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1. latrodwetion exhant s of vehicles squipped with mtecual corebution

engites. This faet outlines und determines the direction of

The key and presogative tendency In the development  the dovelopment and (osprovement of the key systems of

of autoanotive tratport tadostry is the constanthy-growing — power plants that have derecs or mdinet influeses: on the
rerpairnments 10 the level of emissions of toxic awbatances in - envicomtsental frsendliness of u plant In oddition, it remuems
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» mievant problem 1o imgrove the indicators ol the foel
saving component of operatinn of vehicles, which m rocent

rining costs of petrul fued An sdditiuns! factor in
the need to enhance the profitability & the develop-
ment anel sproacing the vehicles with the

charue ke of furl sy

executing el
devices for manitinng, control and multifsctor pwsagement
ol the fuel supply processes.
At the same time, the traditional fued system with bydro-
mechanscal control, despite the existing shortenmings. «till
takes » cunsiderable share in the total volime of power sp-

Iprove the

chmhthmmndmlundthhlﬂu Ar-

conding to paper | 13}, this technigue to improve
is almost the only effective step dwdtbm

with the (nternal foel volame with one or uwte phenger ebe-
ments that cunse o mechanical movement ander the influenc:
uf & variety of uece efforts. These devices are mounsted in the
fund discharge Tino between the fuol pump and the narde
They mclude the technical meuns of fued sapply sdiustment
that are diverse |n thelr execution | 13- 18} dampers, com-

2. Literature review and problem statement

Nuurdnmlll.mrnldrmdwm
ol fuel systems ol disect
mhn&rmmmdunqﬂv.thdnxw
by the optamicstins of chancteristics of the fuel pumy drive.
Thus, i paper [2), the design of the hypocyeloid deive, whcb
dv- lul\:mt lmprovement of kinematic

merdulatoes, and others The evidens
md&nh&nhlhmmdmm
lntroduced and studied in |13]

As 3 rule, the cutlined teclindeal meats are ased to olitain
# positive effect in o cortain speod-loud mode W engioe vpe-
mthon, which somewhat lessens ity wse ju other modes. Tha
s why therw occurs » need for the devwlopment of smilir
means of the intrssification, bur with the sdup-
tive principle of their contral under 4 wide range of engine
operation modes.

& plunger in comg MMWQ
Mumhmmlhmhmm
whery, in order (o increse grossurm in the fuel sapply vystem,
It 15 progosed o ncrosse the rate mode of the fuel punmg opers-
tints But the main probiem in the implementotion of these and
slomdlnr hoas b rudatnge the deved of wear of contact elemonts, the
amurgence of exitical contacts and dynamic stresses, ote. This

g b gy i
the modemization of the hydnr-oee noxzles. One of
the vurianty of this medernization s presented in study (4]
where the structural change ul the outlet ouzales of the
sprwyer positively infloences the improvement of the s
s wnd medim tnjection presanre. The vartant, desoribed

3. The aim and objectives of the atuly

The st of thas reseurch is 1o refine an estimatin model
of the furl supply process of the fusl system of dirvet sction
using the tew electromechanioal device to mtennify fuel
supply. Achievement of this alm will make it possibile to farm
an ides shout the degree of an essentinl chango in qualitative
lmmudthhnlwnl”mhm the -
mx;nq‘ndudhn Injoctinn pressure und duration of the

hydrodynamin process.
Ibuw-ulhtdnlh. the following tasks have been wt
= to prowide the tevhnical deseription of the wew ehetng
-thnnlmhrblnpﬂybumﬁmmhmln
dittemal |
o peesent the Mouur areut of the forl wyetem with
w oew means of the foel wopgrly ntessification
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- to display the nuances of operation of the foel xystem
with the proposed electromeehanical node and the influence
of the latter on the formation of the procew of fued supply
10 the cylinders of the diesel cogioe by the refinement of
the calcalation model of separste hydrsnlic foel supply

systeen of the diesel engive with the compartson of the key
hydrodynamic indicazomn and charcteristies

