[image: Text

Description automatically generated with medium confidence]










University of Wales Trinity Saint David

School of Engineering



Motorsport Technology

ACHA4003/4004/4012


Engine Performance/Analysis


26th March 2023


Word Count: (1511 Words)


Ross Burnside


Motorsport Engineering


2110614

Contents

Introduction;

Introduction to Dynamometers,
Aims of Experiment,

Page 3

Experimental Method;

Engine/Dynamometer Visual Inspection,
Dynamometer Calibration and Calculation,

Pages 4, 5

Raw Data/Results;

Spreadsheet Data Calculations,
Completed Raw Results Table,

Pages 6, 7, 8

Graphical Data;

Specific Fuel Consumption/Engine Speed,
Torque/Engine Speed,
Brake Power/Engine Speed,

Page 9

Results Conclusion;

Conclusion of Test Results,
Evaluation,
Reference List,

Page 10







Introduction:
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An engine-dynamometer (fig. 1), or ‘Dyno’, is a “device that measures force, torque, or power [by creating] a load to duplicate various speed (RPM) and torque (Nm) requirements” for purpose of data calculations to measure and improve engine performance and efficiency (Power Test Inc. – 2023).

This equipment enables engineers to adapt engine characteristics to different applications from original manufacturer specifications in order to increase performance; alongside aid in “troubleshooting by determining […] overheating, or […] intermittent performance and sensor issues” providing in-depth analysis of overall vehicle health, efficiency, and performance (Power Test Inc. – 2023).Figure 1; Engine Dynamometer used in performance analysis/data collection throughout the experiment (Burnside, R – 2023).


The experiment aims to give a detailed analysis of data calculated through raw performance analysis of a D-Series 1.6l Spark Injection (SI) engine from a Honda Civic CRX Coupe (1983-1991); alongside further investigation of powertrain characteristics and engine principles under multiple applied loads and fuel consumption from interpretation of laboratory results, including (but not limited to):

· Torque. 

· Corrected Power. 

· Brake Mean Effective Pressure. 

· Specific Fuel Consumption. 

· Thermal Efficiency. 
















Experimental Method:

Before engine and dynamometer use, a visual inspection must first be undertaken in order to ensure correct fuel, cooling, and exhaust management setup. The engine is also connected to an instrument/engine ECU switch panel (fig. 2) in order to maintain required engine function, correct sensor readings, and proper engine management for precise data collection.
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Description automatically generated][image: ]Figure 2; Engine instrument/ECU switchboard, maintaining relevant engine systems/engine management (Burnside, R – 2023).
Figure 3; Engine and Dynamometer cooling system/expansion tank, benefitting further from including the engine’s cooling system (Burnside, R – 2023).

The cooling system is shared between the engine and dynamometer to create an even temperature exchange across the whole system. Featuring a temperature probe positioned at the dynamometer’s water take-off piping, alongside still maintaining use of the engine’s thermostat and housing (fig. 3) an accurate reading of engine water temperature can be measured throughout the experiment.
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Another benefit of the engine/dynamometer cooling is a shared pressure recovery system.

A shared expansion tank, overflow hose, and pressure cap seen in Figure 3 creates a safe system should either the engine or dynamometer fail/overheat. The water/coolant lines are run into the dynamometer at the opposite end to the engine, where the cooling system works primarily around the engine brake/magnetic resistance application structure.

