University of Wales Trinity Saint David
Wales Institute of Science & Art

[image: ]








Honda D16a engine dynamometer result analysis
BEng Motorsport/ Automotive Engineering
Motorsport/Vehicle Technology
ACHA4003




Louis Jongejan
2201122
March 2024

Contents
Introduction	3
Testing equipment and method used.	4
Testing equipment:	4
Method:	4
Data table	5
Analysis of engine performance	7
Specific Fuel Consumption (SFC)	7
Torque	8
Break Power against Engine Speed	9
Evaluation	10
References	11













[bookmark: _Toc161594096]Introduction
An engine dynamometer, commonly known as a “dyno,” is a crucial tool for assessing internal combustion engines. These tests provide valuable insights into an engine’s behaviour, efficiency, and overall capabilities. The engine tested is a D16A from Honda from around 2000-2001. It is a 1590cc inline 4 engine. Here are the primary aims of an engine dynamometer test, specifically centred around engine performance:
1. Power Output Assessment:
· Torque and RPM Measurement: The dyno captures both the torque (rotational force) and rotational speed (RPM) of the engine.
· Instantaneous Power Calculation: By combining torque and RPM data, the dynamometer calculates the engine’s instantaneous power output in kilowatts (kW) or brake horsepower (bhp).
· Understanding Efficiency: This information helps engineers comprehend how effectively the engine converts fuel energy into mechanical power.
2. Diagnosing Issues and Improving Performance:
· Detecting Inefficiencies: Dynos reveal issues such as misfires, poor combustion, or mechanical losses that impact engine performance.
· Calibration and Tuning: Engineers use dyno data to optimize parameters like fuel injection timing, ignition timing, and air-fuel ratios for improved efficiency.
3. Fuel Consumption Analysis:
· Fuel Flow Measurement: Dynos monitor the fuel flow rate during engine operation.
· Specific Fuel Consumption: By comparing fuel consumption to power output, engineers calculate the specific fuel consumption (SFC) in units like grams per kilowatt-hour (g/kWh).
· Optimizing Efficiency: Understanding SFC allows for fine-tuning engine parameters to achieve better fuel efficiency without compromising performance.



[bookmark: _Toc161594097]Testing equipment and method used.

[bookmark: _Toc161594098]Testing equipment:
[bookmark: _Hlk161593860]The engine dynamometer used for this test is a Schenk WS230 which is limited to 10000 Rpm and 230 kilowatts (Technical Specification eddy-current dynamometer W series, 2001). It is an Eddy-current dyno which works on the principle of an electromagnetic field created by an exciter coil in the outer casing around a free spinning rotor in the inner core. The electro magnetic field puts a load onto the rotor trying to slow it down, which is driven by the engine, which is attached via a prop shaft. The outer casing is restricted from turning by a strain gauge which sends a signal to the control centre which is then used to calculate the torque in newton metres that the engine exerts (What is Eddy Current Dynamometer? Working, Construction & Applications - ElectricalWorkbook). 
The dyno is calibrated with calibration arms that allow for a weight to be put on. The arms have a distance from the pivot (dyno centre) to the hook eye where weights can be added of 815.776mm. When a weight is placed on one of the arms it will try to turn the outer casing pulling on the strain gauge sending a signal to the control centre. The voltages can be logged, and the torque exerted can be calculated and entered onto the system calibrating the dyno.

[bookmark: _Toc161594099]Method:
The dyno has three modes for carrying out runs, these are: full manual, step test, and sweep test. The test conducted was a sweep test. This is where the dyno is set to automatically controls the engine speed between two defined values and will log data in set intervals. For this test it was set to start at 1000 rpm and ramp up to 5500 rpm over a period of 15 seconds and end by returning to idle idle over 5 second. Data was logged every 50 rpm.
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[image: ]Table 1 - Dynamometer results



[bookmark: _Toc161594101]Analysis of engine performance
[bookmark: _Toc161594102][image: ]Specific Fuel Consumption (SFC)Graph 1 - SFC against Engine Speed
Figure 1 - SFC against Engine Speed


SFC is an important measure of an engines efficiency in producing power, it compares the quantity of fuel being used by an engine to the amount of power the engine produces (What is Specific Fuel Consumption? (with pictures) (wikimotors.org)).
Graph 1 shows how the SFC varies at different engine speeds. At 1000 rpm the SFC is high at 0.36 Kg/KwH and reduces to 0.26 Kg/KwH at 1350 rpm. It stabilises from 1350 rpm until 2850 rpm where it stays between 0.26-0.27 Kg/KwH. During this period the engine is stably running at its most efficient operating speed. From there the SFC gradually increases to its peak of 0.374 Kg/KwH at 5500 rpm. The thermal efficiency of the engine starts to reduce after 2850 rpm meaning more energy from combustion is wasted as heat reducing the amount of useful work produced per unit of fuel consumed, therefore more fuel is consumed to produce the same amount of energy. 


