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Problem solving in general and its connection with important scientific or practical tasks
It should be noted that cheap and light oil is suitable for its exhaustion and exploration of new deposits

and extraction with subsequent processing of hard-to-reach high-grade and high-viscosity grades of oil
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requires large investments, the world is predicted to be unavoidably increased in prices for motor fuel. To
increased requirements for environmental protection from harmful emissions from exhaust gases of internal
combustion engines, there was also a serious problem with ensuring the quality of motor fuels. Process of
sulphur content reducing in diesel fuels has led to a loss of a number of consumer properties. Therefore, in
order to improve the lubricating properties of environmentally friendly diesel fuels, it is necessary to add
anti-wearing additives in them.

Thus, today there is a multifaceted topical problem of ensuring needs of Ukrainian and European
automobile transport in high-quality and environmentally friendly diesel fuel. One of the main directions for
solving this problem is usage of renewable energy sources from plant biomass. At the same time, the rapid
growth of production and consumption of biodiesel fuel from vegetable oils of food use in many countries of
the world led to a disturbance of the balance in the structure of agro-industrial production and began to
generate problems of the socio-ethical and ecological plan.

One of promising further way of biodiesel fuel developing is usage of biomass of algae, which as
energy raw materials exceeds other raw bioresource by its characteristics. However, the widespread adoption
of biofuel from algae as an additive to motor fuel is hampered by the insufficient study currently being
undertaken on the use of biofuels in automotive engines that are made from these biomaterials. Therefore,
research on the use of biofuels in automobile engines created from a large range of existing algae is
opportune and relevant.

Analysis of recent research and publications

In conditions of modern production biofuels are derived from vegetable oils by the reaction of
transesterification [1]. This reaction does not require complicated process equipment and high temperatures,
and the resulting mixture of esters is little different from hydrocarbons of petroleum fuels with the best
environmental and lubricating properties [2].

Using biodiesel from land crops a significant reduction in emissions of particulate matter (soot),
carbon monoxide (II) and hydrocarbons (including carcinogens) has been found to be significant in
comparison with the use of petroleum fuels [3].

The high temperature of fuel ignition (above 120 °C) makes usage, storage, and transportation of
biodiesel fuel safer in comparison to diesel fuel of petroleum origin [4]. Another significant advantage of
biodiesel is its ability to biodegradate unlike petroleum [5].

Biofuels from terrestrial crops (rape, sunflower, etc.) are successfully used in existing engines,
extending the life of engines, and having a high cetane number [6]. Usage of biofuels as a bio additive to
petroleum diesel can improve the environmental and anti-wear properties of fuels [7].

Using algae as biomaterials for the production of motor fuels, there are a number of advantages [8]:
algae during the growth process absorb 80-90 % of carbon dioxide with oxygen release; for the cultivation of
algae you can use waste and saline water; algae, unlike terrestrial plants, grow year-round. It has been
established that bioavailability and lipid content of algae depend on the intensity of light [9]. High intensity
of light leads to the accumulation of lipids in algae. Algae consume mainly light in red and blue ranges.

Low mixing of water intensifies heat and mass transfer processes in algae, promotes movement of
cells into the area of illumination and increases the bioproductivity of algae [10]. It was established that the
concentration of carbon dioxide [11] has a significant effect on the yield of algae. Therefore, increasing of
carbon concentration of dioxide from 4 to 22 % lets to increase biomass yield of algae from four to five
times.

Formation of the purposes of the article

Algae are the oldest and most persistent organisms on the Earth which arose about 350 million years
ago and lives in fresh and salt water, in soil and even in snow. Among all the diversity of existing algae, the
authors of the study were selected blue-green algae Cyanophyta family Chroococcfles. These algae lead to
intensive «flowering» of reservoirs in Ukraine and Europe, with each year the extent of pollution of the
surface of water significantly increases. The proliferation of blue-green algae leads to water rotting, the
destruction of aquatic ecosystems and the destruction of rivers and lakes. The most effective way to clean the
reservoirs is to use algae as fuel.

Therefore, the purposes of this article are experimental studies:
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— changes in the performance characteristics of automotive diesel engines when used in these diesel
fuel oil engines and their mixtures with biofuels derived from blue-green algae.

