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ABSTRACT

Burlaka S.A.¢ I ncr easi ng t h enachihefunits whenmworkingo f
on a fuel mi Xtur ee. Qual i fication sci €

Thesison obtaining a scientific degree of the candidate of technical sciences
(doctor of philosophy) on the specialty 183mechanical engineemgn Vinnytsia
National Agrarian University, Vinnytsia, 2021.

This work concerns the relevant scientific and technical problem of improving
the efficiency of machine units while working with a mixture of fuels. One of the
most promising alternative fuels isiofuels, the use of which will reduce the
consumption of petroleum fuels and diminish the amount of aggressive emission:
into the atmosphere. The widespread use of a new type of fuel is impossible without
comprehensive, complete analysis in studyingitimgact of the values of biofuels on
the reliability of the elements of the fuel equipment. In turn this affects the technical,
economic and operational performance of the internal combustion engine.

In the introduction the relevance of the study subsitedj connects the work
with the research topic, sets the goal and objectives of the study, object and subject
research, lists the research methods used to achieve the goal of the dissertation. T
scientific novelty, practical significance of the obtzdl results and personal creative
contribution of the applicant are formulated. Information on approbation and
publication of research results is given.

The first part reviews the literature on the use of modernized power systems
and devices for biofuel @nts mixtures, the impact of fuel mixtures on the operation
of the power unit and analysed the mathematical model for calculating the indicators
of the engine Lyshevskyi O.S. and specified by professor Razleytsev M.F.

The second part reveals the improvdesel engine power system with
electronic control of the composition of the metered fuel mixture, developed a mixer
to provide the machine unit with mixed fuel, substantiation of the modes of operation
of the machindractor unit (MTU), and developed a ysncal and mathematical
model of MTA. A method for calculating the continuity of working fluid flows in the

characteristic areas of the advanced power supply system with the definition of the
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flow Q and pressures P at all key parts of the system and |#t®mship with the

technical and economic performance of the engine. The method for constructing a
external speed characteristic within the indicator diagram and influencing the
effective indicatordN. i power,G¢ i hourly fuel consumptiong. i specific engine
consumption and technological W productivity, taking into account the mixture
coefficient U. Criteria for optimi zin
biofuel content have been determined.

The thrd part presents the program and methods for determining the operation
of the machindractor unit using biofuels and their mixtures. An algorithm for the
operation of the machingactor unit using mixed fuel to ensure efficient operation,
taking into acount the loaepeed characteristics and operating modes. The
geometrical parameters of the Savonius rotor of the developed mixer have bee
optimized in order to achieve the most expedient design solution. A multilevel
experiment is proposed and two indegent factors are choserengine load (force
of the power measuring mechanism P, kg) and type of fuel, and -éadtdl
multilevel experiment is proposed to obtain the traction characteristic of the tractor,
with three independent factors: gear ratiqotteof cultivation and type of fuel used.

The fourth part presents the results of experimental indicator and traction
characteristics of MTU in plowing and determining the effect of biofuel and its
mixtures on the efficiency of the diesel engine, change$uel injection angle
depending on the physicochemical properties of fuels and studies of maelcioe
unit at work on a mixture of fuels. Checking the adequacy of the mathematical mode
confirms the efficiency of mixed fuel with a bamponent contérof up to 50%.

With increasing the deterioration of technical and economic indicators takes place. |
is established that up to 30% of biofuel in the mixture the performance of the studiec
diesel engine does not deteriorate when changing the load ardl $peestudy of

fuel supply parameters showed that the diameter of the drop when using rapeseed
increased by 9%, the injection angle decreased by 9%, and the walls of the
combustion chamber when using diesel fuel gets only 59% of fuel, and when usinc

rapeseed oil 79%, which leads to violation of mixing processes. Therefore, the use c
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a power supply system with a mixer ensures the operation of the engine and obtainin

load-speed characteristics that correspond to the use of diesel fuel.

The difference btween the opening of the supply throttle DP and BP, which
corresponds to the required percentage. This indicator affects the technical an
economic performance of the engine, increasing the content of vegetable fuel, cause
an increase in specific fuelees u mpt i on, so at &S = 0.5,
of 5% DP / 95% BR). = 267 g / (kwh), torque when working on mixed fuel 5% DP /
95% PSU is 9.9% higher compared to 95% DP / 5% BP, and fuel savings wher
working on mixed fuel 5% DP / 95% BP by 3.9%deompared to 95% DP / 5% BP.
Power increases with biofuel content to 95% by 10%.

