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ABSTRACT

The main objective of the reported work was to develop a methodology to assess the fuel consumption and the
efficiency of the propulsion system of passenger cars equipped with internal combustion engines in road tests
carried out to compare the performance of fuels with different formulations. The examination has been done out
in highway travels. A Peugeot 407 HDI station wagon, with a 2,0 liter engine, has been equipped with different
measurement systems. The measurement equipment is based upon two vehicle data loggers. A real-time fuel
consumption metering system is combined with a GPS logger in order to analyze trip fuel consumption with
different conditions in speed and altitude. An OBD II data logger is also mounted and the analog outputs of two
pressure sensor are also connected to it. OBD Il provides the vehicle and engine information available at the
CPU unit, while the pressure sensors are connected to three pressure taps placed on the front of the vehicle to
provide information about the relative velocity between the car and the air and the flow angularity. In the test,
the impacts of speed, acceleration, road slope and wind disturbance on fuel consumption were analyzed for
different fuel formulations. The developed system revealed to be well adapted to the requirements of the research
project, allowing an accurate measurement of the fuel consumption and all the relevant parameters related to the
vehicle movement. The best compromise in terms of sampling parameters has been achieved with a data
acquisition frequency of 10 Hz, being the values decimated to 1 Hz, with the exception of the fuel consumption
that is analyzed for 10 s integration intervals.

INTRODCUTION

Diesel engines are widely used for mass transportation and vital demand is meeting through it in all over the
world. However, on the one hand, the growing need to reduce their environmental pollution and respiratory
health effects[1-3], and on the other hand, the very high injection pressures [4] enforce a continuous novel
additive expansion heading for a severe optimization in diesel engine performances and emissions. At the
moment, there are many alternative diesel fuels available and there are different methods and tests to evaluate
their performance. . There have been wide researches to use different additives or catalyzers for either emission
reduction or engine performance improvement.

The majority of early works used engine test benches and chassis dynamometers to study the impact of different
fuels on engine performances [4-14]. These tools and methods for engine performance evaluation were based on
different engine running cycles, independently of vehicle characteristics, and this may be assumed as a research
weakness. The reason is that small changes in vehicle controlling parameters such as rotational speed and engine
torque may lead to a wide range of engine performance outputs, like consumptions and emissions. Therefore, it
is more important to perform real-world measurements under real traffic conditions, which offers an appropriate
approach to determine accurate consumption and emission rate.

There has been a wide research comparing the official and real-world fuel consumption and CO, emissions for
cars in Europe and the United States. It was proved via different data resources that there was an increasing
discrepancy between fuel consumption and CO, emissions, reported by manufacturers and vehicle owners[15].
Dings[16] fully explained why there is a growing gap between the official fuel consumption and CO, emissions
of new passenger cars and official reports by manufacturers.



Serrano et al.[17] compared real on-road measurements compared with engine test bench and chassis
dynamometer test, respecting the capability as regards real road driving conditions and environmental
circumstances.

Vlieger[18] used PLU 401-108 flow metering system based upon volumetric sensors to assess fuel
consumption. The travelled route and vehicle speed have been measure with an optical device.

Senda et al. [19] used a small size SUV with IDI diesel engine of 2.0 liter for on-road measurement of the
vehicle engine performances. In this methodology, the fuel consumption rate was calculated indirectly through
the measured values of the intake airflow rate (by von Karman vortex flow meter) as well as the air humidity and
temperature. Yen et al.[20] concluded, based on the literature, that it would be the most accurate system to use
GPS based travel logger mainly because of its short response time and highly integration with computer analysis
programs.

Hu et al.[21] measured and analysed the on-road fuel consumption and emissions of 16 diesel taxies in China In
order to measure the fuel consumption, exhaust flow rate from vehicle tailpipe was recorded by a SEMTECH-
EFM mass flow measurement device. The fuel consumption and mass emissions were calculated indirectly and
not efficiently based on pollutant concentration and exhaust mass flow rate.

Serrano et al [22] tested two similar diesel Renault vehicles, with the same age, mileage and characteristics. The
test procedure was as close as possible to both cars, running exactly in the same circuits and traffic conditions, in
order to allow the comparison of two different fuels in terms of vehicle fuel consumption and emissions. The test
methodology involved an extra reservoir to measure the fuel consumption. In order to apply the reservoir to the
fuel system, the normal supply and return lines were replaced by the new ones connected to the portable
reservoir. The test procedure revealed to be accurate and reliable.

The methodology here presented tried to develop a new simple and accurate on-road measurement not only fulfil
the need to have a reliable, easy to use procedure and capable of repeatability but also reduce the total
performance costs and equipment prices. The proposed technique take advantage of on-board fuel consumption
metering system together with Global Position System (GPS) and installed OBD system to communicate with
the vehicle.

