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The operation parameters of an engine supplied with diesel oil and B20 fuel  
 

The purpose of the paper is to compare selected operation parameters of an engine supplied with, respective-

ly, commercial diesel oil and the B20 mixture (80 v/v % of diesel oil and 20 v/v % of  rape oil fatty acid methyl 

esters). During the tests, the engine was running following the load characteristics at crankshaft rotational 

speed of 1750 rpm and 4000 rpm, respectively. The paper describes the test stand and block diagram of a system 

designed for measuring cylinder pressure, injection line pressure and injector operation control current. The 

emissions of nitrogen oxides, hydrocarbons, carbon monoxide and carbon dioxide were measured during the 

tests. 
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Wskaźniki pracy silnika zasilanego olejem napędowym i paliwem B20 
 

Celem artykułu jest porównanie wybranych parametrów pracy silnika zasilanego handlowym olejem napę-

dowym i mieszaniną B20 (80 % V/V oleju napędowego i 20 % V/V estrów metylowych kwasów tłuszczowych 

oleju rzepakowego). Podczas badań silnik pracował według charakterystyk obciążeniowych przy prędkościach 

obrotowych wału korbowego 1750 obr/min i 4000 obr/min. W artykule opisano stanowisko badawcze oraz 

schemat blokowy układu do pomiaru ciśnienia w cylindrze, ciśnienia w przewodzie wtryskowym i prądu sterują-

cego pracą wtryskiwacza. Podczas badań mierzono emisję tlenków azotu, węglowodorów, tlenku węgla i dwu-

tlenku węgla. 

Słowa kluczowe: tłokowy silnik spalinowy, emisja spalin, wskaźniki pracy silnika 
 

1. Introduction 
Self-ignition piston internal combustion 

engines have been widely used both as a source of 

drive for automotive vehicles and tractors, as well 

as for building and road making machines and 

power generator sets and other machinery operating 

under stationary conditions [6]. Their continuous 

development causes increasingly high demands to 

be imposed upon them, concerning both the quality 

and the organization of their operation cycles, 

which are significantly influences by the fuel 

injection process [5]. Currently used injection 

apparatus makes it possible to influence the 

combustion process by injecting fuel into the 

cylinder under high pressure in several steps [7]. 

This allows both the current and future increasingly 

stringent regulations for combustion gas toxicity 

reduction to be met.  

One of the solutions that enable the reduction 

of the emissions of harmful combustion gas com-

ponents is to use biofuels, either in a pure form or 

as a diesel oil addition, for feeding the internal 

combustion engine [3, 4]. The most commonly used 

biofuels are produced from readily available agri-

cultural raw materials, such as rape, soya, sunflow-

er, corn, palms, beets, sugar cane, etc. [1, 12, 14, 

15]. Fatty acid methyl esters of plant origin are used 

for supplying self-ignition engines, because their 

physicochemical properties are similar to those of 

diesel oil [11, 13, 16, 20, 22]. An advantage of the 

esters compared to hydrocarbon fuels is that they 

are biodegradable. They have a low sulphur content 

and are harmless to the human natural environment. 

In addition, they have a cetane number comparable 

to that of diesel oil. The disadvantages of the esters 

include: poorer low-temperature properties, a great-

er tendency to absorbing water, increasing the like-

lihood of fouling spray nozzle tips and combustion 

chamber elements with carbon deposits, reducing 

the engine's power, increasing  the fuel consump-

tion and nitrogen oxide emissions. Studies are being 

conducted in many research and development cen-

ters, which are aimed at determining the effect of 

biofuel on the combustion process and the emis-

sions of harmful combustion gas components [2, 9, 

10, 17]. An adverse factor associated with the com-

bustion process is primarily the combustion gas 

emission [21]. The knowledge of the elementary 

composition of fuel is indispensable for the assess-

ment of engine operation in the ecological aspect. It 

enables the determination of both favourable and 

unfavourable engine operation conditions in terms 

of the engine's adverse impact on the natural envi-

ronment. The emission of harmful combustion gas 

components depends, among other factors, on the 

design and technical condition of the engine, as 

well as on the quality of engine oils and fuels used 

during engine operation [8, 18, 19]. Engine running 

conditions, too, have a great influence on the com-

bustion gas emission.  
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2. The test stand and control and meas-

uring apparatus 

The tests were carried out on an engine test 

bed composed of a Fiat MultiJet  1.3 SDE 90 KM 

engine, an type eddy-current brake and a control & 

measuring cubicle designed for controlling the test 

stand operation and enabling the engine and brake 

operation parameters to be read out. The technical 

specification of the test engine is given in Table 1. 