— changes in the environmental performance of automotive diesel engines with the use of petroleum
diesel and their mixtures with biofuels derived from blue-green algae.

Presentation of the main research material

Stand tests were carried out on an experimental installation, which included a series diesel D21A1, a
short technical characteristic of which is given in Table 1. The scheme and appearance of the diesel engine
D21A1 are shown in Fig. 1. The loading for the engine D21A1 (5) is created by a four-stage four-cylinder
compressor of the brand K-5M (9). The power of the K-5M compressor shaft can be adjusted in the range of
one to thirty five kW which allows the diesel engine to be 100 % loaded. The torque from the D21A1 engine
to the compressor is transmitted using the gearbox (5) and the gearbox (7).

Table 1 — Brief Technical Characteristics of the Experimental Diesel Engine D21A1

Ne i
Name of engine parameters Unit of Value
n/m measurement
1 | Type of diesel - Four-stroke, two-cylinder, air-cooled
2 | Working volume 1 2,08

Separate combustion chamber with direct

3 | Method of mixing Method of mixing — injection of diesel fuel

4 | Nominal engine power kW (hp) 18 (25)
/ kWh
5 | Effective specific fuel consumption g 253 (186)
(g/hr.h)
6 Frequency of the crankshaft rotation of
engine at nominal power r/m 1800
7 Frequency of the crankshaft rotation of
engine at idle speeds r/m 800
8 | The mass of diesel engine kg 280
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Figure 1 — Appearance (a) and scheme of the experimental installation on the basis of the diesel engine

D21A1 (b) for studding of engine indicators on biodiesel mixtures: — — direction of fuel movement in
power system of experimental installation; — —» — direction of air movement in power system of
experimental installation; — - —> — air flow to the receiver; ¢ — motion of exhaust gases into

environment; € -~ — motion of air into environment; 1 — scales for measuring of fuel consumption;
2 — volume for biodiesel fuel; 3 — air filter; 4 — gasometer; 5 — experimental diesel engine; 6 — gearbox;
7 — Cardan transmission; 8 — throttle; 9 — compressor; 10 — receiver; 11 — thermometer for measuring
air temperature; 12 — manometer.

Blue-green algae were collected from reservoirs around Ivano-Frankivsk region (Fig. 2a) for
harvesting biofuels in the summer time, and in winter they were cultivated in phytobio-reactors (Fig. 2b).

(=
\ 3

{

a) b)
Figure 2 — Sources of harvesting of blue-green algae for biofuel production:
natural reservoirs (a); artificial bioreactors (b)

Photobioreactor is a 60-liter transparent tank with fluorescent lamps illuminated. Algae cultivates with
cycles of 14 days. Gas-air mixture inputs into this reactor using compressor and a carbonaceous cylinder on
volume of 1 meter cubic in a day (carbon dioxide — 8 %). Drying of biomass was carried out in a drying
cabinet to a level of humidity of 10 %.
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The dietary supplement was obtained by the reaction of methanolysis of vegetable oils in the presence of a
homogeneous catalyst. Pretty alcohol solution was prepared. A mixture of methyl alcohol (95,7 %) and
potassium hydroxide (4,3 %) was used for its preparation. Then the prepared solution and the lipid components
of the algac were fed into the apparatus, where the mixing of the reaction products and the synthesis of the
dietary supplement took place. Further, the reaction mass was separated in a separator from glycerol. The
resulting bioadditives were purified from impurities by an aqueous solution of orthophosphoric acid, and the
residues of water evaporated. The resulting dictary supplement was mixed with petroleum diesel fuel.

Calculations have shown that combustion heat of obtained methyl esters is 35,5 MJ / kg. It should be
noted that after extraction of fats dry biomass can be additionally used with combustion heat of 15,5 MJ / kg.

Thus, in experimental studies diesel fuel mixtures with derived bioactive compounds based on methyl
esters of Chroococcfles, blue-green algae, in quantities of 5, 10 and 20 % and for comparison pure diesel fuel
were used. In this case, the fuel tank was filled with diesel fuel of mark L of the Kremenchug oil refinery.

