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[bookmark: _Toc130331908]1. Introduction

[bookmark: _Hlk130135685]This paper is analysing the engine dynamometer results of a 1988 1.6 litre Honda Civic Coupe CRX petrol engine. The data given from the dynamometer results will be used to calculate the corrected power, torque, BMEP, SFC, and overall thermal efficiency. These values will be used to create graphs against engine speed so the performance of the engine can be analysed and discussed. The equipment used will also be considered when analysing the data as the equipment/setup used could affect the performance of the engine. A conclusion will be made from the data and analysis about the performance and efficiency of the engine.





[bookmark: _Toc130331909]2. Equipment and Method Used

[bookmark: _Toc130331910]2.1. Equipment 
The dynamometer used is a SCHENK WS230 Eddie current dynamometer and is limited to 10,000 RPM. The engine turns freely, connected to the dynamometer via the drive shaft. This current created from the dynamometer puts a load on the shaft and therefore the engine. The voltage of the dynamometer corresponds to a load. The outer casing, which puts a load on the engine, is connected to two strain gauges (one on each side). The strain gauge sends a signal to the computer between 5-10 volts, this informs the computer of load that is being applied upon the engine. The air filter attached to the intake is not the original air filter from the vehicle, so could cause variations with the performance and efficiency within the engine. The exhaust pipe of the engine is connected to flexible tubing which connects to the muffler then an extraction vent. The fuel for the engine comes from a separate pump mounted on a wall and supplies the petrol via tubing to the injection system. The engine and dynamometer can be connected to many monitors, in this test there will be monitors measuring the lambda, fuel flow rate load, and load. 
[bookmark: _Toc130331911]2.2 Method 
The dynamometer was automated and set to start at 1000 RPM. The system records the values from the sensors and then increases the speed of the engine by 50 RPM. The system continues to record values and then increase the engine speed of the engine by 50 RPM until the engine speed reaches 5,500 RPM. This is called a step test; this is because the controlled variable of the test is increased constantly by the same rate to observe how the data changes. At each engine speed the system records the lambda, fuel flow rate and load of the engine. Then the data recorded is used in calculations with the constants to find the corrected power, torque, BMEP, SFC, and overall thermal efficiency to analyse the performance of the engine. 


[bookmark: _Toc130331912]3. Data and Equations

This section contains the data, graphs and values collected and calculated from the experiment. Figure 1 is a table containing constants from the test some of which were calculated. Figures 2,3, & 4 are graphs that show the performance of the engine using data collected and calculated from the test.Figure 1

	Baro
	Humidity
	Ambient temp
	pivot distance
	BMEP
	MEȠt
	Ƞm

	mBar
	%
	Deg C
	metres
	w
	%
	%

	1018.9
	46
	27
	0.815776
	31455.38885
	26.69714
	99.3775



[bookmark: _Toc130331913]3.1 Graphs
[bookmark: _Toc130331914]SFC:[bookmark: _Hlk130203680][bookmark: _Hlk130203681]Figure 2



1000 on the denominator converts cc to litres, and 3600 on the numirator converts hours to seconds. However the fuel flow rate is should be converted in to litres per second.
0.75 converts litres of fuel to kilo grams.
P is power in kilo watts.


[bookmark: _Toc130331915]Tourque:




Figure 3



[bookmark: _Toc130331916]Break power:


Figure 4




[bookmark: _Toc130331917]3.2 Equations 

[bookmark: _Toc130331918]Corrected power:

P = the measured/break power (W)
Ps = the corrected power (W)
Pa = the ambient pressure (bar)
Ta = the ambient temperature (Kelvin)
1.01325 = standard pressure (bar)
293 = standard temperature (Kelvin)

[bookmark: _Toc130331919]Thermal efficiency:


= thermal efficiency (%)
BP = break power (kW)
SFC = specific fuel consumption (kg/sec)
CV = calorific value of fuel (kJ/kg)



[bookmark: _Toc130331920]4. Analysis 
Figure 5

[bookmark: _Toc130331921]4.1. Specific Fuel Consumption (figure 2) 
“Consider two engines, call them A and B. If engine A requires less fuel to generate a given power (or thrust for jet engines) than engine B, then we say it is the more efficient of the two. This would place engine B at a competitive disadvantage.[image: Graphical user interface, application, table, Excel

Description automatically generated][image: Graphical user interface, application, table, Excel

