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Chapter 1 - Introduction

An Eddy current engine dynamometer is a device designed to measure an engine's torque and
rotational speed. It is able to achieve this by generating a controlled electromagnetic field within the
dynamometer’s outer casing. From these measurements, factors such as brake mean effective
pressure (BMEP), specific fuel consumption (SFC), and overall thermal efficiency can be calculated.
Furthermore, these constraints provide a fundamental insight into an engine's efficiency, fuel
economy, and performance.

The main purpose of conducting the engine dynamometer test, is to establish the engines brake
power (BP) output at differing rotational speeds, as well as measure the torque output to assess the
engines load characteristics. Another objective was of conducting the test, was to determine how
effectively the engine converts fuel energy into mechanical work (overall thermal efficiency).
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Chapter 2 — Method

. 1 The engine dynamometer test is performed

using a Schenck WS230 dyno. The Eddy current
dynamometer is connected to a Honda D16
1600cc engine via a propshaft. The system
utilises a wide range of sensors including
recorder modules, exhaust extraction system
and an inlet and outlet coolant tank for engine
cooling. Furthermore, a fuel supply board is
used to direct fuel through a filter, pump, and
regulator to the engine. These engine sensors
are used to monitor coolant levels, fuel flow,
lambda values, and throttle position via an
actuator box.

The inner core of the engine dynamometer
spins freely, whereas the outer casing is
exposed to an electromagnetic field which acts
as a load and creates a resistance to slow the
engine down. Additionally, a strain gauge stops
; , the outer case from turning. The strain gauge
A will then send a signal between 0 and 10 volts
to the computer system. Moreover, calibration
arms, each measuring a precise 815.776mm
(dyno centre to the hook eye) are used to ensure accuracy. A mass is applied to one end of the
calibration arms to determine torque output. (www.youtube.com, 2020)

FIGURE 1 - SCHENCK WS230 DYNO LAYOUT

A sweep test is the primary testing procedure
for collected data on the Honda D16 engine. It
is essential that the system is set to the
following; a ramp time of one second, a hold
time of one second, and data logging every 50
RPM from 1000 to 5500 RPM. To add, the test
gradually increases engine speed while
maintaining full throttle. The objective of this
testing method is that it reduces strain and
prevents engine and dynamometer
overheating. The throttle is controlled
manually, and upon completion, the dyno
returns to idle before closing the throttle to
FIGURE 2 - CONTROL ROOM LAYOUT 0%. (www.youtube.com, 2020)
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Chapter 3 —Spreadsheet Data
















FIGURE 3 - DYNAMOMETER TEST RESULTS TABLE
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Chapter 4 — Graphical Results

SFC vs Engine Speed
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FIGURE 4 - SFC Vs ENGINE SPEED GRAPH

At the start, between 1000 and 1500 rpm, The Specific Fuel Consumption (SFC) drops significantly
from 0.349 kg/kWh to approximately 0.26 kg/kWh, demonstrating a significant improvement in
engine efficiency. This Suggests that the Honda engine achieves a greater efficiency as the RPM
elevates in this range, consuming less fuel per unit of power generated. This is possible due to the
engine reaching an optimised heat cycle as it warms up, meaning that internal friction reduces,
contributing to better fuel efficiency.

Furthermore, between 1500 and 4000 rpm, the SFC curve is relatively consistent, with low values
around 0.25-0.29 kg/kWh. This would indicate that this value range is the most fuel-efficient. This
smooth mid-range zone makes it ideal for cruising speeds with a primary concentration on fuel
efficiency.

SFC starts to climb gradually, reaching approximately 0.29-0.30 kg/kWh between 2800-4000 rpm.
However, beyond 4000 rpm, the SFC has a notable rise to around 0.36 kg/kWh by 5500 rpm. The
graph conveys that the efficiency drops considerably due to mechanical losses and the fuel demand
increases faster than power output, making high-RPM applications much less fuel-efficient than mid-
range speeds. (www.sciencedirect.com, 2022)



Torque vs Engine Speed
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FIGURE 5 - TORQUE VS ENGINE SPEED GRAPH

Straight away at 1000 rpm, the engine is able to produce approximately 83 Nm and steadily
increases to around 100 Nm by 2000 rpm. This low-range torque is crucial for low-speed power
delivery, making it perfect for city driving or towing applications.

Additionally, between 2000-3000 rpm, the engine maintains peak torque of 103 Nm. This highlights
that it’s the most effective operating range. Furthermore, in this range, the engine delivers its
highest pulling power, making it ideal for applications that demand strong acceleration. This Optimal
balance between power and efficiency makes the 2000—3000 RPM range the sweet spot for this
engine, ensuring smooth operation and improved fuel economy. To add, between 3000 and
4000rpm there is a slight fluctuation, meaning that torque remains relatively stable up to 4000 rpm.

