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B crarbe nmpuBeneHB! pe3yabTaThl MHOTOJETHUX UCCIECJOBAHUH N0 H3YYCHHUIO MACIMYHOW NPOJYKTHBHOCTH
¥ XMMHUYECKOTO COCTaBa Macjla COM COPTOB CEBEPHOTO SKOTHIA B yclnoBusAX LleHTpansHoro HeuepHo3emMbs M BOZMOXXHOCTH
WCTIOJIb30BaHMA €0 Ha OMoan3ess. OUBITH 110 BRIPAIIMBAHUIO COHM MTPOBOAMINCH Ha onbITHOM moje ®I'EOY BO PTAY-MCXA
nmenn K. A. Tumupszesa (2008-2019 rr.) Ha pailOHHPOBaHHBIX YABTPACKOPOCIEIBIX COPTaX CEBEPHOrO dKOTHNA Maresa,
Cgernas, Oxckas (rpynma crietocta 000). 3axiazka OMBITOB M aHAJIN3 PE3yJIBTaTOB UCCIEIOBAHNH BHIITOJHEHBI B COOTBETCTBUHI
CO CTaHJAPTHBIMHU apOOMPOBAHHEIMU MeTOAUKaMU. [loka3aHo, 4TO B YCIOBUSAX BBICOKUX IIMPOT (57° ¢.11I.), OrpaHUYEHHBIX
TEIUIOBBIX pecypcoB HeuepHozemHoi 30HE Poccun (CyMMa aKTHBHBIX TEMIIEPATyp BETeTallMOHHOTO IIepruoaa — He Ooee
2000°C) ypoxkaiHOCTHh COM M MPOAYKTUBHOCTH 3aBUCAT OT COpPTa M BIaroobecmedeHHoCTH. B cpenrem mo rogam
ypokalfHOCTB com cocTaBuiua 1,94...2,62 1/ra, MmacaudHas NpoayKTUBHOCTH — 388...544 xr/ra, cogepxaHue mMacia —
19...20%, conepxaHHe B Maciie OJEMHOBON M JTMHOIEBOH KUPHBIX KUCIOT — 60%, nx c60p C ypokaeM CEMsH COCTaBHII
300 xr/ra. YcTaHOBJIEHO, YTO COEBOE MACJI0 M AU3EJIbHOE TOIUIMBO, 00Jamast OJM3KUMU CBOMCTBAMH, CMEIINBAIOTCS
TPaJULHOHHBIMH METOIAMH B JIIOOBIX IPOMOPIHSIX H 00Pa3ylOT CTA0MIbHBIE CMECH, KOTOPEIE MOTYT XPAHHUTHLCS B TCUCHHE
JUTUTEIEHOTO BpEMEHH. DKCIIepUMEHTaIbHbIE HCCIISOBAaHUS 110 UCIIOIb30BaHUIO Maciia COM Ha Onoan3enns ObUIN POBEICHBI
Ha nuzene J[-245 (4 UYH 11/12,5). Konuentpaunn Tokcnaabix kommnoneHTos (CO, CHx, NOx) B orpaboTaBmunx ra3zax Ju3eist
ompenesuch razoananuzaropoM SAE-7532. JIeiMHOCTS 0TpaboTaBmKX ra3oB u3mepsuiack geimomepom MK-3 Hartridge.
OKCHepUMEHTAIbHO YCTAHOBIEHO, 4TO nepeson nu3enst ¢ T na cmecs 80% AT u 20% CM npuBOIUT K U3MEHEHHIO
MHTETPATBHBIX BRIOPOCOB 3a IIUKJ HCIBITAHUN: OKCHI0B a30Ta B 0,81 paza, MmoHOOKcHaa yriaepona — B 0,89 paza, HecropeBImmx
yrieBogoponos — B 0,91 pasa, To €CTb IPH €ro HCHOIB30BAHUH B KaueCTBE MOTOPHOTO TOIUIMBA HAa CEPUIHOM IU3EIbHOM
JIBHTATEJIe CHIKAIOTCS BBIOPOCH BCEX ra3000pa3HBIX TOKCHYHBIX KOMIIOHEHTOB. [loaTBepkIeHa enecooOpa3HOCTh
HCIIOJIB30BAHUS COU CEBEPHOT0 SKOTHUIIA HA OMOTOILIMBO.
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The paper presents the results of long-term research on the oil productivity and chemical composition of soybean oil
of the Northern ecotype varieties in the Central Non-Black Earth Region. The authors consider its possible use for biodiesel
production. Experiments on growing soybeans were carried out on the experimental field of Russian State Agrarian University —
Moscow Timiryazev Agricultural Academy (2008-2019) on recognized ultra-early ripening varieties of the Northern ecotype
Mageva, Svetlaya, Okskaya (ripeness group 000). Tests were set and the research results were analyzed using standard approved
methods. It has been shown that in conditions of high latitudes (57°N), limited thermal resources of the Non-Chernozem zone
of Russia (the sum of active temperatures of the growing season not exceeding 2000°C), the yield and productivity of soybeans
depend on the variety and moisture supply. Over the years, the average yield of soybeans amounted to 1.94 ... 2.62 t/ha, oil
productivity — 388 ... 544 kg/ha, oil content — 19...20%, the content of oleic and linoleic fatty acids in oil — 60%, and their
output from seeds harvested — 300 kg/ha. It has been established that as soybean oil and diesel fuel have similar properties,
they can be mixed by conventional methods in any proportions and form stable blends that can be stored for a long time.
Experimental studies on the use of soybean oil for biodiesel production were carried out on a D-245 diesel engine (4 ChN11/12.5).
The concentrations of toxic components (CO, CHx, and NOx) in the diesel exhaust gases were determined using the SAE-7532 gas
analyzer. The smoke content of the exhaust gases was measured with an MK-3 Hartridge opacimeter. It has been experimentally
established that the transfer of a diesel engine from diesel fuel to a blend of 80% diesel fuel and 20% lubrication oil leads to
a change in the integral emissions per test cycle: nitrogen oxides in 0.81 times, carbon monoxide in 0.89 times and unburned
hydrocarbons in 0.91 times, i.e. when biodiesel as used as a motor fuel in a serial diesel engine, emissions of all gaseous
toxic components are reduced. The study has confirmed the expediency of using soybeans of the Northern ecotype for biofuel

