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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EFFECT OF PREMIX AND EXHAUST GAS RECIRCULATION
ON THE EMISSION CHARACTERISTICS
OF BIODIESEL FUELED ENGINE

Abstract. In the present work, an attempt has been made to reduce NO, and PM using diesel premixed com-
pression ignition engine. Diesel fuel with 20% Jatropha oil methyl ester (JOME) blends as the main fuel injected into
the cylinder and diesel as the premixed fuel injected into the intake manifold. Diesel fuel was injected into the intake
manifold to form homogeneous pre-mixture and the premixture is burnt in the cylinder with the balance quantity of
fuel directly injected into the cylinder. Experiments were conducted with 10%, 20%, and 30% EGR for the premixed
ratio 25% and results are compared with conventional diesel fuel operation. It was observed that the diesel injection
and JOME blend in the main injection results in better mixture preparation and lower emissions. Significant reduc-
tion in NO, and PM were achieved with the mode at Rp 25% and EGR 20% in the JOME-Diesel mode of operation.
The percentage increases in peak heat release rate were 40.6%, 30.6% and 22.8 % compared to CIDI mode. The
premixed ratio of 0.25 with 20% EGR was observed to be optimum in D-20J comparing the performance, combus-
tion and emission characteristics.

Keywords: diesel premix; Charge compression ignition; Jatropha methyl ester; Exhaust gas recirculation.

Introduction. The need for the energy is increasing day by day with the growth of population and
requirement of modern energy consuming equipment for comfort living. The invention of internal com-
bustion engine and developments in engine technology resulted in exploitation of the petroleum based
reserves which is depleting at a rapid rate [1]. Diesel engines have been used for better thermal efficiency,
however diesel engine have the disadvantage of producing smoke, smoke density and NO4 and it is
difficult to simultaneously to reduces NOy, and smoke density diesel engine [2-9]. Reducing these emis-
sions and increasing the fuel economy of IC engines are the primary concern for all developing nations
[10]. There has been a world-wide interest in the search for alternatives to petroleum derived fuels due to
their depletion and concern for the environment. Biodiesel derived from edible, non-edible oils and animal
fats can be used in diesel engines with little or no modifications [11-14].

Jatropha oil methyl esters are well-proven alternatives fuel to petroleum diesel [15]. Tumbal in 2016
conducted studies in a diesel engine’s performance and results have been compared with those of neat
diesel fuel and conclude that by advancing the injection timing from the base diesel and increasing the
injector opening pressure, increase the brake thermal efficiency and reduce HC and smoke emission
significantly [16]. Jatropha cultivation requires sufficient area as well as clean and good seed to generate
sufficient oil [17-19]. Fast degradation and energy crisis of the environment, researchers and government
must find appropriate plan to overcome these challenges and impose the biofuel policy to use the jatropha
biodiesel as a replacement for diesel fuel [20]. Waste cooking oil can be used to reduce petroleum diesel
consumption and lower the carbon monoxide, unburned hydrocarbon, and smoke opacity in the same time
reduce the brake thermal efficiency. Waste cooking oil biodiesel blends showed similar trends when to
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that of conventional diesel [21]. Even though biodiesel offers the reduction in smoke, UBHC and CO
emission due to the molecular oxygen present in it, NO, emissions are higher which can be reduced by
using exhaust gas recirculation [22, 23]. Exhaust gas recirculation (EGR) is an effective way to reduce
NOx emissions in diesel engine along with soybean oil methyl ester and EGR replaces the incoming air in
the manifold. The experimental results reveal that soybean oil methyl ester with EGR can be used to
reduce NOx and smoke intensity simultaneously [24].

