EKOAOTI'ISAA I TPAHCIIOPT

UDC 629.113+656.13+621.43
DOI https://doi.org/10.32846/2306-9716/2020.ec0.3-30.18

IMPROVING THE ENVIRONMENTAL PERFORMANCE
OF VEHICLES UPGRADING THE COOLING SYSTEM
OF AN INTERNAL COMBUSTION ENGINE

Zaichenko S.V.!, Shalenko V.0.%, Zaichenko L.1.', Krupa K.V.!

"National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
37, Peremohy av., 03056, Kyiv

*Kyiv National University of Construction and Architecture

31, Povitroflotskyi Av., 03037, Kyiv

zstefv(@gmail.com, vadshal@i.ua, juk.luda@gmail.com, krupa@gmail.com

The article discusses the work of a fundamentally new cooling system for a cylinder-piston group of an internal combustion engine
of a vehicle. Ensuring environmental and economic requirements is possible only with the use of powerful engines characterized by
elevated temperatures of fuel combustion processes. It is the most thermally loaded part of the internal combustion engine of the cylinder-
piston group that is — the piston. High engine piston temperatures cause a number of negative operational and environmental negative
effects. Among the existing cooling schemes, a combined system is common. This system requires the installation of a special pump
and complex system of channels of the crankshaft. The developed cylinder piston cooling system allows to reduce and stabilize
the temperature, which in turn will improve the environmental friendliness, reliability and energy efficiency of using this type of energy
source in transport systems. The basis of the operation of the temperature stabilization system of the piston of a vehicle engine is
the principle of a vibration pump. The principle of robots consists in acting on a liquid column with a working body and creating
a short-term pressure pulse. Stabilization of the piston temperature is achieved by constant washing with a stream of oil, moving
along a specially formed channel of the piston walls. To determine the parameters of the system of forced oil cooling of the piston
of the engine of an autonomous power source, the acceleration of the connecting rod is determined. Determination of the tangent
component of the connecting rod acceleration and the equation of the liquid column under the action of the plunger allows you to set
the pressure developing vibration pump and with the known design of the piston channels. The parameters of the flow of the working
fluid allow us to determine the amount of thermal energy that is removed by the developed cooling system. Key words: reliability,
temperature, vehicle, piston, internal combustion engine, pressure, flow rate.

IlixBuIeHHs] €KOJOTIYHUX MOKA3HUKIB TPAHCMOPTY ULISIXOM MOJEepPHi3alii cCHCTeMH 0XO0JIOIKeHHSsI TBUT'YHA BHYTPIillIHBOI0
3ropanHs. 3aiiuenko C.B., lllanenxo B.O., 3aiiuenxo JL.I., Kpyna K.B.