production.
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Introduction. Vegetable oil has always been not only
food, but also an industrial product used for the production
of drying oils, varnishes, paints, soap, glycerin, and cos-
metics.

An actively developing trend in the processing of vegeta-
ble oil is its use for producing biodiesel (BD) — a type of bio-
fuel obtained from fats of vegetable and animal origin, using it
in pure or mixed form to replace diesel oil fuel (DF).

In the world practice, rapeseed oil, sunflower oil, hemp
oil, bottle tree oil, and soybean oil are most often used for its
production.

The use of soybean oil (SO) for biodiesel is caused
by the high level of its production (2/3 of the world) due
to the widespread distribution of soybeans (fourth place
in the world among cereals and legumes), as well as the con-
tent of up to 60% oleic and linoleic fatty acids, which facili-
tates its application in this area [1, 2].

In Russia, soybeans are cultivated primarily as a valuable
high-protein crop (the protein content in seeds is about 40%)
for the production of feed, while the conversion rate of soy-
beans into meat (poultry or pigs) is close to one, (i.e. 1 kg
of meat requires 1 kg of grain soybean) [2, 3].

Soybean oil (its seeds contain 20...27% oil) in Russia, de-
spite its high nutritional value (complies with the FAO / WHO
standard), is practically not used for food purposes due to its
specific taste and lack of corresponding food traditions.

The success practices of Russian breeders and geneticists
and the development of soybean varieties of the Northern
ecotype in the past three decades, made it possible to intro-
duce the crop to the European part of the country, significantly
advancing it to the North (up to 56° North latitude), increas-
ing the cultivated area from 500 thousand hectares in 1990
to 3.0 million hectares in 2020 with a gross grain harvest
of about 3.0 million tons, and the production of soybean oil
of 0.6 million tons/year [2].