4. Technscal description of the clectromechanical
device for fuel supply intensificotion and representution
of the hydoudic cirouit of the fuel system with the new

electro-controlled hydraalie node

The developed electromechanical device [19, 20 far the
fued supply mtensification is an alternstive option of the

known modudutor of pressiire pales [13).
!ymmwmmdmﬂnthdm
tromwchanical device (hereinafier. correctut) W

hydrualic
w part of the fuel discharge tract und s bocated between the
bigh-pressury fued gump und the hydromechanical noazle.
Hydrsulic cireuit of the fuel system with the hydraulic

LA 0w e

The watn differeece of the lmproved fuel syaten (n com-
parison with its serial option is the existence in the discharge
fioed line of the addithotal facl volume, which affects the fuel

case, the mmmmmw
section of the outlet duct ncts as the seyuration boondary snd
the sdditionsl fuel volume of the ring groeve of the rod. The
magnitude of the additional fuel volume affects not vely the
magnitude of mipply pubse and the character of the fuel flow
motion in both discts, but e determines the charscter ol
 chasgy in i the volume of the norzle. i

Thus, curying out wathematical modeling of
motion of mpply pulse fram the fuel pump to the noxde,
there occiirs the nesd to describe mathematically the pulse
propagation in dects of the discharge fuel lne. 1n this case, it
In necessary o take it coasiderstion the effect on the polse
of fuel supply of the fuel valume of the hydraul

To smulate the motion of the supply pulse slong the
discharye tract, we chose the hydrodymamic model, which
cunsiddered the process of fuel aupply s the pulse that ocours
im the bilet section of the bighep el s uned is senit
lhﬁduﬁdhlmkq«dwﬂnby‘-kmhh
the: noazle, tve fump-liks trazwition from the Bow secting of

corrector is shiwn in Fig 1, @ By itx design impl
tiom, the hydmaulic cormeeror s » q-ﬁadnulnd Fig. 1.0
with 3 ring groove i its middle pare,

nd(hmhhddnﬂ-nu

htbbt&.mwdmm
cal part of the rod shats off the omtlet duct, at
leaving the inlet duct opes. When meving the
other extreme posteion, both ducts ase open anil joined wi
vhe ving groove of the vod, thus ensariog usisternigned
flowing of fued strenms from aoe doct to another Traosition
dthmdlnmwmhnulmhvhwﬂdmby
d iy the electric the

the: discharge pipeline to the sprayer boles inhibits the foel
motion and increases its pressuro, which leads to emetgroce
of bydrsulic impact. This makes it possible to describe the fuci
motion in the fuel diachange line by soquations from the theary
of » hydratdic impart. which take the following form [21)

)

where ¢ is the tate of fuel motion towards the noezle; p =
lhhdmphtkheldmkyculbhulmd

o

ragnetic forre
-ch«dvkhnthwﬂidml

Y

i the rooedi by the length
ulmrlinrthdtdu
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where p, ¢ sre the peessaire sl mte of fael flow in the bine,
Pe. € 81w the resicunl pressure and mte of fuel Bow in the line
wt the beginming of the new ingection process.

Functionm '(I-L) and V(ME) medel the motion

ol the direct and return pressure wave along the line, Return

chanyie of the effective flow sres.

5. Refinement of the estimation model
of the sepurated hydruslic fuel supply system with
the new electromechanical device of furl imjection
Intensification

Conxider the flow of the process of pressure waves prapa-
mhah-mdhmmumﬂqw

lhwmm.nﬁmh&l.n.
shut-off of the ssction slecve
vaytb edge of the plunger, the pressure in the

over-phunger volume increases with the dischange valve gec-
ting off from the seut. The mation of the valve provekes s
increase i pressare i the ficting cavity (pg) 20d the emer-
md—dyhdmuuhhhmddnlm
duct of the fuel I, which causes the formation of the direct
pressure wave Fy, The formed wave Fy propagates st local
nbwd-nhq:hhﬁndm-pudd&wq

h 1 volume of the hydralic carrector.
n.mw-mmutmmdu
dise line in the hydmulic correctos, which i o lucal
tesistance to the foed flow, retisen wave Wy, ditne-

ted oppositn the mals wave £y, occurs 1o the first duct

LAY r-(" "%‘)

