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Abstract
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This paper describes the effect of a mixture of rapeseed methyl ester and diesel oil on fuel consumption and power 
parameters of tractor engine. The hydraulic dynamometer was used to load the engine of Zetor Forterra 8641 tractor 
over rear power take-off. The measured tractor is almost new with less than 100 h worked. The measurements were 
realized for several ratios of diesel oil and rapeseed methyl ester (from pure diesel to pure rapeseed methyl ester). 
The engine was loaded by the dynamometer in several working points which were predefined by engine speed and its 
torque. The fuel consumption was measured by the flow meter in each of these points. The reduction of engine’s power 
parameters and the increase of specific fuel consumption are expected due to the nature of rapeseed methyl ester such 
as e.g. lower calorific value.
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Although rapeseed methyl ester (RME) differs 
chemically from petroleum products, its density, 
viscosity, calorific value and process of combus-
tion are very close to diesel fuel (Li et al. 2006; 
Vančurová 2008). Table 1 lists the specific tech-
nical requirements for diesel oil and RME (ČSN EN 
14214:2004; ČSN EN 590:2010). 

The literature says that in terms of power param-
eters the maximum value will decrease by about 
3–5% for the fuel with 31% content of RME. The 
fuel consumption will slightly increase by approxi-
mately 7% for this fuel (Basha et al. 2009). It is also 
necessary to take into account that RME evapo-
rates worse than diesel and so it can enter the oil 
filling of the engine (Holas 1996).

Characteristics of internal combustion engines 
are used as proof of the properties of the engine 
(Bauer et al. 2006). They are presented in graphic 
form and the measured values are often corrected to 
standard conditions according to applicable regula-
tions or standards. The characteristic of the com-
bustion engine means the relationship between the 
main engine operating parameters such as engine 
speed, torque (or mean effective pressure), power, 
specific fuel consumption, exhaust temperature, 
pressure of filling air etc. The basic characteristics 
of internal combustion engine are:

Speed (RPM) – engine speed is the independent 
variable, the characteristic is measured at a con-
stant setting of the engine speed governor;
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Load – the engine load which is represented by 
the mean effective pressure engine torque is the in-
dependent variable, this characteristic is measured 
at constant engine speed;

Engine map – this map shows the curves of con-
stant power, constant specific fuel consumption 
and constant curves of the other quantities de-
pending on the engine speed and its torque.

Any change in single characteristic indicates 
change in engine settings or degradation of the 
technical condition of the engine which is affect-
ed by the operational wear (Müller et al. 2009). 
Emerging fault can be detected by checking these 
characteristics and so the maintenance or repair 
can be done timely. Engine characteristics can 
be measured on a roller dynamometer, on a dy-
namometer connected to rear power take-off or 
using dynamic measuring methods (Hromádko et 
al. 2007). Different driving cycles can be simulated 
based on mathematical modelling of these char-
acteristics (Jílek et al. 2008; Brožová, Růžička 
2009; Kubín, Pexa 2010; Pexa, Kubín 2010).

Tractor Zetor Forterra 8641 which is located in 
the laboratories of the Department for Quality and 
Dependability of Machines was used to verify the 
effect of RME share in fuel on engine map of an 
internal combustion engine. The engine of the trac-
tor had less than 100 worked hours and laboratory 
measurements represent most of its previous work. 
Several ratios of diesel fuel which is available on the 
common fuel station and RME was selected as fuel. 
The ratios of diesel and RME changed from pure 
diesel to pure RME as follows:
– fuel No. 1: 100% diesel fuel,
– fuel No. 2: 85% diesel fuel and 15% RME,
– fuel No. 3: 70% diesel fuel and 30% RME,
– fuel No. 4: 55% diesel fuel and 45% RME,
– fuel No. 5: 100% RME.

The use of diesel fuel from the common fuel sta-
tion was chosen mainly because of its easy acces-
sibility. In terms of practice there is a significant 
fact that the majority of agricultural tractors use 
this fuel. Diesel fuel supplied to the network of 
fuel stations (ČSN EN 590:2010) includes manda-
tory share of biofuels (RME) in accordance with the 
EU legislation. This represents a partial complica-
tion for measuring the effect of RME share in fuel 
on the engine map of tractor engine. In the Czech 
Republic there is currently prescribed 6% share of 
biofuel in diesel supplied in the market for a longer 
period of time (valid from 1. 6. 2010). The amount 
of biofuel in diesel shall not exceed 7%. Therefore 
the share of biofuels in diesel fuel at the fuel sta-
tion is not clearly defined and fluctuates around 
6%. It was necessary to analyse all of test fuels to 
determine the actual percentage of RME in each of 
them. Founded proportion of RME in test fuels is 
as follows: 
– fuel No. 1: 5.5% RME (diesel from fuel station),
– fuel No. 2: 19.7% RME,
– fuel No. 3: 33.9% RME,
– fuel No. 4: 48.0% RME,
– fuel No. 5: 100.0% RME.