In terms of its physicochemical properties, soybean oil is
similar to the oils of other plant crops [4, 5-8]. Under normal
conditions, it has a density of 915 to 930 kg/m?, a kinematic
viscosity from 59 to 72 mm?/s, a pour point ranging from —15
to —18°C, and an iodine number from 120 to 141 units. Since
the main properties of soybean oil are close to those of pe-
troleum diesel fuels, it can be used as a motor fuel without
significant changes in the engine design; it is only necessary
to solve the problem of high viscosity.

Different solutions to this problem can be offered. As an
option, an additional heater for oil can be introduced into
the power system or oil is mixed with petroleum diesel fuel,
just like in the case of the direct use of soybean oil. Use can
also be made of the technology of chemical processing of oil
into ether, which makes it possible to obtain biodiesel, but
the process of using oil as a fuel is somewhat more expen-
sive [9, 10].
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For the widespread use of soybean oil as a fuel in agri-
cultural production, the most attractive way is to use a blend
of oil with diesel [11]. It does not require complex techno-
logical equipment for chemical processing of oil into biodiesel
and does not require modernization of a diesel engine with
a heating system for oil in the case of its pure supply. Soybean
oil and diesel fuel are mixed by conventional methods in any
proportion to form stable blends that can be stored for a long
time. Therefore, this technology of using soybean oil as a mo-
tor fuel is especially promising for testing on a serial diesel
engine.

Purpose of the study: to determine the oil productivity
and fatty acid composition of the oil of Northern ecotype soy-
bean varieties at high latitudes and to study the possibilities
of using it for biodiesel production.

Materials and methods. Experiments on growing soy-
beans were carried out on the experimental field of Russian
State Agrarian University — Moscow Timiryazev Agricul-
tural Academy (2008-2019) on recognized ultra-early rip-
ening varieties of the Northern ecotype Mageva, Svetlaya,
Okskaya (ripeness group 000). The experiments were set up
and the research results were analyzed in accordance with
the standard approved methods [2]. The chemical analysis
of seeds was carried out at All-Russian Research Institute
of Soybean Growing (Blagoveshchensk) using the NIR-42
installation.

Experimental studies on the use of soybean oil for bio-
diesel production were carried out on a D-245 diesel engine
(4 CHNI1 / 12.5) of the Minsk Motor Plant. The diesel en-
gine was tested on a motor bench, which was equipped with
a set of necessary measuring equipment. The concentrations
of toxic components (CO, CH,, NO,) in the diesel exhaust

gases (EQG) were determined using the SAE-7532 gas analyz-
er. The smoke content of the exhaust gas was measured with
a Hartridge MK-3 opacimeter.

Research results. Long-term studies have shown that soy-
beans can be successfully cultivated in high latitudes (includ-
ing in the Central Non-Black Earth Region) with an average
yield of 1.94...2.62 t/ha (Table 1). The maximum yield in all
varieties was observed in years with optimal moisture sup-
ply; it amounted to 2.95 t/ha for the Okskaya variety, 2.74 t/ha
for the Mageva variety and 3.12 t/ha for the Svetlaya vari-
ety. It has been found that moisture supply is an important
factor limiting the yield of soybeans. As a subtropical crop,
soybeans are more responsive to insufficient rather than ex-
cessive moisture. In addition, low moisture content cannot
ensure sufficient biological nitrogen fixation characteristic
of all legumes, so nitrogen nutrition worsens, the yield de-
creases and its quality deteriorates. As a result, in years with
insufficient moisture supply, the yield of all varieties was sig-
nificantly lower (in 1.99 times on average for all the varieties
studied), as compared with the optimal moisture supply condi-
tions. Excessive moistening also led to a decrease in the pro-
ductivity of crops, however, to a lesser extent, in 1.04 times
on average for the experiment, which did not exceed the value
of an experimental error.

