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Summary

This paper presents the methodology and resultewiparative tests of tractor engine emission podénediesel and two
types of biofuels: rapeseed oil methyl esters anrdatina oil methyl esters. Measurements of thg €@issions, toxic ex-
haust gas components (CO, HC, )Nénd mass, quantity, size of particulate mattévijRire also included.
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BADANIA EMISJI SPALIN SILNIKA CI  AGNIKA
ZASILANEGO OLEJEM NAP EDOWYM | BIOPALIWAMI

Streszczenie

W artykule przedstawiono metodykwyniki poréwnawczych badaemisji spalin silnika gignika rolniczego zasilanego
olejem napdowym i dwoma rodzajami biopaliw: estrami metylowghaju rzepakowego i estrami metylowymi oleju tia
kowego. Przeprowadzono pomiar emisji G@ksycznych gazowych sktadnikéw spalin (CO, NG,) oraz masy, liczby i
wielkasci czstek statych (PM).

Stowa kluczoweciggniki, silniki, biopaliwa, emisja spalin, metodykedania poréwnawcze

1. Introduction (ON) and biofuels - Fatty Acid Methyl Ester (FAMEJ.wo
kinds of esters were used: rapeseed methyl edRWE)
and camelina methyl esters (Camelina seed).
Biofuels used in trials were produced in the appmrand
by technology developed in the Industrial InstitafeAgri-
cultural Engineering in Pozha

Exhaust emission tests were conducted using #otrac
Deutz-Fahr Agrotron X720 (Table 1) with modern dies
engine with turbocharger and charge air coolemdets the
emission standards Stage IlIA. In addition, it denpow-
ered by biofuel B100 instead the conventional diese

Exhaust gases emitted by internal-combustion @sgin
cause a degradation of natural environment and al
threaten human health. To prevent such disadvantizge
effects, more and more restrictive standards oftywf
gases [2] are implemented.

According to the U.S. Environmental Protection
Agency, off-road vehicles are one of the main eibiss
sources of OM and NOn U.S. Also in 27 countries of UE
the emission of NQand PM, from tractors and agricul-
tural machines has significant participation in-aféd ve-
hicles group. According to the data [3] in 2005 &d10 Table 1. Basic parameters of Deutz-Fahr Agrotror2X7
the NQ, emission from tractors and agricultural machinesngine [6]
was about 40% of total emission from off-road védgand

according to the prediction this level will be d&antil Number of (':ylmderS G./A.'
S . . Cylinders displacement in-line

2020. In case of PMemission, in 2005 and 2010 this shar Sswept volume [dm3] 714
was a little bit above the 50%, however it is dptited that  yasimum power output :
in 2020 this share will be reduced to about 45%. [KW/obr/min] 198/2350

In one of recent report [1, 4] International Aggrfor Maximum torque [Nm / obr/min] | 1052 / 1600
Research on Cancer has classified unambiguouslgsthe | Injection Common Rail
haust gases from diesel engine as the cause oércand Injection pressure [bar] 1600
place them in group 1. Thus, there has been a ehaniye Exhaust gas recirculation
classification of exhaust gases from the group (@lfably | Exhaust gas cleaning systems | Oxidizing catalytic con-
carcinogenic) to the group clearly causing theatise verter

Economic considerations and easy access to bis-fue 5 | <-mentation
agricultural cause that there are attempts to beentto
power the engines of tractors and agricultural rively. In Measurements of gaseous components concentrations
view of the risks to human health and the enviromme exhaust gases were conducted using mobile analyzer
caused by emissions from diesel engines therméxassity SEMTECH-DS (Table 2) from Sensors Inc. It allows to
to submit the bio-fuels for testing the full rangleemission measure the concentration of compounds containetein
of harmful exhaust gas components. exhaust gas and fuel consumption, while measuhagk-
haust gas mass flow.