Prior to the serival of nurm wave Wy, the magaitode of
pressre in direct wave £, will be determined from the known
expremlon:

R=pu=p. )

™

whete p, s the residual presssre in the lise, py b the pressury
in the ftting cavity.
It thin casr. the eate of fuel arrival ¢ to the fuel pipeline
10 the indot sectian of the firse duct, taking (ono consdderntion
the vwstom of equatiuns (2), is determined from:
k,
==L
& e (3)

where p s the hael decsity:

direction.
%mm(n.dumdhlln
Trom expresdon:

oS- 4)

wherr L, 1s the of the first dwet.

A decresse in the rate of the fuel flow motion in the inlet
sction of the Brst duct on the buckgrousd of an incrome in
the volume fuel supply from the weer-plusger suleme leads to
imcreused prevatv i the spoce of the fitting

Pl o[ e-5)ep,

Besides, return wave W, prevents the growth of the
smplitude of pressure of direct wave £

1 the feel volume of the kytbraulic coerectoe st the chosed
fuel Now doct, divent wave £, cuuses an (ncrense i hysdeaullc
presure, the rate of un imcrewse of which depends on the
smplitnde of the dirsct wave. Prssury (n the inlet section
of the hydraudic corrector can be determined from farmula.

r..(d%(t -!:)W.(')o P (]

)

@

The charseter of formation of direet Fi asd retars
wave Wy st the inlet section of the volume of the hydnaibic
vuttector remutns constant st the rod of the hydoadie cor-
T starts moving and opending the flow duct. After the be-

inming of lifting the o af the bydssubic correetin, th ures
dl.hbwd-ip-luly
intense excitation of the fuel flow by the hydraubic corrector
aned the formatian in its oatlet section of the dieect peessurn
wave Fy, the amplitude of which can be found from farmuala

"

Diroct wave £y, moviag wlong the second doct of the
b of Ly bs direetend to the fuel vlunee of the hydro-con-

E=p-p.

section of the fuel ducts of the hydrulic comvector 1 the
closed holes of the upeayey, there decues telurn wave Wy that
propagates tnwards the bydraule corrector,

In this cuse, the fuel mite g in the section near the noede
andd the chamge oF pressaee in the et wave Wy oo be de-
termined from the following equatioon:

Wil )=my-r, -F.(:,- %}

sl S ren}

whero iy 15 the presssiro in the volume of the injector,

Wave Wy soves to the volusee of the hydmulic corrector
and affects the low of change of hydraulic prosssre. the ote of
the fuel flow oot of this valmme and teture of the formation
of direct wave Fy All clasgges of the Bstond parsmetens can be
calenlaged by ustng the system of eyuations

(10)

——
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where che 15 the rate of fuel flow st the outlet from the
hydraulic eorrector.

1t should be noted that the aren of the fuel flow duct of
the hydraulic eorrectar s not always constant, but i in the
functional dependence on the coordinates of the linear mo-
tian of the rad of the hydraulic corrector.

The fuel flow wees of the fael duct can be determined by
u geometric figure (n circle segment), formed by the circle
section of the flow duct and the boundary line of the ring
groove of the rod:

an

N -%-(u—ninu). (12)

where r is the radivg of the low duct; o s the centra) angle
of the cirele segment, md.
Angle ¢ is dotermined from expression:

a h
m-';-i—-;. (13)

where A i the cureent height of the lift of a hydraulic cor-
rector tod,

Typleally, the corvent value of the helght of fting the
hydraulic corrector rod by determined from the jolnt solution
of the dynamics of electromagnet work snd the ulculutkm of
its magnetic chubn (22], T wvoid mplu muthemoticnl
sentutions regarding providing fiunctional dqudm h.. =/(2)
in the wnalytical forin and to facllitate the theoretical research,

this dependence can be determined expetimentally and repre-
sented in the form of polynomial dependence of n<th dogree:

h-n,ﬂ}_:u,»t'. (14)
-~

The nature of  pressure chinge in the fitting of the
pump py, in the volume of hydraulie corrector pa, and in the
volume of the nozzle gy (s determined from the equations of
houndary concitions, formed for these fuel volumes of the
fuel supply system,