The content of oil in the soybean seeds of the studied va-
rieties was 19...21% on average in the experiment, while un-
saturated fatty acids predominated in its composition, which
determines its high nutritional value. Their content aver-
aged 69.71% (Table 2). It is important to note that the con-
tent of oleic and linoleic fatty acids, which are most valuable
for biodiesel production, was high (reaching 60%) in the oil,
which is comparable to the varieties of Southern origin.

Table 1
Soybean yield of Northern ecotype varieties depending on moisture supply, t/ha
Tabruya 1
YpoxaitHOCTH COHM COPTOB C€BEPHOT0 IKOTHIIA B 3aBHCHMOCTH OT BJIAaroofdecne4eHHOCTH, T/Ta
Variety / Copm
Moisture supply Average by varieties
Brazoobecneuennocmo Okskaya Mageva Svetlaya B cpeonem no copmam
Oxckas Maczesa Ceemnasn
Excessive / Hz0vimounasn 2.87 2.56 3.02 2.81
Optimal / Onmumanvras 2.95 2.74 3.15 2.94
Insufficient / Heoocmamounas 1.34 1.44 1.69 1.49
*
Average over the years 1.94 2.24 2.62 2.41
B cpeonem no 2ooam

*HCP,y, t/ha: 0.079

The average oilseed productivity of the varieties stud-
ied in the experiment was 482 kg/ha. It was significantly
(1.90 times) less in dry years and slightly decreased in years
with excessive moisture supply (1.04 times).

The maximum oil productivity was observed in the Svet-
laya variety under conditions of optimal moisture supply — it
amounted to 630 kg/ha with the highest output of oleic and lin-
oleic fatty acids — 373 kg/ha.
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Experimental studies were carried out on a D-245 die-
sel engine (4 CHN11 / 12.5) of the Minsk Motor Plant.
The main parameters of the diesel engine are shown in Ta-
ble 4.

The tests were carried out on diesel fuel (DF) and a blend
of diesel fuel (80%) and soybean oil (20%). Table 5 shows
the physicochemical properties of diesel fuel, soybean oil
(SO) and their blend.
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Table 2

Oil content (%) in soybean seeds and the content of fatty acids in the oil of Northern ecotype varieties (%),
average experimental values

Tabnuya 2

Cozlepmalme MmacJja, %, B CEMEHaX COM H KUPHBIX KHUCJIOT B MacJie, %, COPTOB C€BEPHOI'0 3KOTHUIIA — B CPEAHEM 110 OIIBITY

Variety / Copm
Moisture supply Average by varieties
Brazoobecneuennocmo Okskaya Mageva Svetlaya B cpeonem no copmam
Okckas Maezesa Ceemnas
Oil content, % / Codeporcanue macna, % 21.00 19.00 19.00 20.00
Saturated / Hacvuyennvie
Palmitic / ITaremumunosas 11.48 11.46 11.40 11.44
Stearic / Cmeapunogas 3.89 3.86 3.84 3.86
Total / Cymma 15.37 15.32 15.23 15.31
Unsaturated / Henacviuennvie
Oleic — monounsaturated (A) 9.90 978 965 978
Oneunosas — moHoneHacvlujeHnas (4)
Linoleic acid — polyunsaturated (B) 50.76 50.15 49 55 50.15
Jlunonesas — nonunenacviuyennas (b)
Linolenic — polyunsaturated (C) 6.70 691 811 704
Jlunonenosas — nonunenacviwennas (C)
SumA+B/Cymma A+ 5 60.6 59.96 59.20 59.93
SumA+B+C/Cymmad+5+C 70.5 69.74 68.85 69.71
Table 3
Oilseed productivity of the Northern ecotype soybean varieties depending on moisture supply
Tabnuya 3

Macauuynas MNPOAYKTUBHOCTH COM COPTOB CEBEPHOT0 JKOTHUIIA B 3aBUCUMOCTH OT BJIAr000ecrneYeHHOCTH