Homogeneous Charge Compression Ignition (HCCI) engines have lower theses emissions due to the
homogeneous fuel air mixture, in which the composition and the thermodynamic conditions are uniform
throughout the reaction phase [25-28]. The low emissions of PM and NOx in HCCI engines are a result of
the and fuel mixture evaporated prior to the start of the reactions. The challenges over the operation of
HCCI engines are the controlling the auto-ignition of the air fuel mixture, operating range, charge prepa-
ration and cold start [29, 30]. The change in HCCI engine may be made dilute by being very lean, by
stratification, by using exhaust gas recirculation (EGR), or combination of these methods. Since HCCI
engine operates on lean mixtures, the peak temperatures always lower and low peak temperatures prevent
the formation of NO, [31].

Diesel Premixed Compression Ignition Engine (DPCIE). It is proposed to study the effect of diesel
premixed compression ignition engine (DPCIE) mode a type of HCCI combustion mode in diesel engines
[32-34]. In this method, two fuels are used. One fuel is injected into the intake air, upstream of the intake
valve to obtain a premixed charge. Remaining fuel is injected into the combustion chamber through
conventional injection system. The DPCIE technique reduces NOx and PM using partially premixed char-
ge compression ignition (DPCIE) combustion [33-35]. It is observed that not much work has been done on
the usage of biodiesel in DPCIE combustion mode. Hence an attempt was made to study the effect of
Jatropha methyl ester biodiesel as main fuel and diesel as premixed fuel. Therefore, in DPCIE combustion
takes place with a highly diluted mixture to maintain the temperature and pressure low in the cylinder and
is normally restricted to low loads. In the present experimental work, the performance, emission and
combustion characteristics have been studied using jatropha oil methyl esters in CIDI and HCCI modes
with the following objectives:

— To find the optimum EGR percentages for the better tradeoff of soot and NO, emissions for JOME.

— To study the effect of DPCIE combustion mode with diesel and biodiesel blends.

The conclusions arrived on various experiments conducted using DPCIE mode of combustion with
diesel as premixed fuel with the premixed ratio of 0.25 and 20% JOME as main fuel with 10%, 20% and
30% EGR. The performance, emission characteristics and combustion parameters (in-cylinder pressure,
ignition delay and heat release rate) are presented.

Experimental Setup. The tests are conducted on a single cylinder, four stroke, naturally aspirated,
air-cooled diesel engine coupled with an electrical swinging field dynamometer. The detailed technical
specifications of the engine are given in table 1. Figure 1 shows the schematic diagram of the experimental
set-up.

Experimental Procedure. The engine was started with diesel and allowed to warm up till steady
state conditions were achieved. Engine Speed, fuel consumption rate, exhaust emissions (HC, CO, and
NOy), smoke intensity, pressure-crank angle diagram and exhaust gas temperature were measured at
various loads. The experiment was repeated at various loads with 20% JOME blends with diesel. The
experiments were conducted on a CIDI engine maintained at 25%, 50%, 75% and 100% of brake power
output at the speed of 1500 rpm with modified inlet manifold to operate the engine in DPCIE combustion
mode. The experiment was repeated with premixed ratios of 0.25 at various power outputs. The notations
are used in DPCIE mode:

D-20J mode - Diesel (manifold injection)-20% JOME and 80% Diesel blends (main injection).

Rp - The ratio of the energy of premixed fuel Qp to the total energy Q..

Rp = Q,/Q; = (m,*CV,)/my*CV, + mg*CVy . (1)

Where m is the mass of fuel and CV is the lower calorific value and subscripts p and d refer to pre-
mixed and directly injected fuel, respectively.
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Table 1 — Test Engine Specifications

Make and Model Kirloskar, TAF1 make
General Details Four stroke, compression ignition, constant speed, vertical, air cooled, direct injection
Number of Cylinders one
Bore 87.5 mm
Stroke 110 mm
Swept Volume 661 cc
Clearance Volume 36.87 cc
Compression Ratio 17.5:1
Rated Output 4.4 kW at 1500 rpm
Rated Speed 1500 rpm
Type of Injection Pump Mechanical
Nozzle Holes 3 holes
Spray Hole Diameter 0.25 mm
Nozzle Opening Pressure 200 bar
Cone Angle 110°
Type of Injector Mechanical
Needle Lift 0.25 mm
Fuel Injection Timing 23 °CA bTDC
Fuel Injection Duration 20 - 30 °CA

