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[bookmark: _Toc130745715]Introduction
The aim of this test is to calculate and evaluate engine performance from raw data gathered from a dynamometer. To accomplish this, a working understanding of the dynamometers function and use is required. The aim is to gather raw data from a 1988 Honda 1.6 VTEC D16 engine and perform calculations to acquire the corrected Power, Torque, BMEP, SFC, and Overall Thermal Efficiency of the engine.
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An engine dynamometer is a device used to measure the power output of an engine. Dynos works by connecting the engine to a series of sensors and load cells that measure the torque and rotational speed of the engine's output shaft. For more information on different types of dynamometer, see Appendix 1.
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Description automatically generated with medium confidence]Table 1 – Advantages and disadvantages of different dynamometer types (Martyr, Rodgers, 2021)

The Schenck Ws230 eddy current dyno will be used to collect data for the D16 VTEC engine being tested, as it can accommodate up to 10000 rpm and 130 Kw max load and supports up to 2000 sensor options (Schenck, n.d). Eddy current dynos induce an eddy current in a conductive disk attached to the engine's output shaft, causing it to spin, and a stationary outer casing fed by a current generates an electromagnetic field, placing a load on the inner core and loading the engine. A strain gauge measures the strain and sends a 0-10v signal to the control computer, providing accurate load control and precise measurements of engine performance (Dyno overview, n.d.).
The engine's exhaust system includes a silencer extraction unit and a LAMBDA sensor to measure the chemical composition of the exhaust gases and ensure compliance with emission standards. Real-time engine parameter data such as RPM, temperature, pressure, and fuel flow are collected by the engine data acquisition system and sent to a computer system for analysis (Dyno overview, n.d.). Lambda readings obtained through engine testing are crucial to optimize engine performance, fuel efficiency, reduce emissions, and diagnose engine problems (Garbe, 2022).
The dyno's cooling system regulates its temperature by removing the heat generated from the braking process. The fuel delivery system maintains a constant, modifiable, and quantifiable flow of fuel that is securely stored in a fuel safe fixed to the wall (Fall, 2023). The fuel management system measures the precise quantity of fuel consumed, and the fuel consumption is recorded, as opposed to the fuel quantity within the system (Fall, 2023). The presence of a fuel supply board enables the constant delivery of fuel to the engine under test, thereby allowing the engine to operate at a uniform and measurable fuel flow rate, which is crucial for optimizing fuel efficiency, power output, and emission performance (Fall, 2023). Figure 1 shows the path of the fuel through the system in numerical order.
The D16 VTEC engine being tested has sensors for coolant temperature, fuel flow meter, and lambda sensor, and throttle control is computerized. The engine is a self-contained unit on the engine rig, and all functions are remotely controlled (Fall, 2023). 
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Figure 1 – Dyno and driveshaft (youtube -Dyno overview, n.d.)
[image: ]
Figure 2 – Fuel supply system. 
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Figure 3 – Dyno calibration arm. (youtube -Dyno overview, n.d.)


Table 2 – Calibration process. In order to interpret the 0-10v signals correctly the system must be calibrated. 
	Calibration process

	Calibration arms used, one on either side of the dyno of a known length. (figure 3)

	Known mass in Kg hung on one end of arms to apply torque to central axis of outer casing of dyno. (figure 3)

	Strain gauge records resulting signal in voltage logged on computer.

	Calibration factor established by correlating signal voltage with known masses.
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Table 3 - The engine test can be carried out in one of the ways listed below. Each method has various benefits and disadvantages.

	Test methods

	Manual control of engine throttle and dyno current functions with data displayed on screen.

	Automatic step system to mimic various real world conditions.

	P-curve test with step or sweep test.

