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[bookmark: _Toc160522757]Introduction
This report looks into comprehensive analysis of results from an engine dynamometer test on a 1988 Honda Civic 1.6L VTEC. VTEC stands for Variable (valve) Timing and Electronic lift Control. This engine was launched in 1984 with a higher torque and horsepower than the previous generation (Honda, 2024).
The aim of this report is to extract values from given data that will give insights into the performance and efficiency of this engine. Through examination of this data, we can create a better understanding of how the VTEC behaves under high stresses, like an engine would be during races in motorsport. 
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Description automatically generated]The equipment used to carry out the test is an Eddy-Current SCHENK Dynamometer Series W230. The rotor of the dynamometer is connected to the engine via the driveshaft. A current is supplied by the power unit to the rotor causing a magnetic field, which puts a load on the engine. As shown in Figure 2, the load turns the casing and the amount of load is measured by a strain gauge sensor as a value of 0.5-10.


[bookmark: _Toc161227289][Figure 1] Engine Dynamometer with calibration arms.
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[bookmark: _Toc161227290][Figure 2] Principle Of Torque Measurement for Cradle-Mounted Housing (SCHENCK PEGASUS, 2001)




Method
The test method used to collect the data is called a power sweep test (UWTSD WISA Workshops, 2020). During the test the engine will be held at a fixed speed for a few seconds while the data is recorded through each engine speed value. The dyno is programmed to start at 1000rpm and record data every 50rpm up to 5500rpm. It takes 2 seconds to progress to the next rpm, settles for 0.5s and then take a second to record the readings. This test is not as accurate as a step test, but will ensure the engine does not overheat. The data from these readings is then used in calculations to analyse the performance and efficiency of the engine. [bookmark: _Toc161227291][Figure 3] Honda engine set up.
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	Radius
	Ambient Temp
	Baro
	Baro
	Stroke
	Stroke
	Bore
	Bore
	Area
	Cylinders
	Humidity
	CV Petrol

	m
	°C
	mBar
	Bar
	mm
	m
	mm
	m
	m²
	n
	%
	kJ/kg

	0.815776
	27
	1018.9
	1.0189
	90
	0.09
	75
	0.075
	0.004417865
	4
	46
	45800


Using the raw data that was taken from the dynamometer, we can complete calculations to produce further information about the performance of the engine. This raw data included Load (Newtons), Engine Speed (rpm), Fuel Flow Rate (l/min), and Lambda. For the calculations, some other constant values were needed, as shown in Table 1 below. These values were either given with the raw data, or found in the Honda Workshop Manual (LTD, 1987).[bookmark: _Toc161227292][Table 1] Table of constant values used for calculations for further data analysis.
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[bookmark: _Toc161227293][Figure 5] Graph of Torque against Engine Speed	


Figure 5 shows how torque changes with engine speed. Torque is the turning force (W) measured from the radius (R) and measures the engine’s ability to do work (Heywood, 2018, p 60).
Calculating Torque: 
T=WR, where W is given value Load (N), and R is the constant, radius (m), given in table 1.


Specific Fuel Consumption








[bookmark: _Toc161227294][Figure 4] Graph of SFC against Engine Speed


Figure 4 shows how the specific fuel consumption of the engine varies with Engine Speed. ”In engine tests, the fuel consumption is measured as a flow rate” (Heywood, 2018, p72-73). A flow rate is how much mass flows per unit time and is measured in kilograms per kilowatt-hour (kg/kWh). SFC is how many kilograms of fuel are used per 1 kW of power per hour. Comparing this graph with figure 6 (graph of Brake power) indicates how efficiently the fuel is used to produce engine power.
To produce the graph in figure 4 the following calculations were used.
Calculating Specific Fuel Consumption:

Where 3600 converts seconds to hours, Fuel Flow Rate is given in l/min so the following calculation is used to convert to kg/sec:


Where 0.75 converts litres to kg and 60 converts mins to seconds. Corrected power for calculating SFC is calculated as shown below.
Corrected power:

Where 1.01325 is standard pressure in bar, Baro is a constant (Table 1), Ambient temperature is also a constant (Table 1), 293 is standard temperature (20℃) in Kelvin and Brake power is calculated in section 3.3.
[bookmark: _Toc160522762]
Brake Power








[bookmark: _Toc161227295][Figure 6] Graph of Brake Power against Engine Speed

	
Figure 6 shows a graph of Brake Power against Engine Speed. Brake power is the rate of work done at the crankshaft. It is also known as how much ‘useful’ power the engine produces, as it excludes power lost through heat during cooling and exhaust.
Calculating Brake Power:









Brake Thermal Efficiency








[bookmark: _Toc161227296][Figure 7] Graph of Thermal Efficiency 

The graph of Brake Thermal Efficiency (Figure 7) can be used to compare with SFC to understand where the fuel consumption is highest, and Brake Power to analyse where the power is being lost. It is a value of how efficiently the engine converts the energy from fuel to mechanical energy. 
To calculate it, the calculation below is used:





Lambda








[bookmark: _Toc161227297][Figure 8] Graph of Lambda


Figure 8 shows a graph of Lambda against Engine Speed. Lambda represents the air-fuel ratio in the engine. A value of 1 is equivalent to Stoichiometric ratio (14.7:1 for gasoline), which is the minimum amount of air needed for the fuel to burn. A value of more than 1 is rich, meaning that there is more fuel than air. This will cause incomplete combustion, which means not all the fuel is burning and therefore less power than would be produced with a Stoichiometric ratio. A value of less than 1 is lean, which means less fuel than air is being put in the engine, this will also produce less power.














[bookmark: _Toc160522763]Analysis
Specific Fuel Consumption
The graph in figure 4 shows how Specific Fuel Consumption changes with Engine Speed. The highest points on the graph are at the beginning and end of the test. The lowest point being at 1750rpm and highest is at max rpm of 5500. The engine is least fuel efficient at these points because it is using more fuel and generating less power. The correlation in Figure 4 (SFC) is an inverse of Figure 7 (Thermal Efficiency). This shows that as SFC decreases, Thermal Efficiency increases, meaning that as fuel consumption increases, the engine becomes less efficient. Figure 8 suggests that as SFC increases, Lambda also decreases at a similar rate to Thermal efficiency.

Torque
The graph of torque in figure 5 shows that torque is low at idle speed and increases to its highest value at 2350rpm. Low end torque is ideal for a gentle ride, such as day-to-day cars and family cars. Mid-range torque is commonly used in race cars or bigger engine road cars, and high end torque is used in drag racing and trucks or vehicles pulling a heavy load. This data represents mid-range torque, which is expected as the VTEC is a high performance road engine. The graph has a non-linear correlation and increases at an inconsistent rate throughout the test. This could be due to the age of the engine as mechanical wear can cause an inconsistent loss of torque.

Brake Power
Figure 6 indicates that as Engine Speed increases, Brake Power also increases up to maximum power at 4700rpm. After that point the power slowly decreases again. When comparing the graph of brake power with the other graphs, there is only a small correlation. As maximum brake power is reached, Thermal efficiency is at one of its lowest points and SFC is at one of its highest. This suggests that at it’s maximum power of 44.16 kW, this engine is not very fuel or thermal efficient.

Brake Thermal Efficiency
The graph of Brake Thermal Efficiency (BTE) in Figure 7 shows a lowest value of 20%, which is a poor efficiency. The Thermal Efficiency of a road legal engine can vary from 20% to 40% and Mercedes formula 1 car has one of the highest BTE engines at 50% (Okulski, 2018). A way of increasing BTE is to add 10% of biofuels to the fuel. The high oxygen content contributes to a good combustion efficiency which in turn, increases the BTE (Salhi et al., 2023).

Lambda
The graph of Lambda in figure 8 shows that up to 3000 rpm, the air-fuel ratio is running rich, but after 3000rpm it drops closer to Stoichiometric ratio. Although the value drops, it is still a rich mixture, causing incomplete combustion in the chamber.