After a visual inspection of the systems has been completed, dynamometer calibration is required before accurate results can be obtained from engine readings.Figure 4; Water/Coolant lines, run into the ‘magnetic resistance engine brake’ end of the dyno to assist in cooling (Burnside, R – (2023).
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Description automatically generated]Calibration arms 815.776mm in length (fig. 5a) are bolted to both sides of the engine dynamometer in order to maintain the same forces evenly across the central line of the machine. The dynamometer is then calibrated through use of a 20.45kg weight, weighed pre-test in order to maintain accuracy across results, hung from the end of the calibration arm (fig. 5b) corresponding with the dynamometer’s rotational direction. 
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Figure 5b; 20.45kg weight, weighed prior to dynamometer calibration to maintain accuracy of results, attached to the calibration arm (Burnside, R – 2023).
Figure 5a; 815.776mm Calibration arm with a ratio of 8:1, measured to a tight tolerance in order to provide accurate DSG Data (Burnside, R – 2023).
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In this calibration, the relative ‘Dyno Torque’ to the calibration arms/weight is indicated as 164.33Nm of Torque  applied (fig. 6). This can then be clarified, through use of the equation:


 

Where the weight 

Multiplied by the value of gravity 
Figure 6; 'DSG' screenshot of the applied 'Dyno Torque' (Nm), to be used for Dyno calibration calculations and in-program analysis (Burnside, R – 2023).

And by the length of the calibration arm in base units, 

However, the numbers used in the calculation give an answer of:



This indicates discrepancies in the prior-measured value of the applied weight, due to the calibration arms being a featured part of the dynamometer, machined to a tight tolerance in order to maintain precision. The weight, used commonly in conjunction as a ‘workshop doorstop’, is expected to have lost fragments of material over the course of its use, and differs from the experiment supplied, and prior-measured weight.

Re-weighing pre-experiment, or a new weight, could be considered for future experiments to avoid this issue and provide accurate calibration of the dynamometer before obtaining results.
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Experiment-specific data was included to support calculation of Power, BMEP, and Torque in base units for further equations (fig. 7). These values featured data such as the Bore and Stroke of the cylinder, including Volume and Area, alongside the number of cylinders active (n) at a time, considering the 4-Stroke engine layout; where 2 cylinders are firing at the same time, and 720˚ complete engine rotation cycle. Included in this data was the ambient Humidity, Temperature, and Atmospheric Pressure.Figure 7; Pre-collected/Supplied data for use in results calculation, including the Calorific Value of fuel used, at 45,800KJ/kg (Burnside, R – 2023).


Additional data comprised of the Load (N), Dynamometer speed (RPM), Fuel Flow Rate (l/min), and Lambda (oxygen quantity in exhaust) reading was also incorporated into the supplied data spreadsheet (fig. 8) to allow for further calculations, containing values for Torque , Corrected Power , Brake Mean Effective Pressure , Specific Fuel Consumption , and Thermal Efficiency .

To calculate Corrected Power [ for an engine performance assessment, the formula for Torque  was used for calculation of the engine 

Power  formula, 

(where ), and results displayed (Page 8) in the Figure 8 results table.

The calculation of these values, alongside the pre-determined  and
 (fig. 7), allows use of the power correction factor of  together with the determined value of  giving an answer of Corrected Power , displayed (Page 

8) in the Figure 8 results table.














To obtain data for Indicated Specific Fuel Consumption ,
Indicated Power  is required.

Where  


and .

hence .


This value is then added to the formula:  alongside the 

multiplication of the pre-supplied value of  by 60 for 

conversion of units to 

for inclusion in the final formula giving data for , 

displayed (Page 8) in the Figure 8 results table.


Finally, Overall Thermal Efficiency  was calculated as a percentage (%) to assess engine heat dissipation capabilities, alongside possible power/thermal losses using the formula:




Resulting in data for Overall Thermal Efficiency collected through:

, displayed (Page 8) in the Figure 8 results table.
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Description automatically generated]Figure 8; Table of data collected from the experiment and formulas for the purpose of data/performance analysis including the Dyno Load, Speed, Engine Fuel Flow Rate, and Lambda reading; alongside Power, Torque, BMEP, SFC, and Thermal Efficiency. (Burnside, R – 2023).