To measure the emissions of particulate matter)(PM

During the comparative study to power an intenuah- containe_d in the exhaust gas analyzer Semtech Iéaz_felﬂ
bustion engine used the following fuels: summerselie sol Monitor (LAM) from Sensors Inc. was used. Tlhewide

2. Tests objects
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Table 2. Features of the mobile exhaust gas anay#Z8TECH DS [7]

Parameter Measurement method Accuracy
Component concentration
CO NDIR — non-dispersive (infrared), range 0-10% +3%
HC FID — flame ionization, range 0—10 000 ppm +2,5%
NO, = NO + NG NDUV — non-dispersive (ultraviolet), range 0—-30G0m +3%
CGo, NDIR — non-dispersive (infrared), range 0-20% +3%
O, electrochemical, range 0—20% +1%
Sampling frequency 1-4 Hz
Exhaust mass flow Mass flow,J,do 700 °C *2,5%
X +1% of the range
Warm-up time 15 min
Response time T90<1s
SAE J1850/SAE J1979 (LDV)
Supported diagnostic systems | SAE J1708/SAE J1587 (HDV)
CAN SAE J1939/J2284 (HDV)

Table 3. Technical data of Semtech-LAM analyzer [7]

The measuring range:

0 to 40 mg/m
0 to 700 mg/m

Particle size: 100 to 10 000 nm

Resolution: 0,01 mg/t

Drift: <0,25mg/nt above 6 h

Sample flow: 1,5 difmin

Sampling frequency: 5 Hz (internally to 100 Hz)
Output: RS232 Analog 0 to 5 VDC option
Power supply: 12 to 24 VDC or 110 to 240 VAC
Temperature: 0to 40 °C (104 °F)

Table 4. Technical details of the particle disttiiom ana-

lyzer 3090 EEPS [8]

The size of measured patrticle

S

Number of channels

Number of electrode channel

D

Sampling frequency:

Sample flow:

compressed air flow

input sample Temperature

Operating temperature

of particulate matter emission from the fuel conlousin-
side the engine. It allows to measure the diameftgyar-
ticulate matter from 5.6 to 560 nm.

5,6-560 nm . .
16 channels per decade (3 total Mobile electrl_c dynamometer - Eggers Dynamometer
22 PT 301 MES, which was connected to the tractor RV&3,
10 Hz used to load the tractor engine. Basic technicedrpaters
10 difimin of dynamometer shows the Table 5.
40 dmin
10-52 °C 4. Test results and analysis
0-40 °C

Table 5. Basic technical parameters of Eggers PT B&S

dynamometer [9]

uses the phenomenon of laser-light scattering bticies

suspended in the exhaust gases. Semtech-LAM can- det

mine the concentration of PM in the exhaust gase®al
time. It can be used as stationary equipment oodd tests.

The basic parameters of the analyzer Semtech-LA&

presented in table 3.

Measurement of the particle matter size was perédr
using Engine Exhaust Particle Sizer Spectromet&P&
3090 (Table 4) from TSI Incorporated. It allowsp@rform
continuous measurement of the size of particulaiatier
emitted by the engine of tested vehicle. EEPS speeter
is a high performance device designed for the nmreasent
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A comparative study was conducted on the testtbenc
(Fig. 1) ensuring the same conditions for each. fliké test
characteristic (Fig. 2) was corresponding to regét dur-
ing a previous field tests of Deutz-Fahr Agrotro2R

Breaking system Retarder tractor with rotatable plow. The same tractor wasdudur-
Cooling medium Air . .
. ing the stationary tests.

340 kW - 5 min . . .
Measuring range 300 kKW - 7 min Comparing the results obtained during the study of
at 1000 1/min and 20°C 250 kW - 11 min gaseous components emissions from the exhaustrghs a

225 KW - 20 min particulate matter (Table 6) can be concluded ttheemis-
Max. Speer 3600 1/min sion of carbon dioxide, as well as proportionalhis emis-
Max. Torque 7200 Nm sion fuel consumption during the test, were theestwfor
Rotation direction Left/right diesel.

The carbon emission, among the studied biofuets w
the lowest for camelina oil methyl esters.