Material and Methods

Measuring devices were gradually attached to the 
measured tractor Zetor Forterra 8641 (Zetor Trac-
tors a.s., Brno, Czech Republic) (Table 2). Hydrau-
lic dynamometer (Fig. 1) was connected to the rear 
power take-off of the tractor. Basic parameters of 
the dynamometer AW NEB 400 (AW Dynamom-
eter Inc., North Pontiac, USA) which was used are 
shown in Table 3. The fuel box which contains two 
flow meters Macnaught MSeries M2ASP-1R (Mac-

Table 1. Selected technical requirements for diesel and rapeseed methyl ester (ČSN EN 590, ČSN EN 14214)

Requirements Diesel fuel Rapeseed methyl ester (RME)

Density at 15°C (kg/m3) 820–860 870–890

Kinematic viscosity at 40°C (mm2/s) 2.0–4.5 3.5–5.0

Freezing point (°C) –4/–22 –8/–20

Flash point (°C) over 55 over 110

Carbon residue (% weight) 0.10–0.30 0.05

Sulfur (% weight) max 0.05 0.02

Ash (% weight) max 0.01 max 0.02

Mechanical impurities (mg/kg) max 24 max 24
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naught Pty, Ltd., Turrella, Australia) was used to 
measure fuel consumption of the engine. The first 
flow meter measures the amount of fuel supplied to 
the engine and the second flow meter measures the 
amount of fuel that returns to the tank. The main 

parameters of the flow meter M2ASP-1R are shown 
in Table 4. The fuel tank of the tractor was com-
pletely disconnected during the measurement and 
an auxiliary tank for currently tested fuel which has 
30 l capacity was used instead of it. No other modi-
fication of the tractor fuel system was performed. 
The following sensors were also connected: air 
temperature and pressure sensor, engine oil tem-
perature sensor and fuel temperature sensor.

Once the tractor was ready for testing the test fuel 
was prepared (diesel and RME). The mixtures of 
100/0, 85/15, 70/30, 55/45 and 0/100 (diesel from a 
fuel station/RME) were mixed. A sample of diesel 
(purchased at fuel station) was taken for laboratory 
analysis which showed 5.5% share of RME in this fuel. 

The flushing of the tank and fuel system was re-
alized after each change of fuel mixture to ensure 
the removal of any previous fuel mixture (mixed 
proportions of pump overflow were captured and 
completely excluded from measurements). The 
tractor engine was warmed up after filling the tank 
with selected fuel to reach its operating tempera-
ture. The rated speed characteristic (governor of 
engine speed at maximal position) of the engine 
was measured after heating the engine (Fig. 2). This 
characteristic was used to determine the appro-
priate measuring point for creating of the engine 
map (Fig. 3). The measurement points (about 35) 

Table 2. Basic technical parameters of the engine Zetor 1204 
in Zetor Forterra 8641 tractor (manufacturer’s data accord-
ing to ECE R24)

Parameter Value

Rated power (kW) 60

Rated speed (1/min) 2,200

Max. torque (Nm) 351
Specific fuel consumption at rated 
power (g/kWh) 253

Max. speed (1/min) 2,460

Idling speed (1/min) 750

Table 3. Basic technical parameters of the dynamometer 
AW NEB 400

Parameter Value

Max. torque at power take-off (Nm) 2,850

Max. power take-off speed (1/min) 3,200

Max. braking power (kW) 343
Max. braking power at power  
take-off speed 540 1/min (kW) 149

Max. braking power at power  
take-off speed 1,000 1/min (kW) 298

Error in measurement (%) 2

Table 4. Basic technical parameters of the flow meter 
M2ASP-1R

Parameter Value

Max. flow rate (l/h) 500

Resolution (pulses/l) 400

Error in measurement (%) 1

Fig. 1. Tractor Zetor Forterra 8641 with attached dy-
namometer AW NEB 400
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Fig. 2. An example of rated speed characteristic of the 
engine (power take-off, fuel from common fuel station)
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is created (1,681 points). SPLINE function is used in 
further work with this matrix. This function which 
uses interpolation from points of the matrix allows 
determining the value of a monitored variable at any 
engine operating point. 

