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Kombinirano hlajenje prototipnih motorjev TAM
Combined Air—01l Cooling of the TAM Prototype Diesel Engine
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Temperaturni potek v steni valja zracno hlajenega motorja je zelo neizenacen; vzrok lahko
najdemo predvsem v fizikalnih lastnostih zraka za hlajenje in razpoloZljivih povrsinah za
prenos toplote na valju. Najvisje temperature na notranji — drsni povrgini valja lahko Ze pri
zmernih specificnih modeh motorja preseZejo dopustne vrednosti. Prav tako se pojavijo po
obodu stene valja in v vzdolZni smeri valja veliki temperaturni gradienti, ki preprecujejo
nadaljnje stopnjevanje moc¢i motorja, zmanjsujejo zanesljivost obratovanja in dobo trajanja
motorja. V ¢lanku so predstavijene konstrukcijske resitve kombiniranega zracno-oljnega
hlajenja valjev, njegove znacilnosti in rezultati uporabe taksnega nacina hlajenja na proto-
tipnem, tlacno polnjenem dizelskem motorju TAM BF4L0O 513LC.

Typical inadequate temperature distribution can be met with the cylinder wall of an air
- cooled internal combustion engine. It is generally affected by the physical properties of the
cooling air and partially by the design of the cylinder cooling surfaces. Large longitudinal and
circumferential temperature gradients and high critical wall temperatures do not allow a
further increase in the engine specific power and its more reliable operation. The paper
presents the performance characteristics and design solutions of combined air —oll cooling
that was applied to the TAM prototype BF4L0O 513 LC turbocharged and aftercooled diesel

engine.

0. UVOD

Zaradi fizikalnih lastnosti zraka in prostora,
ki ga imajo konstrukterji pri oblikovanju hladilnih
povrsin valjev zra¢no hlajenih motorjev na voljo,
je potek temperatur v steni valja zelo neizenacen.
Najvi§je temperature notranje stene valja doseZejo
dopustne vrednosti Ze pri imenskih specifiénih mo-
¢eh, ki ne presegajo 21 kW/liter delovne prostor-
nine [1], [2]. Povpreéni vzdolZzni temperaturni gra-
dienti doseZejo pri omenjenih specifi¢nih moc¢eh in
zgornjem delu valja skoraj 1°C/mm, kar pomeni
dva- do trikratne ustrezne vrednosti pri vodno
hlajenih motorjih [3]. Tudi najve¢je temperaturne
razlike, ki se pojavijo na obodu notranje stene valja
v istem pre¢nem prerezu valja [1], [2], so priblizno
dva- do trikrat veéje od ustreznih razlik pri vodno
hlajenih motorjih. Hladilnih povrsin valja zaradi
prostorskih omejitev ne moremo poljubno poveée-
vati, zato je nadaljnje stopnjevanje moci zra¢no
hlajenith motorjev z obi¢ajnimi tehni¢nimi resitva-
mi praktiéno nemogoce. V skladu z danasnjimi -
usmeritvami razvoja motorjev potrebujemo za po-
gon gospodarskih cestnih vozil sodobne motorje s
specifiénimi mo¢mi 22 do 26 kW/liter [4], ki pa
morajo obenem izpolnjevati tudi ekoloske in eko-
nomske zahteve ter zahteve po zanesljivosti obra-
tovanja in ustrezno dolgi dobi trajanja.

0. INTRODUCTION

Typical inadequate temperature distribution
in the air-cooled cylinder wall is caused partially
by the physical properties of the cooling air and
partially by the limits a designer meets in design-
ing the necessary cooling surfaces. Peak cylinder
temperatures correspond to the specific engine
output 21 kW/litre [1], [2]. Average longitudinal
temperature gradients in the upper part of the
cylinder wall at the mentioned specific engine
output amount to 1°C/mm and exceed by almost
three times the values of water-cooled engines
[3]; as do maximum temperature differences oc-
curing on the circumference of the cylinder inside
surface in the critical transverse sections of the
cylinder. Cooling surfaces of the cylinder can not
be arbitrarily increased due to spatial limitations
and a further increase of the air-cooled engine
output is thus not achievable within the range of
usual technical solutions. In accordance with the
present orientation of development, modern com-
mercial vehicles require diesel engines with a
specific output of 22 to 26 kW/litre [4], that
should at the same time meet all current environ-
mental and reliability requirements.
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Fig. 1. Position of the oil channel