Variety / Copm
Moisture supply Average by varieties
Bnazoobecneuennocme Okskaya Mageva Svetlaya B cpeonem no copmam
Oxckas Maczesa Ceemnas
Oil output, kg/ha / Coop macna, ke/ea
Excessive / Hz0vimounasn 574 512 604 563
Optimal / Onmumanvnas 590 548 630 589
Insufficient / Heoocmamounas 268 288 338 298
*
Average over the yegrs 388 448 524 482
B cpeonem no 200am
Output of unsaturated fatty acids (oleic + linoleic), kg/ha
Chop HenacwlujeHHbIX JHCUPHBIX KUCIOM (Oneunosas + nunonesas), ke/ea
Excessive / H30uimounasn 347 306 357 337
Optimal / Onmumanvhas 357 329 373 353
Insufficient / Heoocmamounas 162 345 200 235
*
Average over the years 289 307 310 308

B cpeonem no cooam*

*HCP,,, kg/ha: 31
**HCP,; kg/ha: 19

AGRICULTURAL ENGINEERING, 2020, No 6 (100)
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Table 4

Diesel parameters D-245 (4 CHN11 / 12.5)

Tabnuya 4

IMapamerps! nusens 1-245 (4 YH 11/12,5)

Parameters
Ilapamemput

Characteristics
Buauenue

Homunanvuas mownocms, kBm

Engine type Four-stroke, in-line, diesel

Tun osuecamens Yemvipexmaxmmwlil, psaoOublil, OU3enbHbLU

Number of cylinders 4

Yucno yununopos

Total capacity, 1 432

Obwuil pabouuti obvem, 1 ’

Compression ratio 16

Cmenens cocamus

Rated speed, min™

H . 2400
OMUHATIbHAS YACMOMA 8PAWEHUs, MUH

Rated power, kW 80

Cooling system
Cucmema oxaadsicoenus

Forced liquid-type
Boosinas npunyoumenvras

Fuel system
Cucmema numanust

Split-type
Paszoenennozo muna

Fuel injection pump
Tonnuenwiii Hacoc gvicokozo oasnenus (THBI)

In-line type PP4M10U1f from Motorpal
with an all-mode centrifugal governor
Paounwiti muna PP4MI10UIf ¢pupmer Motorpal
€ BCEPEACUMHBIM YEHMPODEIHCHBIM PESYIAMOPOM

Fuel injection advance angle, deg.

Yeon onepescenus enpwickusanus monausa, epao. 0o BMT 13
Fuel injectors FDP-22 type
Dopcyuku Tuna @IM-22

Fuel injector nozzles
Pacnvinumenu gpopcynox

Manufactured by Motorpal, DOP 1195534 type
Dupmwvl Motorpal muna DOP 1195534

Injection start pressure, MPa
Jlasnenue nauana enpuvickusanus gpopcynok, Mlla

215

The tests of the D-245 diesel engine are presented
in the modes of full regulatory characteristics on pure diesel
fuel and on a blend of 80% diesel fuel and 20% lubricant.
The physicochemical properties of this blended biofuel are
closer to the properties of diesel fuel rather than those of lu-
bricants, although its density and viscosity are still somewhat
higher than that of diesel fuel (Table 5). This could be the rea-
son for a slight increase in the specific (hourly) fuel consump-
tion G; by the fuel system during the transition from diesel
fuel to the studied blended biofuel, because additional ad-
justments of the engine and fuel equipment were not made.
Despite the increase in fuel consumption, the engine torque
and its effective power remained practically unchanged (Fig. 1
and Table 5).

From the results obtained while testing a diesel en-
gine (Fig. 1 and Table 5), it follows that the power indica-
tors of the engine practically did not change (the changes
in the torque Mk and the effective power Ne do not exceed 1%,
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i.e., they are within the measurement error) despite the fact that
no additional adjustments of the injection pump were made.
The change pattern in the speed n following a change in the ef-
fective engine power also remains the same. Consequently,
switching the engine of a tractor or combine to a mixed fuel
will not cause changes in the machine operation determined
by the type of the work carried out. The introduction of mixed
fuel does not require additional adjustments in the machine
and its engine.

