:

Simliar to the previous graph involving the Torque the Brake power of the 1.6 Honda engine steadily increases till its peak at approximetly 4500 RPM where it stalls and then eventially begins to fall off.
This is because of the incresing load and fuel consumption the engine is going through, which in turn allows it to perform harder till it reaches the point where the crankshaft go no longer go any harder and the amount of friction is decresing.

This graph in comparison with the previous one is also smoother in is steady incline suggesting the pair working the dials were more in sync with their imputs into the computer.
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SFC over Engine speed:

For combustion to even take place inside the proper air to fuel ratio must be present in the cylinder
In engine testing the fuel consumption is measured in terms of the fuel mass flow rate and is a measure of how efficiently the fuel supplied to the engine is used to produce power.
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The lower the SFC value the better since at a given power level less fuel will be consumed and our Honda engine has in fact got low SFC values, at times even below 0.25kg/kWh.
The CRX boasted an impressive 35.1mpg when it was launched however over the years of being run in a dyno environment its number is considerably lower now.














Conclusion

After going over my table data its impressive how little fuel the 1.6 Engine used to perform its run on the dyno. The fuel flow rate was considerable less than expected however when converting the brake power and corected power back into BHP the engine resulted in quite a considerable loss of power.

When the car was new at the factory it was producing 123BHP or 92kW of power, where as now its peak was approximetly 50.2kW and 67.34BHP which is almost half what it had when it rolled off the shop floor andeven more shocking its less than that produced by my bike.
Even so the weight of the CRX is considerably low at 890kg so at launh the car would have been quite a joy to drive and was popular in motorsport in the 90s having its own touring car championship.



Evaluation

[bookmark: _GoBack]The experiment I feel like as a whole was very informative and provided a clear view as to how a dyno works in a professional enviroment. I feel like it could have been improved in a few areas as it felt a little rushed however being able to sit down and gets a hands on feel for the system really shows how effective it was as a method of teaching. I feel like I learned more in the hour of testing than in multiple lectures.

The computer system as well was easy to pick up and get the hang of very quickly. For the experiment I was put on my own instead of being put in a pair so I had to opperate both dials. Its impressive how easy doing it alone can be as its simpler to react to imputs yourself insteadf of having to communicate with somebody else meaning the results should show a smoother Torque graph on the system.

The only way I could of improved was to be given another attemnpt as everybody only got one and to do it alone was complicated at first. So if it were possible to have another attempted im sure the results would have been smoother and more professional.
As far as the investigation goes I feel like it was quite confusing to locate the data needed to complete the task. The excel sheet was very confusing and required a lot of research and asking questions and I feel like it will show in the overall grades for the class as im aware many struggled.

Also the way in which we were broken down into groups could have been done different in my opinions, I felt like the groups were a little crowded and it affected how hands and obstructed a little visibility with everyone crowded around the dyno. It did make it a little harder and forced some students to go around after taking photos to be able to study the dyno properly. Also due to the larger group questions were limited and not as many students even resorted to asking questions whereas in other classes I feel like ive leanrt more and not only that but its knowledge ive remember and not forgotten over a short period of time. Understandably though I can see how strict the sessions are and its not always possible to get everyone in and to make smaller groups as both technicians and lectures have tight time schedules.