 

Table 1. The basic technical specification of the 

MultiJet1.3 SDE 90 KM engine 

Parameter Value 

Cylinder arrangement vertical – in-line 

Number of cylinders 4 

Injection type Direct multi-stage 

fuel injection 

Cylinder operation order 1 – 3 – 4 – 2 

Compression ratio 17,6 

Cylinder bore 69.6 mm 

Piston stroke 82 mm 

Engine cubic capacity 1,251 cm
3
 

Maximum engine effec-

tive power 

66 kW at 4000 rpm 

Maximum engine torque 200 N·m at 1750 

rpm 

Idling rotational speed 850±20 rpm 

 

A schematic diagram of the test stand with the 

control and measuring apparatus used in the tests is 

shown in Figure 1. 

 
Fig. 1. A block diagram of the test stand 

 

The test stand was equipped with a system for 

indicating pressures in the self-ignition engine cyl-

inder. The measuring system shown in Fig. 2 con-

sists of three measuring circuits: 

– a combustion chamber pressure measuring 

circuit, 

– an injector operation control current circuit, 

and 

– a crankshaft rotation angle decoder circuit. 

 

Fig. 2. A schematic diagram of the complete-

combustion piston engine fast-variable quantity 

measuring system used in the tests carried out 

 

The combustion chamber pressure measuring 

circuit is composed of an AVL GH13G-type quartz 

piezoelectric sensor, connecting conductors and an 

AVL charge amplifier. The measured quantities 

were recorded as a function of crankshaft rotation 

angle. This was done by the crankshaft rotation 

angle measuring circuit with a rotary-pulse convert-

er. The system employs an AVL 365C photoelectric 

encoder with a resolution of 720 electrical pulses 

per revolution. The ECU electronic controller of the 

1.3 SDE 90 KM engine employs special control 

functions to improve the accuracy of fuel dosing, 

allowing for the wear of the injector. 

The measurements of the concentrations of 

harmful exhaust gas components, i.e. nitrogen 

oxides (NOX), hydrocarbons (HC), carbon 

monoxide (CO) and carbon dioxide (CO2), were 

done using a MEXA-1600 DEGR analyzer supplied 

by Horiba. 

 

3. Testing results and their analysis 

Tables 2 through 7 show selected indices and 

operation parameters of the FIAT MultiJet 1.3 SDE 

90 KM engine running according to the load char-

acteristics for crankshaft rotational speeds of  

1750 rpm and 4000 rpm. Based on the engine indi-

cator diagrams recorded on the dynamometer test 

stand and averaged of fifty completed cycles, the 

following have been determined and calculated: 

indicated work, Li; mean indicated pressure, pi;  

indicated power, Ni; indicated torque, Mi; unit indi-

cated fuel consumption, gi; and maximum cylinder 

pressure, pcmax. 
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Table 2. The effective quantities of the Fiat Multi-

Jet 1.3 SDE 90 KM engine supplied with diesel oil 

and B20 fuel and running according to the load 

characteristics at a rotational speed of 1750 rpm  

FUEL 

DIESEL OIL B20 

Mo Ne Gh Mo Ne Gh 

[N·m] [kW] [kg/h] [N·m] [kW] [kg/h] 

10 1,84 1,00 10 1,88 1,44 

20 3,86 1,40 20 3,92 1,59 

40 7,55 2,08 40 7,43 2,85 

60 10,87 2,68 60 10,87 3,02 

80 14,74 3,49 80 14,50 4,06 

100 18,24 4,26 100 18,11 4,58 

120 22,11 5,08 120 21,92 5,56 

140 25,81 5,76 140 25,37 6,59 

160 29,49 6,38 160 28,98 6,97 

180 33,16 7,27 180 32,61 7,66 

202 37,22 8,21 193 34,46 8,17 

 Table. 3. 