When switching from diesel fuel to the studied blended
biofuel, the indicators of hourly and specific effective fuel con-
sumption change. Thus, at the rated power mode with a crank-
shaft speed n = 2400 min™', the hourly fuel consumption G in-
creased from 20.1 to 20.4 kg/h (by 1.5%), and the specific ef-
fective consumption g, increased from 248.4 up to 253 g/(kWh)
or by 1.8%, and at the maximum torque mode (n= 1500 min™')
Gt increased from 13.1 to 13.5 kg/h (by 3%), and g, increased
from 226.2 to 232.2 g/(kWh), or 2.6%.
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Table 5
Physicochemical properties of the studied fuels
Tabnuya 5
DHU3UKO-XMMHYECKHe CBOHCTBA HCCJIelyeMOro TOIJINBa
Blend of 80% DF | Change in the blend as to
Properties DF SO and 20% SO the amount of diesel fuel
Ceoticmea AT CM Cmecv 80% AT Hsmenenue
u20% CM 6 cmecu omuocumenvro JT
Density at 20°C, kg/m?
Inomnocme npu 20°C, ke/m’ 830 923 848.6 1.02
Kinematic viscosity at 20°C, mm?/s
o 2 3.8 65 8 2.11
Kunemamuuecxas eszkocms npu 20°C, mm?/c
Surface tension coefficient at 20°C, mN/m 271 33 n
Koagppuyuenm nosepxnocmunozo namsiicenus npu 20°C, mH/m ’
Net calorific value, MJ/kg 405 373 41.46 0.98
Hu3zwas mennoma ceopanus, M]oc/ke
Cetane number 45 38 0
Llemanoeoe uucno
N o
Auto-ignition temperature, °C . 250 310 0
Temnepamypa camogocniamenenus, °C
Cloud point, °C
Temnepamypa nomymuenus, °C -2 -10 n
Pour point, °C
Temnepamypa 3acmuieanus, °C -3 -18 n
Amount of air required for the combustion of 1 kg of fuel, kg 1416 | 12.38 13.804 0.97
Konuuecmeso 6030yxa, Heobxooumoe ons ccoparus 1 ke monausa, ke
Content, % by weight / Cooeporcanue, % no macce:
-C 87 77/5 85.1 0.98
-H 12/6 11/5 12.4 0.98
-0 0.4 11 2.5 6.30
o,
Total sulfur content, wt% . 02 0.005 0.161 0.81
Obwee codeporcanue cepul, % no macce

Note: “n” — properties were not determined, for the blend, the volume percentage of the components is indicated.

The effective efficiency of the diesel engine h,
in these modes did not decrease, and even slightly increased
in the nominal power mode at n = 2400 min™' (Table 6). This
leads to a conclusion that the efficiency of using a blended
fuel in an engine is not inferior to that of diesel fuel, and an
increase in specific fuel consumption is associated with a de-
crease in the calorific value of the mixed fuel, which is 2%
lower than the calorific value of diesel fuel (Table 6).

The increased oxygen content in the mixed fuel by a fac-
tor of 6.3 as compared with diesel fuel (Table 5) led to a no-
ticeable decrease in exhaust gas smoke (Kx on the corrector
branch of the regulatory characteristic). So, in the maximum
power mode at n = 2400 min', the transition from diesel fuel
to a blend of 80% diesel fuel and 20% lubricant was accompa-
nied by a decrease in Kx from 16 to 8% on the Hartridge scale or
in 2 times, and in the maximum torque mode at n = 1500 min™'
from 43 to 27% or in 1.6 times (Fig. 1, Table 6).

AGRICULTURAL ENGINEERING, 2020, No 6 (100)

The environmental characteristics of the D-245 engine
were assessed based on the experimental results of its
studying at 13-stage test cycle modes of UNECE Regu-
lation 49, which are presented in Table 7. Specific emis-
sions of toxic components of nitrogen oxides ey,,, carbon
monoxide e., and unburned hydrocarbons ey, were deter-
mined in accordance with the UNECE Regulation 49meth-
odology.