Description automatically generated]” (Snorri Gudmundsson, 2014). even though this section is based on efficiency, the comparison made is due to the difference in SFC values. Engines with a lower SFC use less fuel per kilowatt hour produced from the engine. The SFC graph against RPM begins relatively high this could be because the thermal efficiency (Ƞt) begins relatively low. The engines power and torque do not start at zero this is because when running the engine would stall due to frictional forces if the power and torque started at zero with a linear property. This means that the engine consumes more fuel that can be used for power so that the engine does not fail/stall. At the point where SFC has a minimum value thermal efficiency has a maximum, the two values show inverse proportionality. This can be seen in figure 5 which is a section of the SFC and thermal efficiency data calculated (from 1000-2600 RPM). The increase in thermal efficiency can be linked to the SFC value as when the efficiency increases the engine does not require as much fuel due to more energy being produced per unit of fuel. After 1750 RPM (highlighted in red in the SFC values of figure 5) the SFC value begins to increase and the thermal efficiency decreases, this is because the engine requires more fuel to sustain the increase in power shown in figure 4. After 2200 RPM the SFC graph begins to take on a linear shape as RPM increases. 
                              
[bookmark: _Toc130331922]4.2. Torque (figure 3)
The torque reaches a maximum at 2350 RPM, this is also a point where thermal efficiency reaches a value similar to its maximum value before decreasing. The graph of fuel low rate against torque is shown in figure 6. This graph highlights the linear relation of the two values. As more fuel flows through the engine the higher the turning force. The torque of the engine peaks when the SFC of the engine is at its lowest value. This is because even though the flow rate increases steadily the amount fuel needed to create a unit of power drops, this will produce a larger turning force (torque). As the SFC increases the torque drops as more fuel is needed per unit of power which lowers the turning force as less energy is being produced.Figure 6


[bookmark: _Toc130331923]4.3. Brake power (BP) (figure 4)
“… friction losses inherent in mechanizing a heat engine cycle” (J.R. Senft, 1997). The brake power is the power produced by the engine at the drive shaft, this value is lower than the corrected power. The corrected power is the power produced by the engine but due to friction some is lost resulting in the brake power. The brake power graph displays a linear relationship with engine speed. This is as the speed of the engine itself increases the turning speed and therefore brake power of the drive shaft. At 4700 RPM the brake power peaks and the linear aspect of the graph changes, the graph and the values can be seen to decrease steadily at this point at a similar rate to which they climbed. The power may have come to its maximum point then due to the increase in SFC the power declines, as more fuel is required at this rev range to produce the same amount of power.


[bookmark: _Toc130331924]5. Evaluation 

The experiment itself can be improved in many aspects. The air filter used in the experiment was nor made for the engine and did not fit precisely. The experiment would have yielded more accurate results if the engine had an original or aftermarket air filter made specifically for the engine itself. This may have contributed to the high lambda value. As the air filter could have increased the air flow into the injector increasing the air to fuel ration being injected into the engine increasing the SFC as well as the lambda values. The muffler is connected to the engine through flexible tubing, there could have been gaps where the tubing connects allowing the exhaust gasses to escape. This would have an increasing effect on the lambda value. The engine itself could have had wear issues. This can alter results as it can have an effect on power due to frictional wear, and SFC as the volume of the cylinder could have been altered due to damage over time. To make sure this doesn’t affect the test, either a newer engine or new parts would reduce this issue. 