Results

Table 5 shows all measured points and meas-
ured fuel consumption for each of test fuels. The 
function REGRESS together with the functions 
INTERP (1) interleave the measured points in fuel 
consumption PlochaZ with pre preset cubic poly-
nomial set cubic polynomial. PlochaZ is in coor-
dinates PlochaXY (om and TM are coordinates of 
engine speed and torque). The result is a continu-
ous surface Plocha(om, TM). A square matrix of  
41 × 41 (1,681 points) is created from this surface 
for further processing.

(1)

where:
PlochaXY	 – matrix giving the coordinates of 

engine speed and torque om and TM
PlochaZ	 – single column matrix of data of the 

processed quantity (e.g. fuel con-
sumption) (g/h)

3	 – degree of the polynomial (optional)
Plocha(om,TM)	 – continuous surface of processed 

quantity (g/h)
om	 – coordinates of engine speed (1/min)
TM	 – coordinates of engine torque (Nm)

The matrix of 1,681 points is interleaved using 
the SPLINE function (2) in the further processing. 
The SPLINE function interleaves the surface exact-
ly in the points which are defined in 41 × 41 matrix.

(2)

where:
Plocha	– matrix of measured quantity in 1,681 points 

(g/h)

The procedure of making surfaces (1, 2) is applied 
to all of test fuels and the results are shown in form 
of engine maps in Figs 4–8. The point where the en-

are defined so that most of them are in the work-
ing area of the engine. Defining of these points was 
followed by their measurement. After turning the 
power take-off on the dynamometer and the gover-
nor of engine speed were set so that the engine has 
stabilized in the desired measuring point. Engine 
speed, torque, fuel consumption and other moni-
tored quantities were registered after stabilization 
of the engine. Engine power was then calculated 
from engine speed and its torque.

The dependence of density on temperature was 
found for each of test fuels. The gravimetric and 
specific fuel consumption were calculated from 
measured values using this dependence. Values of 
torque and shaft speed which were measured on 
power take-off were converted to engine values us-
ing the appropriate gear ratio (3.543). The power 
losses in transmission between the engine and 
power take-off which can be regarded as constant 
are not significant for comparison of the effect of 
fuel type on engine map. Therefore these losses are 
not considered in evaluation of the measurement. 
So the calculated values of specific fuel consump-
tion correspond to engine power on the power 
take-off.

Measured values were then processed using func-
tions of the MathCAD software (PTC Corporate 
Headquarters, Needham, USA) into continuous sur-
faces. REGRESS and INTERP functions were used 
to create continuous surfaces. REGRESS function 
allows selecting a suitable degree of the polynomial. 
Quadratic or cubic polynomials are sufficient for fuel 
consumption. Surfaces thus created are stored in a 
file in a text format, where a matrix of 41 × 41 points 

Fig. 3. An example of defined measurement points – 85/15 
(diesel from fuel station/RME)
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Fig. 9. Change of minimum specific fuel consumption on 
the power take-off with increasing proportion of RME

 

 

Fig. 7. Engine map for fuel No. 4 (48.0% RME)

Fig. 8. Engine map for fuel No. 5 (100.0% RME)
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Discussion and Conclusion

The use of RME in the internal combustion en-
gine of agricultural tractors is accompanied with a 
reduction of power parameters and an increase of 
specific fuel consumption. It is stated that the drop 
in power parameters is 3–5% and the increase in 
fuel consumption is around 7% for the diesel with 
31% of RME (Holas 1996, Vančurová 2008).

The share of RME mainly reflects in the increased 
specific fuel consumption as it can be seen on the 
presented engine maps. The minimum specific fuel 
consumption of 259.7 g/kWh (power take-off) was 
achieved when the engine of the tractor Zetor For-
terra 8641 operates on diesel from common fuel 
station (5.5% RME). When the engine was operat-
ing on pure RME the reached minimum specific fuel 
consumption was 286.8 g/kWh. This represents an 
increase of about 10%. The operating area of the en-
gine where the minimum specific fuel consumption 
is achieved remains unchanged. The engine speed is 
1,530–1,630 1/min in this area and the torque is very 
close to its maximum at this speed (Figs 4–8).

The increase in specific fuel consumption is mainly 
associated with a reduction in tractor engine power 
parameters. The maximum torque of 318 Nm which 
was reached for the diesel from fuel station decreased 
to 299 Nm when the engine operates on pure RME. 
This means that the reduction is approximately 6%. 

The choice of operating modes of the engine re-
mains unchanged and so it is possible to operate the 
tractor in the same way. The advantage of using RME 
is also the ability to use it without any technical modi-
fication of the engine (most of new engines is ready 
for using RME). However, it is necessary to take into 
account the properties of RME and it is also impor-
tant to take care of fuel system, particularly with re-
gard to the removal of water and other sediments.
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