VY crarTi po3mIsiHYTO pOOOTY MPUHIIUIIOBO HOBOT CHCTEMHM OXOJIO/PKEHHSI LIMITIHAPONOPIIHBOBOT IPYIN ABUTYHA BHYTPILLIHBOT'O 3T0-
paHHS TPAHCIIOPTHOTO 3aco0y. 3abe31eueHHs CydacHUX €KOJIOTTYHUX Ta eKOHOMIYHHX BUMOT MOJKJIUBE JIMIIIE 32 YMOBH BUKOPHUCTAHHS
MOTY)KHHMX JIBUTYHIB, 1[0 XapaKTEPH3YIOTHCS IIIBUILICHOI TEMIIEPATYPOI0 HPOLECiB 3ropsHHs manupa. Came HaiOLIbII TEPMIYHO
HABaHTAXKCHOIO JICTAJUIIO JIBUI'YHA BHYTPIIIHBOTO 3rOPaHHs LI JPOIOPIIHBOBOI IPYIH € MOpLIeHb. Bucoka Temieparypa MOpIIHs
JBUT'YHA € IPUYMHOI0 HU3KM HEraTHBHUX €KCIUTyaTaI[IfHUX Ta eKOJIOTIYHMX HEraTMBHHUX HAcHiaKiB. Cepesl CXeM OXOJIOMKEHHS ITOLIH-
peHoro € KoMOiHOBaHa cucteMa. Ls cuctema moTpedye BCTAHOBJICHHS CICLIAIbHOTO HACOCA 1 CKIIQJIHOT CUCTEMH KaHAIIB KOJIIHYaCTOTO
Baity. Po3pobiieHa crcTeMa OXOJIOMKEHHS MOPIIHS LIIIHAPA Ja€ 3MOTY 3HHU3HUTH i cTabiIi3yBaTH TEMIIEpaTypy, IO CBOEK YEproro
JAcTh 3MOTY IiABHIINTH €KOJIOTIYHICTh, HAIIIHICTH 1 eHeproe()eKTHBHICTh BUKOPUCTAHHS IIHOTO THITY JKepelia eHeprii B TpaHCIIopT-
HHMX cHCTeMax. B ocHOBy poGortu cuctemu crabimizauii TemrepaTypu MOpPILIHS JBUIYHa TPAHCIOPTHOTO 3aco0y MOKJIAJEHO MpUH-
LI BiOpariifHOro Hacoca, 110 MOJISTaE B HAJJTaHHI CTOBITY PiAMHM POOOYMM OpPTraHOM KOPOTKOYACHOTO iMITYNIbCy THCKY. Ctabimizaris
TeMIIepaTypH IOPIIHS JOCSATaeTecs MOCTIHHIM OMHBAHHSIM ITOTOKOM Macia, IO PyXa€eThCs IO CIeNialbHO YTBOPEHOMY KaHAJy CTi-
HOK mopiuHs. Jlisi BUSHAYCHHS apaMeTpiB CUCTEMH IPUMYCOBOTO MACISIHOTO OXOJIOMKCHHS HMOPIIHS JBUI'YHA aBTOHOMHOTIO JUKE-
peJia JKUBJICHHS BU3HAYEHO NMPHCKOPEHHS LIaTyHa. BCTaHOBIEGHHS NOTMYHOI CKJIAJOBOI YaCTHMHHM NPHCKOPEHHS ILIAaTyHA 1 PIBHAHHS
CTOBIIA PiJIMHH ITiJ] TI€0 IUTYHXKEpa Aa€ 3MOTy BU3HAYUTH THCK, SIKUH pO3BUBAE BiOpaliiHUI HACOC i TPU BiTOMiil KOHCTPYKIT KaHAIIIB
nopures. Biomi mapamerpu moToxy po6odoi piiMHM HAal0Th 3MOTY BU3HAUUTHU KiIBKICTH TEIIOBOI €HEprii, sika BiABOAUTHCS PO3pO-
OJICHOIO CHCTEMOIO OXONIOMKEeHHS. Knouosi ciosa.: HaiiHICTh, TEMIepaTypa, TPaHCIIOPTHIN 3acid, MOPIICHb, IBUTYH BHYTPIIIHBOTO
3rOpaHHS, TUCK, BUTPATH.

Statement of a problem. Reliable use of vehicles
based on internal combustion engines is possible only if
the working condition of the source of mechanical energy
[1-3]. Among the main internal combustion engines that
significantly affect the reliable and energy-efficient oper-
ation of the engine should be distinguished cylinder-pis-
ton group with the most heat-loaded part among the parts.

The high temperature of the engine piston is the cause
of a number of negative operational and environmental
negative consequences. The first group includes the effect
of high piston temperature on the rate of oil deposits in
the groove, coking and as a consequence of occurrence.
Improper load distribution between the rings, which
leads to loss of tightness of the combustion chamber.
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The breakthrough of the exhaust gases leads to a viola-
tion of the lubrication of the piston, which in turn leads
to an increase in friction and an even greater increase in
piston temperature. These phenomena can lead to the for-
mation of burrs and jamming of the piston with the stop
of the generating unit.

Ensuring modern environmental and economic require-
ments is possible only with the use of high-power engines,
characterized by elevated temperatures of fuel combustion
processes. Based on the above, it is possible to conclude
that the creation of a system that has stabilized the required
piston temperature in order to ensure high environmental
performance is an important scientific task.

The solution to this problem is possible by intensi-
fying heat transfer to the environment through the use
of forced oil cooling of the piston.

