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1.Introduction 
 
The aim of this assignment is to evaluate the performance characteristics of a Honda 1.6 

litre VTEC petrol engine using an engine dynamometer. Engine dynamometer testing is 

a globally used method for assessing the brake performance of the ICE (internal 

combustion engine). It allows important data to be recorded such as torque, brake power, 

fuel consumption and efficiency all under controlled conditions (Stone, 2012). 

The main purpose of this test was to determine how the ICE responds across a range of 

revolutions. To achieve this raw dynamometer data was used to calculate torque, brake 

power, brake mean effective pressure (BMEP), brake specific fuel consumption (BSFC) 

and overall thermal efficiency. Parameters like these are commonly used in ICE analysis 

because they provide how effectively an engine converts the chemical energy of fuel into 

useful mechanical output (Heywood, 2018). 

Torque and brake power are the two of the most important factors of engine output. 

Torque shows the turning force produced by the engine, while brake power shows the 

rate at which work is delivered at the crankshaft. BMEP relates engine torque to engine 

size this makes it useful for comparing performance independently of displacement 

(Stone, 2012). BSFC and thermal efficiency are equally just as important as they show 

how economically an engine and efficiently an engine can run how the fuel is burnt 

(Heywood, 2018). 

All data was processed in a excel spreadsheet and used to plot graphs of torque against 

engine speed, brake power against engine speed, and specific fuel consumption against 

engine speed. These graphs allow main operating characteristics of the ICE to be 

identified this includes at what revolutions most torque is generated, point of maximum 

brake power, and the region where the engine operates efficiently.  

The overall objective was therefore to use the dynamometer test data to assess the brake 

performance and fuel use characteristics of the Honda engine, and to explain the trends 

shown by using accepted engine theory. 

  

Figure 1 Image of Honda D16 VTEC Engine connected to Dynamometer (UWTSD, 2020) 
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2.Equipment and Method 
 

2.1 Equipment 
 

The engine under test was a Honda motor company 1.6 4-cylinder VTEC petrol engine 

as seen in figure 1 above, the engine code of D16 commonly found in civics and across 

other cars in Hondas line up. The engine was produced from 1986 to 2007 

(MotorReviewer, 2026). 

Testing was carried out using a Schenck WS230 engine dynamometer which can take a 

maximum output of 230 kW (SCHENCK, 2001), the engine was directly connected to the 

dynamometer from the crankshaft, which means engine speed and dynamometer speed 

is equal throughout the test, this simplified the analysis as there is no gearbox or final 

drive ratio conversion was needed. 

The test data available from the dynamometer consisted of load (N), dyno speed (rpm), 

fuel flow rate (L/min) and lambda. In addition to this ambient test conditions recorded were 

1018.9 mbar barometric pressure, 46% humidity and an ambient temperature of 27°C 

these values are important as they can influence engine behaviour. 

 

 

 

 

 

 

 

 

 

The distance from the dynamometer pivot centre to the hook eye was given as 

815.776mm, which is the same as 0.815776m. This value was used as the effective 

moment arm in torque calculation. 

2.2 Method 
 

The D16 was run on the dynamometer over a measured speed range from approximately 

1000rpm to 5500rpm. The load, engine speed, fuel flow rate and lambda values were 

recorded and given in a excel spreadsheet for analysis, because the engine was directly 

coupled to the dynamometer, the recorded dyno speed was used directly as engine speed 

for all calculation and graphs. 

Figure 2 Schenck WS230 connected to D16 Honda Engine (UWTSD, 2020) 
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3.Raw Data 
 

 

  

Table 1 Excel Table containing data gathered and processed 
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4.Calculations 
 

 

 

The raw data supplied was processed in Excel as seen in figure 3 above, the calculated 

values were torque, brake power, brake mean effective pressure (BMEP), fuel mass flow 

rate, brake specific fuel consumption (BSFC) and overall thermal efficiency. 

 

 
 
4.1 Torque 
 

Torque was calculated from the measured dynamometer load and dynamometer arm 

length: 

𝑇 = 𝐹 × 𝑟 

Where: 

𝑇 = torque 

𝐹 = load (N) 

𝑟 = dynamometer arm length (m) 

 

The arm length was 0,815776m, therefore: 

 

𝑇 = 𝐹 × 0.815776 

 

This produced torque in newton metres (Nm). Torque is one of the main indicators of 

engine output as it represents the turning force produced at the crankshaft (Pulkrabek, 

2017). 
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4.2 Brake Power 
 

Brake power was calculated using torque and engine speed: 

 

𝑃𝑏 =
𝑇 × 𝑁

9549.305
 

 

Where: 

𝑃𝑏 = brake power (kW) 

𝑇 = torque (Nm) 

𝑁 = engine speed (rpm) 

 

This equation gives brake power in kW. Brake power is an important performance 

parameter because it represents the rate of useful output from the engine (Heywood, 

2018). 

