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[bookmark: _Toc1112452798]Introduction

This technical report will go over the process of testing an engine on an Schenck-WS230 engine dyno at UWTSD as well as the results of the testing of a 1.6L 4-cylinder HONDA engine. 
 The primary aim of this report is to evaluate the engines performance characteristics such as power, engine efficiency, torque and SFC at across varying engine speeds. These results will then be analysed, and the process will be evaluated to find which parts of the dyno session went well and which areas could be improved.























[bookmark: _Toc904937048]Equipment list
Engine – 1988 1.6L 4-cylinder Honda engine (Petrol).
Schenck-WS230 dynamometer – This specific dynamometer is an eddy current, used in development of engines, quality testing and component tests (Technical Specification Eddy-Current Dynamometer, 2001). It works by connecting to the engine's driveshaft having a controlled load applied to it which it then converts to heat energy with a strain gauge measuring the load at any one time while other sensors measuring parameters such as engine rpm. These values are then sent to the workstation computer and logged.
Airflow sensor – Works out the volume of air entering the engine at different point of the cycle. This data is used to the calculate Lambda which is the air-fuel ratio during the combustion cycle.
Fuel flow sensor – Provided live data of how much fuel was entering the engine in L/min. This sensors data was used to calculate SFC, energy in and thermal efficiency.
Temperature sensor - Recorded the ambient temperature in the room during the test. This was an important metric used in calculating corrected power.
Pressure sensor – Records the ambient pressure in the room where the dyno took place. This sensors data was used to calculate corrected power. 
Workstation computer – Runs a software through which all the data from the sensors was sent and sorted.

[bookmark: _Toc48542003]Method

1) Set up

· Secure the engine to the mountings and attach the fuel and airflow pipes.
· Then attach the exhaust extractor as well as any sensors you wish to use.

2) Testing 

· Calibrate the dyno to make sure all readings will be accurate.
· Turn on the engine and increase the engines rpm from the baseline of 1000rpm to 5500rpm in steps of 50.
· The engine is then turned off and the data collected can be analysed.

3) Analysing the data

· Calculations were then done based of the data collected to calculate Torque, Power, SFC, BMEP and Overall thermal efficiency.
· These values were then plotted into graphs and analysed to determine key characteristics about the engine.
[bookmark: _Toc1846472329]Spread sheet data results
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Table 1 - Table of excel spreadsheet


[bookmark: _Toc180278854]Spreadsheet data calculations
To begin this assignment, we were given the first 4 columns: Load, Dyno speed, Fuel flow rate and Lambda. The other 9 values were worked out by using the following equations, the car manual to find size specs and the calorific value of petrol used is 45.8 MJ/KG (ACEA, 2025).

[bookmark: _Toc1566733327]Torque (Nm)
Load (N) x Distance from pivot (M) = Torque (Nm)

[bookmark: _Toc1422173174]Torque (LbFt)
Torque (Nm) x 0.7376 = Torque (LbFt)

[bookmark: _Toc1135729243]Power (Kw)
(Engine speed (rpm) x torque (Nm)) / 9549 = Power (Kw)

[bookmark: _Toc1682433805]Corrected power (Kw)
(1.01325 / ambient pressure (Bar)) x Sqrt(ambient temperature (K) / 293) x measured power (Kw) = Corrected power (Kw)

[bookmark: _Toc1562081537]Brake horsepower (BHP)
(Torque (LbFt) x engine speed (rpm)) / 5252 = Brake horsepower (BHP)

[bookmark: _Toc125638414]SFC (Kg/bhphour)
(Fuel rate (L/min) x 60 x fuel mass (kg)) / Brake horsepower (BHP) = SFC (Kg/BHPhour)

[bookmark: _Toc1742310625]BMEP (PSI)
(75.4 x torque (LbFt)) / displacement (Cubic inches) = BMEP (PSI)

[bookmark: _Toc640938664]Energy in (Kw) 
((Fuel flow rate (L/min) x fuel mass (kg)) / 60) x calorific value of fuel (KJ) = Energy in (Kw)

[bookmark: _Toc716346924]Overall thermal efficiency (%)
(Power (Kw) / energy in (Kw)) x 100 = Overall thermal efficiency (%)
[bookmark: _Toc712580137]Graphical results
To better visualise the results from the engine dyno these are three have been created. They not only aid in visualising the results but also allow us to analyse characteristics of the engine as well as trends at different rpms.
[bookmark: _Toc1056582427]Graphical analysis
[bookmark: _Toc297355347]SFC against engine speed
SFC begins quite high at around 0.27 KG/hp-hour when the engine speed is at 1000rpm, before tailing off to around 0.2 KG/hp-hour at 1500rpm. The SFC then hovers around 0.2 KG/hp-hour until the engine reaches 2900rpm at which point the SFC rises to 0.22 KG/hp-hour where it plateaus again until 3800rpm when the SFC then steadily begins to rise at a gradient 3.3x10^-5 between 3800rpm and 5500rpm. The engine finishes the dyno cycle at 5500rpm and an SFC of 0.28 KG/hp-hour which is 0.01 higher than at the start. The reason SFC varies so much across the engine speed is that at low rpms the engine is running very inefficiently as it must overcome the internal friction of the engine. The SFC then will dip to as the internal friction becomes less significant compared to the power the engine is producing. Then SFC plateaus in the low-mid engine rpms, this is where the engine is most efficient thus the fuel consumption per unit of power is at its lowest points. Then the SFC slowly increases due to losses such as pumping air into the engine (The ICE in theory and practice, 1985) to keep up with combustion, running less efficient timing to protect components and losses due to the increased temperature inside the engine, “At high engine speeds, frictional losses increase due to higher speeds of moving parts, increased bearing loads, and increased oil shear.”(ICE Fundamentals, 1988). All these factors then lead to an SFC higher than that when the engine was at 1000rpm.