Graphical Data:

Specific data was selected for analysis to assess key engine characteristics and performance over engine speed and RPM range, subject to the conditions on the day of testing (fig. 7).
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Specific Fuel Consumption is “the mass of fuel burned by an engine in one hour divided by the thrust” (NASA – 2021). Therefore, the graph (fig. 9) indicates the engine’s drop in fuel requirement over the lower rev range, showing less fuel needed by the engine to produce its ideal mixture for combustion. An increase in fuel demand in can be seen conjunctively with engine speed (RPM) increase as the engine works harder, due to the more engine revolutions equating in more air and fuel burned.Figure 9; A Graph showing the increase of fuel consumption (kg/kWh) over and increase of Revolutions Per Minute (Burnside, R – 2023).
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Description automatically generated]Torque is the rotational force applied to the engine’s crankshaft by the pistons, or the amount of ‘twisting force’ produced at the crank through cylinder combustion; but is not a constant throughout the RPM range. A peak ‘powerband’ is indicated (fig. 10) between 1300 and 3800 Revolutions Per Minute, however, does contain a decrease in torque produced around 3000RPM; which could be denoted to intake/exhaust restriction (including the opposite, such as valves not completely sealing), a drop in Mechanical Efficiency due to an increase in Frictional Resistance, or a decline in Volumetric Efficiency through insufficient air-intake capacity.Figure 10; A Graph to show the engine torque (Nm) over the RPM range of the engine used in testing (Burnside, R – 2023). 


As the engine speed increases in RPM, the amount of cylinder combustion does so exponentially, resulting in an increase in engine power, and torque at the crankshaft capable of turning the vehicle’s wheels.
Brake power will increase linearly (fig. 11) until engine RPM reaches the end of its range, where the peak power/performance band ends due to an increase in friction, insufficient intake flow, and valve timing limitations.
Figure 11; A Graph showing the measured Brake Power (kW) over the RPM range of the engine used in testing (Burnside, R – 2023).

Results Conclusion:

In conclusion, this report has identified that:

Specific Fuel Consumption (SFC) is decreased on initial acceleration in order to maintain peak combustion mixture in reference to the throttle/gearing application, before a gradual increase as engine speeds/combustion increases over the extended Revolutions Per Minute Range.

Torque () is optimised throughout a power band where the least frictional resistance applies to the most amount of rotational force possible, created by the pistons turning the crankshaft. This also includes a drop of torque at higher Revolutions Per Minute, due to peak frictional resistance created at maximum engine speeds, creating an excessive load on the engine’s internals, and decreasing overall efficiency/performance.

In this experiment, Brake Power () correlates linearly with increased engine Revolutions Per Minute until a power ‘plateau’ at 4000RPM, indicating insufficient air-intake flow and the engine’s incapability to maintain performance under increase frictional resistance, vibration, and possible valve timing insufficiencies. This, maintained for an extended period of time, could also show a performance decrease through heat loss and dissipation issues.

Evaluation:

I enjoyed the experiment thoroughly. Despite finding the mathematical aspect challenging, collecting values for performance analysis is an area I take great interest in.

I feel the experiment went well, and Mark’s demonstration sufficient enough to give me a base understanding of engine dynamometer readings, and in turn engine behavioural habits and characteristics under different environment applications.

In order to improve the experiment, I would recommend an additional engine, in an additional session, to compare results not only between machinery, but also between different environment conditions, such as those found in Figure 7.

Reference List:

Power Test Inc. – 2023.
What is a Dynamometer: Calculating Performance:
https://powertestdyno.com/what-is-a-dyno/
Accessed 23rd March 2023.