Volumetric particles of carbon monoxide and hydrocarbons were measured by the gas analyzer
«Autotest-02.03P». The range of measurements of hydrocarbon gas analyzer is 0-2000 ppm, the absolute
measurement error is 10 ppm. The range of measurement of carbon monoxide gas analyzer is 0-5 %, the
absolute measurement error is 0,03%. For finding temperatures of exhaust gases thermocouples of the type
«chromel-copel» and the log-meter-potentiometer UP-2M were used.

For comparative estimation of the engine indexes on diesel fuel with corresponding indicators of a diesel
engine on a mixture of diesel fuel with bioactive additives on the basis of methyl esters of the lipid fraction of
blue-green algae in the amount of 5, 10 and 20 % the load characteristics of the engine were removed at fixed
speeds of the crankshaft. Before measuring the parameters for a stable running of the working process the
engine worked at least 5 minutes in the given mode. The results of the measurements were entered in the
protocol of trials with a threefold repetition at each mode of operation of the diesel engine.

As a result of performed experimental researches the dependences of the change of the effective engine
power using of diesel fuel and a mixture of diesel fuel with the received bioactive supplements based on methyl
esters of the lipid fraction of blue-green algae Chroococcfles in the amount of 5, 10 and 20 % (Fig. 3) were
determined. It has been experimentally established that the effective power of an engine using a mixture of
diesel fuel with the derived bioactive compounds based on methyl esters of the lipid fraction of blue-green
algae Chroococcfles in the amount of 5, 10 and 20 % will decrease by an average of 0,9, 1,8 and 3,5 %.

As a result of the performed experimental research dependence of changes in the content of the CnHm
hydrocarbons on the crankshaft speed of the engine n at the nominal loading for the various content of the
dietary supplements on the basis of methyl esters of the lipophilic fraction of blue-green algae Chroococcfles
in the amount of 5, 10 and 20 % (Fig. 4) and the dependence of the change in the content of carbon
monoxide CO on the rotational speed of the crankshaft engine n at the nominal load for the various contents
of bioadditives on the basis of methyl esters of the lipid fraction of blue-green algae She has Chroococcfles
in the amount of 5, 10 and 20 % (Fig. 5).

It has been experimentally established that the content of CnHm hydrocarbons using of a mixture of
diesel fuel with the derived dietary supplements based on methyl esters of the lipid fraction of blue-green
algae Chroococcfles in the amount of 5, 10 and 20 % will decrease by an average of 6,2, 13,1 and 26,6 %. It
has been experimentally determined that the content of carbon monoxide in the use of a mixture of diesel
fuel with the derived bioactive compounds based on methyl esters of the lipid fraction of blue-green algae
Chroococcfles in the amount of 5, 10 and 20 % will decrease by an average of 6,5, 13,9 and 28,7 %.

Conclusions and perspectives of further researches

1. Synthetic methyl ester of lipid fraction was used as an additive of 5 — 20 % to conventional diesel
fuel. In the course of experimental tests it was established that on different blends of biodiesel and diesel
fuels difference in power characteristics is observed in the range of 0,9-3,5 % which from the operational
point of view is not a significant difference.

2. At the same time, increasing of bioadditive in biodiesel fuel environmental performance of the
engines is significantly improved and content of unburnt hydrocarbons and carbon monoxides is significantly
reduced. The lowest rates were recorded when using a biodiesel mixture containing 20 % of bioadditives.
The content of hydrocarbons and oxides of carbon in diesel fuel with bio-additives on the basis of methyl
esters of the lipid fraction of blue-green algae Chroococcfles decreased by 26,6 % and 28,7 % respectively.
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The obtained results allow to optimize the choice of fuels for power systems of internal combustion
engines and to reduce emissions of harmful substances in exhaust gases of automobile diesel engines.
Further research will be related to the definition of fuel consumption and emissions of nitrogen oxides in
exhaust gases of diesel engines converted to work on alternative fuels with bioactive additives based on
methyl esters of algae.
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Figure 3 — Experimental dependencies of effective power N with respect to crankshaft rotational
frequency n of the various contents of bioadditives: engine work on 100 % petroleum diesel fuel;

