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Introduction

The purpose of this investigation is to analyse the performance characteristics of a Honda 1.6L VTEC engine using a controlled eddy current dynamometer. The relationship of between speed torque power output and fuelling are all very important in understanding how an internal combustion engine work, and how to optimize for different aims like efficiency or power etc. 
Using many sensors key engine parameters were able to be recorded including engine speed, torque brake power SFC and lambda along with ambient temp humidity and barometric pressure. Using this data in several equations allows us to create data graphs and easier explain what is going on with the engine in relation to the graph subjects. 
The aim of this assignment is to interpret this experimental data to evaluate how the engine behaves under varying load and speed conditions. This includes identifying trends in torque and power delivery, assessing the efficiency characteristics through SFC and thermal behaviour, and examining changes in air–fuel ratio relative to engine load. Graphical analysis is used throughout to illustrate these relationships clearly, allowing meaningful conclusions to be drawn regarding the engine’s performance and operating efficiency. This report also reflects on the testing procedure and suggests improvements to enhance the reliability and accuracy of future experiments.









Methodology
[image: ]Figure 1 Shows most of the equipment used in the experiment. 
[image: ]
Figure 2 shows an image of the engine used to collect the data, a 1.6 Vtec Honda inline 4, supposedly taken from a jazz.

[image: ]
Figure 3 shows the specifications of the dynamometer on the dyno itself. 

[image: ]Figure 4 shows the strain gauge used to measure the torque produced from the engine.
[image: ]Figure 5 shows the calibration arms used to  












Testing equipment 
· Eddy Current Dynamometer- the dynamometer used in the video and the experiment is an Eddy current dynamometer which works with as stator (outer casing) only when the inner rotor is spinning will it produce Eddy currents by moving through the magnetic field to produce a current controlled resistance against the engine. When the engine increases the rotation Eddy currents form inside the casing and produce a resistive torque proportional to load. This load can be extrapolated by a program in the control room but is read by the strain gauge.
· Dyno strain gauge- strain gauge load cell connected to the reaction arm on the eddy current outer housing. 
· Calibration arms- both calibration arms are designed specifically to cancel out any mass imperfections with the dyno
· Lambda sensor, AFR, air fuel ratio 
· coolant temperature () 
· Fuel flow meter
· Coolant temperatures 
· speed sensor, reading the RPM with a tachometer
· 1.6 Vtec Honda engine
· Sensor recording modules
· Fuel supply board
· Exhaust extraction system
· Barometric pressure
· Air temperature 
· Air Humidity 







Testing procedure 
Engine warm-up
The engine is started with little throttle, then whilst idling oil and coolant temp and AFR are checked
Data collection
We want a reliable reading of all the sensors and meters at different rpms. This means that the dyno needs to be kept at a steady rpm for a second whilst all data points are logged either by the program or the operator. Which will require the operator to apply a different load after every engine speed is reached for a more accurate reading when the engine and dyno is more stable. 
Collected data
Once the operator or the program decides the the engine and dyno are stable, they can take a reading of 
1. Dyno speed (RPM)
2. Torque (NM)
3. Fuel Flow Rate (L/min)
4. Lambda (Air-Fuel Ratio)
5. All ambient conditions- barometric pressure, humidity, ambient temperature all recorded for the ISO correction factor. 
Repeating the procedure across the RPM range
The operator repeats the data collection process for a large range of RPMs with increments of 50-100rpms minimum 

· Increase throttle slightly
· Raise engine speed
· Stabilise the dyno
· Record torque, fuel flow, lambda, and RPM

This produces the full data set collected and used in the Excel document.

Results
See attached excel folder for the data used in the graph, and all equations involved.
[image: ]
Figure 6. The graph shows the relationship between SFC and Engine Speed
The SFC starts relatively high at low engine speeds and decreases steadily and engine speed rises, it reaches a minimum at around 1600/1700 rpm, then gradually increases again at high engine speed. 
Low RPM- high SFC 
· The torque is low at a low speed, so the engine is producing less power.
· The fuel consumption does not drop proportionally so the SFC is high 
· The engine is inefficient here due to pumping losses and incomplete combustion. 
Mid-Range RPM – Lowest SFC
· Torque increases significantly in this part.
· Power output increases faster than fuel flow.
· This results in the best thermal efficiency → Lowest SFC values.
High RPM — Rising SFC
· Although power continues increasing, fuel flow rises faster.
· Mechanical friction, heat losses, and mixture limitations increase.
· The engine therefore becomes less efficient, raising SFC again.