Type of Combustion Chamber

Hemispherical Open Combustion Chamber without offset with 52 mm diameter on top.
Bowl volume is approximately 40 cm®

Valve Timing

Intake Valve Opening

4.5°CAbBTDC

Intake Valve Closing

35.5°CA aBDC

Exhaust Valve Opening

35.5°CAbBDC

Exhaust Valve Closing

4.5°CA aTDC

18
19

OWJ 15

[

H

/A

Figure 1 — Experimental Setup:

1 — Diesel Engine; 2 — Electrical Dynamometer; 3 — Dynamometer Controls; 4 — Pressure pickup; 5 — Charge amplifier;
6 — TDC position sensor; 7 — TDC amplifier circuit; 8 — A/D Card; 9 — Personal computer; 10 — Main Injector;
11 — Premixed fuel injector; 12 — Mixing chamber; 13 — Air flow measurement; 14 — Settling chamber; 15 — Thermocouple;
16 — EGR Cooler; 17 — EGR Valve; 18 — Back pressure control valve; 19 — Exhaust gas analyzer; 20 — AVL smoke meter

— § —
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Error Analysis. To decide the accuracy of the findings the errors and uncertainties in the experiment
are important so, instruments are selected carefully and the percentage uncertainties of various parameters
are given in table 2.

Table 2 — List of instruments and their range, accuracy, and uncertainties

Sl1. No. Instruments ‘ Range Accuracy Percentage uncertainties
Gas analyzer

CO 0—15.00% +0.06% +5%

1 Hydro carbon (HC) 0—20000 ppm +0.12ppm +5%
n-hexane

NOx 0—2000 rpm +5 ppm +5%
2 Smoke meter 0 — 32000 mg/m’ +0.01 mg/m’ +5%
3 K type Thermocouple 0-1000 +1 +0.15
4 Speed measuring unit 0-9,999 rpm 5+ 10 rpm +0.1
5 Pressure pickup 0-250 bar +0.1 +0.1
6 Crank Angle encoder 0-360° +1° +0.2

Results and Discussion. In the present work, reduction of NO, and PM with Partially Premixed
Charge Compression Ignition (DPCIE) combustion was investigated. Diesel was used as a premixed fuel
with the premixed ratio of 0.25 along with 20% jatropha oil methyl ester (JOME) blend as main fuel with
10%, 20% and 30% EGR. Diesel fuel was injection into the intake manifold using a solenoid operated
injector controlled by Electronic Control Unit (ECU) to form premixed charge. The pre-mixed charge was
burnt in the cylinder along with the fuel directly injected into the cylinder by a conventional injection
system. To control the start of combustion and NOx emissions, EGR was adopted and the exhaust gas was
varied from 10% to 30% in steps of 10%.

Specific Energy Consumption and Brake Thermal Efficiency. Figure 2 and 3 shows the variation of
SEC and brake thermal efficiency with brake power for CIDI mode and D-20J mode with the premixed
ratio of 0.25 without EGR and with 10%, 20% and 30% EGR. As the percentage of EGR increases, the
SEC increases and brake thermal efficiency decreases compared to CIDI mode. When EGR is introduced
the fuel air mixture is diluted and the decrease in the availability of oxygen retards the combustion. The
heat release in combustion reactions is decreased and the quantity of unburned fuel is relatively large. As
EGR increases, the brake thermal efficiency decreases.

