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Summary. Thos paper preserts moblent of the modelling of heat exchange betwreen the piston-ungscylmder
bearmg surface assenbly (FRC) elements aswell as malts of sinmlation tests . Diiffionlhes ard hindramces have
been s howred, which comr daring the developrnent of the mathernatical and plorsical meodel.
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INTRODUOCTION

When raodeling the problers connected with the operation of piston ring pack (piston pack-
ing corpression Mngs in partienlar) as a sealing unit, the effect of thermal deformations of all
elements cornposing the piston-piston ngs-cylinder liner (FRC) asservbly should also be taken
into account. Obwviously the PRC asserbly is subjected to re gular waridble heat loads during the
operation of piston cormbustion engine. & heat somce iz the combustion process taking place in
the total cylinder wolurme bt also the phenomenon of fricton occurring mainly be taeen piston
rings and the cylinder bearing swface. Howewet, deterrnination of the effect of friction degree
and reciprocal movernent of these elements as a phenomenon of heat somrce is very diffieult to
be defined in modelling processes and hence iz completely ignored in theoretical conside rations.
On the other hand, problems connected with heat loads in the PRC elernents and heat flow fo the
cooling medinm corwe o prominence. Trends in the constuetion of piston cowbustion engives
are focnsed on constant reduction of nng nurber, which leads to the developenent of larger heat
loads in these elements. &t present, constructions with one piston packing compre ssion ring and
one piston scraper oil control rng are being wsed in the newest combustion engines, while research
and work airm at onlyone ting linking the sealing and scraping functions. In the modeling of heat
exchange, ocowrence of respective inter-ring crevices spaces is being asswrned, where it cornes to
heat exchange betaeen the medinrm beimg found in those crevices spaces and the elerne nts of pistor,
ring and cylinder bearing snface and firther to the cooling rmedinm . Also the laver of lubricating
ol being found between these elements, the temperature of which depends on the ternperatore of
PRC asserbly elements, iz of importance [Abramek 2007]. The crevice syace of the first piston
packing compression ring, where it frequently cotmes o the formation of cathon deposits and the
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ocourrence of lake tar as well as fo the cormbustion of lubricating oil, takes ona parficular inpor
fance [Ahraroelk 2005, Serdecki 2007

LATHEMATICAL MODELS OF HEAT EXCHANGE

In mathe matical models of heat exchange, the authors assarne i most cases that the termpera-
ture of walls deliraiting a ghven space 1s identical with that of the flowing medinm. This means the
isotherruc flow; 1e. the ocourrence of infimtely large surface film conductance o . As mentioned
presviomsly piston, pistor rings and eylinder ave exposed fo a divect effect of hot gas, the ternpe rature
of which fluctuates broadly daring the work eyele. Aecording to the literature [Wisrdewski 1974],
a change in the temperatore of corbustion charaber wall surface iz not larger than 1% of periodic
working raedium te rperature changes. This results frorm a relatively large engine rofatioral speed.
It also results from this assurmption that both the pistor, piston rings and cvlinder Liner teraperature
is constant for engine steadyestate condiions. Methods of the deterrination of te mperatures for re-
spective elements have alzo been described in the literatare [Kozaczewskd 2004, Wisniewslki 1972,
Mliksiewicz and Wisniewski 1999 Mevertheless, some authors (like [Sygriewicz 1991]) assume
that the flow of blown-by exhanst gases betareen pistor, piston nngs and cylinder liner iz infer
mediate hetween the isotherraie and the adiahatic flow, and even closer fo the adiabatic one. This
means that the strearn of heat exchange between the fowing gas and the PRC assembly elerments
iz equal o zero. In principle, it is diffieult — without siwalation tests — 1o evaluate the rightness of
the adopted assuraptions . Besurptions of the heat exchange mode] have afterall a sigraficant e flect
on the evaluation of PRC syster sealing degree and the sare on the value of crankease exhanst
£a8 scavenging intensity.

When assurning that heat exchange between the PRC assernbly elements iz raindy by con-
vection [Fafrmierczak 2005], the Newtor’s equation is deterraining the guantity of heat excharged
by peretration:

E=e,dd -T,), (1}

where
g —surface flm condus tance,
— heat penetration swface,

T, —flowing rediura terape ratare,

T, —swface ternperature,

T — enetration time.

S'IJIfEJ:DIE filrn cqrudw:taru:e . depends -:un.the phosical properties kawat-cm@g agent heat—
tranafer medirn, which can be the acoumulating cathon deposit or corbusted lubricating oil for
the first piston packing corpeession ving or the lubreating oil for other piston rings. Swface filin
conductarce depends also on the geometric features of penetration suface, being different for pis-
ton, piston rings and cylinder liner. The value 4 15 expressed by eans of the following forvula:

A

o = M

=N, (2)

where :
My —Nuszelt’s mumber:

M = [ Pr' RS, {3
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A_— heat conductrity of heat-carrying agent,

d, — hydraulic diarme ter; a cormputable value expressing the relation of heat exchange surface
o itg civcumfere noe,

' = factor of proportionality, deteradne d e rpirically

A, B - index exponents, deterrained exopiric ally

FPr - Prandt] muraber:

=t ()

2

A

¢, —specific heat of medir,
# —absolute viscosity of medinm,
Re¢ — Feymolds nureber:

Hg = (2

t — mass rate of flow

In the literatare [Wosched 1970], an empirical dependence has been given deserbing surface
filtn conductance in the corabustion charaber of piston corbustion engine, which iz as follows:

a,(g) = 127,930 "up(g)* T (6)
I — clinder diameter,
w —rmean velocity of medium in the engine working space,
Plp ) — actual values of presswe in the engine working space,

T ) — actual values of medior s te mperature,
¢, — crank angle value.