	Sweep test starts at lower RPM and finishes at higher RPM over certain period of time.
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The raw data taken from the dyno test :
· Load (Newtons)
· Dyno speed (rpm)
· Fuel flow rate (l/min)
· Lambda (Lambda)
Additionally atmospheric readings were taken in order to calculate corrected power.
· Pressure (mBar)
· Humidity (%)
· Temperature (oC)
[image: ]Table 5 - Below is a table of the calculated data and formulae used. (see excel sheet for full data)
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Torque is what enables an engine to do work. Torque is the rotational force that an engine produces and is what determines its ability to accelerate and tow loads. Torque is also important for overall engine performance and efficiency. (Zammit, 1987). Engines that produce high levels of torque can often operate at lower RPMs, which can reduce engine wear and increase fuel efficiency. In addition, high-torque engines can provide better performance in a wide range of driving conditions, including steep hills, rough terrain, and off-road environments. (Stockel, Johanson, and Stockel, 2015)
Torque = Force x Distance, so with regards to the ICE this is the ability of the crankshaft to impart a twisting action, because the dyno is directly connected to the engines crankshaft this means that:
[image: ]Torque = Load in newtons measured by dyno * Dyno calibration arm length.
Figure 4 – RPM vs Torque graph from tested data. (Original image.)
The data shows that torque generally increases with increasing engine speed but with some fluctuations and deviations from the trend. These fluctuations are influenced by various factors that change as RPM changes, including the throttle valve, engine efficiency, and engine design. Larger displacement or higher compression ratio engines produce more torque at lower speeds, while low RPM optimizes low-end torque, and high RPM optimizes high-end horsepower.
The engine's torque output reaches a maximum value of 103.4 Nm at around 3350 RPM and then decreases beyond this point due to factors like air intake restrictions, valve timing, and increased friction. The torque curve is relatively flat between 2000 RPM and 3000 RPM, ranging from 98.04 N/m to 100.76 N/m, indicating good low-end torque suitable for quick acceleration from low speeds. 
An aftermarket air filter has been fitted to the engine is adversely affecting the torque output by causing the engine to run lean, altering the stoichiometric ratio of combustion. Figure 5 below shows the optimal lambda range, the engine tested is outside of that range throughout the test this shows that the engine is running lean or not at lambda 1 and the fuel air ratio has not been adjusted for the [image: ]aftermarket air filter. (Flamarz Al-Arkawazi, 2019)., (Hillier, 2014).
Figure 5 – Lambda 
Overall, the data suggests that the engine is a suitable choice for a city car requiring quick acceleration due to its good low-end torque and peak torque value achieved at a low RPM. However, the torque output is subject to various factors that vary with RPM, such as throttle valve, engine efficiency, engine design, and aftermarket air filter, which can lead to suboptimal torque production. The engine's maximum torque from the factory is presented in Table 6, which indicates a loss of 63.52 Nm of torque, possibly due to a combination of the aforementioned factors. (web.archive.org, 2003) 










[bookmark: _Toc130745720]Corrected brake power
The brake power of an engine is the useful power available at the crankshaft of the engine. It is measured by running the engine against some form of absorption brake, hence its name. (Zammit, 1987)  The mention of “Useful” power refers to the power that is left over when Frictional power is deducted from indicated power. Brake power is not a constant and increases with rpm as can be seen in figure 5. (Stockel, et al., 2015)
Corrected brake power (CBP) is calculated by using brake power, and then applying a correction factor to account for variable factors such as ambient temperature, atmospheric pressure, and humidity. This correction factor is used to adjust the measured power output to a standard reference condition, typically 25 degrees Celsius and a pressure of 1 atmosphere (101.3 kPa). By correcting for these factors, CBP provides a more accurate measure of an engine's power output. (Martyr et al., 2012)

Once the variable factors have been accounted for the CBP can be calculated:

[image: ]Figure 6 - RPM vs Brake power graph from tested data. (Original image.)
[image: ]CBP increases as rpm increases up to 44.44 kW at 5250 rpm and then begins to decrease. The increase can be explained by a number of factors including an increased air and fuel flow as rpm increases this increase can lead to more complete combustion resulting in higher CBP. At higher rpm there is more turbulence within the cylinder which can improve the mixing of the fuel/air mix leading to a more effective combustion. (Bari, et al,. 2020) Also at higher rpm, the engine operates at higher temperatures and pressures, which can improve its thermodynamic efficiency. This means that a greater portion of the energy released during combustion is converted into useful work. 
Figure 7 – Torque and CBP vs RPM
Figure 7 shows the trend between torque and CBP, there are two dips visible in both curves between  2600 – 3400 and 4000 – 6000 rpm. This show the relationship between torque and power. This is to be expected as both engine torque and corrected brake power are related to the engine's power output. There are several factors that can cause them to be slightly different including:
· Drivetrain losses
· Measurement accuracy
· Engine performance
· Testing conditions
Overall, the specific reasons for the observed trend in Brake Power with engine speed would depend on the details of the engine design, such as the combustion process, intake and exhaust system design, frictional losses, and thermodynamic efficiency.
[bookmark: _Toc130745721][image: ]Specific fuel consumption (SFC)
Figure 8 - RPM vs SFC graph from tested data. (Original image.)
The specific fuel consumption (SFC) of an engine is affected by various factors, such as friction, pumping losses, combustion process, and engine efficiency. Generally, SFC values increase with engine RPM due to increased friction and pumping losses, requiring more fuel to produce the same amount of power. However, The Honda engine data shows a U-shaped curve in figure 8, with SFC decreasing as RPM increases to a peak efficiency point, followed by an increase as RPM increases further. The graph shows the flat spot at 1500-3000 RPM as the engine's most efficient point, with peak efficiency likely occurring between 3000 and 4000 RPM, and SFC values ranging from around 0.26-0.27 kg/kW.h. The decrease in SFC as engine speed increases is due to the combustion process and engine efficiency. At higher speeds, there is less time for the air and fuel mixture to burn completely, leading to incomplete combustion and wasted fuel, resulting in a higher SFC. Conversely, at lower engine speeds, there is more time for the mixture to burn completely, resulting in a more efficient combustion process and lower SFC. (Plint et al,. 1999). However, at lower engine speeds, the engine may operate at less-than-optimal efficiency, resulting in incomplete combustion and higher fuel consumption. As the engine speed increases, it may reach a more efficient point, resulting in better combustion and lower SFC values. At higher speeds, the engine may operate at a less-than-optimal efficiency point due to increased friction and other losses, leading to increased SFC. The data shows that SFC values decrease as engine speed increases up to a point, then level off and eventually increase slightly at the highest engine speeds. The SFC values are relatively high at lower engine speeds (1000-2000 rpm), ranging from 0.360 to 0.264 kg/kW.h. As the engine speed increases, the SFC values start to decrease, reaching a minimum value of 0.259 kg/kW.h at 1800 rpm, indicating more efficient engine operation. After reaching the minimum value, the SFC values level off and slightly increase at the highest engine speeds (5000-5500 rpm), which is consistent with the need for more fuel to maintain power output due to increased air resistance and other factors. Variability in SFC values at the same engine speed may be due to measurement error or small changes in engine conditions. (Stocket et al,. 2015) Overall, the data confirms the expected trend of decreasing SFC values at increasing engine speeds up to a certain point, followed by a slight increase at the highest speeds.
[bookmark: _Toc130745722]Conclusion
Dyno test shows engine suitable for city car requiring quick acceleration due to good low-end and peak torque at low RPM. Torque output affected by RPM and factors like throttle valve, engine design, and aftermarket air filter. Corrected brake power increases up to 44.44 kW at 5250 RPM due to increased air and fuel flow, complete combustion, and improved thermodynamic efficiency. Aftermarket air filter causing lean condition, altering stoichiometric ratio, leading to suboptimal torque production and deviations from expected performance. 
Figure 9 –Shows the max engine efficiency of 32%. This is as expected according to the average thermal efficiency of a gasoline engine. (Ingram, 2014)
[bookmark: _Toc130745723]Evaluation
I believe that I executed the assigned tasks competently and independently, meeting the required level of detail and obtaining the necessary results. However, I also acknowledge some shortcomings that affected the quality of my work. For instance, my proficiency in using Excel was limited, and the failure of the dyno drive shaft prevented me from collecting my own data. Additionally, a more extensive data set would have enabled a more comprehensive analysis of the engine's performance, and a higher word count would have allowed me to delve deeper into the available data.