35000
g C1 DI Dis21
30000 =——@— D-20J mode 0.25 Rp - No EGR
. —a— D-20J mode 0.25 Rp - 10% EGR
N = =g =D-20J made 0.25 Rp - 20% EGR
25000 4 N =—g= = D-20J mode 0.25 Rp - 30% EGR

Specific Energy Consumption {kJ/kWh)

10000 T T

—
o
n
3%
(]
]

4.4
Brake Power (kW)

Figure 2 — Variation of Specific Energy Consumption with Brake Power
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The SEC varies from 13,420 to 14,417 kJ/kWh in D-20J for the premixed ratio of 0.25 without EGR
and with 10%, 20% and 30% EGR compared to 12,661 kJ/kWh in CIDI mode at rated power output. The
brake thermal efficiency varies from 26.8 % to 25.0% in the D-20J mode for above mode compared to
28.4% in CIDI mode.
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Figure 3 — Variation of Brake Thermal Efficiency with Brake Power

Exhaust Gas Temperature. The variation of exhaust gas temperature with brake power for D-20J]
with premixed ration of 0.25 with 10%, 20% and 30% EGR and without EGR compared with CIDI mode
is shown in figure 4. The combustion starts earlier resulting in higher in-cylinder temperature and pres-
sure.
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Figure 4 — Variation of Exhaust Gas Temperature with Brake Power

These results in higher exhaust gas temperature at rated power output with the premixed ratio of 0.25
without EGR compared to base line diesel mode. With EGR, the specific heat capacities of re-circulated
H,0 and CO, constituents increase resulting in lower peak combustion temperature. The effect is more
pronounced at higher EGR percentages. At rated power output, the exhaust gas temperature varies from
444°C to 431°C with 10%, 20% and 30% EGR for the premixed ratio of 0.25 compared to 485°C without
EGR in D-20J mode.
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Figure 5 — Variation of Unburnt Hydrocarbon with Brake Power

Unburnt Hydrocarbon and Carbonmonoxide Emissions. Figure 5 shows the variation of UBHC
with brake power for CIDI mode, for DPCIE mode with D-20J 10, 20 and 30% EGR and without EGR.
The variation of CO emissions is shown in Figure 6 for the same operating conditions. Reduction of
oxygen with EGR reduces the combustion reaction rate and the temperature inside the cylinder. The
burned gas temperature is low which results in increased emissions of UBHC and CO compared to CIDI
mode. The peak temperatures are also relatively low to complete the oxidation of CO to COs.

Due to lower inlet temperatures, premixed diesel fuel and in-cylinder injection of methyl ester blends
are not completely evaporated which also leads to higher UBHC and CO. The effects of crevice volume
and flame quenching may also be responsible for high UBHC and CO emissions. The UBHC emissions
vary from 0.9 to 1.2 g/lkWh in D-20J for premixed ratio of 0.25 without EGR and with 10%, 20% and 30%
EGR compared to 0.7 g/lkWh in CIDI mode at rated power output and the CO emissions vary from 17.6 to
30.9 g/kWh in D-20J mode compared to 16.7 g/lkWh in CIDI mode.
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Oxides of Nitrogen Emissions. Figure 7 shows the variation of NOy emissions with brake power for
CIDI mode and DPCIE mode with D-20J with 10, 20 and 30% EGR and without EGR. The combustion
starts earlier resulting in higher heat release rate, in-cylinder temperature, and pressure at rated power
output. These results in higher NO, formation at rated power output for the D-20J mode with the premixed
ratio of 0.25 without EGR compared to base line diesel mode. Recirculation of exhaust gas reduces the
NO, emission at all the power outputs compared to CIDI mode as oxygen available for the formation of
NOy is reduced when using EGR. Peak combustion pressure and temperatures are reduced as EGR
percentage increases. At rated power output in the D-20J mode with 10%, 20% and 30% EGR the NO,
emissions range from 6.2 to 3.33 g/lkWh compared to 9.1 g/lkWh without EGR.
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Figure 7 — Variation of Oxides of Nitrogen with Brake Power

Soot Emissions. The variation of soot emission with brake power for DPCIE mode of operation with
D-20J with 10, 20 and 30% EGR and without EGR is shown in Figure 8. Soot emission in DPCIE mode
with EGR is higher compared to that of without EGR. The increase in soot emission is due to the
reduction in oxygen content and decrease in heat release rate with EGR at all power outputs. It is observed
that with 10% EGR and 20% EGR, soot emissions are lower than that of CIDI mode but higher than
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DPCIE mode without EGR. Soot emissions are higher than that of CIDI mode when EGR is creased
beyond 20%. Hence, the quantity of EGR that can be re-circulated in DPCIE mode with the premixed
ratio of 0.25 is limited to 20% in the present work. In DPCIE mode, the soot emissions in the D-20J mode
at rated power output vary from 82 to 208 mg/m’ with 10%, 20% and 30% EGR while it is 75 mg/mg’
without EGR compared to 166 mg/m’ in CIDI mode.