[bookmark: _Toc160522764]Conclusion
The data from this experiment has provided information about the performance characteristics of this engine that helped analyse values such as torque, power, fuel flow rate, and thermal efficiency. The results and graphs from calculations can assist with comparison between this engine and a high performance engine and in further work, research ways to improve its overall performance and efficiency.




[bookmark: _Toc160522765]Evaluation
The data collection method from the dyno is precise because using the sweep method generated by the computer removes any human error and allows for an easy comparison between the data. Despite the test method being consistent and accurate, the test itself has some visible errors when looking at the graphs. For example, the graphs are very bumpy and do not have a consistent correlation. This is expected from an older engine due to wear, but using a newer engine may have given completely different numbers due to product development. Another error could be in the calculations, for example when using the calorific value of fuel, the value from different sources varies. Overall this test method was as accurate as it could have been using the equipment we had, but with more time and money, could have been improved.
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Torque Vs Engine Speed

1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	83.433490399999997	83.825878656	84.586997663999995	85.011201184000001	86.318074335999995	87.704077760000004	89.317682687999991	91.201309471999991	93.217091967999991	94.452992607999988	95.43355536	96.088623487999996	96.645798495999998	96.891347072000002	96.796717055999991	96.963951135999991	97.553757183999991	97.839278783999987	98.036696575999997	98.666475647999988	99.652748831999986	100.21400272	100.989805696	101.80395014399998	102.08376131199999	102.810617728	103.32618815999999	103.458343872	103.35066144	103.238084352	103.145085888	102.982746464	102.919115936	102.66296227199999	101.89939593599999	101.096672352	100.90251766399999	100.65778486399999	99.948059743999991	99.391700512	99.287281183999994	98.809236447999993	98.810052223999989	98.587345375999988	98.379322496	98.578371840000003	99.225282207999996	99.672327455999991	100.285791008	100.72794159999999	100.689600128	101.32345807999999	101.21006521599999	101.129303392	101.00530543999999	100.96614819199999	100.75567798399999	100.072873472	99.652748831999986	98.858998783999994	97.896383103999995	96.860347583999996	95.806364991999985	95.037903999999997	94.573727455999986	93.841976383999992	93.317432416000003	93.011516415999992	92.893228895999997	92.986227359999987	92.432315455999998	92.243055423999991	91.525988319999982	90.600898336	89.713334047999993	88.637325503999989	87.350030975999985	85.852266239999992	84.540498431999993	83.482436959999987	82.479848255999997	81.018711862399996	79.604645743999995	78.190987513599993	77.338256860799987	75.94678773759999	74.878936953600004	73.904247788799992	73.124039622399991	72.543370265600004	72.316421382399994	Engine Speed (rpm)


Torque (Nm)



SFC Vs Engine Speed
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Brake Power Vs Engine Speed
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Brake Thermal Efficiency
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2. How it Works

2.1. Total Concept
‘The test specimen, generally a combustion engine, drives the dynamometer.
‘The dynamometer absorbs the power and transforms it into heat energy. The
test stand controller x-act controls observance of speed and desired torque.
For the test specimen, this can be carried out via a throtte position control
unit,

2 Method

The equipment used to carry out the test was an Eddy-Current Dynamometer W
Series. It is connected to the engine via the crankshaft??2?

2.2. Torque Acquisition

Driving

Torque. It transforms the power to heat energy

Cradle mounted
Pendulum Body
(housing)

Bedding with support flectures

T et e i

Via a shat and a flange, the test specimen is connected with the rtor of the.
dynamometer. The special bedding of the dynamometer with flexure strips
only takes up the weight force of the pendulum body and the countervaiing
force o the load cel. The complete torque acts on the load cell via lever amm.
‘Thus, the measured force is proportional with the braking moment.

2.3. Eddy-Current
Dynamometer

In an eddy-current dynamometer, the coil excites a magnetic feld through
‘one cooling chamber, the air gap with toothed rotor and the second cooling
‘chamber. The magnetic flux ines close above the iron back. When the rotor
rotates, the teeth continually rotate. The air gap varies due o the rotating
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