Equations of boundary eonditions combine vquations of
fuel balance in o certaln seetion of the discharge pipeline and
equations of motion of shut-off parts of the fuel system, In
connection with the closing and opening of the suction and cut-
off windows, the motion of the dischange valve and the nozele
sprawyer needle, the boundary conditions are not constant, 5o
there s s need to divide the fuel supply process Int seversl
stagen, The number of these stages on the design of
the system and the ratio hetweon its elements. In this case, the
principle of making the equations of boundary conditions for all
the stages s the game. Only the number of components In each
of the formed equatinns and the rmber of equations chinge,

It i common to consider the fuel supply g

70007 ) 00

= stuge 2 ~ from the beginning of the motion of the dis-
charge valve 1o complete shut-off of the suction windows;

~ stage 3 - from the beginning of the upening of the cuts
o:.fewmdow to the moment of setting dwﬂ::uhm valve on
the seut)

~stage 4 - from the moment of setting the discharge
valve on the seat to the moment of closing the return valve;

< stage 5~ from the moment of setting the return valve
to the initial position to the full stop of the fuel motion in the
pump tract.

The process In the noezle (s characterized by the fol-
lowing steps;

~ from the beginning of the motion of the sprayer needle
to the moment of reaching the maxtmum height of the lift;

~from the moment of reaching the maximum height of
the lift by the needle to the beginning of it setting

~ from the beginning of the motion of the needle in the -
tuen direction to the moment of it setting on the shut-off cone.

The fuel volume of the hydeanlic corrector iy chumctes
rized by the following two stuges. The first stage kes place
I the period when the flow duct, in which there Ix scenmu-
lation of the fuel flow, is closed, 1n turn, the second stuge Insts
from the moment of jotning the volume with the flow duct of
the hydraulie corrector up to the moment of the cessation of
motion of pressure waves in the el pipeline,

When constructing the houndary conditions for each of
the lsted stages of the strivetural elements of the fuel system
and the fuel supply process in general, the following stmplifi-
cations are allowed:

1. The discharge and return valve and the nozale veedle
move with the uniform seceloration,

2 Fuel pressure in the volume of the fitting und in the
inlet section of the discluege pipeline are (dentical,

3. The pressure in the inlet section of the discharge pipe-
Hine and tn the volume of the nozele are equul.

4. The prossure in the Inlet and autlet seotion of the hy-
draulic corrector is equal to the pressure in 1ts foel volume,

5. Instantaneous values of the mate of pon-constant fusl
motion are determined from formulas of constant motion.

G, Fuel throttling at the fuel arrtval from the over-
plunger volume tw the cuvity of the fuel noele, s well as
throttling in the shat-off and yuetion widawy, are tuken into
wnuldmtson by upocial wvmmnu of ennmmptlm

influence of the ch ime before the nozzle
lmln of the sprayer an the injection process 1s not taken into
considerntion.

8. The force of friction between the shut-off needle and
the body of the nozele sprayer is not considered due to its
instgnificance compared to ather powor components of the
equation of dynumic equilibrinm

9. As o result of relatively small excess pressure of injoe-
tion for the studied fuel supply system, fuel losses through
the papy in the connection of the plunger-sleeve and needle-
sprayer are not taken into aceount when constructing the
oquations of the fuel badance for the calenlation sections of
the discharge pipeline.