NASA – 2021.
Thrust Specific Fuel Consumption (TSFC):
https://www.grc.nasa.gov/www/k-12/airplane/sfc.html
Accessed 26th March 2023.
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Load = DynoSpeed  FuelFlow Rate =~ Lambda

Newtons rpm V/min Lambda Brake Power (W) B4 Torque (\m) B BMEP (kpa) B2 indicated S (kg/kwh) B4 Thermal Efficiency (%) K4
102.275 1000 0.0704 1.2658 8.794060403 8.794069697 8737.134683 83.4334904 663.5233954 0.480323689 16.3645104
102.756 1050 0.0724 1.26783 9.277189873 9.277199678 9217.13676 83.82587866 666.6439503 0.468244745 16.7866529
103.689 1100 0.0737 127344 9.807206668 9.807217033 9743.72265 84.58699766 672.6969186 0.450892438 17.43267649
104.209 1150 0.0728 1.28476 10.3044075 10.30441839 10237.705 85.01120118 676.0704914 0.423895832 18.54290942
105.811 1200 0.0744 1.29181 1091772173 1091773327 10847.04913 86.31807434 686.4636909 0.408876082 19.22406901
107.51 1250 0.07895 1.29729 115552363 1155524851 11480.43693 87.70407776 697.4861915 0.409943585 19.17400905
109.488 1300 0.079 1.29895 12.23854618 12.23855912 12159.32362 89.31768269 710.3187437 0.387300495 20.29499605
111.797 1350 0.0796 1.29469 12.97728595 12.97729967 12893.28137 91.20130947 725.2987048 0.368027257 213578257
114.268 1400 0.0835 1.2855 13.7553808 13.75539534 13666.33946 93.21709197 7413296636 0.36422072 21.5810402
115.783 1450 0.0847 1.27818 14.43553076 14.43554602 14342.08667 94.45299261 7511584384 0.352047646 223272676
116.985 1500 0.08865 1.2795 15.08833766 15.08835361 14990.66782 95.43355536 758.9565819 0.352523551 22.2971259
117.788 1550 0.0932 1.27766 15.69830281 15.6983194 15596.68454 96.08862349 764.1661569 0.356216475 22.06596988
118471 1600 0.0959 1.28235 16.29866349 16.29868071 16193.15896 96.6457985 768.5972151 0.353034709 22.26484199
118.772 1650 0.09875 1.29028 16.8507009 16.85071871 1674162293 96.89134707 770.5499948 0.35161705 22.35460997
118.656 1700 0.10005 1.29942 17.34437207 17.3443904 17232.09846 96.79671706 769.7974285 0.346106139 22.71055354
118.861 1750 0.10305 131053 17.88534758 17.88536648 17769.57213 96.96395114 771.1273948 0.345701611 22.73712869
119.584 1800 0.1093 13149 18.50825768 18.50827724 18388.45001 97.55375718 775.8179586 0.354327954 22.1835786
119.934 1850 0.11415 131849 19.07805089 19.07807105 18954.55483 97.83927878 778.0886326 0.358998558 21.89496818
120.176 1900 0.11745 131892 19.63320954 19.63323029 19506.11983 98.03669658 779.6586416 0.358932274 21.89901152
120.948 1950 0.12055 131484 20.27931395 20.27933538 20148.04188 98.66647565 784.6670997 0.356668493 22.0380049
122.157 2000 0.12555 131653 21.00720678 21.00722898 20871.22291 99.65274883 792.5106567 0.358590845 21.91986245
122.845 2050 0.12785 1.32098 2165365943 2165368231 21513.49094 100.2140027 796.9741531 0.354258453 22.1879307
123.796 2100 0.1309 132287 22.35351702 22.35354065 22208.81822 100.9898057 803.1438989 0.351353735 2237136317
124.794 2150 0.13435 132164 23.07024047 23.07026485 22920.90217 101.8039501 809.6185637 0.349410813 22.49576062
125.137 2200 0.1377 131652 2367164156 2367166658 2351841027 102.0837613 811.8438243 0.349024855 2252063683
126.028 2250 0.14105 1.30465 24.38201076 24.38203652 242241811 102.8106177 817.6243117 0.3470998 22.64553886