Table 3. The indicated quantities of the Fiat Multi-

Jet 1.3 SDE 90 KM engine supplied with diesel oil 

and running according to the load characteristic at a 

rotational speed of 1750 rpm  

Mo pcmax Li pi Ni Mi gi 
[N·m] [MPa] [J] [MPa] [kW] [N·m] [g/kWh 

10 4,2 106,4 0,34 6,2 33,8 161,0 

20 4,3 138,9 0,45 8,1 44,2 172,6 

40 4,6 195,9 0,63 11,3 62,3 182,0 

60 5,7 251,3 0,81 14,6 79,9 182,8 

80 6,8 321,7 1,03 18,7 102,4 185,9 

100 8,1 392,7 1,26 22,9 125,0 185,9 

120 9,3 468,0 1,50 27,3 148,9 186,0 

140 10,1 511,4 1,64 29,8 162,7 193,0 

160 11,1 580,7 1,86 33,8 184,8 188,3 

180 11,9 647,4 2,08 37,7 206,0 192,4 

202 12,2 710,9 2,28 41,4 226,3 197,9 

 
Table 4. The indicated quantities of the Fiat Multi-

Jet 1.3 SDE 90 KM engine supplied with B20 fuel 

and running according to the load characteristic at a 

rotational speed of 1750 rpm  

Mo pcmax Li pi Ni Mi gi 
[N·m] [MPa] [J] [MPa] [kW] [N·m] [g/kWh 

10 4,4 44,2 0,14 2,6 14,1 789,6 

20 4,5 69,8 0,22 4,1 22,2 295,5 

40 4,8 159,6 0,51 9,3 50,8 264,1 

60 6,2 238,2 0,76 13,9 75,8 212,2 

80 7,0 285,3 0,91 16,6 90,8 226,6 

100 8,4 353,2 1,13 20,6 112,4 208,5 

120 9,8 443,0 1,42 25,8 141,0 205,8 

140 11,3 499,0 1,60 29,1 158,8 225,8 

160 12,1 576,6 1,85 33,6 183,5 213,7 

180 12,6 606,4 1,94 35,4 193,0 217,5 

193 12,7 628,4 2,01 36,7 200,0 224,8 

 

 

 

 

 

 
 

Table 5. The effective quantities of the Fiat Multi-

Jet 1.3 SDE 90 KM engine supplied with diesel oil 

and B20 fuel and running according to the load 

characteristics at a rotational speed of 4000 rpm  

FUEL 

DIESEL OIL B20 

Mo Ne Gh Mo Ne Gh 

[N·m] [kW] [kg/h] [N·m] [kW] [kg/h] 

10 4,55 3,65 10 4,13 3,68 

20 8,28 4,11 20 8,27 4,12 

40 16,56 5,34 40 16,56 5,5 

60 25,26 6,44 60 24,85 7,03 

80 33,11 7,89 80 33,01 8,76 

100 41,79 9,52 100 41,46 10,43 

120 50,13 11,13 120 49,70 11,94 

140 58,40 13,12 140 58,31 14,02 

158 65,04 14,89 149 62,54 14,98 

 
Table. 6. The indicated quantities of the Fiat Multi-

Jet 1.3 SDE 90 KM engine supplied with diesel oil 

and running according to the load characteristic at a 

rotational speed of 4000 rpm 

Mo pcmax Li pi Ni Mi gi 
[Nm] [MPa] [J] [MPa] [kW] [Nm] [g/kWh 

10 8,2 236,3 0,76 31,52 75,2 115,8 

20 8,5 260,5 0,84 34,73 82,9 118,3 

40 9,0 304,0 0,97 40,53 96,7 131,7 

60 8,6 334,8 1,07 44,65 106,6 144,2 

80 9,5 401,1 1,29 53,49 127,6 147,5 

100 11,7 483,2 1,55 64,43 153,8 147,7 

120 12,6 546,8 1,75 72,92 174,0 152,6 

140 13,1 618,7 1,98 82,51 196,9 159,0 

158 13,2 662,6 2,12 88,35 210,9 168,5 

 
Table. 7. The indicated quantities of the Fiat Multi-

Jet 1.3 SDE 90 KM engine supplied with B20 fuel 

and running according to the load characteristic at a 

rotational speed of 4000 rpm 

Mo pcmax Li pi Ni Mi gi 
[Nm] [MPa] [J] [MPa] [kW] [Nm] [g/kWh 

10 8,7 187,5 0,60 10,9 59,7 140,8 

20 8,8 196,1 0,62 11,4 62,4 149,9 

40 9,3 248,7 0,80 14,5 79,2 155,6 

60 9,9 292,9 0,94 17,1 93,2 172,4 

80 11,0 347,0 1,11 20,2 110,5 173,3 

100 14,1 448,8 1,44 26,2 142,9 167,7 

120 14,6 491,0 1,57 28,6 156,3 165,3 

140 15,1 562,3 1,80 32,8 179,0 178,4 

149 14,9 593,5 1,90 34,6 188,9 182,5 

 
Figures 3 and 4 illustrate the emissions of ni-

trogen oxides (NOX) with the combustion gas of the 

engine running according to the load characteristics 

at 1750 rpm and 4000 rpm and being fed with die-

sel oil and B20 fuel.  
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Fig. 3. Nitrogen oxide (NOX) concentrations in the 

combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and operating accord-

ing to the load characteristic at n=1750 rpm 

 