10, Bused on the condition of small njection pressure,
volume deformation of pipelines, fittings and the sleeve of

Iy for the fuel pump and the hydrocontrolled nonzle [21).
Thus, the fuel supply process for the studied fuel supply can
be divided into the following stages:

- stage 1~ from the heginning of the plunger motion to
the beginning of the motion af the disehaege vilves

the disoh plunger Is not taken into account. For this
SME Tenson, elutk-ﬂv of the cam shaft of the fuel pump is not
taken into secount either,

o avold giving the description of boundary conditions
for ench fuel supply stage, we will make the following equa-
thonw of boundiry conditions, which would conguin the
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dittons of the of the fuel pump and the
inlit sresin B+ of the discharge pipeline will take the fol-
lowing form:

IV’%”. '-"’I'ﬁ'n’h) mohix
!E r-n °‘u‘ﬂ.'/.’J§ JPa=p. -
-o.-v(r.-'.)--drg.h. il
-9, Io %’ov I-‘%i

‘“'n%’"’l n (P, =P )y Sy %

* Jg‘J’- =y +0, !o'%‘el',.'%‘", €
0, M, S, (= p) -8, (R oK)

o M, 8 (=)0 (R R

(13)

where Vo, Vi are the volume of the pamp chamber and the fit-
g o F0E) U e f o e the cotesponinng
areas of the section of the  smction nf cut-off windows,
dischurge and return valves and flow duct sround sbut-off
wabvesc e i, i o the coefficients of fuel consmption
thruugh the surtivn snd cut-off windows, shat-off valves
Poes Piv Povs P 800 ther prowsure i the vver-phusges volume, the
system, cut-off cavity and the fitting; «, ¢y are
the ratex of moten of the plungor and the fuel flow i the jo-
Jet secthon of the pipeline: b, Ao M, boe are the current and
the (nttiol beight of Hfting of the discharge and retum valves
M, M, nre the total welght of the pasts that move slong with
the discharnge and return valves: &, &, are the coefficients of
rigidity of the speing of the dischur: und return valves.

Lat s give & birbed deserd of the functional com-
ponents of the equations, In the system of equa-
tions (155 The first term of the first equation chameterines
the smoant of fsel that pemaios in the onmpresion chamber.
The secoed ooe determines the volumetssc mite of pumping
foed by the puenp planger. The third and fourth poes express
the yolumetric rate of fuel flowing through the suction and
cut-off windows. The fifth is the volumetric rate of fisel
Dowing from the over-plunger volume into the volume of the
fitting through the fow duct neur the retom valve. The sixth
provides the numerical foature of the tate of flling with fuel
the volume, which b rdesed after lifting the divohange valve.
The seventh determines the umonnt of fuel that » pamped to
the aver-phinger space by the return valve dortng e smotian

ander the infiuence of the retam pressare wave, groesated at
the nazzle. This, the first equation describes the volume ba-

1ty tnothon und whet this amos of el wies spent for.

weroed ecuation of system (15) & both the
of fuel halance for the puenp fitting and for the indet sectinn
of the pipelioe. The first term of this equation determinm the
amuont of fuel that remains compressed ia the volome of the
fitthng. The second determines the smount of fuel that ar-
rived at the voluise of the fittiug through the flow seevion of
the roturn volve. The third describes the amoant of fised that

s punyped by the valve in the fitter during ity mo-
on el supply fourth reflicts the volume rate
of filling the volume, smptied by the retumn walve doring its
mution under the infloence of the retun presuse wive aftey
stopping the fuel nnd sertimg the discharging valve un
the seat. The fifth the amotnt of fued that entessd
the dischange pipeline

the dysamic bolance. respectively, of the diachange and
terurn valve, The first comnponent of these squstions de
termines the farce of inertin of the weight of the valve snd

]
fomi 5 (2m -2 s vindy),
« the area of cut-off windows:

fom b (vl

ol the phunger brging to shut-off the suction or to upen the
shatoff windows.

