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1. Introduction

This technical report delves into the application of the Schenck W230 Dyno in conjunction with a Honda CRX 1.6 L engine, aiming to evaluate critical performance metrics, including power, torque, brake mean effective pressure (BMEP), specific fuel consumption (SFC), and overall thermal efficiency. Furthermore, a graphical representation of these parameters against engine speed will be conducted to unveil relationships in engine behaviour.
Determining power and torque serves as foundational metrics, representing the engine's ability to produce mechanical work. A comprehensive characterisation of the Honda CRX 1.6 L engine's power and torque curves can be achieved by testing the Schenck Dyno while accounting for environmental factors and drivetrain losses. This facilitates comparative analysis.
BMEP is a crucial indicator of engine efficiency as it shows the average pressure on the piston during the power stroke. This parameter provides insights into combustion dynamics and mechanical integrity. The Honda CRX 1.6 L engine's operational efficiency will be determined by conducting dyno experiments to identify its BMEP profile.
The SFC and overall thermal efficiency are necessary measures used to assess an engine's fuel economy and environmental impact. SFC calculates fuel consumption per unit of power output, providing a detailed understanding of the engine's efficiency. On the other hand, overall thermal efficiency measures how effectively the engine converts fuel energy into practical work, considering heat and friction losses. These metrics are determined through dyno testing and offer valuable insights into the performance characteristics of the Honda CRX 1.6 L engine.
Graphical representation is crucial in helping visualise the complex relationships between performance parameters and engine speed. By plotting SFC against engine speed, torque against engine speed, and brake power against engine speed, we can better understand how these variables interact dynamically and gain a deeper comprehension of engine behaviour across different operating regimes.

2. Methodology and Testing Equipment 

The Schenck W230 is an Eddy-current dynamometer used to test combustion engines, such as the Honda CRX 1.6L engine (Honda 1987). The dynamometer is designed to absorb the power produced by the engine and convert it into heat energy. The test stand controller regulates the speed and desired torque during the test. The engine can be controlled via a throttle position control unit. When working in conjunction, data can be collected on engine speed, load, fuel flow rate, and lambda values (Schenck 2001, pp.1–34). Through preparation, calibration, testing procedures, data analysis, interpretation, and reporting, this methodology provides insights into understanding and enhancing engine efficiency. 

2.1 Preparation and Calibration
Before starting any testing, it is crucial to prepare and calibrate all equipment thoroughly. The Honda CRX 1.6L engine should be inspected and maintained for optimal performance. The Schenck W230 dyno must also be set up according to the manufacturer's specifications to ensure precise calibration (TWI Global 2024). This involves calibrating sensors for engine speed, load, and fuel flow rate to provide accurate data acquisition.

2.2 Lambda Sensor Setup
Incorporating a lambda sensor into the exhaust system makes it easier to measure the air-fuel ratio, a critical parameter for evaluating engine performance (Atkins and Escudier 2019). The lambda sensor should be installed and appropriately integrated with the data acquisition system to enable real-time monitoring and recording of lambda values during testing. This data is essential for accurately evaluating the engine's performance.

2.3 Acquisition Setup
The data acquisition system is configured to capture engine speed, load, fuel flow rate, and lambda values at the desired sampling rate. This ensures comprehensive data collection under varying operating conditions, allowing for a detailed engine performance analysis (Smith 2024).

2.4 Testing Procedure
It is crucial to perform systematic test runs on the dynamometer to collect valuable data. By adjusting the engine speed and load conditions, we can evaluate the engine's performance under different operating regimes. To ensure data accuracy, each test run is conducted under controlled conditions that minimise external variables.

2.5 Data Analysis
After the testing phase, the collected data is subjected to a thorough analysis to extract valuable insights into the engine's performance (IQS Directory 2022). A statistical analysis and graphical representation elucidate the relationship between engine speed, load, fuel flow rate and lambda. This helps better understand the engine's behaviour and identifies areas that can be optimised for better performance.

2.6 Interpretation and Reporting
Interpreting the analysed data is crucial for deriving meaningful conclusions about engine performance. A detailed report summarising the test results, accompanied by graphical representations, provides a comprehensive overview of the findings. 

Dyno testing and data analysis methodologies offer invaluable insights into engine performance evaluation and optimisation. Applying a Schenck W230 dyno with a Honda CRX 1.6L engine enables comprehensive data collection and meaningful insights through meticulous preparation, calibration, testing procedures, data analysis, interpretation, and reporting. 
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4. Graphical Comparison 
4.1 SFC against Engine Speed 

Specific fuel consumption (SFC) is affected by numerous factors that relate to the engine's efficiency and operation (Qinsheng and Xiangjun 2023). One of the most significant factors is thermodynamic efficiency. Engines are designed to function at their best within specific speed ranges. The engine's thermodynamic efficiency may vary at different speeds (Sakia 2019). Lower engine speeds may enable the engine to operate closer to its maximum thermodynamic efficiency (Heywood 2018). This means the engine can extract more useful work from the fuel consumed, leading to lower fuel consumption for a given power output. Figure 1 illustrates the SFC's increased efficiency when the engine runs between 1500 and 3500 RPM. Another factor that could contribute to varying SFC is lower engine load. When the engine operates at lower speeds, it may experience lower loads, requiring less fuel to maintain the lower power output. 