--------- engine work on the mixture of 95 % petroleum diesel and 5 % methyl esters; — — — — engine work
on a mixture of 90 % of petroleum diesel and 10 % of methyl esters; - - - - - engine work on a mixture
of 80 % of petroleum diesel and 20 % of methyl esters
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Figure 4 — Experimental dependences of the content of hydrocarbons CnHm with respect
to rotational frequency of the crankshaft engine n at nominal loading for different contents of bioadditives:

engine work on 100% petroleum diesel fuel; --------- engine work on a mixture of 95 % petroleum
diesel and 5 % methyl esters; — — — — engine work on a mixture of 90 % of petroleum diesel and 10 % of
methyl esters; - - - - - engine work on a mixture of 80 % of petroleum diesel and 20 % of methyl esters
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Figure 5 — Experimental dependencies of carbon monoxide CO content with respect to crankshaft rotational
frequency n at nominal loads for different contents of bioadditives: engine work on 100 % petroleum

diesel fuel; -+--+--- engine work on a mixture of 95% petroleum diesel and 5 % methyl esters; — ——— engine
work on a mixture of 90 % of petroleum diesel and 10% of methyl esters; — - — - — engine work on a mixture
of 80 % of petroleum diesel and 20 % of methyl esters
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PE®EPAT

KpwmxaniBcbkuii €.1. ExcriepuMeHTalIbHI TOCHTIHKEHHS TIOKa3HHUKIB JU3EIHHOIO JIBUTYHA TPU HOTO
po0oTi Ha cymimax 0i0IU3eNFHOTO MAMBaA OJEPKAHOTO 3 CHHEe-3eleHuX BogopocTis / €.1. KpmkaHiBChkuid,
C.I. Kpumrrona, JI.I. Kpumrona, M.M. T'nun, .M. Mukwuriit // Bichuk HallioHaJIbHOTO TpaHCIOPTHOI'O
yuiBepcurety. Cepist «Texniuni Haykm». HaykoBo-texniununii 30ipauk. — K. : HTY, 2020. — Bumn. 1 (46).

VY cTarTi po3risSHYTO HAMPSIM BUKOPUCTAHHS CHHE-3EJICHUX BOJOPOCTEH B SKOCTI OiomarepiaiiB aiis
CTBOPEHHSI MOTOPHOTO OiomaanBa.

O0’€exT MOCHIKEHHS — BIUIMB CYMIIICBUX O10[M3C/IbHUX IAJIMB 3 CHHE-3CJICHUX BOJOPOCTEH Ha
€KOJIOT1YHI Ta EHEPreTHYHI MMOKa3HUKH JTU3EIBHOTO JIBUT'YHA.

Merta poboTH — eKCHEepUMCEHTadbHI JOCTIDKCHHS 3MIHH TOTYXKHICHUX Ta €KOJOTIYHHX
XapaKTEPUCTUK aBTOMOOUTHHUX NHU3EIbHUX JABUTYHIB IIPH BHKOPHUCTAaHHI HA()TOBOTO MHU3EILHOTO MaJIMBa Ta
ixHiX cymimeii 3 GionanuBamy, siKi OiepKaHi 3 CHHE-3eJIeHUX BOJOPOCTEH.

MeTou TOCIiPKEHHS — EKCIIEPUMEHTAITBHI, JIA00OPATOPHI.

B pesynpTaTi BHKOHAaHMX EKCIIEPUMEHTAIBHHX JOCTIDKEHb BCTAHOBJICHI 3aJICKHOCTI 3MIHHU
e(eKTUBHOI MOTYXKHOCTi JABUT'YHA TPYU BUKOPUCTAHHI AM3CIILHOTO TMAJKMBA 1 CyMillli JM3EIHHOTO TalluBa 3
oJepkaHuMH 0i0700aBKaMuM Ha OCHOBI MeTWIOBHX edipiB nimigHoi ¢pakuii cHHe-3eIeHHX BOAOPOCTEH
Chroococcfles B kimpkocti 5, 10 Ta 20 %. ExcneprMeHTansHO BCTAaHOBJICHO, IO €PEeKTHBHA MOTYKHICTh
IBUTYHA TIpM BHUKOPHCTaHHI CyMIIl JAM3€JIbHOTO IMajvBa 3 OJICP)KaHUMH 0i0m00aBKaMH Ha OCHOBI
MeTHIoBUX edipiB mimigHol ¢pakuii cuHe-3eneHux Bopopocteit Chroococcfles B kinmpkocti 5, 10 ta 20 %
3MEHIIUTHCS, B cepenaboMy, Ha 0,9, 1,8 Ta 3,5 %. ExcriepuMeHTaTbHO BCTAHOBIICHO, IO BMICT OKCHIY
Byriremfo CO Tpu BHKOPWCTAaHHI CYMIII JHM3EIBHOTO TAjnBa 3 OJEpKaHUMH 0i0100aBKaMHd Ha OCHOBI
MeTHI0BUX edipiB mimigHol ¢pakuii cuHe-3enenux Bopopocteit Chroococcfles B kinmpkocti 5, 10 ta 20 %
3MEHIIUTHCS, B CepeAHbOMY, Ha 6,5, 13,9 Tta 28,7 %.