Pressure-Crank Angle Diagram. Figure 9 shows the pressure crank angle diagram at rated power
output for the premixed ration of 0.25 without EGR and with 10, 20 and 30% EGR in D-20J mode.

The in-cylinder pressure and temperature are reduced due to higher specific heats of CO, and H,O
compared to air, with EGR. The decrease in concentration limits the availability of oxygen for com-
bustion. It can be observed that the start of combustion is retarded with increasing EGR in DPCIE mode.
The peak pressure also decreases as the EGR percentage is increased. At rated power output, the start of
combustion occurs between 11and 6°CA bTDC in D-20J in the premixed ratio of 0.25 without EGR and
with 10%,20% and 30% EGR compared to 7°CA bTDC in CIDI mode.
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Figure 9 — Variation of Pressure with Crank Angle

Peak Pressure. The variation of peak pressure with brake power for the D-20J mode with the premi-
xed ration of 0.25 without EGR and with various percentages of EGR is shown in figure 10. As discussed
earlier combustion starts earlier and the peak pressure is high at rated power output. It can be observed
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that the peak pressure decreases with increase in EGR compared to DPCIE mode. EGR act as a thermal
sink controlling the heat release rate and inhibiting rapid pressure rise. The decrease in oxygen con-
centration is also responsible for the reduction in peak pressure. The peak pressure varies from 77.6 to
68.9 bar with 10% to 30% EGR compared to 80.0 bar without EGR.

Heat Release Rate. Figure 11 shows the heat release rate at rated power output for various premixed
ratios in DPCIE mode compared to CIDI mode. It can be observed that the heat release curves show two
peaks-one smaller magnitudes and another peak of greater magnitude near TDC. The first stage of heat
release is associated with low-temperature kinetic reactions (cool flames) named Low-Temperature
Reactions (LTR). The second stage of heat release rate is the main heat release and named as High-Tem-
perature Reactions (HTR). The time delay between the LTR and HTR is named as Negative Temperature
Coefficient (NTC) Region.

The Negative Temperature Coefficient regime is characterized by a decrease in the overall reaction
rate even though in-cylinder temperature increases. This leads to a lower reactivity of the system. For
diesel (lower octane number fuel) the heat release in the Low-Temperature Combustion (LTC) is
predominant compared to gasoline (higher octane number fuel).
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Figure 12 shows the LTR, HTR, and interval between LTR and HTR in D-20J mode at rated power
output for the premixed ratio of 0.25 without EGR and with 10, 20 and 30% EGR. It is observed that the
peak LTR is not affected with increase in EGR percentage. But peak of HTR is significantly decreased as
the percentage of EGR is increased. Increasing EGR percentage can delay both, the start of LTR and HTR.
The EGR act as a thermal sink absorbing the heat present and lowers the heat release rate. The peak heat
release rates during HTR at rated power in D-20J are 115.8, 109, 101.2 and 95.2 J/°CA occurring at 11 to
7 °CA bTDC for premixed ratios of 0.25 without EGR and with 10, 20 and 30% EGR while the peak heat
release rates during LTR vary from 4.8 to 5.1 J/°CA occurring at nearly 25°CA bTDC for all premixed
ratios. The time interval between LTR and HTR varies from 14 to 17 °CA.

Conclusions. The results are summarized as follows:

— Brake thermal efficiency decreases with increase in EGR percentages.

— UBHC and CO emissions are higher in DPCIE mode.

— NOy emissions are lower and the percentage decreases were 14.8%, 42.8% and 54.3% compared to
baseline diesel mode.