And lastly as another suggestion to improve the task would be to include a second upload for the excel graph as its so large the quality is restricted and its not visible to see the effort put in by each student.
[image: ]The Excel graph provided in full:
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image4.png
RPM Load Torque (W *R) | BP (Kilowatts) | Fuel Flow Rate (L/min) Lambda Corrected Power | BMEP | SFC (kg/kWh) |Overall thermal Efficiency
1000 Ti6e0 9508 5951 cor0 01z 5989 62 030637 0709
1050 1165 95,06 10455 0072 130196 10495 165,55 029995 0761
1100 11634 5450 10932 o074 129795 10974 1528 029195 0518
1150 1169 95,05 11,440 0073 129599 11488 159,01 027548 0907
1200 11711 05,53 12,005 0074 1,29068 12,051 16634 026838 0977
1250 117,75 96,09 12578 0075 12825 12626 17327 027185 1,010
1300 11906 97,15 1022 0079 127008 15,073 16020 025873 1116
1350 12051 98,59 15910 0,080 126012 15,96 187,15 024782 1226
1400 12005 97,08 14,558 0084 125367 14,414 19407 025188 1245
1450 12305 10041 15,047 0,085 125045 15,506 201,00 024057 1384
1500 12801 10117 15891 0089 124615 15052 207,95 024158 1436
1550 12475 10180 16528 0,093 124251 16587 214,56 024326 1477
1600 12514 10208 17,10 005 123973 17.170 22175 oza281 1558
1650 12498 10196 17617 0059 124084 17,685 22872 024273 1585
1700 12505 10202 18,161 0100 120179 18,231 23565 023845 1663
1750 12505 10200 15592 0,108 124208 18,764 20258 023873 1,709
1800 12855 10188 15,204 0109 12013 19,278 20951 020647 1701
1850 12552 10226, 15,506 0114 124198 19583 256,44 024958 1733
1500 1255 10264 20422 0117 124083 20501 26357 024506 1750
1550 1266 103,30 21,090 0121 124092 21,175 27031 024789 1851
2000 12735 10385 21,758 o126 124036 21802 277,20 024989 1501
2050 12515 10453 22,440 0128 123722 22,526 284,17 024673 1986
2100 12007 10525 23,150 o151 123433 23,005 251,10 024383 2,065
2150 13002 10607 23,581 0134 123372 23,075 295,03 023362 2,140
2200 15060 106,54 24,505 0158 123338 24,635 30496 024295 2,206
2250 3146 107,20 25,267 0101 123527 25,565 51159 024173 2,282
2300 15205 107,76 25950 o1as 123647 26053 1852 024185 2583
2350 15261 108,15 26522 0150 123695 26,728 52575 024376 2385
2400 15295 108,20 27,055 o154 123275 27560 53268 o02aa21 2,457
2450 FEE¥E) 108,61 27,565 0156 1,23068 27,072 53361 024190 2515
2500 153,19 108,66 25,445 0160 122965 28,556 54655 028297 255
2550 15295 108,45 25,9651 0163 12268 25,075 553,48 020315 2,601
2600 15262 108,15 25,456 o168 122195 29,569 6041 028707 2,605
2650 15266 108,22 0052 0171 121579 30,147 567,54 024725 2,652
2700 15255 105,15 50574 0175 121006 0691 574,27 024738 2698
2750 15246 108,06 51,119 0178 12061 51,239 581,20 024826 2737
2500 13177 107,89 51519 0180 120395 51680 385,13 024738 2,782
2850 15130 10711 51,967 0183 120182 52,090 595,06 024804 2510
2500 1127 107,09 52521 o185 119914 52566 401,99 025021 24838
2550 13091 10675 52,991 0,193 119377 33,118 20892 025275 2550
3000 13086 10675 33557 015 118514 33,666 1555 02569 2850
050 13075 106,70 34,079 0,206 117777 34,210 422,79 026184 2802
3100 15094 10652 54,677 0210 116873 34810 w2572 026232 285
3150 13051 106,71 35,201 0216 116139 55,557 43565 026579 2892
3200 15071 106,63 35731 0218 115501 55,668 24358 026415 2953
3250 13096 10685 36360 0223 115005 36,500 45051 026566 2,988
3300 15073 106,65 56,55 0226 114299 56,596 457,40 026497 5057
3350 13052 106,72 57,657 0229 113454 7,581 464,57 026432 5,055
3400 15097 10684 38,040 0234 112726 38,185 471,30 026662 3115
3450 13094 106,51 38,590 0236 111874 38,739 478,25 026489 5181
3500 13100 10657 39,169 0202 11106 39520 485,16 026750 5197
3550 5157 107,33 39,502 0235 1,10349 40055 492,09 026639 3270
3600 13196 107,65 20584 0255 109859 40,740 495,05 027215 3256
3650 15251 108,05 41517 0258 109393 1,475 505,96 026995 3302
3700 15267 1025 41,93 0264 10882 42,007 1255 027309 3358
750 152,70 108,25 42,509 0265 108444 42673 s1952 027007 557
3800 15255 108,15 43,009 0269 081 43,195 52675 027103 366
3850 15228 107,91 43,507 0274 07942 43,674 533,68 027248 5,485
3900 132 10715 43,751 0276 10766 43919 540,61 027309 £
3950 13055 106,50 43,054 0283 o726 43,23 507,50 027804 5359
2000 129,30 105,48 41,164 0285 Lor1aa 435 55447 027889 3459
4150 125,68 10497 45,619 0287 10703 45,794 57527 027254 5655
4200 127,70 108,17 5518 0289 106765 45,990 55220 027311 3663
4250 1269 10357 46,096 0293 106665 6273 s89,15 027531 5656
4300 12615 10291 46580 0295 106324 46518 596,06 027559 3671
4350 12551 10222 46,565 0297 Los113 46,744 50295 027635 5679
4400 12538 10228 47,127 0302 105968 47,509 505,92 027769 3705
4450 12528 10220 47,626 0306 L0762 47,509 61685 027829 5737
4500 12551 10225 48,173 0309 105489 8358 523,758 02776 780
4550 125,40 10233 48,758 0310 10536 48,945 071 027524 3568
4600 12488 10184 49,057 0315 105379 49,246 537,64 027763 385
4650 12426 10137 9,361 0317 105472 49,551 644,57 027820 3874
4700 123,64 10086 59685 0319 L0454 49,550 51,51 027862 35%
4750 12240 99,65 0,68 0321 1.05289 49,75 555,40 027940 3583
4800 12150 %915 49,556 0321 L0238 So028 555,57 027867 5,905
850 12018 95,04 49,794 0325 Los143 49,985 57230 028252 3808
4500 11907 97,15 49841 0325 105136 50,033 7925 028199 385
4950 117,98 96,25 49,290 0326 105117 50,082 a86,16 028271 3853
S000 11665 05,16 49820 0328 105008 S0015 593,09 028383 3518
S050 11573 94,01 49,927 0328 104989 0,119 700,02 028389 3826
s100 11484 %368 50,034 0325 105055 50,226 70695 028350 3840
s150 115,66 92,72 50,00 0330 105114 50,196 715,88 028567 3522
5200 11247 o175 49,961 0330 105098 50,155 72051 028578 3517
s250 11054 026 49,622 0331 104962 9512 727,75 028885 5751
s300 10891 885 39515 0334 Losssa 49,502 73455 029918 3673
S350 107,14 7,00 48,969 0331 104644 49,157 7a161 029298 5,609
S400 10545 601 8,63 033 108426 w823 72850 029597 5,588
Sas0 103,80 568 8328 0331 10815 48,514 755,47 029632 5560
5500 10265 5372 48221 0339 104052 8,406 762,40 030426 3360
5550 101,15 251 47,956 0304 103778 48,101 765,53 031046 3373
i 100,09 8165 7,888 0329 103382 28,068 776.26 031545 3314