BEZULTS OF SIMULATION TESTS

In the sirnlation modelling, the principle of energy conservation was used to de terruine the
the rraophysical properties of the medinr fowing be tareen the assigned zones:

U=Zi ma-Zi_ mow+0-pP, (T}
as well as the law of conservation of mass was taken into account:

= B = 5 s, (2)
Clapeyron’s ideal gas state equation:

p=p{24L-T) o

where:

U7 — internal encizy,

i_—specific gas enthalps;

£ —heatexchange strearn, for the heat exchanged be taeen medinm and labyrinth zone walls,
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m — mass of zas,

P —pressure of gas,

indires: ;- gas inflow;

Cuf = gas outflow,

1 — inlet charnel nrnber,

J — outlet charme] araber.

The analysed wolurne zones are connectsd with each other by channels of variable sections
through piston-ring joints and gape between piston grooves and piston rings, as well as throngh
clearances between piston ring face and cylinder bearing smface. These channels canse fhrottling
of the flowing medintm and the modelled changes in their sections result from changes in the walue
of pistor-ring joint clearance as a congequence of piston 1ing overnents in the radial divection. &
change in the section of piston-ring joint is also connected with the effect of wear of mach elements
ag cylinder liner, piston rings and piston groowes. On the other hand, a change in the gapbetoeen
piston rings and piston grooves results from piston moverments and piston nng moverents in the
axial direction.

The model calewlations were made for the single-cWlinder compression-ignition engine SB-
3.1. The data necessary for caleulations were collected based on techrical documentation, taling
mto account the fact that the SB-3.1 engive is a section of one ¢ ylinder of the SW-880 engine . Tech-
nical and gecretric properties of the engines can be alzo found in the lteratore [Shrarnek 2005].
On the other hand, the conrses of pressure s prevailing in the corbustion charber were taken from
the indicative diagrarns made on the engine test bed.

In this roodel, different intensity of the heat exchange between gas and walls was adopted,
ie. the isothermic flow where srface film conductance is infinitely large, the adiabatic fiow where
the heat exchange strearn between medinm and labsyrinth zone walls is equal to zero (& = 0},
and the interrnediate fow deternived on the basis of equation (6). Examinations were made for
four rotational speeds of engine crankshaft n = 1000 ran', n, = 1500 min”', n, = 1750 min”' and
n, = 2000 rin'. Figure 1 presents simulation tests of the effect of swface film conductance on the
walue of crankease exhanst gas seavenging of the SB-3.1 engine.
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Fiz. 1. The offect of sarface lmeccoductance onthe vabies of crankease exhanst zas scavensine
deternuned in simulation tests of the SB-3.1 engine
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Figure 2 presents the effect of the comrse of ternperature for the first inter-nng crevice for
diffe rent adopted infensities of the heat exchange between mediun and the swrfaces srrounding it.
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Fiz. 2. The coarse of termperative detemane i smmlabion tests for the frst iner-rne crevice

CONCLUSIONE

When avalysing the ohtained results of siranlation tests, it iz possible to notice that the -
tensity of heat exchange between gas and the walls sprounding it at respective stages [degrees] of
labyinth sealing had a fundareental e ffect on the results of not ondy crankease [crankshaft casing]
exhanst gas scavenging inte nsitybut also gas terperatares. The larzer heat exchange intensity; the
sroaller were the mean ternpe ratures in the therrodymarndical cyele . [t shouldbe stated that the walue
of suwrface film conductance caleulated and adopted from the literature has had a very larze effect
on the results of examinations of the temperatures in inter-ring crevices.

The course of tempe rature for the woluree determined be tareen the first and the second piston
ring differ remarkable for the adopted intensity of heat exchange. It iz possible o notice that raean
ternperatores in the cyele were ranch smaller for lavee intersity of heat excharnge than thoss calen-
lated for small intensity of heat exchange (Fig. 2).

When analysing the obtained results, it is also possible to notice that the temperatuore of
toedinrn 15 motre susceptile to the value of smrface filrn conductance adopte d in the model than the
value of exhaust gas scavenging. For irdivdtely lazge surface film conductance (isotherraic flow),
the walue of exhaust gas scavenging was by 4555 larger than for exhanst gas scavenging caleulated
for the adiabatic Aow of medinm (Fiz. 13,
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MODELOWWANIE WYRILANY CIEPEA POMIEDZY ELEMENTAMI
ZESPOLU TEOK-FIERSCIENIE-CYLINDER

Stresrerende. W artylile preedstawniorno zagadnieria modelowania wopmiany ciepla ponned=y elemertana
ukladu folk-plericiemne thokowre -zl = orlindra (TPC) crazwmula b ad an symmlacmmeh. Wikazano na taduosoa
1utmd meria wystepyace podezas tercrzeria modeh matermatye=reso 1 fmreegzo.

Slowa lhwrowe: preediuchy, sibvil spalinenany, #ol, piericerie, cylinder