V razvojnem institutu TAM je bil v zadnjih
letih razvit in analiziran nov nagin dodatnega,
kombiniranega hlajenja valjev z zrakom in oljem
za mazanje motorja. V ta namen je bil v zgorniji,
toplotno najbolj obremenjeni del stene valja vgrajen
vodoraven, ukrivljen kanal¢ek s pravokotnim pre-
rezom, po katerem se pretaka olje za mazanje mo-
torja In dodatno hladi valj. Lega in videz kanaltka
za dodatno hlajenje z oljem (v nadaljnjem besedilu
DOH) sta prikazana na sliki 1. Na modelih valja ter
enovaljnem prototipnem motorju je bil teoreti¢no
in prakti¢éno analiziran lokalni prestop toplote v
laminarnem toku olja, upostevani pa so bili tudi
vplivi ukrivljenosti kanala, mesane konvekcije in
curka vtekajoc¢ega olja [11, [3]. S preizkusi je bila
ugotovljena najugodnejSa lega kanalcka, koli¢ina
olja in nacin obtekanaja olja za hlajenje. Nekatere
izvedbene znacilnosti sistema DOH so bile zaradi
uéinkovitosti in preprostosti tudi patentno za-
&¢itene [6].

1. ANALIZA IN TEHNICNE RESITVE
PROBLEMA HLAJENJA VALJEV

Pri resevanju problemov prenosa toplote v
motorjih je zelo pomembno, da poznamo lokalne
toplotne tokove, ki se prenasajo prek posameznih
‘delov motorja. Se posebno pomembna sta pri tem
valj in glava valja. Na sliki 2 so prikazani posa-
mezni toplotni tokovi, ki se prenasajo prek delov
valjevega sklopa, in njihovi delezi v odstotkih to-
plote, ki je dovedena kombinirano hlajenemu pro-
totipnemu motorju BF4LO 513LC z gorivom.

A new combined air-oil cooled system was
analysed and developed in the TAM R&D Institute.
A curved horizontal channel fed with engine lub-
rication oil was therefore introduced in the upper
- thermally overloaded part of the cylinder wall
for supplementary cooling. The layout and position
of the oil channel for the additional cooling (DOH)
are presented in fig. 1. Local heat transfer phe-
nomena were studied analytically and practically
on the TAM supercharged and aftercooled single
and four cylinder diesel engine; the influence of
the channel curvature, mixed convection, and the
inlet impinging oil jet were also taken into ac-
count [1], [3]. As a result of the intensive expe-
rimental work, the optimum position of the chan-
nel, suitable oil-flow and its distribution was
also established. The construction of the DOH
was patented owing to its simplicity and its
effectiveness [6].

1. ANALYSIS AND TECHNICAL SOLUTIONS
OF THE PROBLEM.

To solve the problem of engine heat transfer
it is important to know local heat flows and their
distribution. Cylinders and cylinder heads are the
most thermally loaded engine parts. Fig. 2 shows
heat flows and the percentage of energy introdu-
ced by the fuel for some components of the com-
bined air-oil cooled diesel engine BF4LO 513LC and
their proportions in the total heat introduced by
the fuel. The specific power of the engine for this
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Sl. 2. Potek toplotnih tokov v sklopu valja z DOH
Fig. 2. Heat flows in engine components

Specifi¢na mo¢ motorja je znasala za opisani pri-
mer 24 KW /liter. Absolutne in relativne vrednosti
toplotnih tokov ustrezajo enemu valju in so bile
dobljene z meritvami [7], [8]. Iz podatkov v pre-
glednici na sliki 2 lahko sklepamo, da se odvaja
pri kombinirano hlajenem motorju z zrakom in
oljem skoraj 14 odstotkov toplotne mo¢i dovedenega
goriva, ¢e pa upo3tevamo Se toplotni tok, ki se
odvaja v hladilniku polnilnega zraka — HPZ, se ta
delez poveca na 19,5 odstotkov. Te vrednosti se
razmeroma dobro ujemajo s podatki, ki jih podajajo
izdelovalci sodobnih vodno hlajenih motorjev [9],
Iz podatkov je tudi razvidno, da odvedemo z
oljem v sistemu DOH z majhnega prostora 1 do2 kW
(odvisno od pretoka olja), ucinek pa se izrazito
pozna na temperaturnem poteku stene valja. Na
sliki 3 so prikazani temperaturni poteki po obodu
notranje stene valja v vidini prvega batnega obro¢-
ka (ko je bat v zgornji mrtvi legi). Podatki ustre-
zajo osnovnemu — zra¢no hlajenemu motorju in
razliénim izvedbam DOH, razmere pri obratovanju
motorja pa so bile za vse prikazane izvedbe valjev
enake. Opazimo lahko zelo visoke temperature ste-
ne pri osnovni izvedbi valja, ki v podro¢ju izpusne-
ga ventila presegajo 210 °C, razlika med najvisjo
in najniZjo temperaturo oboda stene (imenovali jo
bomo ovalnost) v istem preénem prerezu pa znasa
34 °C. Na sliki 3 so shemati¢no prikazane tudi tri
temeljne tehni¢ne resitve DOH (1 do 3), ki so bile
s preizkusi preverjene. Z uvedbo DOHI, pri kate-
rem celotni tok olja obte¢e obod valja, vtok in iztok
olja pa lezita na izstopni strani zraka za hlajenje,
so se temperature stene v primerjavi z osnovno