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An engine dynamometer is a device used to measure the power output of an engine. Dynos works by connecting the engine to a series of sensors and load cells that measure the torque and rotational speed of the engine's output shaft. The dyno then calculates the power output of the engine by multiplying the torque by the rotational speed. The results can be used to evaluate the engines performance, optimize its tuning and diagnose any issues. The main reason for using an engine dyno is to accurately measure the power output of an engine under controlled conditions. (Martyr, Rodgers, 2021) This is particularly important for high performance engines, where even small improvements in power output can make a significant difference. Dyno testing allows for precise tuning of the engine, which can improve its power and efficiency. Additionally, dyno testing can be used to diagnose issues with the engine, such as knocking, misfires, or other problems that affect its performance. 
There are five main types of dynamometer: 
· Hydrokinetic/hydraulic or “water brake” : A hydraulic dynamometer uses hydraulic fluid to apply a load to the engine. This type of dynamometer was developed in England in 1877 where it was used to compare the power outputs of marine steam engines. Today it is used for testing large engines, such as those used in ships and power plants. Among this family of  “water brake” dynos are some of the largest dynos ever made. Hydraulic dynamometers can be further separated into: 
1. Constant fill machines
2. Variable fill machines
3. Bolt-on variable fill machines
4. Disk dynos.
· Hydrostatic : Hydrostatic consist of a fixed stroke and a variable stroke positive displacement multi-piston hydraulic pump/motor and uses water or oil, to create resistance. The resistance is controlled by a valve, and the power output is calculated by measuring the torque and engine speed. Hydrostatic dynos are commonly used in testing large engines and can handle high power and torque levels. However, they can be more complex and expensive than other types of dynos.
· Electrical : Electrical dynamometers uses an electric motor to absorb the power produced by the engine. The electric motor acts as a generator, converting the mechanical energy produced by the engine into electrical energy, which is then measured to determine the engine's power output. The electrical power produced by the motor is equal to the engine's mechanical power output. Electrical dynamometers are highly accurate and have a wide operating range but are more complex and expensive than other types of dynamometers.
1. AC  and DC Dynos -  AC and DC dynamometers use either an AC or DC motor/generator to create resistance to the engine's rotation. 
2. Eddy current - Eddy current dynamometers use a magnetic field to create resistance to the engine's rotation.
· Friction : The Successor to the earliest rope brake dynos, the friction dyno uses a water cooled rotating drum or disk to create friction and absorb the power generated by an engine. The amount of resistance is measured and used to determine the engine's power output. 
· Air brake : Now mainly obsolete the air brake dyno uses compressed air to create resistance and consists of an air compressor, a control valve, a brake assembly, and sensors to measure the engine's power output.
· Hybrid : Hybrid dynos are a combination of two or more of the dynos mentioned above, usually an electric dynamometer is used to absorb the high-frequency components of the engine's power output, while the hydraulic dynamometer is used to absorb the low-frequency components. (Martyr, Rodgers, 2021)
To test the engine various testing equipment and methods are needed. The primary device used is the eddy current dyno, which applies a load to the engine and measures the resistance generated by the engine. Other equipment used includes an exhaust gas analyser, engine data acquisition system, cooling system, and fuel supply system. 
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than the best fixed
machines.

Poor low-speed
performance.

Mechanically complex,
noisy, and expensive.
System contains large
volumes of high-pressure
oil.

High inertia, commutator
and brushes require
‘maintenance, harmonic
distortion of supply
possible.

Expensive. Large drive
cabinet needs
suitable housing. Care
must be taken in
connection into the
facility power system.
Some RF emission.

Very expensive. Large
drive cabinet needs
suitable housing.

Vulnerable to poor
cooling supply. Not
suitable for sustained
rapid changes in power
(thermal cycling).

Limited speed range.

Noisy with limited
control accuracy.
Complexity of
construction and control.
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Figure 1 — Fuel supply board
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RPM vs Torque
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RPM vs Corrected brake power
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Torque and CBP vs RPM
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RPM vs SFC
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