METHODOLOGY

The measurement and data acquisition system which has mounted in the vehicle has been designed in order to
allow sampling of the fuel consumption values at a high frequency, as well as all other parameters which may
affect it. Thus, it has been considered essential to collect information about:

- The data for complete definition of the traveled routes, i. e. geographic coordinates (latitude, longitude and
altitude) as well as the vehicle speed during the travel;

- The information available on the central processing unit of the motor vehicle, commonly known as ECU, in the
same operation;

- The data to correct the changes on power released by the engine due to the occurrence of wind disturbances
during the journey.
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Figure 1 - Schematic representation of the measurement system fitted to the vehicle




The schematic representation of the assembled system is shown in Figure 1. The data logging equipment can be
considered divided in two blocks. Block 1 consists of the equipment referenced in the schema as:

- A: set of pressure ports PO, P1 and P2

- B: Omega electrical piezoresistive pressure transducer, with a measuring range of + 2000 Pa
- C: OBD Il plug (“On- Board Diagnostics ")

- D: Auterra Dash Dyno Data logger

A: Pressure Taps

D: Dash Dyno Data Logger

Figure 2 - Schematic representation of Block 1 fitted to the vehicle

Shown in figure 2 is a detailed diagram of the equipment and connections of Block 1. The connections
represented between pressure taps and their transducers are plastic tubes. Electrical wires connected the electrical
pressure transducers to the data logger. The OBD plug connection to the data logger is a multiwire electrical
cable that transmits encoded digital signals in accordance with CAN bus protocol.

In Block 1 Data logger setup process (Auterra Dash Dyno), the following options are possible:
- To select up to 16 parameters among those that are available on the ECU to log in each test file;
- To choose between three possible data recording rates designated as Fast, Medium and Slow.

The selected variables to be recorded during the test are presented in Table I. They were considered to be the
most relevant to document the engine operation evolution for the further analysis. In the Table 1, the information
about the data registered in each channel of the data logger is given. Channels 3 and 7 correspond to analog
voltage signals that are received from the pressure transducers connected to the PO, P1 and P2 taps. Channel 3 is
recording the dynamic pressure of the flow stagnation zone in front of the vehicle. It is acquired from subtracting
the value of the static pressure from the total pressure which is obtained from PO outlet. To evaluate the
angularity of the flow due to the effect of crosswinds, the difference pressure between P1 and P2 taps is recorded
on channel 7.



Table 1 — Registered parameters from data available on the OBD 2

channel | parameter channel | parameter

1 Abs Throtle Position 9 Fuel Used

2 Calculated Load 10 Engine Coolant Temp

3 Analog Input 2 - Pdin 11 Fuel Rail Pressure

4 Fuel Rate 12 Intake Air Pressure

5 Air Flow Rate MAP 13 Intake Manifold Pressure
6 Air Flow Rate MAF 14 Engine RPM

7 Analog Input 3 - Pdif 15 Vehicle Speed

8 Boost Pressure 16 Instant Economy

Block 2 includes the equipment which has referenced in the scheme of Figure 1, as
- E: external antenna of GPS system

- F : Kistler-Datron DFL3x 5bar on-board fuel consumption measuring equipment
- G Racelogic VB2SX10 Processing unit and GPS data logging system

Figure 3 represents the equipment and connections of Block 2 with more details. The GPS antenna is connected
to the processing unit and data acquisition system by an electrical cable that transmits analog voltage signal,
while the consumption metering system applied a multi strand wire which transmits a coded digital signal
according to the Can- Bus communication protocol corresponding to the measured fuel consumption over a
given interval time (0.1 seconds in this case).

Kistler-Datron DFL3x 5bar measurement system is used for the real time measuring the fuel flow rate consumed
by the vehicle engine,. This equipment working principle is based on a positive displacement pump. Four pistons
are used to keep constant the liquid level on a reservoir that is interposed in the fuel supply circuit. The
instantaneous fuel consumption is determined from the positive pump displacement rotation speed, which is
obtained from the frequency of a train of pulse generated by Hall effect sensors.

E: GPS Antenna F: Kystler On-Board Fuel Consumption Meter

G: Vbox GPS Data Logger

Figure 3 - Schematic representation of Block 2 fitted to the vehicle

The fuel consumption system Kistler Datron DFL3x-5bar has been installed in the luggage compartment of the
vehicle (see Figure 4), as this was the most rational location for not taking up space in the cabin and easiness of
accessibility to the fuel circuit, since the normal circuit pump is placed under the right back seat. The
measurement system is interspersed with the so-called one-way circuit which runs from the fuel tank to the
engine and also with the return circuit through which the fuel that is not injected to the engine returns to the tank.