The cutrent volume of the disch Tk
fittiog v devermined from the following expresdom:

Vo s Vit , (= b},
Vi=Vi-1 &,

)
()

where V; I the tutal voluee of the discharge chumber ut
the position of the plisger (s the wpper dend polnd ase the
vohumes of fuel ductx of the fuel section, shong which fuel
Bows from the sves-plunger volume to the fitting: Vi s thy
volime of the pamp Atoing ot the foed dischurge valve
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The boundary conditions with the step functions in the
ezl of the closed type and the inlet section of the 11-11 diss
hurge pipeline e determbned from the following systom of
wquitions [21);

uV,,-%L-

'/."rﬂr(m.,J%'Jr(.*ﬂ.-c' y (21)
R R I A

18 the fuel volume of the nozele; g, s the pressure of
.txucyllndnuhhdlmludnrmmhhdpm
sure !n the volume of the Injoctor; puyo is the initin] prossure
of lifting the shut-off needle of the nogzle; gy s the current
fuel pressure in the chamber before nozzle holes of the injec-
tor SPrayer; cug iy are the mte of motion of the needle and
fuel flow in the outlet section of the pipeline; fus /p are the
aren of the section of the nesdle and ity tip; & s the rigidicy of
the spring of the sprayer needle; y is the magnitude of dofor-
mation le spring; M Is the total weight of movable
purts of the injector; (/) s the effective flow section of the
nozzle holes of the sprayer,

The first equation of system (21) deseribes the fuel
balanee between what aerived from the outlet section of
the pipeline and totality of fuel flows, between which this
amount of fuel ls distributed. The first component of this
totality characterizes the volume of fuel Injocted to the
cylindors of the diesel engine through the nozele holes of the

wprayer. The second 18 ypent on Ailling the volume during the
motion ol llw -pnyuv nndlc The third is sulijected t com-

The umd m} uation of the sywtem (21) describes the
dyoumie halance of the sprayer noedle, The farce of inertiu of
the needle (the left part of the equation) is equaled to the sum
of forees of fuel (the secand and third term of the squation)
and elasticity of the spring (the fourth verm of the equation).

In accordance with the work [21], the pressure at the
nozxle holes of the sprayer is determined from the following
expression:

n.'.-;f-r(p..-p.)*r,v (22)

Magnitude & in this expressdon characterizes the mtio
of the flow section between the eut-off cone of the needle
and the seut und nozzle holes:

-h-’&_
k.

To caleulate the flow area [y from the geometric pata-
meters of the sprayer, expression [21) is used:

(23)

L= sin3(d, -0 ysing). 4, @4

where @ 18 the ungle of the shut-off cone of th« IL‘
needle; dygy in the di of the ore
the norele holes.

Coeffictent of consumption fa s determined from px-
perimental data presented in paper [21].

Lol )

LALCO7 Y &g

An efficient flow seotion of the nozele holes of the sprayer
15 the fanetional dependence on the mation of the shut-off
needlo und §s determined from expresion [24);

X
264K 237 —!—] +

Vs Vinss

(N (1T ) .

T

W) 15 the maximum flow section of the nozzle
holn of the sprayer; it wre the current and the maxi-
mum transpokition of the shut-off needlo of the spriyor.

Fioe the Volise of the hydsulic correctn, boundary ssn<
dithons take the following form:
aVy B f = o () o 26)

where ¥, is the fuel volume of the hydrulic corrector;
P i the current fuel pressure (n the fuel volume of the hy-
drunlic corrector.

The first component of this equation churcterizes the
volume amount of fuel, compressed in the fuel volume at
ovident dishalance of the fuel amount in it The appearance
of disbalance is caused by the difference between the kmount
of fuel supplied to the volume (the second component ), and
the fuol (the third component), which Is drained from it when
the flow duct of the hydraulic corsector of open. In the case of
complete shut<off of the corroetor rod by the edge of the riog
groove, all fuel that arrives tw the volume of the hydrnlic
curtectur s exposed to comy i, that s, 1t 1s secrmulited.