The results of studying the toxicity of exhaust gases
of a diesel engine show the advantages of using blended
biofuel as compared with diesel oil fuel. As follows from
Table 7, the conversion of a diesel engine from diesel fuel
to a blend of 80% diesel fuel and 20% SO leads to a change
in the integral emissions for the test cycle of nitrogen oxides
€xox 1N 0.81 times, carbon monoxide e, in 0.89 times and un-
burned hydrocarbons ey, in 0.91 times, i.e. emissions of all
gaseous toxic components are reduced.
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Mx. HeM % Thus, the data given in Tables 6 and 7 confirm
2. min the possibility of improving the environmental performance
g/kW-h 2700 of the D-245 diesel when shifting from diesel fuel to a blend
400 | 5400 of 80% diesel fuel and 20% SO. So, at the modes of maxi-
mum power and maximum torque, when a blend of 80% DF
350 2100 and 20% SO was supplied to the combustion chamber of a die-
sel engine, the exhaust gas opacity decreased by 37...50%
300 1800 as compared to using a standard diesel fuel. When studying
the indicators of a diesel engine running on the considered
250 1500 fuel blend, a decrease in the 13-stage cycle modes of integral
Gr.kg/h specific mass emissions of all three gaseous standardized toxic
200 20 components of exhaust gas was noted: ey, —by 19%, from 7.02
to 5.68 g/(kWh); e, — by 10.9%, from 1.72 to 1.54 g/(kWh);

oo ris ecy; — by 9.3%, from 0.79 to 0.72 g/(kWh).
® 40 10 It should be noted that the obtained indicators for the engine
indicate a possibility of maintaining the energy characteristics
20 - 5 of the machine (without losing its performance), without making
vy design changes to the engine or adjusting it. On the one hand,
0 ‘ 0 this simplifies the process of using a blended fuel on the ma-
0 20 40 60 80 Ne, kW chine, and on the other hand, it allows achieving even greater en-

ergy performance of the engine by optimizing the design and ad-

Fig. 1. Regulatory characteristics of the D-245 diesel engine justments of the fuel equipment when operating on the blended

when operating on various fuels:

1 — diesel fuel; 2 — a blend of 80% DF and 20% SO; biofuel. For example, an increased stock of smoke in the exhaust
n — crankshaft speed, min™'; M, — diesel engine torque, N-m;  gases allows operating with increased fuel supplies, thus pro-
g, — specific effective fuel consumption, g/kW-h; viding both more power at the nominal mode and an increased

Gr — hourly fuel consumption, kg/h; K, — exhaust gas opacity, %;  torque backup, increasing its adaptability to overloads.
N, — effective engine power, kW It should be noted that soybean oil obtained as a by-prod-

Puc. 1. PeryasTopHas xapaktepuctuka ausess /1-245 uct of protein feed production for cattle can be also used
1pH padoTe Ha Pa3IMYHOM TOILIMBeE: for producing blends of DT and SO. Suitable for technical use
1 - JT; 2 — cmeck 80% JT 1 20% CM; are vegetable oils from seed oil grown in unfavorable envi-

N — 4acTOTa BpallleHHsT KOJIEHYaToro Bajia, MUH '
M, — xpyTamuii MoMeHT ausens, H-m;
g, — yIenbHbIH 23Q(EeKTUBHBIN pacxo]] TOIUNBA, I/KBT u;
GT — 9acoBO# pacxo[ TOILIHBA;

ronmental conditions (land located near highways, oil storage
facilities, environmentally harmful industries, etc.).
Low-quality and expired vegetable oils, frying oils — waste

K, — IBIMHOCTB OTpabOTaBIINX Ta30B, Y%o; from the food industry and public catering facilities can also
N, — 3¢ dexTnBHas MOIIHOCTH JBHUraTels, KBt serve as raw materials for the production of motor fuels.
Table 6

Indicators of the D-245 diesel engine running on petroleum diesel fuel and its blend with SO
Tabruya 6