However, beyond this point of 4000 rpm, the torque begins to decline noticeably, marking a loss in
efficiency, falling below 70 Nm at 5500 rpm. This suggests that at high engine speeds, efficiency
decreases, and the engine struggles to sustain its power output. This can be down to factors such as
mechanical losses and increased friction. (TrueGeometry, 2024)
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Power vs Engine Speed
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FIGURE 6 - POWER VS ENGINE SPEED GRAPH

The Power vs Engine Speed graph illustrates how power output varies with engine revolutions per
minute (rpm).

At 1000 rpm, the power starts at about 11 BHP and increases gradually as engine speed rises. From
1000 to 4000 rpm, the power output follows a consistent upward linear trend, reaching
approximately 55 BHP. This range represents the engine's optimal power range, where increasing
rpm allows for more energy conversion, resulting in a higher power output.

Between 4000 and 4500 rpm, power continues to rise linearly but at a slower rate, peaking at
around 60 BHP. This represents the maximum power output range, where the engine reaches its
peak efficiency in converting fuel into mechanical power.

Beyond 4500 rpm, power output starts to decline slightly. By 5500 rpm, the power has decreased to
just 55 BHP. This drop indicates the onset of mechanical and thermal inefficiencies, where factors
like increased friction and heat buildup limit further power generation. (Hill, 2008)
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Chapter 5 — Conclusion

The lambda values observed at different RPM levels indicate changes in the air-fuel ratio throughout
the engine's operating range. To start, at 1000 RPM, Lambda is equal to 1.2658, representing a lean
mixture. Furthermore, by 2000 RPM Lambda peaks at 1.32287 suggesting an even leaner mixture.
From 2000 to 5500 RPM Lambda decreases, with a final reading of 1.08366, meaning the mixture
becomes richer. This happens because as engine speed increases, more fuel is injected to maintain
power. The Ideal Lambda value for gasoline engines is 1.0, where the air-fuel ratio is 14.7:1,
Indicating the optimal balance. However, for performance applications, slightly richer mixtures run
between <1.0, while leaner mixtures >1.0. (ranwhenparked.net, 2024)

At 1000 rpm, the Brake Mean effective pressure (BMEP) is 655.285 KPa, which highlights that the
engine is operating at a fairly low speed with enough air-fuel mixture delivery for effective
combustion. By 2600 rpm, the BMEP peaks at 808.325 KPa, indicating the optimal balance between
intake, combustion efficiency, and power output, allowing the engine to take in and burn more air-
fuel mixture per cycle. At 5500 rpm, the BMEP decreases to 567.972 KPa. This drop is due to
increased frictional losses, reduced volumetric efficiency, and incomplete combustion.

The thermal efficiency is 24% at 1000 rpm, which is fairly low because at low engine speeds, the air-
fuel mixture may not be fully atomized. To add, by 1750 rpm, the thermal efficiency peaks at 33%.
This is because; at this speed, volumetric efficiency is high whereas frictional losses remain relatively
low. At 5500 rpm, the thermal efficiency drops to 23%. The primary reasons for this decline include
increased frictional and pumping losses, excessive heat transfer losses, and reduced combustion
efficiency.

Finally, the corrected power was slightly higher than the actual power measured on the dyno. This
could be due to conditions such as atmosphere, temperature, pressure, and humidity. These factors
are extremely important and can adjust the measured power to a standardised baseline. Overall, the
corrected power provides a true comparison but may slightly understate the raw dyno-measured
output due to these adjustments.
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Chapter 6 — Evaluation

To my disappointment, | and many others were unable to conduct the engine dynamometer
experiment as planned due to a malfunction with the dynamometer, resulting in it being out of
action. While this was setback, the assignment still provided multiple valuable learning
opportunities.

Furthermore, despite being unable to gather real-time data, | feel that | gained considerable
experience in terms of performing vital calculations, as it allowed me to conduct a critical analysis on
the engine’s performance. To add, the calculations included computing key parameters such as
power, torque, and efficiency. This made it possible for me to create graphs for comparing and
contrasting expected results. These skills will be highly beneficial for future applications in engine
testing and performance evaluation.

Finally, If | were to conduct this test again in the future, | would highly consider modifying the
engine’s inlet plenum and exhaust manifold. Since | already have baseline data, implementing these
alterations would make it possible for me to analyse how the improved airflow changes affect
power, torque, and efficiency. This would provide deeper insights into the impact of intake and
exhaust modifications on engine performance.

Overall, while the test could not be performed as intended, the assignment was still engaging and a
fantastic educational experience.
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