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Rhodri Jones Engine Performance Characteristics 2305734

1 Introduction

The aim of this assignment is to evaluate the performance characteristics of a Honda engine by
conducting a dynamometer test. The test involves measuring key engine parameters such as torque,
power, brake mean effective pressure, specific fuel consumption, and overall thermal efficiency.

Engine performance testing can allow for the assessment of an engines efficiency and can assist in
the development and improvement of engines in the industry. A dyno test can measure the fuel
efficiency and thermal efficiency.

2 Methodology

Engine testing is carried out by using an engine dynamometer to record measurements of engine
rpm, torque.

Engine Setup — The engine would be mounted on the dynamometer, and all sensors (temperature,
pressure, fuel flow) would be calibrated.

Engine Warm-up — The engine would be run at idle until it reached its normal operating
temperature.

Incremental Load Testing — The engine would be tested at speeds of 1000-5500 rpm, and data would
be collected for:

e Load (N)
e Torque (Nm and Ibft)
e Power (kW and bhp)

e Lambda (Air-Fuel Ratio)

Fuel Flow Rate (L/min)

The data is then entered into a spreadsheet to calculate the other data needed for graph analysis.
The other data calculated is:

e Mass of fuel per hour (kg/h)

e Corrected power (kW)

e BMEP (kW and kPa)

e SFC(g/kwh)

e Thermal efficiency percentage
e Fuel energy input (MJ/h)
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3 Spreadsheet data
A | B | C D | E | F |
Data Baro Humidity Ambient temp
Radius of dyno (m} 0.815776 mBar % DegC
Fuel mass (kg/Lt) 0.715 1018.9 16 27
CV Petral (M1/kg) 45.8
AP (kPa) 101.89
Temperature (k) 300
bore (mm) 75
stroke (mm) 90
Engine size {cc) 400
Mo. Cylynders 4
11 |Standard pressure (kPa) 101.325
Standard temperature (k) 288
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Figure 1 Jones, R (2025) Screenshot of data for calculations. Unpublished
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Dyno Speed Lambda fuel/ T T Power Power Corrected Power BMEP. BMEP SFC Thermal efficiency Fuel energy input
pm /min I/hour Lambda kg/h Nm Ibft w bHp W W kPa /kwh % MI/h
17| 1000 0.0704 428 1.2658 3.168 83.4334904 61.53720518 8.737406053 1171690883 9.050995235 2319952635 2319.952635 4739.810251 2245681628 145.0944
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19 1100 0.0737 4422 127344 3.3165 84.58699766 9.744025283 13.06679067 10.09374245 23.52027072 2352.027072 4250.157976 23.92264747 151.8957
20 1150 00728 4368 1.28476 3.27% 85.01120118 10.23802297 13.72924425 10.60546993 23.6382248 2363.82248 4045.082424 25.44620646 150.0408
2 1200 0.0748 aa68 129181 3348 86.31807434 1084738603 14.54640341 11.23670328 2400161411 2400.161411 3817.845762 26.38095338 153.3384
2 1250 0.07895 4737 129729 3.55275 B7.70807776 11.48079351 15.39580626 11.89284402 24.38700639 2438.700639 3607.211187 26.31225671 162.71595
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25 1400 0.0835 501 1.2855 3.7575 93.21709197 13.66676393 18.32720444 14.15726984 2591995578 2591.995578 3030.245272 29.61539595 172.0935
2| 150 0.0847 5.082 127818 38115 5445299261 1834253213 1923341325 1485729164 2626361046 2626361046 2867471083 30.63943062 174.5667
27 1500 0.08865 5.319 12795 3.98925 95.43355536 1499113342 20.1031911 15.52917151 26.53626586 2653.626586 2762542739 30.59807153 182.70765
28 1550 0.0932 5.592 127766 4194 96.08862349 15.59716896 20.91588804 16.15695792 26.71841418 2671.841418 2655.202805 30.28085897 192.0852
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39 2100 0.1309 7.854 132287 5.8905 100.9898057 29.7830705 23.0066166 28.08123749 2808.123749 1864.680963 30.69994643 269.7849
0 2150 0.13435 8.061 132164 6.04575 101.8039501 30.7380086 23.74428046 28.3076185% 2830.761859 1806.750836 30.87065552 276.89535
a1 2200 0.1377 8.262 131652 6.1965 102.0837613 31.53929508 243632526 2838542292 2838.542292 1760.848632 30.90479284 283.7997
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43 2300 0.14495 8.697 1.29646 6.52275 103.3261882 33.37420139 25.7806681 28.73089228 2873.089228 037558 31.06708153 298.74195
el 2350 0.14985 8991 1.28229 6.74325 103.4583439 34.14324156 26.37480808 28.76763951 76.763951 1626.55212 30.74376628 308.84085
a5 2400 0.1537 5222 127304 6.9165 1033506614 34.83350214 2690793847 28.73769732 2873.769732 1594.325037 30.5795484 316.7757
46 2as50 0.15565 9.339 1.26984 7.00425 103.2380844 35.52046642 27.4385998 28.70639412 2870639412 1563.49086 30.791595968 320.79465
47 2500 0.1596 9.576 127446 7182 103.1450859 76.07568955 36.21272351 27.97334968 28.6805: 2868.05: 1533.602535 30.61512918 328.9356
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Figure 2 Jones, R (2025) Screenshot of raw data. Unpublished
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Figure 3 Jones, R (2025) Screenshot of raw data. Unpublished
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Figure 4 Jones, R (2025) Screenshot of raw data. Unpublished
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4 Graphs and Analysis

Engine Speed (Rpm) against Smoothed SFC (g/kWh)
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Figure 5 Jones R. (2025) Graph displaying the engine speed against SFC. Unpublished

The above graph displays the results of the engine speed measured using the dynamometer against
the calculated SFC. The trendline resembles a rough U shaped curve, starting at a high inefficiency
then reaching its peak efficiency at approximately 1500-1700 rpm, then the efficiency slowly
becomes worse, when the growth begins to become more linear at approximately 3500 rpm.