particular case was 24 kW/litre. Absolute values
and partial rates of heat flows correspond to each
cylinder and were defined by the experiments
[71, [8]. One can conclude from the data in fig. 2
that almost 14% of the fuel energy is removed by
the cooling air and the lubrication oil; if the after-
cooler of the engine is considered in the heat ba-
lance, the above mentioned percentage increases
to 19.5%. Results from the table in fig. 2 are in
agreement with results obtained with advanced
water-cooled engines [9].

One can also see from the table, that 1 to 2
kW (depending on the oil flow) of the heat is re-
moved from the upper part of the combined cooled
cylinder by the lubrication oil. Better temperature
distribution can be expected as the result. Fig. 3
shows temperature distribution of the cylinder
working surface for the transverse section and
the top piston ring position. The results correspond
to the baseline air-cooled and to some design
alternatives of the combined cooled-DOH cylinder
for the same engine running conditions. Maximum
temperatures of the air-cooled cylinder wall
exceed 210°C, whereas maximum circumferential
temperature difference or temperature »ovality«
amounts to 34°C. Fig. 3 gives three typical de-
sign alternatives for the cooling oil channel and
the oil distribution: DOH1, DOH2, and DOH3.
DOH 1 is represented by the channel in which the
entire quantity of oil flows around the cylinder
wall; oil enters and leaves the channel in the »hot«
zone - exhaust side of the cooling air flow. Typi-
cal temperature convexity can still be seen around
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Fig. 3. Influence of the DOH design on temperature distribution

izvedbo sicer precej zniZale, ostala pa je znacilna
»izbogenost« temperatur v podro¢ju izpudnega ven-
tila. Cepitev toka olja v dve veji (sistem DOH2)
najvigjih temperatur valja ni zniZala, pat pa se je
ovalnost zaradi manjSega masnega toka olja v
»hladnejsi« veji kanala in zato nekoliko vigjih
temperatur stene valja nekoliko zmanj3ala.

Najvigje temperature stene valja in ovalnost
so bili zniZani Zele z uvedbo sistema DOH3; curek
olja vstopa nesimetri¢no v podroé¢ju najvisjih tem-
peratur stene valja in se zaradi posebne oblike
vstopnega ustja razcepi na dva delna toka, ki nista
enaka. Vecji delni tok olja tece skozi podrocje naj-
vigjih toplotnih obremenitev valja in izdatno zniZza
temperature sten, manjsi del toka pa obtece daljo
vejo kanal¢ka in odvede razmeroma manj toplote.
Temperature »hladnejSega« dela oboda valja se zato
nekoliko zvigajo. V celoti dobimo tako ugodnejsi in
enakomernej§l temperaturni potek notranje stene
valja. U¢inek moc¢no povecanega prestopa toplote,
ki ga povzroéi nalet vtekajocega curka olja ob steno
kanalc¢ka, je na sliki 3 opazen kot »kotanja« v tem-
peraturnem poteku. lLokalne vrednosti toplotne
prestopnosti se ob naletu curka na steno povetajo
skoraj za velikostni razred [10], pojav pa je bil
uporabljen za zniZanje najvigjih lokalnih vrednosti
temperatur valja.

the exhaust channel area although the relative
temperature level was substantially decreased.
Split-flow and two unequally fed channel
branches of the system DOH2 gave smaller tem-
perature ovality; bigger heat transfer and rela-
tively lower temperatures of the cylinder in the
»critical« channel branch are results of higher
partial oil-flow,