Figure 1 - Specific Fuel Consumption plotted against engine rpm






[bookmark: _Toc845690450]Torque against engine speed
The engines torque begins at just above 83Nm at 1000rpm. Torque then increases quite sharply to above 95Nm at 1500rpm before increasing to peak at 103Nm at 2350rpm. Torque then decreases at about the same rate it increased before until it reaches 98Nm at 3200rpm where it slightly increases to just above 100Nm before decreasing once again. It plateaus shortly between 4350rpm and 4550rpm around 92Nm before continuing to decrease in a linear pattern until the rev cycle finishes at 5500rpm with a torque of 72Nm which is 11Nm less than the beginning. Torque begins around a medium value at lower rpms due to the engine not being able to complete the combustion of the fuel, the slow speed of the piston also results in a less-than-optimal quantity of air being pulled into the cylinder leading to less powerful combustion thus less torque. At mid rpms the engine operates at a speed which combustion is optimised due to increased air intake resulting in optimal combustion, leading to highest cylinder pressure and therefore the peak torque. At high rpms the friction inside the engine is increased taking power to overcome decreasing torque output. In addition to this it gets harder to get air into the engine at fast enough speeds to keep pace with the piston, “At higher engine speeds, the time available for the intake and exhaust processes decreases. This leads to insufficient filling of the cylinders with air and fuel, resulting in a drop in torque production.” (ICE fundamentals, 1988). 

Figure 2 - Torque plotted against engine rpm








[bookmark: _Toc607390844]Brake power against engine speed
The BHP of the engine begins at around 12 at 1000 rpm. BHP then increases essentially linearly against engine speed with a gradient of 0.015, until it reaches around 3800rpm where it plateaus at around 54BHP. The BHP then slightly increases and peaks at just below 59BHP (between 4150rpm and 4700rpm), before tailing off and slowly decreasing until it finishes the rev cycle at 5500 RPM producing 55.9BHP. BHP varies the way it does due to the characteristics of torque in an ICE (internal combustion engine), BHP is calculated using the equation (Torque (LbFt) x RPM)/5252, thus when torque decreases the BHP will begin to plateau and even decrease. Looking at figure 2 (torque against engine speed) you can see the torque increases from about 83Nm to around 100Nm where it then hovers around until around 3850rpm where it decreases steadily until flattening out around 4150rpm, which is reflected in the BHP against engine speed where you can see the BHP begins to plateau at the same time the torque does and even starts to decrease above 4700rpm which is when torque begins to rapidly decrease. “Since brake horsepower (BHP) is the product of torque and engine speed, the reduction in torque at higher RPMs leads to a corresponding decrease in BHP beyond the engine’s peak power output.” (Automotive Engineering: P, C and V, 2009).
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Figure 3 - Brake Horsepower plotted against engine rpm











[bookmark: _Toc1654532527]Conclusion
Based on the data gathered as part of this experiment we can draw several conclusions about the characteristics of the tested engine. The graphs as well as the analysis clearly show the relationship between Engine efficiency, Horsepower torque production. The engine starts off inefficient before it reaches its most efficient in the mid to low revs which is when the SFC is at its lowest value, where the Fuel to air ratio is at its optimal point for power efficiency. Before increasing due to inefficiency such as increased friction and air pumping losses. 
Torque also similarly peaks at the low to mid revs however as the engine speed continued to rise factors such as friction and air intake limitations lead to a steady decrease in the torque produced. The decrease in torque directly corelates to the plateau and eventual decrease in horsepower production at higher engine speeds.
In conclusion this test has demonstrated that the optimal window is around the mid-range of rpms, this is consistent with the expected characteristics of an internal combustion engine of this kind. In this window Torque, power and efficiency are all balanced against each other operating around their peaks.


















[bookmark: _Toc1860441819]Evaluation
Unfortunately, during the writing of this report the engine dyno was broken meaning we were not able to directly collect the results ourselves. This led to us having to fall back upon previously recorded data as well as videos walking through how to set up and operate the dyno. The lack of first-person experience of setting the system up, operating it and recording the data meant we were unable to confront any discrepancies in the testing process. 
This does lead to a small amount of uncertainty in how accurate the setup/data collection was conducted. However, being as the data was retrieved in the presence of a UWTSD lab technician the likelihood of this is low. Therefore, the data should still be deemed as accurate especially considering the high corelation between theoretical trends and the ones exhibited by the data.
If we were to reconduct this test it would be good to get a hands-on attempt in the setup, operation and data collection. It would also be interesting to complete multiple tests varying different conditions which were not changed before such as air density, humidity, ambient temperature and fuel type. Varying these factors would help to understand how the engine would operate in different scenarios such as new climates and altitudes, which may aid in the development of ways to increase efficiency in different real-world situations.
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