Ioxa3zarenu nuzens [1-245, padorarouiero Ha HepTaHom T u ero cmecsax ¢ CM

Blend of 80% DF Change

Indicators of diesel engine DF and 20% SO in the indicator
Toxkazamenu ouzens AT Cmecw 80% AT HUsmenenue
u20% CM noxasamens

Hourly fuel consumption G, kg/h / Yacosoii pacxoo monausa G, ke/u:

- in a rated power mode / na pedicume HOMUHATLHOU MOWHOCIU 20.1 20.4 1.015
- in a maximum torque mode / na pedicume MAKCUMATLHO20 KPYMAUe20 MOMEHMA 13.1 13.5 1.031
Diesel torque Mk, N-m / Kpymswuii momenm ouzenst Mk, H-m:

- in a rated power mode / Ha pedicume HOMUHATBHOU MOWHOCIU 322 320 0.994
- in a maximum torque mode / na pesxcume makcumanbHo20 Kpymswe2o Momenma 368 368 1.000

Specific effective fuel consumption g,, g/(kW-h)
Yoenvuviii a¢ppexmugnulii pacxod monausea g, e/(kBm-u):

- in a rated power mode / na pedicume HOMUHATLHOU MOWHOCMU 248.4 253 1.019
- in a maximum torque mode / na pedicume makcumanvro2o Kpymsauje2o momenma | 226.2 232.2 1.027
Effective diesel engine efficiency / Dpppexmusnviii KII/] ouzens:

- in a rated power mode / Ha pedicume HOMUHANLHOU MOWHOCIU 0.341 0.343 1.006
- in a maximum torque mode / na pedicume makcumanrbro2o kpymsweeo momenma | 0.374 0.374 1.000
Exhaust gas opacity Kx / Jetmnocms OI' Kx:

- in a rated power mode / Ha pedicume HOMUHANLHOU MOWHOCIU 16 8 0.500
- in a maximum torque mode / Ha pedicume MAKCUMATLHO20 KPYMAUe20 MOMEHMA 43 27 0.628
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Table 7
Environmental indicators of the D-245 diesel engine observed during bench tests
Tabnuya 7
JKoJioruuecKue nokaszareyu ausessi J1-245 npu cTeHI0BBIX HCIBITAHUAX
Blend of 80% DF Change
Indicators of diesel engine DF and 20% SO in the indicator
Tokazamenu duzens AT Cmecw HUsmenenue
80% AT u 20% CM nokasamens
Integral specific mass emissions at 13-stage cycle modes, g/(kW-h):
Hnmezpanvhvie yoenvbHvle MAccogule blopoChl
Ha pesicumax 13-cmynenuamozco yukaa, o/(kBm-u):
- nitrogen oxides ey, / oxcuoos azoma ey, 7.02 5.68 0.810
- carbon monoxide e, / Mornookcuda yernepooda e, 1.72 1.54 0.891
- unburned hydrocarbons e, / Heccopesuiux y2n1e6000po0os ey, 0.79 0.72 0.907
Conclusions 3. Oilseed output of the studied varieties aver-

1. The yield of soybean varieties of the Northern eco-
type in conditions of high latitudes (57°N) of the Non-Black
Earth Zone of Russia averaged between 1.94 and 2.62 t/ha
over the years of study. The maximum yield of the stud-
ied varieties was observed in years with optimal moisture
supply: 2.95 t/ha — for the Okskaya variety, 2.74 t/ha —
for the Mageva variety, and 3.12 t/ha — for the Svetlaya vari-
ety. In years with insufficient moisture supply, the yield of all
varieties was significantly lower (in 1.99 times on average
for varieties).

2. The oil content in the seeds of the studied varieties
in the experiment averaged between 19 and 21%, while
unsaturated fatty acids predominated in its composition
(69.71%). The content of oleic and linoleic fatty acids,
most valuable for biodiesel, was high in the oil (reach-
ing 60.00%) and was comparable to the varieties of South-
ern origin.
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