[bookmark: _Toc130331925]6. Conclusion 

The experiment itself is precise and accurate in terms of recording the data produced by the engine. The step test method used allows for data that shows easily visible patters when graphed, displaying obvious correlations between different values. However, there are many ways the test itself can be improved upon. These areas for improvement can be seen within the graphs, as even though they show the relationships between data sets they have some variance. This variance cannot be fully removed but, can be limited by improvements that can be made to the setup of the test. There is a possibility of errors within the calculations made, one of these could be with the thermal efficiency as the calorific value of fuel is needed. The value used was a general calorific value as the fuel used was not measured for its exact calorific value. “Errors in the calibration arm. Dynamometers are always supplied with a calibration arm which bolts on to the machine carcase and carries dead weights, usually applied through a knife edge. It is very difficult to check the radius of the knife edge from the trunnion axis; in practice one must rely upon the manufacturer.” (Michael Plint & Anthony Martyr, 1995). This extract emphasises the errors that can be found within the equipment itself, this could cause inconsistencies within the results both calculated and measured. If there are errors within the measured data, then the error will increase as the values are used in calculations.
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BP power (W)
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Tourque (Nm)
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7 102756 1050 00724 126783 838259 9217.14 9274871445 000120667 0351271715 0.000905 226326256 99.3775 57.73468527 03
8 03ees 1100 00737 127384 84587 574372 5804755785 000122833 03324218 000092125 | 235036277 995775 610331359 s
9 104200 1150 0078 128476 850112 102377 1030183236 000121333 031800168 00031 250005006 93775 6412736311 .
10 | 105811 1200 00744 120181 863181 10847 1091499333 000124 0.30673404 0.00093 259188749 993775 67.94419827 g 14
110751 1250 007895 129723 677041 114804 1155234857 OODIS15E3 0307534869  0000SBGE7S 258513815 993775 7191163919 g o
12| 100488 1300 0079 129895 893177 121583 1223548769 000131667 0290548288  0O00SETS  27.3627536 993775 7616407783 g oo = A/—\\_,—
13111797 1350 00796 129469 912013 128933 12974.04285 000132667 0.276089731 0.000995 28795715 99.3775 80.76147306 & oo 1
1| 110268 1400 00835 12855 932171 136663 1375194325 000139167 0273234112 000104375 | 290966642 993775 8560378652
15| 115783 1450 00847 127818 94453 143421 1443192323 000141167 0264102015 000105875  30.1027662 99.3775 89.83656005 o o
i i | omse | [sesra sy sases | oamare |osemeaos | oassioess | saseim soareel saseteoes §8988885558580585858858 .
17| 117788 1550 00532 127766 960885 155967 156943797 000155333 0267229421  OOOLiGS 297504712 993775 9768516244 Engine speed (rpm) £
18| 118471 1600 0.0959 128235 966458 161932 1629450035 000159833 0.264842497 000119875 300186008 99.3775 101.4313838 Coos
1918772 1650 005875 125028 568913 167416 108464898 00DI6dSE3 0263778986 0001234375 301396306 983775 1048668752 o
20 | 118656 1700 0.10005 129942 967967 172321 173400376 00016675 _ 0.259644766 0001250625  30.6195319 99.3775 107.9391363 120
21| 11006 MMM 010305 | isi0ss | seses 1776os 17s0srrer | oooirirs On0i288125 | 0essamaal soa7ys| 1113057863 o
2 11958 1800 01093 13143 575538 183885 1850363235 000182167 0265812674  OOD136625 299090373 993775 1151823393 0o §888E8R88¢8¢88888¢¢
23110938 1850 011415 131849 575393 189546 1507328316 000IS025 0263316507 0001426875 29519913 993775 1187283303 o Engine specd (rpm)
2| 120176 1900 011745 | 151892 | 98.0367] 19506.1] 1962830508 | 00019575 | 0269266782 | 0001468125 | 29.525369a] 99.3775| 122 1852461 £
25| 10048 1950 012055 | 151484 | smcees] 2014s| 2027429602 | 000000917 | 026756852 | 0001506875 | 297127674 99.3775| 126 2041442 %
2| 12157 2000 012555 131653 596527 208712 2100195695 00020925 0263010646 0001569375 285534817 983775 1307340357 g
27| v2ses 2050 012785 132098 100214 215135 216482480 000213083 0265760536  0001S9BI25 299145051 983775 134757100 g o
2| 123796 2100 01305 132287 10099 222088 2234793074 000218167 0263581451 000163625 | 01622181 995775 1391125209
29| 124794 2150 013435 132164 101804 229209 23064.47507 000223917 0.262123893 0001679375  30.3299371 99.3775  143.572902 o
0| 125337 2200 01377 131650 102084 235184 2366572587 0002295 0261834352 000172125 303634765 993775 1473155981
31 126028 2250 014105 130465 102511 242242 2437531756 000235083 0260390196 0001763125 305318758 993775 1517364349 " 88888885688 REEEEEEEEE
32| 12666 2300 01455 125645 103326 248867 2504256037 000241583 0260466578  0O01B11E75 305229226 993775 1558861866 EREREERERRERRRROETREREE
| 17052 IR o1s98s | 126225 [N 25as02 2561565995 00024375 | 0263205761 | 0001873125 302082704 995775 1394787515 e s (o)
3| 1660 2400 01537 127304 103351 259749 26137.55667 000256167 0264619225 000192125 300439289 995775 1627023746
35| 126552 2450 015565 126984 103238 264871 2665302502 000259417 026279381 0001945625 302526197 983775 1659110878 o0
36| 126438 2500 01596 127446 103145 270033 2717246485 000266 0264311685 0001995 300788865 995775 169144523 Py
37| 12623 2550 01626 127676 102983 27500 2767229225 000271  0264416ils 00020325 30070071 993775 172.2558736 o
3| 126361 2600 016805 127634 102919 280219 2819745293 000280083 0268189117 0002100625 286440112 983775 1755248202 o
| 125847 2650 017145 128027 102663 284897 2866818185 00028575 0263122403 0002143125 255412091 983775 1784551372 S
40 | 1284911 2700 017465 128371 101899 JRR114 7899184532 N0N2910R3 N 2710R4R4T. 00N1R3175 293773536 993775 18N 4RIRI3R. 5 v
< > GrE HnD BsC + = @ >
Ready Calculate  $% Accessibility: Investigate E] mo- 1 + 70%
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