Conclusion- 
SFC is highest at low RPM due to poor efficiency, decreases to its lowest point in the mid‑range where the engine produces the most power per unit of fuel, and rises again at high RPM as fuel use increases and efficiency drops.
[image: ]
Figure 7.the graph shows the relationship between torque and engine speed. 
Trend
Torque starts at approximately 85NM at 1000 rpm, increasing steadily to a peak torque of about 90-100 NM between roughly 3000 and 4000 rpm, After the peak torque starts to fall off to about 55-60 NM by the highest engine speeds of 5000-5500 rpm
Low RPM — Low Torque
· Low airflow and low combustion energy → low cylinder filling.
· Torque values reflect poor volumetric efficiency.

Mid‑Range RPM — Maximum Torque
· The data shows the strongest torque in the mid‑range.
· This implies optimal cylinder filling in this speed band.
· Fuel flow, lambda, and corrected power all align with improved engine breathing here.

High RPM — Falling Torque
· Torque declines as RPM rises: 
· Airflow limitations
· Increased friction
· Reduced charging efficiency

Conclusion- 
Torque builds fast from low rpm and reaches its maximum in the mid range showinf where combustion is most efficient at higher rpm torque declines due to reduced efficiency and increased frictional losses. 
[image: ]
Figure7.  shows the relationship of the brake power against the engine dyno speed.
Trend- the brake power starts at about 9kw and increases steadily, with the engine speed, over most of the graph up until the engine speed gets to 3500-4000 where it starts to plateau a bit.  until it starts to drop off and decline.
Low RPM region- (1000–2500 rpm)
large and steady torque increase as the RPM increases at the same time. And since power = torque X RPM and they're both increasing there is a rapid climb in power. 
Mid rpm region - (2500-4000 rpm)
Power is still rising however not as steeply. At this point torque is near its highest and the engines efficiency is strong.  this is the engines strongest and most efficient operating rpm region. 
Peak power region (4000-5500)
There is a slight plateau just before a final increase in power, the plateau has formed due to the RPM increasing wit out any more torque these two effects balance out and create a plateau. Just before that there is a clear peak power of around 43-44kw.
Conclusion- 
 Brake power increases steadily with RPM reaching a broad peak in mid/ upper area this is where the engine produces maximum power. After this pint power drops slightly whilst the torque falls this confirms that the engine performs best in the mid-range of this graph.



[image: ]
Figure 8. shows the lambda against engine speed with the stoichiometric levels for comparison. 
Trend - this graph shows how the air-fuel ratio (lambda) changes with engine speed and compares it to the stoichiometric line. 
Low RPM (1000-2000) -
At the low rpm the lambda value hangs around 1.22-1.28 but always remaining leaner than the stoichiometric.  the engine runs lean at low speeds, so the fuel demand is low. Combustion is stable. As the engine doesn't need a rich mixture to maintain operation so Lambda stays well above stoichiometric.
Mid RPM (2000-3200) - 
Lambda continues to stay steady between 1.25-1.30 whilst the engine is running at 2000-2500 rpm. Then after 2500 it drops gradually by 3200 lambda is at 1.20 and decreasing. This is due to the engine load increasing so the fuel mixture needs to be enriched to support the higher torque and prevent misfiring. 
High RPM (3800-5500) -
After decreasing lambda stabilises in the range 1.08-1.12 the values stay above 1.0 but much closer to the stoiciometric than at low rpm.  the flatter line shows the engine has found a stable fuelling mixture. At this point the engine is running a lightly lean mixture. 
Conclusion-
Lambda remains above 1.0 throughout the test, showing the engine consistently runs lean. As RPM increases and load rises, lambda moves closer to stoichiometric but stays slightly lean, reflecting controlled fuelling for stable combustion and efficiency.

Evaluation
[bookmark: _Int_Wz9Akjgf]I feel I have fulfilled the minimum requirements of the tasks that have been set. I have used evidence and real data to work out a number of different values useful to the aims of the task and used them effectively. And displaying describing my finding with scientifically correct graphs for concise explanation. 
However, the experiment could be improved by using fine RPM increments could make peak torque and power easier to identify. improved fuel flow measurements, repeated runs for more data to work out a mean.  additional measured parameters for example exhaust gas temperature air intake temperature and manifold pressure would give a deeper insight to how the engine and its efficiency. 
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