 

 

4.3 Brake Mean Effective Pressure (BMEP) 
 

For a four-stroke engine, BMEP was calculated using: 

𝐵𝑀𝐸𝑃 =
4𝜋𝑇

𝑉𝑑
 

Where: 

𝑇 = torque (Nm) 

𝑉𝑑 = engine displacement (m3) 

For the Honda D16 the displacement was 1.6 litres, which is: 

                                                          𝑉𝑑 = 0.0016m3 

To express BMEP in bar: 

𝐵𝑀𝐸𝑃(𝑏𝑎𝑟) =
4𝜋𝑇

0.0016 × 100000
 

 

BMEP allows torque output to be related to engine size, making performance easier to 

compare independent of displacement (Stone, 2012). 



6 
 

 

 

 
4.4 Fuel Mass flow rate (kg/hr) 
 

Fuel flow was measured in litres per minute and converted into kilograms per hour using 

an assumed petrol density of 0.74 kg/L: 

 

𝑚𝑓˙ = 𝐹𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 × 60 × 0.74 

Where: 

𝑚𝑓˙ = fuel mass flow rate (kg/hr) 

 

This conversion is needed because BSFC and thermal efficiency require fuel flow mass 

terms rather than volume terms (Heywood, 2018). 

 

 
 
4.5 Brake Specific Fuel consumption (BSFC) 
 

Brake specific fuel consumption was calculated using: 

 

𝐵𝑆𝐹𝐶 =
𝑚𝑓˙

𝑃𝑏
 

 

To express BSFC in g/kWh: 

𝐵𝑆𝐹𝐶(𝑔/𝑘𝑊ℎ) =
𝑚𝑓˙(𝑘𝑔/ℎ𝑟) × 1000

𝑃𝑏(𝑘𝑊)
 

 

BSFC show much fuel is required to produce a unit of brake power, lower BSFC values 

indicate better fuel efficiency (Heywood, 2018). 
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4.6 Overall Thermal Efficiency 
 

Overall thermal efficiency was calculated by comparing the brake power with the rate of 

fuel energy input: 

 

𝜂𝑡ℎ(%) =
𝑃𝑏(𝑊)

𝑚𝑓˙(𝑘𝑔/𝑠) × 44 × 10^6
× 100 

 

Where: 

𝜂𝑡ℎ = Thermal Efficiency (%) 

𝑃𝑏 = Brake Power 

𝑚𝑓 = fuel mass flow rate (kg/s) 

44 x 106 = assumed calorific value of petrol (J/kg) 

 

This value shows how the engine coverts the energy from the fuel into useful brake output. 

Higher thermal efficiency means a greater proportion of fuel energy was converted into 

mechanical work. (Heywood, 2018; Stone, 2012) 
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5.Results 
 

The data from the dynamometer was given in a excel spreadsheet as seen in Table 1, 

which then was processed in excel to calculate torque, brake power, brake mean effective 

pressure (BMEP), fuel mass flow rate, brake specific fuel consumption (BSFC), and 

overall thermal efficiency across the recorded range of revolutions.  

 

 

The main calculated results obtained from the dataset were as follows: 

• Maximum measured torque: 103.46Nm at 2350 rpm 

• Maximum measured brake power: 44.16 kW at 4700rpm 

• Maximum measured BMEP: 8.13 bar at 2350 rpm 

• Minimum BSFC: 257.49 g/kWh at 1750 rpm 

• Maximum thermal efficiency: 31.78% at 1750 rpm 

 

 

 

 

 

The values show that the engine achieved its highest measured torque in the low to mid 

revolution range, while maximum brake power occurred later at a higher engine revolution. 

This difference is expected as torque and power do not peak at the same point. BSFC 

and thermal efficiency results also show that the engines most efficient operating region 

occurred below the speed at which maximum power was developed. 

The processed data showed that torque increased steadily from low revolutions to a broad 

peak before gradually falling away at higher engine revolutions. Brake power increased 

steadily over the range of revolutions, reaching a maximum near the upper middle part of 

the revolution range before decreasing slightly. BSFC initially reduced as engine 

revolutions increased, reaching its lowest in the lower mid-range and then rose 

progressively toward higher engine revolutions. Thermal efficiency showed opposite 

general trend to BSFC. 