Figure 4 - Details of the fuel metering equipment (Kistler Datron DFL3Xx - 5bar) installation in the trunk
of the vehicle

Since the fuel consumption measuring equipment is not able to store the information, it was decided to
communicate through the Can-Bus interface available in its processing unit. Thus, this signal is recorded in the
GPS data logging system (VB2SX10 Racelogic), which records also the vehicle path data, after processing the
GPS signal acquired with a frequency of 10 Hz. GPS data consists of geographical coordinates (latitude,
longitude and altitude) and the vehicle traveling speed relatively to the ground.

RESULTS ANALYSIS OF THE PRELIMINARY TEST

The results of the preliminary verification test of the measurement system are presented. Figure 5 presents
several time evolutions of the measured signals during the trip. Most of the travel was done with the speed
control activated with a setting velocity of 140 km/h. In Figure 5a) the signals of the displacement speed
measured both by the GPS system, and by the vehicle speedometer are depicted.. The difference between the two
signals is typically less than 0.7% of the measured value. The six detected disturbances during the constant
velocity period correspond to zones of movement imposed at lower speeds due to works on the motorway or
contingencies on traffic, usually associated with movement on the left lane of the highway of vehicles with
speeds lower than140 km/h. In the last ten minutes of movement between the two tolls, speed control was
reduced to 130 km/h, because, on account of the occurrence of a greater traffic flow, it was difficult to keep the
constant speed value which has been used previously. From the 88 to the 105 minute, it is the complementary
route to the destination after leaving the highway.

Figure 5b) represents simultaneously the signals of altitude and measured fuel consumption at intervals of 10
seconds. The option to use an interval time of 10 seconds, in the case of fuel consumption, has been taken to
enhance the signal to noise ratio. If the original sampling rate of 10 Hz (0.1 second integration time) is used to
plot the data, the signal comes too noisy and difficult to analyses.

Analyzing the two signals of figure 6b), during the periods with a constant travel speed, a strong correlation
between fuel consumption values and the rate of change of altitude (local slope of the road).is detected. The
resolution of the fuel measurement system was 1.19 I/h for a time interval of 0.1 seconds. This value corresponds
to a volume of 0,033 ml. If the interval time increases to 10 seconds, the resolution of the system passes to
0.0119 I/h. To have interval times of 10 seconds, computational tool was implemented for the post-processing of
data in Labview programming language.

Figure 5c) represents the fuel consumption in /200 km. since unit is more frequently used. The representation of
this magnitude is done only during periods of constant speed movement, since when the vehicle is traveling at
low speeds or is stopped, this indicator takes, respectively, very high values or infinite.



Following the minute 78, immediately after the occurrence of an event of high consumption, due to an
acceleration phase to hold the constant speed in response to a need for braking, the vehicle travels a substantially
flat area for 4 minutes, with slopes less than 0.1%. In this phase, the average consumption was 7.57 1/100 km,
with a standard deviation of £ 1.00 1/100 km. This standard deviation value may be explained by variations in
wind speed, the roughness of the floor and the slope of the road.
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Figure 5 —Time evolutions of the measured signals during the road test

The time-based evolutions of the signals collected from the pressure sensors installed on the vehicle’s
front, are shown in figure 6. In figure 6a), the black dotes correspond to the calculated values of the
vehicle/air relative velocity, based on the measured dynamic pressure from the pressure central tap in the
front of the vehicle. During the travel time, the wind blew mostly North quadrant and the vehicle shifted
from North to South, the movement occurred in a situation favorable wind (tailwind), which has the
consequence that the vehicle/air relative speed is consistently lower than the vehicle/ground relative
speed.

Figure 6b) represents the time-evolution of the pressure difference between the two lateral pressure taps,
placed in opposite sides in the front of the vehicle. P1 is taken from the right side and P2 is taken from the
left side. These pressure taps are designed to enable the angularity of the vector resulting from the
composition of the vehicle speed with the wind speed. In this particular case, the angularity was low and
since the right tap typically has higher values than the left one, the predominant wind was Northwest.
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Figure 6 — Time evolutions of the signals from the pressure sensors

CONCLUSIONS

Taking into account the obtained results in the preliminary tests which have been presented, it is possible to
conclude that the level of precision, resolution and sampling frequency of the installed measuring system is
suitable for the comparative study of fuels with different formulations, in terms of energy performance..

The report is not exhaustive, since a set of collected data from the OBD 2 plug (for example, temperatures, and
motor fluid pressure) were not displayed although they are available.

It is being developed a methodology for the data post processing, with the aim of enabling a form of
representation of records that will be useful in comparing the vehicle engine performances when supplied with
fuels with different formulations.

Furthermore, the correlations between fuel consumption and the driving force on the wheels of the vehicle
indicate good accuracy with which the data are being collected in the road tests.
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