4.2 Torque against Engine Speed 

Torque is directly influenced by the engine's design, operation, and the physics of combustion (Power Electric 2023). One factor affecting torque is the engine's geometry, which includes the bore, stroke, and cylinder arrangement (Pan and Moskwa 1993). The bore and stroke determine the engine's displacement volume. Engines with a larger bore produce more torque at higher engine speeds due to increased airflow and better breathing ability. On the other hand, engines with a longer stroke may produce more torque at lower engine speeds as they can generate higher piston speeds and greater leverage on the crankshaft. Engines with different geometries may exhibit varying torque curves across the engine speed range. Figure 2 shows that the torque is higher at lower engine speeds, indicating that the engine has a longer stroke. 


Combustion characteristics also play a significant role in torque output. The combustion process within the engine cylinders can cause the graph to vary significantly. The air-fuel mixture has more time to burn at lower engine speeds, which can result in a higher torque output per combustion cycle. At higher engine speeds, there is less time available for combustion, which can affect torque output (Sugihara et al. 1992). These characteristics are visible in Figure 2. 

4.3 Brake Power against Engine Speed 

Brake power is the power output of the engine measured at the crankshaft (Atkins and Escudier 2019). Several factors can cause variations in brake power with engine speed. Engine efficiency, for instance, typically changes with engine speed, causing the engine to operate closer to or further from its peak efficiency point at different speeds. This variation affects the amount of power generated from fuel combustion (Matthews 2014). The engine tends to operate closer to its peak power output at higher engine speeds due to better combustion characteristics, resulting in higher brake power, as illustrated in Figure 3. However, frictional losses can also play a role in varying results. Friction between moving engine components contributes to losses in power. At higher engine speeds, frictional losses tend to increase due to the higher velocity of moving parts, potentially reducing brake power. Figure 3 shows a loss in power as it reaches its maximum engine speed, which could suggest friction losses in brake power as the engine speed reaches its maximum velocity (M 1984).

5. Conclusion 

Engine performance is a complex subject that involves various characteristics such as brake power, specific fuel consumption, and torque. These characteristics are all interconnected and influenced by factors such as engine speed, geometry, and combustion characteristics. 
To achieve optimal engine performance, it is crucial to understand the relationships between these factors. For example, the engine operates most efficiently within specific speed ranges, which results in the best performance in terms of power output, fuel efficiency, and torque.
Designing engines tailored to specific applications or performance requirements is essential in optimising engine performance and improving fuel efficiency. By understanding the relationships between engine performance characteristics, designers can create engines that operate at their best and deliver the desired performance. A range of factors, such as engine speed, geometry, and combustion characteristics, are interconnected and influence engine performance characteristics like brake power, specific fuel consumption, and torque. The engine operates most efficiently within specific speed ranges, resulting in optimal power output, fuel efficiency, and torque performance. Understanding these relationships is crucial for designing engines that cater to particular applications or performance requirements, optimising engine performance, and improving fuel efficiency.

6. Evaluation 

Upon reflecting on the dynamometer test conducted with the Honda CRX engine in the workshop, I have identified areas where my performance was satisfactory and where improvement could have been made. 
Regarding my performance, I felt confident in my ability to execute the dynamometer test. I prioritised safety protocols, ensured the equipment was calibrated correctly, and collected data efficiently throughout the testing process. Moreover, I demonstrated a solid understanding of the concepts behind dynamometer testing and engine performance analysis. 
However, there were areas where my performance could have been improved. I acknowledge that there is always room for technical proficiency enhancement. Becoming more proficient with the dynamometer equipment and understanding its intricacies could have allowed for smoother operation.