Below are graphs obtained from excel presenting the data gathered more clearly. 
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Figure 3 Brake Power vs Engine Speed 

Figure 4 Specific Fuel Consumption vs Engine Speed 

Figure 5 Torque vs Engine Speed 
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6.Disscusion 
 
6.1 Torque against Engine Speed 
 

The torque graph showed that torque increased from about 83 Nm at 1000 rpm to a 

maximum measured value of 103.46 Nm at 2350 rpm, which before gradually decreasing 

to about 72 Nm at 5500 rpm. This is a typical behaviour of a naturally aspirated petrol 

engine and is mainly due to changes in volumetric efficiency and cylinder filling with 

engine speed (Heywood, 2018; Stone, 2012). 

In the low to mid-range, airflow and combustion conditions improve which means the 

cylinders can fill more effectively and increasing brake torque. After the peak, torque falls 

because there is less time for cylinder filling at higher rpm and mechanical losses increase. 

Although the graph contains some small dips, this is normal in real dynamometer data 

and does not change the overall trend of a rise to a mid-range peak followed by a gradual 

decline (Martyr and Plint, 2012). 

 
6.2 Brake Power against Engine Speed 
 

The brake power graph showed that power increased from 8.74 kW at 1000 rpm to a 

maximum measured value of 44.16 kW at 4700 rpm, before decreasing slightly at higher 

speed. This is expected because brake power depends on both torque and engine speed: 

 

𝑃𝑏 =
𝑇 × 𝑁

9549.305
 

 

Even after torque begins to fall, power can continue increasing while engine speed is still 

rising. This is why maximum measured brake power occurred at a higher speed than 

maximum measured torque. After 4700 rpm, the drop in torque became large enough that 

brake power also started to fall (Heywood, 2018). 
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5.3 Specific Fuel Consumption against Engine Speed 
 

The BSFC graph showed that specific fuel consumption fell to a minimum of 257.49 

g/kWh at 1750 rpm and then increased steadily as engine speed rose, reaching over 370 

g/kWh near the top of the range. This indicates that the engine was most fuel-efficient in 

the lower to mid-speed range  

At moderate speeds, the engine produced useful brake output with relatively low fuel use. 

At higher speeds, BSFC decreased because frictional losses, pumping losses and fuel 

demand increased. This pattern was supported by the thermal-efficiency results, which 

showed a maximum value of 31.78% at 1750 rpm, the same region as the lowest BSFC. 

 

5.4 BMEP and Thermal Efficiency 
 

BMEP followed the same overall trend as torque, reaching a maximum measured value 

of 8.13 bar at 2350 rpm. This is expected because BMEP is directly related to torque for 

a given engine size (Stone, 2017). 

Overall, the results showed that the engine produced its highest torque in the lower to 

mid-range, its highest measured brake power at a higher engine speed, and its best fuel 

efficiency at a lower speed than both the torque and power peaks. This demonstrates 

why several performance parameters are needed to fully assess engine behaviour 

(Pulkrabek, 2017; Martyr and Plint, 2012). 
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7.Conclusion & Evaluation 
 

The dynamometer investigation successfully identified the main performance 

characteristics of the Honda 1.6 litre VTEC petrol engine over the measured speed 

range. The maximum measured torque was 103.46 Nm at 2350 rpm, while the 

maximum measured brake power was 44.16 kW at 4700 rpm. This shows that torque 

peaked earlier in the speed range, while brake power continued to rise to a higher rpm 

because power depends on both torque and engine speed. 

The lowest BSFC was 257.49 g/kWh at 1750 rpm, which also corresponded to the 

highest calculated thermal efficiency of 31.78%. This indicates that the engine operated 

most efficiently in the lower to mid-speed range rather than at maximum power. Overall, 

the results followed the expected behaviour of a naturally aspirated four-stroke petrol 

engine, with torque peaking in the mid-range, power peaking later, and fuel efficiency 

being best below the point of maximum power. 

 

One strength of the investigation was that the engine was directly coupled to the 

dynamometer, which meant that dyno speed was equal to engine speed and no 

transmission correction was required. The spreadsheet method also made it possible to 

calculate torque, brake power, BMEP, BSFC and thermal efficiency consistently across 

the full dataset. 

However, the investigation had some limitations. The accuracy of the results depended 

on the measured load and dynamometer arm length, so any error in these values would 

affect torque and power calculations. Small fluctuations in the graphs also suggest 

some measurement scatter, which is common in real dynamometer testing (Martyr and 

Plint, 2012). The investigation could be improved by repeating test points, averaging the 

results, and including more measured parameters such as airflow or exhaust 

temperature. 
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