[bookmark: _Toc161594103][image: ]TorqueGraph 2 - Torque against Engine Speed


Graph 2 shows engine torque against engine speed. For the first 400 rpm increase in the test the torque increases by 14.38%. This initial relative low torque output can be explained by the engine being a normally aspirated engine as they rely on atmospheric pressure to draw air into the combustion chamber (Internal Combustion Engine Fundamentals, 1988). At low engine speeds the airflow will restrict the engines’ ability to generate torque efficiently at low rpms. The torque curve is very flat, between 1500 and 4100 rpm the torque plateaus with 7.40% deviance where the peak torque reached of 103.45 Nm at 2350 rpm. This correlates to the BMEP as it peaks at 1645.09 kPa at 2350 rpm. After 4100 rpm the torque of the engine starts to steadily drop off at a rate of 0.84 Nm per 50 rpm. As engine speed increases, frictional losses within the engine also increase due to factors such as increased piston speed, and higher bearing speeds. These frictional losses consume more of the engine's power output, contributing to the drop in torque at high RPMs (Internal Combustion Engine Fundamentals, 1988).


[bookmark: _Toc161594104][image: ]Break Power against Engine SpeedGraph 3 - Break Power against Engine Speed


Graph 3 shows Break Power against Engine Speed, the power increases steadily at a rate of 0.56 Kw per 50 rpm till 3800 rpm where there is a slower rate of increase as seen by the shallower gradient. This can be explained by the engine running leaner with lambda reading increasing by 2.41% from 1.09808 at 3750 rpm to 1.12456 at 4250 rpm where the overall trend is that lambda reduces as rpm rises. Peak power of 44.43 Kw is reached 4700 rpm where the power then starts to fall off gradually. At 5500 rpm there is a small increase in power, this because the engine has variable valve timing which kicks in at 5500 rpm (Honda D16A (B, V, W, Y, Z) Engine Specs, Problems, Oil, Integra, Civic (motorreviewer.com)).


[bookmark: _Toc161594105]Evaluation 
The engine tested is not running at its best performance. All the lambda readings given from the dyno run are above 1 which means its running lean. This is likely due to the way that it is set up, as it is not in a car body it does not have the original induction system installed, instead it has an air filter mounted directly to the throttle body. It also does not have a full exhaust system installed, it only has the exhaust manifold and catalytic converter which goes directly out to the atmosphere. This results in the lack of back pressure on the exhaust. The combination of these two things means the flow of air into and out of the engine are not how the tune of the engine are set up to be with. There may also be something mechanically wrong with the engine resulting in the engine running lean and not at full performance.
The investigation could have been improved by doing a dyno run past 6200 rpm which is the point peak power is claimed to be at for the engine and to be able to see the effects of the increased inlet valve duration of the Vtec.
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Newtons  rpm Vmin Lambda NV Kw Kw Kg/Kwh % kpa
102275 1000 0.0704 1.2658 £3.4330904 8737135 8791862712 0.360333157 2181387136 1326673112
102756 1050 0.0724 126783 83.82587866 9.217137  9.274871445 0351271715 2237658676 1332.912464
103689 1100 0.0737 127304 84.58699766 9.743723  9.804755786 0338254218 2323773539 1345.014992
104209 1150 00728 128476 £5.01120118 10.2377 1030183236 031800168 2471767445 1351760238
105811 1200 0.0784 129181 £6.31807434 10.84705  10.91499333 030673404 2562565931 1372.540783
0751 1250 007895 129728 £7.70407776 1148044 1155234857 0307534869 2555892945 1394.579577
109488 1300 0.079 129895 £9.31768269 12.15932  12.23548769 0290548288 27.05320368  1420.237455
11797 1350 0,079 1.29469 9120130947 12.89328  12.97404285 0.276089731 28.46995424 145018894
114268 1400 0.0835 1.2855 93.21709197 13.66634  13.75194325 0273230112 28.76749888 1482.24183
15783 1450 0.0847 127818 94.45299261 14.3209  14.43192323 0264102015 2976221905 1501.893844
116985 1500 0.08865 12735 95.43355536 14.99067  15.08456699 0.264455033 2972204019 1517.485739
17788 1550 0.0932 127766 96.08862349 15.59668 156943797 0267229421 2941390952 1527.301955
18471 1600 0.0959 128235 96.6457985 1619316 16.29459035 0.264842457 2967900578 1536761576
18772 1650 0.09875 1.29028 96.89134707 16.74162 168464398 0.263778386 2979866639 1540.666036
118656 1700 0.10005 129942 9679671706 17.2321  17.3400376 0.259644766 3027313871 1539.161327
1881 1750 0.10305 131053 96.96395114 17.76957  17.88087792 0259341253 3030856335 1541.820511
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12669 2400 01537 127304 103.3506614 25.97485  26.13755667 0264619225 2970404738 1643.375376
126552 2450 0.15565 126984 103.2380844 26.48711 2665302502 026279381 2991037727 1641.585291

126.438 2500 0.1596 1.27446 103.1450859 27.00332  27.17246486 0.264311686 29.73860947  1640.106526
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Brake Power against Engine Speed
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