 
Fig. 4. Nitrogen oxide (NOX) concentrations in the 

combustion gas of the FIAT MultiJet engine fed 

with diesel oil and the B20 mixture and operating 

according to the load characteristic at n=4000 rpm 

 
Figures 5 and 6 illustrate the emissions of hy-

drocarbons (HC) with the combustion gas of the 

engine running according to the load characteristics 

at n=1750 rpm and n=4000 rpm and being fed with 

diesel oil (ON) and B20 fuel.  

 

 
Fig. 5. Hydrocarbon (HC) concentrations in the 

combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and operating accord-

ing to the load characteristic at n=1750 rpm 

 
Fig. 6. Hydrocarbon (HC) concentrations in the 

combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and operating accord-

ing to the load characteristic at n=4000 rpm 

 
Figures 7 and 8 represent the emission of car-

bon monoxide (CO) with the combustion gas of the 

engine running according to the load characteristics 

at n=1750 rpm and n=4000 rpm and being fed with 

diesel oil (ON) and B20 fuel.  

 
Fig. 7. Carbon monoxide (CO) concentrations in 

the combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and running according 

to the load characteristic at n=1750 rpm 
 

 
Fig. 8. Carbon monoxide (CO) concentrations in 

the combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and running according 

to the load characteristic at n=4000 rpm 
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Figures 9 and 10 represent the emission of car-

bon dioxide (CO2) with the combustion gas of the 

engine running according to the load characteristics 

at n=1750 rpm and n=4000 rpm and being fed with 

diesel oil (ON) and B20 fuel.  

 
Fig. 9. Carbon dioxide (CO2) concentrations in the 

combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and running according 

to the load characteristic at n=1750 rpm 
 

 
Fig. 10. Carbon dioxide (CO2) concentrations in the 

combustion gas of the FIAT MultiJet engine fed 

with diesel oil and B20 fuel and running according 

to the load characteristic at n=4000 rpm 

 

4. Summary 

Greater magnitudes of cylinder pressure during 

the combustion process were obtained for the en-

gine supplied with B20 fuel. Better indicated pa-

rameters, such as indicated work, indicated pres-

sure, indicated power and indicated torque, were 

achieved for the engine supplied with diesel oil, 

compared to the engine fed with the B20 mixture. 

Higher effective power and torque and lower 

hourly fuel consumption were obtained for the 

engine supplied with diesel oil, compared to the 

engine fed with B20 fuel. 

Based on the analysis and assessment of the 

test results it can be concluded that the combustion 

gas nitrogen oxide emission is greater for the en-

gine running according to the load characteristics at 

crankshaft rotational speeds of n=1750 rpm and 

n=4000 rpm and being fed with B20 fuel, compared 

to the engine supplied with diesel oil. The higher 

emission of nitrogen oxides with the combustion 

gas of the engine supplied with the B20 mixture 

might be caused by higher temperatures prevailing 

in the cylinder during the combustion process. The 

B20 fuel contains a greater quantity of oxygen in its 

elementary composition, which causes the combus-

tion process to proceed more intensively and results 

in higher temperatures in the cylinder.  

For the engine supplied with the test fuels and 

running according to the load characteristic at 

n=1750 rpm, for a load greater than 50N·m, the 

emission of combustion gas hydrocarbons was 

similar. For the engine running according to the 

load characteristic at n=4000 rpm and being fed 

with diesel oil, the hydrocarbon emissions were 

higher, compared to the emissions of the engine 

supplied with the B20 mixture.  

For the engine supplied with diesel oil and run-

ning following the load characteristics at n=1750 

rpm and n=4000 rpm and at maximum loads, the 

carbon monoxide emission was higher, compared to 

the emission from the engine fed with B20 fuel. 

The carbon dioxide emission is greater for the 

engine supplied with B20 fuel. This may be caused 

by the greater oxygen content of B20 fuel, which 

makes the chemical reaction of oxidation more 

complete during the combustion process.  

To sum up, it can be concluded that more ad-

vantageous energy parameters are attained when the 

engine is supplied with diesel oil, than when it is 

fed with B20 fuel.  
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