With the help of the developed technique and the experiment conducted on it
the interrelation of factors influencing the work of MTU is determined, which is
presented in & form of regression equations, which allowed to choose the gear ratio
and the number of plows depending on the conditions and efficiency of plowing. unit
using a mixture of fuels. According to the obtained equations, the response surface
of the optimizabn criteria are constructed: technological criterion (specific fuel
consumptionge), efficiency criterion (productivity W) and economic criterion (per
hectare fuel consumption). The complex optimization criterion Au, which evaluates
the impact of all thre criteria, should be no more than 0.659 for diesel fuel, 0.812 for
B20, 1.064 for B50 and 2.87 for biofuel. The uneven rotation of the upgraded engine
increases at idle as the speed increases (from 13.7 to 39%). This is due to the incree
in the action binertial forces of unbalanced masses. The unevenness also increase
as the load increases (from 6.0 to 10.1%). This is due to the increase in the averag
effective pressure in the engine cylinders due to the increase in the cyclic fuel supply

It is estdlished that the main diagnostic indicators are fuel supply parameters
and indicator characteristics. They play a particularly important role in transients or
sudden changes in load.

The fifth section defines the economic feasibility of manufacturing eetaand
the payback period of an advanced power supply and faucet system.

Scientific novelty of the obtained results.
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For the first time:

- the influence of biofuel and its mixtures on technical and economic indicators
of the machine unit is established,;

- developed a system of mixing DP and BP fuels with a mixer and electronic
control, sensitive to the loagbeed modes of operation of the MTU to obtain a
mixture of different percentages;

- solved the problem of optimizing the operating parameters of tlohinea
tractor unit by adjusting the percentage of mixed fuel;

Received further development:

- determination of operating modes of the machine unit depending on the ratio
of biofuel components;

- substantiation of theoretical dependences of constructode parameters of
mixing system for preparation of biofuel mixture and increase of efficiency of
functioning of machine units.

Improved:

- diesel engine power supply system with electronic fuel composition
regulation.

- mixing system of the diesel engine fwork on a mix of fuels with throttles
for regulation of structure of the dosed fuel mix;

- biofuel mixture mixer using Savonius rotor based 6240 fine filter engine.

The practical significance of the obtained results of research, theoretical
generalizions and developments is to solve problems that have important applied
value. The results of the study of the influence of fuel mixtures on the efficiency of
machine units allow maximizing the content of biofuels in the mixture while
maintaining the techoal and economic indicators to perform the technological
operation of plowing. The developed power supply system and the mixer allow to use
biofuel both in pure and in the form of mixes of fuel with the minimum expenses for
re-equipment with preservatiasf all power indicators of the machine unit.

Key words:machine unit, efficiency, optimization, indicator number, mixture

coefficient, power supply system, mixer, biofuel, diesel engine, mixture, tractor.
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G- -, (4.4)
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0 [24,64]46,50]62,99] 75,62| 85,46/ 93,45 100,05 105,62| 112,59| 115,02
1 o DEz
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We USAT/_NC/CIT’ (47)
r Odz" L dzOntsHds clkzMmisddzz L Otew H Iz:
Pe= MV, (4.8)

HJO: TdBOMO ¢ OL " © 9o yddz' dzH e ;
WitBd' @3 COdgidsd L GEBtO
I yMjtejHdz 2 H' Od3j Istc CtcOfdz7 BIZH ] :

ds 51 6[E3 éHC/_MO' 0/7(34\3\/\,%.)266 (4.10)
HJQ =1,7.
1 202 H j BC fls§ P Hzdo C ' dzy' Gy Mz fMmisd
pe=pgt: 37 (4.11)
[ Odz' o d UsdR@algj dgszv o d f Otetso zo Odgdz  Odzd o
s = 110°)ds, (4.12)
UsH' jljgutzO MIsOdzO BEH]:
by w1 0% 65, (4.13
1ted odL dzOYjfd2de'ts otzdgtOaizdavd o ttOR * Bs ff 51 te
Y=y AP GTA (4.14)
1 9" HINd:
b= Yoé'\_ Jls (4.15)