OnepkaHi pe3ybTaTH JO3BOJISIOTH ONTHMI3YBAaTH BHOIp IMalWB JJII CHUCTEM >KUBJICHHS JBUTYHIB
BHYTPIIIHHOT'O 3rOPaHHS Ta 3HU3UTH BUKUAM IIKIITMBUX PEUOBHH Y BiANPAIbOBAHUX Ta3axX aBTOMOOUTBHHX
JTU3ETBHUX JIBUTYHIB.

KJIKOUOBI CJIOBA: BIOIAJIMBA, JAW3EJIBHUN JIBUI'YH, BOJIOPOCTI, ITOTYXXHICHI
XAPAKTEPUCTHUKU, EKOJIOT'TYHI ITOKA3HUKMN.

ABSTRACT
Kryzhanivskyi Ye.l., Kryshtopa S.I., Kryshtopa L.I., Ph.D., Hnyp M.M., Mykytii I.I. Experimental
studies of diesel engine indicators working on the mixtures of biodiesel fuels received from blue-green algae.
Visnyk National Transport University. Series «Technical sciences». Scientific and Technical Collection. —
Kyiv: National Transport University, 2020. — Issue 1 (46).

160



This article considers usage of blue-green algae as biomaterials for creation of motor biofuels.

The object of the study is effect of blended biodiesel fuels from blue-green algae on the
environmental and energy performances for the diesel engine.

The purpose of the work is experimental study of changes of power and ecological characteristics of
automobile diesel engines using petroleum diesel and their mixtures with biofuels derived from blue-green
algae.

Methods of research are experimental, laboratory ones.

As a result of performed experimental researches dependences of changing of the effective engine
power on the use of diesel fuel and a mixture of diesel fuel with the received bioactive supplements based on
methyl esters of the lipid fraction of blue-green algae Chroococcfles in the amount of 5, 10 and 20% were
established. It has been experimentally established that the effective power of an engine using a mixture of
diesel fuel with the derived bioactive compounds based on methyl esters of the lipid fraction of blue-green
algae Chroococcfles in the amount of 5, 10 and 20% will decrease by an average of 0,9, 1,8 and 3,5 %. It has
been experimentally determined that the content of carbon monoxide in the use of a mixture of diesel fuel
with the derived bioactive compounds based on methyl esters of the lipid fraction of blue-green algae
Chroococcfles in the amount of 5, 10 and 20 % will decrease by an average of 6,5, 13,9 and 28,7 %.

The obtained results allow to optimize the choice of fuels for power systems of internal combustion
engines and to reduce emissions of harmful substances in exhaust gases of automobile diesel engines.

KEY WORDS: BIOFUELS, DIESEL ENGINE, ALGAE, POWERFUL CHARACTERISTICS,
ENVIRONMENTAL INDICATORS.

PE®EPAT

Kpmwxkanoscrkuii E.. DkciepuMeHTaNbHBIC UCCIIEIOBAHNS IMOKa3aTEIeH JU3ETHLHOTO IBUTATEIS TIPH
ero paboTre Ha cMecsIX OHONM3EIBHOTO TOIUIMBA TIOJYYCHHOTO W3 CHHE-3€JICHBIX BOIOPOCIEH
/ E.W. Kpepkanoscekuii, C.U. Kpseimrona, JI.M. Kpeinrona, M.M. T'aun, U.M. Mukutwii // BecTHuk
HarmonansHoro tpancnoptHoro yHuBepcurera. Cepus «TexHudeckue Hayku». HaydHO-TEeXHHUYCSCKUA
coopruk. — K.: HTY, 2020. — Bem. 1 (46).