The purpose of modeling. The purpose of this study
is to develop a system of forced oil cooling of the engine
piston of vehicles.

Statement of the basic to materials. To solve this
problem, a system of stabilization of the temperature
of forced oil cooling of the engine piston by installing
a vibrating pump (Fig. 1). The main elements of the sys-
tem of forced oil cooling of the engine piston are a pis-
ton with a system of cooling channels 1, a piston finger 2
with a groove for oil supply, a connecting rod 3 with
a vibrating pump 4, a tube 5, a crankshaft 6. The vibrat-
ing pump housing can be made in two continuous with
connecting rod and separately by mechanical connec-
tion. Given the high dynamic loads, the receiving rod
is the preferred option. The cooling system begins to
work when alternating accelerations greater than 3g
[3]. The source of alternating accelerations is the crank
shaft which moves the rod when rotating, performing
plane-parallel motion. As a result of this motion, the fluid
and the piston receive significant accelerations, forcing

the fluid to move under the action of inertial forces in
the opposite direction of the acceleration vector.

To set the parameters of the system of forced oil
cooling of the engine piston, determine the acceleration
of the connecting rod. The acceleration of the points
of the connecting rod along its length have dif-
ferent directions and meanings. The acceleration
points of the connecting rod which are located closer
to the piston in the direction coaxial with the
cylinder and take values equal to the acceleration
of the piston [4, 5]:

J, = ro’(cos(e) + A cos(29)) , €))

where r — radius of the crank shaft;

o — angular speed of rotation of the crankshaft;

A ="/, —dimensionless coefficient;

L —length of the connecting rod;

¢ —the angle of rotation of the crank at a given time,
counted from the axis of the cylinder in the direction
of rotation of the crankshaft.

The acceleration points of the connecting rod close to
the crankshaft have a direction tangent to the trajectory
of rotation of the shaft and the value:

. 2
.]k:r(’) ’

)

The value of the acceleration of the middle point
of the connecting rod, provided that the pole is a point
K , it is possible to represent dependence (fig. 2):

< < n

js :-/k +-]k/s+jl:/:’ (3)
where j!,, and j;,, —normal and tangential acceler-
ation of the midpoint relative to the pole.
Since only the components that are directed along
the axis of the connecting rod are important for the oper-

ation of the vibrating pump, the tangential component

aoo

Fig. 1. Functional diagram of forced oil
cooling of the engine piston

Fig. 2. Kinematic scheme of forced oil
cooling of the engine piston
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Fig. 3. Graph of change of acceleration
of the average point of a rod

of acceleration j;,, can be neglected. Normal accelera-
tion relative to the pole K is equal to:

Jiys = o5, - KS, “

where o,, —angular acceleration of the connecting rod:

®A COS @
O =TS
1-A%sin” @

Projection of acceleration of the middle point
of the connecting rod on the axis of the connecting rod:

)

Ji =k, - KS —ro’ cos(n— ¢ -B) =

where B = arcsin(VL sing) — the angle between
the connecting rod and the axis of the cylinder.

Determine the acceleration acting on the oil
and the piston in one revolution shaft (Fig. 3) for a spe-
cific engine with the parameters:

L=0,084m, r=0,027m, & =300c".

The analysis of the graph shows the significant
(>> 3g) accelerations that occur in the system allow you
to use the complex movement of the connecting rod
to drive the vibrating pump. The basis for determining
the parameters of the system is the equation of the col-
umn and the plunger [4]:

mx + (py + pgH)S —(p, —p)S =0, (7

where p — density of liquid,;

p, and p, — pressure above and below the liquid
column;

p, — atmospheric pressure;

S —area of the plunger;

m —mass of liquid and plunger.

The solution of equation (7) with respect to the pres-
sure difference allows to determine the pressure that
develops the vibrating pump and with the known design
of the channels of the flow piston.

Conclusions. The developed system of forced oil
cooling of the engine piston allows to stabilize param-
eters of thermally loaded details that allows to provide
modern ecological, operational and economic require-

) , (6) ments by use of forcing of the engine of a source
= (o cos ¢)"KS - ro” cos(n - ¢ - B). of autonomous power supply.
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