To demonstrate visually the effectivencss of using the
proposed technical solution and the method of the fuel supply
Intensification, the compurative research was performed. The
chumdwmmdthwnmmubnh
standard fuel supply system nnd the system with the praposed
clectromechanical intensification device were compared by
the calenlation method. Calenlation was performed at the
fixed rotution rute of the cam shaft of the Wigh-pressure fuel
pump ke the magnitude of cyclie supply, which was soloe-
ted by the external speed charactetistio of the diesel engine,
seearding to the selected ratation rate. Kinematie, volume-
dimensional, and fuel-volume parsmeters of each hydraulic
nodes of the culenlation model were borrowed from the fuel
system with the distributing double-piston fuel high-pres-
sure ND-22/6B4 of the turho diesel engine 6CN13/11. 5
The caloulation of the single foel suj
formed for the high-speed oporation of the divsel onmvw
at the highest rotation rate of the crankshaft of 1,600 min~',

Ty obtain a solution to the formed systems of differentinl
equations, we wsed the interpolation method by Adums,
necording to which the sought-for function can be found:

Vo = U ANE (o) an

whote iy, B, Ba b are the numerie coefficients (for implicit
methods fye 0); 4 is the integration pitch.

The of this method was predetermined by obtaining
stable solutions despite the seloctod integration piteh, which (s
chomsun hn-d on the towd Lo achleve the maximim degroe of

o Jon of the of | resalt to the true vilhie
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l! shondd be noted that when modeling the motiom of
waves alomg the fuel Time. we took into sccount the
Hlﬂmﬁrmdm'hnmnm
tuin lons of motion snergy with the sttenuagion of the smpli-
tode. This svpect is taken into coostdemtion th the system of
erpuntions by & Alembert by a special mualtiplier - sitenaation
dectement - that i a variable magnitude, dependent an pres-
e ud fuel fiow rate,

Fig 2 shows combined results of the calculation resesrch
It the characteristios of o change in the fuel Injocting pres-
sire for the standard and the studied foel system
e the nogdo of rotation of the cum shuft of the pumgp.
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Fig. 2. Dep

6. Discussion of resubts of comparstive estimation study
into the fuel systems of diesel enginey that are compared

The specific feature of the given charactersstios of fuel
injection for tho funl supply system with the stadied {aten-

u change of the inj

-nh tation rate of $00 wmin~' w abost
lNW.MinMtbmd
pressute (nctowse (n the compurative charsctenstic of the
standard fuel system. The main reasen for sech intense pres-
sure incrense is too comgressed fuel da the ntermal volomse
of the hydrmbe cormvetor 1o this cawe, after reurhing the
mactomm vabue of pressare of 75 MPa the ¢ curve

main line of the fitting of the fiel due out-
off windows of the phanger, and t the foel volume of
the noszle afier the interaification n the volume of

the bydraalic enerector. Thanks 1o sech intenstve fuel supply,
the ingection duration decreased from 14 1o 7 degrees of the

sclected beaefits becuume of powsibie vxisting fite] ke through
amall gaps betwwen the precision tangent surfaces. low mechs-
nieal and hydmolic strength of the structuml compemnents, et:
Within the framework of the subwoquent solutien of the
outiined probdems of the scientific research, it s necsssary to
expand the shaped model by inelulon to it of tho sdditonal
points, specifically, the dyname

systematically appeoach
btnsive priveiple ol calenlation snd design of fuel systons
wnel te approsimate the results of calcalatim research o the

P | reanlts e choee s prosible
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7. Concluslons

1. To fmprove the fuel supply process for fue) systems of
the sepurate type, the technical device with the electrome-
chunieal contral that s mounted to the discharge pipeline
wan developed, Its action implies the influence on the wave
processes of the propagation of fuel supply pulse in the fuel
digchurge tract from the fuel pump to the hydro-controlled
nozzle, causing smnmu:: changes in the amplitude and tem-

of tl

2 Based on the pmpmd principle of fuel supply inten-
sification, the hydraulic cirouit was developed, the practical
implementation of which does not reqaire any fin tul
changes in the design of fuel equipment. This |y due to the
fact that the electromechanical dovices, based on the pro-
posed Intensification principle, wro mounted (n the fuel line ay
anoparate hydraulie node with the movable plunger olemont
and internal fuel volume.
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& Construction of the ealeulstion model of the fuel sys-
tem with the new electromechanical device of the foel supply
Iutensification can be carrled out with the fvolvemneat of
the mathemutical foundations of hydrodynumic caleulation
bused on the wave theory of hydraulic lmpact. To obtatn the
solution of the constricted systems of differential equations,
1t Iy necessary the wse implicit methods of numerieal integra-
tion, specifically, the interpolation method by Adams.