B craTthe paccMOTpeHO HampaBJICHHE WCIONB30BAHUS CHHE-3CJICHBIX BOJOPOCICH B KadecTBE
OHOMaTEepUANIOB JIJIS CO3/IaHUSI MOTOPHOT'O OMOTOILIHBA.

OOBEKT HCCIEOBaHNS — BIMSHAC CMECEH OHMOMM3ENIBHBIX TOIUIMB C CHHE-3EJICHBIX BOJOPOCIICH Ha
AKOJIOTHICCKUE U DHEPTCTHUCCKIE XapaKTEPUCTHKH JTU3EIHHOTO JBUTATEIIA.

Lenp paboTBl — IKCHEPUMEHTAILHBIC UCCICAOBAHUS HM3MCHECHUS MOIHOCTHBIX M DKOJIOTUYECKHX
MoKa3aTejield aBTOMOOMIIBHBIX TU3EIbHBIX JBUTATEIICH MIPH UCIIOIb30BaHUH HE()TAHOTO JU3EIHHOIO TOILIMBA
1 UX CMecell ¢ OMOTOIUTHMBOM, ITOTYICHHBIC C CHHE-3EICHBIX BOIOPOCIICH.

MerTon viccnenoBaHusI — SKCIIEPUMEHTAJIbHBIE, Ta00paTOPHBIC.

B pesynbrare BBIMOJHEHHBIX 3KCICPUMEHTAIBHBIX HCCICAOBAHUN YCTAHOBJICHBI 3aBHCUMOCTH
n3MeHeHus1 3(G(EKTUBHOM MOIIHOCTH JABHWraTeNisd IPH MCIOJNBb30BAHUM JU3CIBHOTO TOILIMBA M CMECH
JU3EIPHOTO TOIUIMBA C MOJYYEHHBIMH OHO100aBKaMU HAa OCHOBE METHIIOBBIX 3(DHPOB JIMIMUAHON (paKiuu
cuHe-3eneHbIx Bogopociedt Chroococcfles B konmnuectBe 5, 10 1 20%. DxcnepuMeHTaIBHO YCTaHOBIICHO,
4T0 3(PPEKTUBHAS MOIIHOCTH ABUTATENS MIPH MCIIOIB30BAHUN CMECH JTH3CIBHOTO TOIUIMBA C ITOJyUYCHHBIMU
Onogo0aBKaMd Ha OCHOBE METHJIOBBIX 3(UPOB JHMUAHOH (pakiMud CHHE-3€JICHBIX BOAOPOCIICH
Chroococcfles B komuuectBe 5, 10 u 20% ymenbiutcs B cpeanem Ha 0,9, 1,8 u 3,5 %. DkciepuMeHTaIbHO
YCTaHOBJICHO, YTO cojepxanue okcuja yriepoaa CO mpu HCIIONBE30BaHUU CMECU JTU3EIHHOTO TOIUIMBA C
MOJIy4EHHBIMUA OMOZ00aBKaMH Ha OCHOBE METWJIOBBIX J(GHUPOB JHMIHIHOW (paKIUU CHHE-3€JICHBIX
Bogopocner Chroococcfles B kommuectBe 5, 10 1 20 % ymenbmutcs B cpeaeM Ha 6,5, 13,9 u 28,7 %.

[TomyueHnHble pe3yabTaThl TO3BOJSIOT ONTUMU3UPOBATH BHIOOP TOIUIMB JUIS CHUCTEM TIHTaHUS
NBUTATE]ICH BHYTPEHHEIO CrOpPaHHMsS W CHU3UTh BBIOPOCHI BPEIHBIX BEIIECTB B OTPaOOTAHHBIX Ia3ax
ABTOMOOMWJILHBIX TU3CIIbHBIX JIBUTATCIICH.

KJIIOYEBBIE CJIOBA: BHOTOIUIMBA, JIU3EJBHBINM JOBUTATEJIb, BOJOPOCIJIH,
MOIIHOCTHBIE XAPAKTEPUCTUKU, SKOJOI'MYECKHUE ITOKA3ATEJIN.
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