lteso  ahd dBBOIsj 3OIsd ydglsotg toiHy & BOERY] datsy
1 [ " O3 Istc CtcOf dz ftoed odC sted MisOdedzs ¢
1 skls ot stemMClzo Odzdzy L d3j dzh d o Mw dzO 9 %;
T 10 Mls' dzCd COBjted LcetsteOdedzy Htod od
f slstcOf dzv ° &zdhj 59% fOdzde O, ©O fted L O
ftedudl! HB ftstekzh jddegv fesyjm' o M hjizlk
t 5L tc@olZ dztH Odz' Is@@ a4y dz' o
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BON d dzdet®© € Is ts tc dzts M @ cStds)j diss@ifsidR @s © dzd 9 © GO0 G §
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k k k
y, =b,+abx+abxx +&bx", (4.16)

i<j

H B Do b b T SB Y Y " disd § 5d' deschlz.

b, =<—, (4.17)
H NI yd mdassmdz® H' o ;

Yoimjtejndz L dzOyj dzdev Ctedlsj te Uiizts i lsdfady’ 1 O

i ax, Yy .
its N 1 :( )

8 X%, y
b = N (4.19)

1 O] Yl 1 SHOIEED dA dats 5 L and Lz § @& jHE y '
' odgW dedz"  toj Ctoj fiy i’ M oHfdEv)ISC to ddziRd ¥ dzO@ H L j
B' s Q@ o" & fMEkd' b j,2C 2% s & Oy & Hlivsoseft@Essy d3d
(Hdor BHOIEKS ¢, IlsQmid.kdd B 0lsh bz dad d dstg ¢ t
o dL dzOYJ dzdzv Yo jtendzg o0 ' WO S s oCAugtsdjis '
HaL j dzedetsd tesdef © & fldg' h j 2

Y, o = 248+1917X, +82X, + 639X, X, +2922X7 +59,64X?, (4.20)

Y, 20 = 269+ 2045X, +87,5X, + 682X, X, +3116X> +59,64X?, (4.22)
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Y, 5o = 2758+1839X, +1054X, +96,4X, X, +2636X7 +5964X?, (4.22)

Y100 = 2843+ 2045X, +87,4X, + 682X, X, +1359X;} +1017X7, (4.23)

HJX, X,TWOCIststed ©®© LOSCtSHBSo Odzgsdzsz o decdzwH"' , f

= (Us 1 ;L_zg’?’oz)’ 24)
X2 — (hls tz;_6 22) ’ Zg)

t 5L C sH BoflZ  Hdfids Gondzw ¥ yd L deOp] drdRPOdatas): 1§ @ .
g,, =283 73U, ,- 1150, + 017U, , h, +104UZ, ,+0,02¢,, (4.26)
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Oei00= 32447- 1164J, , ,- L7h, +016J_, h, +104J7, ,+002n,. (4.29)

| j zd@fdz ZzORsHdls! v v, h dhcaf daOT®BYSE " s
L ZOSSHJls! Mw 96D oWs@EfEmstEz C s d o dzz B, (el iizlz
L zOC by " e dgz L OR o Olsth, ff dzzy desc s S tstaff |
B, =b, n,. 39.
I L zOyQ'ok L 8¢ &' 3 Isjrdsdse’ yddd ¢
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W=01nb, Hv. (4.31)
10208 sH d dBts o 9 dz¥ dadz™ i s5o jW nHdAzY  oH dHLGjlz0E! L
Mz &' h j oftEd] o8O s

Wr 1 = 4l88ntj < 125&51 My ¢ 1171th11 ot O’laJs 1 1thtI §+1’6U§1 My ot
+0,025h2 g, o

Wazo =4187Ny - 1202, ;g - 1710, py + 018U, Jhe Dy o+ 1'04J$21 My (4.33)
+0,02512 py o |

(4.32)
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Waso = 40980y - 1258), , My o= L7INe fy o+ 018U, e FLOM L, 0y o ) o)
+0,025 py o

WBlOO = 4165ntj (o 117&)5 1 lng’ (o 117]h1s Qq ¢t 0,1&)5 1 1h1s 1911 ¢t 104)521 1nq ¢t
+ 0,025 Dy o