A Rased on the obtained results of compurative research,
It ean be argued about i eather enough inprovemeot of the
fuel supply paramoters for the fuel system with a new de-
viee of fuel supply intensification. In particulsr, there is an
ncresse I the muximum and medium Injection pressure,
reducing the total duration of fuel supply through the nozzle,
The existence of steep fronts of an increase and o decrease in
hydranlic pressure will contribute to avoiding ocenrrence of
additional injections and slowly developing charaetor of fuel
leakage through the sprayer nogdes.
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Axmyasnnicmn nponed docnid,
noxtmmenuny nasuanol efhexmuanocmi rimaxa l. AKX wacai-
0K, IMOHIMENNAN BAPMOCH Neummenoeo Kuxay aetaiiinoro
dauzyna y OXAGOF CUAOOOT YEMANOBKU HAANAARNO -MPENYBOND=
WoRO Jrimaxa muny DART-450. Teopemuwno ofrpywmoaano
anommno-mexvivnd ma i EPUCITNIY CYNaC-
mmonhuadummmmmm B oc-
woai Memodie docaid) a1y # nabip napa
Mempia, meimmmnqumm
MO MEXixo -exonoMiuny dooxkonanicme daueyna cunonoi
v INHOT CucmesMy v - naa~
NEP s JERKORO NABHANHNO “MPENYBAARNOLO Jimaxa,

Hayxosa noausna odepycawnx pesyasmamis noanrae
U DOPMYAGHRT HOOLO HAPAMEMPUNNOZO OOPUCY MyPOOLIUN-
MOUNX DaueyNIE CUROBOT JEMAnOBXY IR JEEK0R0 NaONANL~
HO“MPENYEATHNOO .dmm mnvy DART-450 » ¥paxynan-
Haa mode Ny ma
NOUMINEG0T0 HUKAY Douryna,

Hucensnumu dooxidwennnmn manmmo, m MaKeu-
Masnnna dassiioms nogvomy xim ap
npu odwaxosiil simmnil mact muen, o My,
AANACOM NATUEA, @ KO CNONOMINNIOMIO ANMpPamy naxwea,
Toay deueyn nalimerwoi nomyxnocmi Mae nepesary y neix
xapaxmepucmuxax, xpin saimnol duemanydi, axa naisen-
wa y aimaxa 2 dewzynom naldGixmuol nomymnocmi,

Peay su ofepymnm wo dir anin sadan
N0 HABNAABHOMY MPENYIANNIO AWomNO0 Cxaady dowisue
Wo acmanoenewns douryna AI-450CP, sxull mae waiisenuy
sapmicmn soummoaoro guicay, Oveeudno, wo dasud ximax is
scmanoasenum daurynos Gydo samu waduxcy aapmiomy
2nomnoi rodunu, Oduar 0% aUKONANNR POICIGYOLTWNIX Ma
yoapuux aadan wa ximaxy muny DART-450 dowianno ecma-
nownennn deweyna Al-450CP-2, Jlan suxonanns mirvxu
woapunx sadav ya simaxy muny DART-450 dowiianno scma-
noaaennn daueyna MC-500B-C, axwit mae Gianwy nomywc-
wiomu, wixe poseasuymi dewzynu

Kmononi crosa: Haanainno-mpenyaassnui pimax, wum-
MBI UKL, HOMNO-MEXNINHT Xapaxmepuemuxi, myplo-
pemonui doueyn

o

0 O—

1. Introduction o
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Earth's sutfaoe, for business flights, ete. The capabllity to

land at an acrodrome of any class, essy flight operntion and

At present, much attention is pald to the ereation of Tight

® U Loghou, Y Livainets, | Hrrcherhe, R Velasy, 2019

maintenance, eleganee of interfor design, make these Hght
nircraft a consonuble cholee tor business meetings, recreation,