Among the studied biofuel carbon emissions werestow
for camelina methyl esters. However, the differsnoe
values for the esters were less than 1%. The loemss-

arsions of carbon monoxide was recorded for camelina

methyl ester (1.43 g/kt). It was lower than the emissions
for diesel (2.83 g/k\Wh) by 49% and by 37% for rapeseed
methyl ester (2.27 g/kW-h). The lowest emissiomxitles

of nitrogen was obtained for the rapeseed methtéres
(5.37 g/kWh). It was lower than diesel emissions by 13%
(for rapeseed methyl esters) and 3% (for cameliethyh
ester). However, in the case of hydrocarbons eamissi
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the lowest level was recorded for camelina metlstere
(0.21 g/kwh), and it was lower than diesel (0.56 g/
by 63% and lower than rapeseed methyl esters by 51%
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Fig. 2. Characteristic of comparison test

Table 6. The concentration of the gaseous compsriant
the fuel

Concentration [g/(kKW-h)]

No. Fuel type co, co | Nox| HC | PM
1 Diesel 621,23 | 2,83 6,40,56| 0,52
Rapeseed oil methyl 4
2 ced ol 634,17 | 2.27| 5,370,43|0,46
3 | Camelinaoil methyll oq 76 | 1 43| 603021045
esters

o PM
mCO
O HC+NOx

HC+NOx
(e{e]

Diesel
Rapeseed
esters
Camelina
esters
Stage 1A

Fig. 3. Comparison of exhaust emissions with Sthgestandard
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Fig. 4. The distribution of particulate matter si&ed concentration during the diesel oil test
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Fig. 5. The distribution of particulate matter siaad con- Fig. 6. The distribution of particulate matter siaad con-
centration rapeseed methyl ester centration for camelina methyl esters
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Fig. 7. The overall distribution of particulate nt@t size and the concentration for diesel oil
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Fig. 9. Total distribution of particulate matterzei and the concentration of the camelina methgrest

The lowest average particulate emissions were +egisions of nitrogen oxides and hydrocarbons signifigaex-
tered for camelina methyl ester (0.448 g/MWV and it was ceeded the maximum specified in the regulations
lower than diesel emissions by 14% and 3% for rapes (4 g/kW-h).
methyl esters. In the case of diesel fuel, it was 6.79 gfdNand the

With respect to the provisions of the standard Stdg  5.80 g/kWh for rapeseed methyl esters and the
(applicable to the engines stationary homologat@arpon  6.24 g/kWh for camelina methyl esters.
monoxide emissions (Fig. 3) for tested fuels wagelothan Emissions of particulate matter (PM) for the tiemstls
the maximum limit (3.5 g/k\Ah). However, the total emis- significantly exceeded the permissible average evalu
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(0.2 g/kW-h) specified in the regulations of standards Stageamelina methyl esters. The greatest concentrafi@mit-
[lIA. For diesel, this emission was the largest520g/kW-h. ted particles average diameter was 10.8 nm for bstérs
The lowest average emissions were registered foeliaa  and for diesel oil the average diameter was 60.4 nm
methyl ester (0.45 g/kWit) - also higher than the limit. According to the harmfulness of very small paeticl
Maximum concentration of PM for diesel oil (Figadd sizes (nanoparticles) to human health [1, 4, Hs¢hresults
7) occurred at average diameter and it was rar@dgnm, gain particular significance. Maximum concentratioh
the range above 50% of the maximum particle sizeen- particulate matter for diesel is significantly steakhan the
tration was 29.4 to 107.5 nm. esters. For camelina methyl esters this ratio iallemthan
Maximum particle concentration for both types sefees in the case of rapeseed methyl esters, within #ngcte di-
(Fig. 5, 6, 8, 9) occurred at an average diamée3 am, for ameter range occurring above 50% of the maximum con
rapeseed methyl ester in a range above 50% of#ivémam  centration is also lower for camelina methyl esters
PM size concentration there ware ranged from $3107.5
nm (Fig. 8). In the case of camelina methyl esteis range
above 50% of the maximum PM size concentrationether
ware ranged from 9.31 to 52.3 nm (Fig. 9).
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5. Conclusions
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