126.66 2300 0.14495 1.29646 25.04882022 25.0488467 24886.67418 103.3261882 821.7245002 0.347201614 22.63889825
126.822 2350 0.14985 1.28229 25.62609408 2562612116 25460.21122 103.4583439 822.7754979 0.350852942 2240329514
126.69 2400 0.1537 1.27304 26.14409025 26.14411788 25974.8543 103.3506614 8219191294 0.352737088 22.2836279
126.552 2450 0.15565 1.26984 26.65968745 26.65971562 26487.11394 103.2380844 821.0238351 0.350303812 2243841416
126.438 2500 0.1596 127446 27.17925713 27.17928586 27003.32034 103.1450859 820.2842441 0.352327138 22.30955598
126.239 2550 0.1626 127876 27.67920946 2767923871 27500.03638 102.9827465 818.9932037 0.352466341 22.30074503
126.161 2600 0.16805 127634 28.20450141 28.20453122 28021.92801 1029191159 818.4871678 0.357495749 21.98700835
125.847 2650 0.17145 1.28027 28.675348 2867537831 28489.72671 102.6629623 816.4500488 0.358739818 2191075986
124911 2700 0.17465 1.28371 28.99909238 28.99912303 2881137543 101.8993959 810.3776176 0.361355755 2175214286
123.927 2750 0.1784 1.2812 29.30343867 29.30346964 29113.75162 101.0966724 803.9937797 0.365280976 2151839958
123.689 2800 0.18005 1.27448 29.77892842 29.77895989 29586.16343 100.9025177 802.4497214 0.362772912 2166716904
123.389 2850 0.1831 1.26036 30.23717829 30.23721024 30041.44696 100.6577849 800.5034293 0.363327169 2163411569
122519 2900 0.1879 1.2531 30.55071631 30.5507486 30352.95539 99.94805974 794.8591824 0.369025327 21.30006107
121.837 2950 0.19255 1.23943 30.90446067 30.90449333 30704.40989 99.39170051 790.4346118 0.373829135 21.02634942
121.709 3000 0.199 1.22735 31.39524706 31.39528024 31192.01932 99.28728118 789.6041939 0.380311942 20.66793371
121123 3050 0.20605 1.2193 31.76482115 31.76485472 31559.20109 98.80923645 785.8024368 0.389203732 20.1957519
121124 3100 0.21005 1.20692 32.28582248 32.2858566 32076.82986 98.81005222 785.8089244 0.390356686 20.13610188
120.851 3150 0.21605 119274 32.73261922 32.73265381 32520.7344 98.58734538 784.0377986 0.396026551 19.84781572
120.596 3200 0.21795 1.18481 33.18202128 33.18205635 32967.22739 98.3793225 782.3834504 0.394098541 19.94491526
120.84 3250 0.22305 117378 33.76867604 33.76871173 33550.08462 98.57837184 783.9664346 0.396313609 19.83343958
121633 3300 0.2255 116118 34.51320686 3451324334 34289.79594 99.22528221 789.1111332 0.392023429 20.05049042
122.181 3350 0.2285 1.15104 35.1939845 35.1940217 34966.16677 99.67232746 792.66636 0.389554798 20.17755155
122.933 3400 0.2342 114117 35.93911292 35.9391509 35706.47182 100.285791 797.5450654 0.390994212 20.10326946
123475 3450 0.23605 1.12669 36.62841162 36.62845033 36391.30855 100.7279416 801.0613664 0.386666645 20.32826496
123428 3500 0.24195 1.11975 37.14511372 37.14515298 36904.66594 100.6896001 800.7564473 0.390818151 20.11232588
124.205 3550 0.24545 1.10622 37.91293343 379129735 37667.5154 101.3234581 805.7973437 0.388442231 20.2353436
124.066 3600 0.25505 1.09697 38.40389179 38.40393238 38155.29568 101.2100652 804.8955617 0.398474819 19.72586883
123.967 3650 0.25755 1.09401 38.90620869 38.90624981 38654.36099 101.1293034 804.2532853 0.397185544 19.78989952

123.815 3700 0.26445 1.09659 39.39081279 39.39085442 39135.82815 101.0053054 803.267164 0.402809237 19.51360916
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