— Soot emission decrease up to 20% EGR and increases when EGR increased above 20% compared
to CIDI mode.

— In D-20J the peak pressure increases up to 20% EGR and decrease when EGR was increased to
30% compared to CIDI mode.

— The percentage increases in peak heat release rate in D-20J are 40.6%, 30.6% and 22.8 % compared
to CIDI mode.

— The premixed ratio of 0.25 with 20% EGR was observed to be optimum in D-20J comparing the
performance, combustion and emission characteristics.
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BUOJU3EJIbAI OTBIHHBIH SMUCCHUSLIBIK CUITATTAMAJIAPBIHA
HOUPKYJIAIOUAIBIK IPEMUKC )KOHE NAUJAJIAHBIIFAH I'A3/1bIH OCEPI

Annotanus. Ocesl Makanaga naijanaHeuFad ra3gapaarsl NOy jKoHE KaTThl OeJIIeKTep IiH IIbIFapbIHIbIIaAPBIH
aNJIbIH-alla apalaCThIpyFa apHAIFaH JU3ebli OTThl KO3FAITKBIITHI MaijialaHy apKbUIbl a3alTy YIIH 9peKeT
JKacayFaHbl CHIaTTaIbL. Marpoda Maiisr (Jatropha, JOME) 20% meTun supiMeH apanacKaH Tu3elTb OTHIHBI, HETi3r
OTHIH pEeTiHJE; >KOHE AM3eNbh OTBHIHBI, ANBIH-ajla apanackaH OTHIH PETiHAE, Cy aly KOHABIPFBICHIHA CHTI3LIII.
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Juzenbai oTeIH OIpTEKTI MPEMUKC KANBIITACTHIPY VIIIH Ay KOJOHHACHIHA €HTi3UIeMdi, al IMIMHApAE >KaHapMai
Tene-TeHAIK MeJIepiHae MITHHApAe Kyiaipineni. DxcnepuMenT 25% mpeMuKc yimiH Ko3ranTKeTeH 10%, 20%
)koHe 30% IIBpIFaTBIH Ta3pIMEH JKYPTi3UIAi; HOTHXKENep MU3eNb OTHIHBIH KANBINITHI MalJanaHy Ke3iHAe ajblHFaH
JIEPEKTEPMEH CAIBICTBIPHUIIBL. AliTa KETY KepeK, Herisri nHbeKiusaa au3enpaik oteiH MeH JOME kocnachl skakchl
apajacTeIpyFa JKOHE IIBIFapBIHABUIAPABI a3aiTyFa okenai. NOX KoHe KaTThl OONIIeKTepAiH alTapIbIKTail TOMEHACY1
JOME-nuzenbai xymbic pexxuMinae 25% npeMukc pexxuminae xoHe 20%-1bIK naiianaHbuFal ra3iblH PelUpKy-
JSIUSICBIMEH KaMTaMachi3 eTull. ThIFbI3aayIblH KOFaphl )KbUIIaMIBIFBIH KOFapbuIaTy naiibi3el 40,6%, 30,6% xoHe
22,8% xypanbl. Ulbrapeiaapl ras3aeie 20% aitHansiveived 0,25 npemukci katbiHackl D-20J-pe eHIMIUIIK, jkaHy
JKOHE IIbIFapbIHABUIAP OOWBIHINIA OHTAMIIBI OOJIIBL.

Tyiiin ce3aep: AM3enb MPEMUKCI, TeTPAQUIIBIK METHI 3PUPI, a30T OKCHATEPl, MaialaHbUIFaH Ta3apIarbl
KATTHI 3aTTap, MalIaTaHbUIFAH ra3qapAblH PEIUPKYIISIHSCHL.
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BJIMAHUE PEHUPKYJIALINN IPEMHUKCA H BBIXJIOITHOI'O I'A3A
HA SMHUCCHOHHBIE XAPAKTEPUCTHUKHU BUOJU3EJBbHOI'O TOIIVIMBHOT'O ABUT'ATEJISA