7. References 

Atkins, A.G. and Escudier, M. 2019. A Dictionary of Mechanical Engineering. Oxford Oxford University Press.
Heywood, J.B. 2018. Internal Combustion Engine Fundamentals. 2nd ed. New York: Mcgraw-Hill Education.
Honda . 1987. Shop Manual Honda Civic Coupe CRX . 1st ed. Honda Motor Company .
IQS Directory . 2022. Dynamometer: What Is It? How Does It Work? Types, Uses. Available at: https://www.iqsdirectory.com/articles/dynamometers.html.
M, H. 1984. Reducing friction losses in automobile engines. Tribology International 17(4), pp. 185–189. Available at: https://www.sciencedirect.com/science/article/pii/0301679X84900173.
Matthews, R.D. 2014. Relationship of brake power to various energy efficiencies and other engine parameters: the efficiency rule. International Journal of Vehicle Design 4(5), pp. 491–500.
Pan, C.-H. and Moskwa, J.J. 1993. An Analysis of the Effects of Torque, Engine Geometry and Speed on Choosing an Engine Inertia Model to Minimize Prediction Errors. Available at: https://ieeexplore.ieee.org/abstract/document/4793184 [Accessed: 15 March 2024].
Power Electric . 2023. What is the Difference Between Speed Versus Torque?. Available at: https://www.powerelectric.com/motor-resources/motors101/speed-vs-torque#:~:text=Since%20the%20rated%20output%20power.
Qinsheng, Y. and Xiangjun, W. 2023. Random Forest Method for Estimation of Brake Specific Fuel Consumption. 1st ed. London: Nature Publishing Group.
Sakia, M. 2019. Thermodynamic Efficiency Gains and their Role as a Key “Engine of Economic Growth.” 1st ed.
Schenck. 2001. Technical Specification Eddy-Current Dynamometer W Series . Damstadt: Schenck Pegasus. pp. 1–34.
Smith , G. 2024. Data Acquisition (DAQ) - The Ultimate Guide. Available at: https://dewesoft.com/blog/what-is-data-acquisition.
Sugihara, H., Aoyagi, Y., Endo, S., Otani, T. and Joko, I. 1992. Effects of High-Boost Turbocharging on Combustion Characteristics and Improving Its Low Engine Speed Torque. Available at: https://www.sae.org/publications/technical-papers/content/920046/ [Accessed: 15 March 2024].
TWI Global . 2024. Eddy Current Testing (Includes Eddy Current Array). Available at: https://www.twi-global.com/technical-knowledge/job-knowledge/eddy-current-testing-123#:~:text=defect%2Dfree%20sample.- [Accessed: 15 March 2024].

Specific Fuel Consumption 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	362.59026726403738	353.47202552110406	340.37298876228272	319.99359243958139	308.65537349541768	309.46121832120303	292.36823626761446	277.81911341973336	274.94560709643099	265.75630780182217	266.11556253324278	268.90330375764995	266.50142877454033	265.43125591411427	261.27113944830182	260.96576583284593	267.47768279903738	271.00346302788773	270.95342620242729	269.24452672655974	270.69568585087382	267.42521778731981	265.23248299929088	263.76579576546447	263.47444104030228	262.02124122047405	262.09809928512232	264.85444055868874	266.27675830941808	264.43990904827513	265.96729252474699	266.07237530528874	269.8690110901764	270.8081435029186	272.78288115130397	275.74598093264854	273.85267502024362	274.27107660453879	278.57254397804434	282.1988773406834	287.09266653130965	293.80496594028347	294.67531673409889	298.95542583247016	297.49999545884083	299.17212175418132	295.9335196336408	294.0699810373934	295.15657702783147	291.8897512066369	295.02367038830658	293.23011839286994	300.80359213006517	299.83033490414221	304.07558910629899	300.87532149952108	302.2505660462628	305.32398633705355	305.05749972431477	311.26248152078784	312.25963507624414	314.49666316106379	316.10282348979996	319.28658746036746	319.03539766046231	320.16477947699781	323.62876754602024	325.05009530867972	325.07730128335498	321.83022820858304	324.86217579869952	324.66469239407616	325.99921081791553	326.95969551958694	326.83458085412911	331.55571168345836	332.62984127618836	336.13067842990796	339.93779508429856	341.54886374644946	342.50407446488293	346.43652379044374	348.9749493170807	353.16881982771451	356.67486480148062	357.05623292584204	359.92281029205844	359.522614747457	368.70019078525058	373.67628567618038	376.84326323627801	Engine Speed (RPM)


SFC (g/kw.h)



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	83.433490399999997	83.825878656	84.586997663999995	85.011201184000001	86.318074335999995	87.704077760000004	89.317682687999991	91.201309471999991	93.217091967999991	94.452992607999988	95.43355536	96.088623487999996	96.645798495999998	96.891347072000002	96.796717055999991	96.963951135999991	97.553757183999991	97.839278783999987	98.036696575999997	98.666475647999988	99.652748831999986	100.21400272	100.989805696	101.80395014399998	102.08376131199999	102.810617728	103.32618815999999	103.458343872	103.35066144	103.238084352	103.145085888	102.982746464	102.919115936	102.66296227199999	101.89939593599999	101.096672352	100.90251766399999	100.65778486399999	99.948059743999991	99.391700512	99.287281183999994	98.809236447999993	98.810052223999989	98.587345375999988	98.379322496	98.578371840000003	99.225282207999996	99.672327455999991	100.285791008	100.72794159999999	100.689600128	101.32345807999999	101.21006521599999	101.129303392	101.00530543999999	100.96614819199999	100.75567798399999	100.072873472	99.652748831999986	98.858998783999994	97.896383103999995	96.860347583999996	95.806364991999985	95.037903999999997	94.573727455999986	93.841976383999992	93.317432416000003	93.011516415999992	92.893228895999997	92.986227359999987	92.432315455999998	92.243055423999991	91.525988319999982	90.600898336	89.713334047999993	88.637325503999989	87.350030975999985	85.852266239999992	84.540498431999993	83.482436959999987	82.479848255999997	81.018711862399996	79.604645743999995	78.190987513599993	77.338256860799987	75.94678773759999	74.878936953600004	73.904247788799992	73.124039622399991	72.543370265600004	72.316421382399994	Engine Speed (RPM)


Torque (Nm)
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