The trendline reaches its lowest SFC between 1500 and 2800 RPM. This shows that the engine is
operating at its peak efficiency in this range, producing the most power for the fuel it uses.
Combustion is the most efficient in this range, reducing fuel waste and preserving robust
performance. This range is perfect for striking a balance between power and efficiency because it is
usually the sweet spot for fuel economy.

While the engine is running between 1000 and 1400, then again at 3500 and 5500 rpm, the specific
fuel consumption is highly inefficient. This could be due to the design process of the engine, that it
was not intended to run at this rpm often, or it could be due to the fuel not being fully atomised
(ChatGPT.), therefore not burning as efficiently as it could be. The increase of SFC increases quite
linearly from 4000 rpm to 5500, showing a consistent increase in SFC and possibly signifying that
there are much higher frictional losses at higher speeds.
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Engine speed (Rpm) against Smoothed Torque (Nm)
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Figure 6 Jones R. (2025) Graph displaying the engine speed against Torque measured in Nm. Unpublished

This graph shows the relationship between engine speed in rpm, and torque in Nm. The peak torque
is from around 2000 rpm to around 2700 rpm and continues to be close to its peak until around
4000 rpm, where it begins to drop off. This represents the engines most efficient torque producing
range. At the low end rpm, the torque is around 50% of its peak, it then increases dramatically at
around 1200 rpm and continues to grow until its peak.

The torque begins to drop off at 4000 rpm, showing that at higher rpm, the engine cannot burn the
fuel as efficiently to produce high torque. This drop off could also be due to frictional losses, or valve
timing limitations, causing the intake to be less efficient. (Bite-Sized Science, 2020.) The drop in
torque at the higher engine speeds shows that higher engine speeds produce less torque compared
to the fuel burned.

It could also be caused by a decline in volumetric efficiency. This is caused at high engine speeds
when the air fuel mixture injected into the cylinders is reduced because there is less time to fill the
cylinders due to the engine cycling much faster than lower rpm.
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Engine Speed (Rpm) against Smoothed BMEP (kPa)
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Figure 7 Jones R. (2025) Graph displaying the engine speed against BMEP measured in kPa. Unpublished

This graph showing engine speed against BMEP (kPa) follows almost the exact same trendline as the
previous graph, showing a link between how BMEP and Torque change as engine speed increases.
Both graphs follow the same trendline showing that BMEP and torque have a direct relationship to
each other.

75.4%T

The equation to calculate BMEP for a 2 stroke engine is —————
Displacement

This equation shows that as there is a direct link between BMEP and Torque. As the torque used in
the calculation increases, so will the calculated BMEP.

The peak BMEP is between 2000 and 4000 rpm approximately, showing that the engine performs
best when the engine speed is around the mid range. This is where the engine has the highest BMEP,
torque, showing this this range is the most efficient and where the engines performance and
potential is optimized the best.
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5 Conclusions

After analysing the data, it shows that this Honda engine is not the most efficient engine and the
trends shown in the graphs show that the rate of change of SFC, Torque and BMEP are not very
consistent with engine speed. There is a trend across the three graphs show that range where the
engine is the most efficient is approximately between 1500 rpm and 3500 rpm, showing that this
specific engine has a relatively small window where it performs efficiently. At lower engine speeds,
all three graphs show a low efficiency where the engine does not perform very well and performs far
from its potential.

The higher engine speeds also show a drop in efficiency where each of the three graphs spike,
showing that at higher engine speeds produces less efficient performance. All three graphs show this
drop in performance and efficiency starting at around 3500 to 4000 rpm. This could potentially be
due to the engine not being able to burn the fuel as efficiently due to higher frictional forces.

After analysing the data and the three graphs, it can be concluded that this Honda is not very
efficient and overall performance is not outstanding. It displays consistent performance in the mid
range engine speed, but dramatically becomes less efficient after around 3500 rpm. This engine
would be ideal for every day usage due to its decent mid range torque and fuel efficiency, but would
fail to perform well when pushed harder, for example in a race. The engine displays worse efficiency
and performance at high Rpm, as mentioned before, this could be due to higher frictional forces due
to the engines design not intending to be used at high engine speeds often. The BMEP and Torque
follow a very similar trend, making it easy to calculate and predict performance.
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6 Evaluation

Unfortunately, when we were scheduled to have our dynamometer session, the dyno wasn’t
working and couldn’t run as usual. Because of this, we were given a set of previously recorded data
and calculated the rest of the data needed using excel. Due to this, the numbers would be relatively
accurate, but if the dyno had been running, we could have recorded more accurate values for each
data set.

Although the dyno was unfortunately not working, working with the given data helped in
understanding and learning about engine trends and how different aspects change with rpm. The
lack of hands on experience was unfortunate, but the demonstration of how it would work correctly
still gave us an understanding of the equipment.
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