AnHoTanus. B HacTosmen paboTe ObUTa MpEeANpPUHATA MOMBITKA YMEHBIINUTE BEIOPOCHl NOy 1 TBEPIBIX B3BE-
IIEHHBIX YaCTHUI] B BBIXJIOMHBIX ra3ax I[yTeM HCIOJIb30BAHUS JU3EIBHOTO ABUTATENS 3aKUTaHUS C TIPEIBAPUTEIbHBIM
cMmemmBaHueM. Jlu3enbHOe TOIHMBO, cMemanHoe ¢ 20% wmerunoBoro s¢upa macna srpoda (Jatropha, JOME) B
Ka4eCTBE OCHOBHOT'O TOIIIMBA, BIIPHICKUBAJIOCH B LIWJIMHJIP; U JU3€IbHOE TOIUIMBO, B KAYECTBE MPEABAPUTEIBHO CME-
IIaHHOTO TOIUIMBA, BIPBICKUBAJIOCH BO BIIYCKHON KOJJIEKTOp. J{M3enbHOE TOIIMBO BIPBICKMBAETCSl BO BITYCKHOMN
KOJUIEKTOp AJsl 00pa30BaHMsA TOMOT€HHOTO MPEMHKCA, @ MPEMHUKC CTOPaeT B LMIMHIPE B PABHOBECHOM KOJIMUECTBE
TOIUTUBA, HEMOCPEJACTBEHHO BBOJUMOIO B IMIHMHAP. DKCIEPUMEHTHI TPOBOIIIUCE ¢ 10%, 20% u 30% oTtpaboTaH-
HBIX TA30B JBUTATENs A npemukca 25%; pe3ysbTaThl CPABHUBAIKCH C JIAHHBIMH, TOJyYEHHBIMH IPH OOBIYHOU
paboTe AU3eIBHOrO TOIUIMBA. BBIIIO OTMEUEHO, UTO BIPBICK AMU3EIbHOTO TOIUIHBa U cMech JOME B OCHOBHOW MHBEK-
LM [IPUBOJIAT K JIyYILEH IMOJIrOTOBKE CMECH U CHIKEHHUIO BHIOPOCOB. 3HAUMTENbHOE CHIKEHHE conepikanns NOy n
TBEPJBIX B3BEIICHHBIX YacTHUIl ObUIO JOCTHIHYTO NPH PEXHUME NMpeMHuKca 25% | penupKyJsinud oTpaboTaBIIUX
ra3oB 20% B pexxume paborsl JOME-nusens. [IpoueHT yBenmueHns: TMKOBOH CKOPOCTH BBIZEICHUS TEIUIAa COCTABHIII
40,6%, 30,6% u 22,8% 10 CpaBHEHHIO C PEKUMOM IIPSIMOTO BIPBICKA C BOCIUIAMEHEHHEM OT cxkaTus. beiio o6Hapy-
JKEHO, YTO cooTHoIeHne npemukca 0,25 ¢ 20% penupKyIaIuy BEIXJIOHBIX Ta30B ObUIO onTUManbHbIM B D-20J, mo
MIPOM3BOINTEIBHOCTH, CTOPAHHIO U BEIOpOCaM.

KnroueBble ci1oBa: IU3eIbHBIA IPEMHUKC, ATpoda METHWIIOBBIA 3(QHpP, OKCHABI a30Ta, TBEPIABIC B3BEILCHHBIC
JaCTHILBI B BBIXJIONHBIX I'a3aX, PELUPKYIIALMS BBIXJIOMHBIX Ta30B.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaThby 171 MyONHUKAIMK B )KypHaIe CMOTPETh Ha caiTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://geolog-technical kz/index.php/kz/
Bepctka /. H. Kankabexogoii

IMoamucano B mewats 02.04.2018.
®dopmar 70x881/8. Bymara odcernas. [lewats — pusorpad.
16,9 n.n. Tupax 300. 3akas 2.

Hayuonanenas axaoemus nayx PK
050010, Anmamul, ya. [llesuenxo 28, m. 272-13-19, 272-13-18