(4.35)
s O¢ MO W& ° Hddzv {5 HF0E shediesatclzdzicd hnd
Hdzv Ctedlsjte’ ¥ Gj:¢ Bdesdz’ yYydesfls
- L OC sHB Oz 3z M ils O dz’
Yio = 2239+165X, +7,07X, +551X X, +0,76X2 +877,3X?; (4.36)
Y, 00 = 344+165X, +7,07X, +551X, X, +0,76X? +8773X?2; (4.37)
Y 50 = 926+148X, +85X, +7,8X, X, +0,64X2 +8773XZ; (4.38)
Yi100= 269+165X, +7,07X, +551X X, +0,76X2 +8773X2; (4.39)

- ktetsL € s H fg OOz Rz
G\N r 1= 66,35- 12,74J$ 117 1'8215 ts+o’2U§1 Jhs tr.;+l'&J§21 ]+O,OZﬁ1; (4-40)
G\N 120~ 6835- 12,7‘”5 117 :L8215 & 0’2U§1 lhs ts+1'0aJ§21 1+0’02§t; (4-41)

G, 15— 693-1168J,, ,- 17h, 016U, h, +10807, ,+002n:,; (4.42)

s11

J100= 7085-1274J , ,- 182h, + 02U, h, #+108J2, ,+0,021Z,. (443

s11
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S| gnal O | 4602 | 26 | | 0| 247,000 | 0,598 | 25,387 | 0,094
6| Wl O | 4302 | 26| 1 0| 246,000 | 0,727 | 20,892 | 0,098
7| heemdxO | 4,602 | 30 | | 0| 247,000 | 0,727 | 20,892 | 0,094
8 | NsemdxO | 4,302 | 30 | | 0| 246,000 | 0,742 | 19,412 | 0,064
9| gnxl20 | 4,602 | 18 | 1 2 253,000 | 0,727 | 20,892 | 0,072
10/ Wyl20 | 4,302 | 18 | 1 2 251,000 | 0,742 | 19,412 | 0,048
11/ guaxd20 | 4,602 | 22 | 1 2 ¢ 253,000 | 0,571 | 24,701 | 0,034
120 Wowl20 | 4,302 | 22 | 1 2 q 251,000 | 0,540 | 26,052 | 0,038
13| guxd20 | 4,602 | 26 | 1 2 253,000 | 0,456 | 30,831 | 0,033
14 Wywl20 | 4,302 | 26 | 1 2 q 251,000 | 0,374 | 34,751 | 0,015
15 heemd20 | 4,602 | 30 | 1 2 q 253,000 | 0,374 | 40,660 | 0,072
16| heemd20 | 4,302 | 30 | | 2 ¢ 251,000 | 0,301 | 43,173 | 0,015
170 grad50 | 4,602 | 18 | 1 50 257,000 | 0,504 | 28,003| 0,026
18| WywI50 | 4,302 | 18 | 1 5 256,000 | 0,374 | 34,750 | 0,008
19/ gud50 | 4,602 | 22 | 1 ® | 257,000 | 0,121 | 118,564| 0,033
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201 Wpaed 50 4,302 | 22 | 1 5 (¢ 256,000 | 0,440 | 32,066 | 0,028

211 goaxd 50 4602 | 26 | 1 5( 257,000 | 0,402 | 38,782 | 0,075

22| .. 150 4302 | 26 | 1 5( 256,000 | 0,650 | 23,948| 0,078

23| hoemd50 | 4,602 | 30 | 1 5( 257,000 | 0,939 | 17,209 | 0,102

241 Ngemd 50 4,302 | 30 | 1 5 (¢ 256,000 | 0,402 | 38,782 | 0,078

25| g.aJ100 | 4602 | 18 |1 1 0 266,000 | 0,775| 20,835 | 0,073

26| w 1100 | 4302 | 18 |1 1 0 265,000 | 0,867 | 17,735 | 0,046

27 Omaxd 100 4,602 | 22 |1 10 266,000 | 0,696 | 23,204 | 0,073

28| w1100 | 4,302 | 22 |1 10 265,000 | 0,775| 20,835| 0,076

29 Omaxd 100 4,602 | 26 |1 1 0] 266,000 | 0,650 | 23,948 | 0,051

30 Whaxd 100 4,302 | 26 |1 1 0] 265,000 | 0,696 | 23,204 | 0,076

31| hee k100 | 4,602 | 30 |1 1 0 266,000 | 0,402 | 38,782 | 0,051

32| h...L100 | 4,302 | 30 |J 10 265,000 | 0,650| 23,948 | 0,053
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