Most suitable results were obtained with the
system DOH 3; cooling oil is injected asymmetri-
cally in the zone of the pronounced wall tempera-
tures, and is then split into two unequal partial oil
branches. The larger portion of the cooling oil
flows around the shorter channel branch and cools
down substantially the hottest cylinder area,
while the smaller portion of the cooling oil flows
around the longer channel branch and cools its
surrounding less intensively. As a result, the
»cooler« side wall temperatures can even be
slightly increased. Total temperature distribution
is thus levelled. The influence of increased heat
transfer caused by the inlet oil-jet impinging on
the inner wall of the channel can be seen in fig. 3
as a temperature »hollow«. The inlet local heat
transfer coefficient can be increased by almost ten
times [10], and this phenomenon was used to re-
duced the highest local cylinder temperatures.
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Sl. 4. Vpliv oblike in velikosti hladilnih povrsin na vzdolzni potek temperatur v valju
Fig. 4. Influence of the cylinder cooling surfaces on longitudinal temperature distribution

Znacilni vzdolZni temperaturni poteki stene
valja so prikazani na sliki 4 za osnovno izvedbo in
izvedbo DOH3, imensko vrtilno hitrost in razliéne
obremenitve motorja. Levi del diagrama ustreza
najhladnejsemu vzdolZnemu prerezu, desni pa naj-
toplejsemu, ki sta na sliki 3 oznacena s stevilkama
8 in 3. Najprej lahko primerjamo temperaturne
poteke za osnovno izvedbo in DOH pri enaki obre-
menitvi motorja 12 bar. Najvigje temperature ste-
ne valja so se v kriti¢nem pre¢nem prerezu valja |
(vidina prvega batnega obrotka) z uvedbo DOH
znizale kar za 50 °C, zato je bilo mogo¢e imensko
obremenitev motorja varno poveéati na 13 bar. Iz
diagramov na desni in levi strani slike 4 je razvid-
no, da so postali temperaturni poteki z uvedbo si-
stema DOH zelo podobni tudi pri najvisjih obreme-
nitvah motorja. Na sliki 4 je prikazan tudi vpliv
izolacije oziroma zmanj3anja povrsin hladilnih re-
ber na temperaturni potek v steni valja. V ta na-
men so bila hladilna rebra valja od naseda na okrov
motorja do visine 100 mm najprej v celoti zamase-
na z izolacijsko snovjo (azbestom), v naslednjem
koraku pa skrajsana (odrezana) do najvecje dolzine
15 mm. Iz diagramov sliki 4 opazimo, da taksni
posegi skoraj ne vplivajo na temperaturni potek v
zgornjem, kriti¢nem delu valja, da pa so se tempe-
rature stene valja v spodnjem, izoliranem delu zvi-
Sale le za nekaj stopinj.

Typical longitudinal temperature distribution
of the cylinder working surface is presented in
fig. 4 for the baseline air-cooled, and the combined
cooled — DOH 3 version, for the engine rated speed
and diverse engine loads. The left part of the dia-
gram corresponds to the »coolest« and the right
part to the »hottest« section of the cylinder; both
sections 8 and 3 have been defined in fig. 3. A first
comparison can be performed between the results
for the baseline and DOH version and maximum
engine load 12 bar. Maximum wall temperatures
(corresponding to the piston top ring position and
TDC - transverse section 1) were decreased with
the DOH 3 version by almost 50 °C and enabled
a safe increase of the engine rated specific power
to 13 bar. The shape of the temperature distri-
bution for the DOH 3 version on both sides of the
diagram in fig. 4 became very similar even at
highest engine loads. The influence of the partial
insulation of the cylinder cooling fins on the wall
temperature distribution can also be seen in fig. 4.
the lower part of the cylinder cooling fins (40%
of its total height) was filled with liquid metal
for this experiment. Results in fig. 4 show that
the temperatures in the upper - critical part of
the cylinder were hardly influenced by the total
thermal insulation of the lower half of the cylin-
der, whereas temperatures of the lower part of
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Fig. 5. Scattering of temperatures within particular cylinders

Na zanesljivost obratovanja in dobo trajanja
motorja vpliva tudi velikost raztrosa vrednosti
enakoleZe¢ih temperatur po posameznih valjih mo-
torja. Na sliki 5 je prikazan temperaturni potek po
obodu vseh &tirih valjev v pre¢nem prerezu [ za
osnovno izvedbo in motor z DOH ter enake raz-
mere obratovanja. Pri osnovni izvedbi zna3a pov-
pre¢ni raztros vrednosti temperatur za vse Stiri
valje 25 do 30°C, za valje z DOH pa le 10°C.

Temperature valja lahko posredno zniZamo
tudl z notranjim hlajenjem. Zaradi vse strozjih
predpisov o kolié¢ini 3kodljivih snovi v izpudnih
plinih dizelskih motorjev je treba bistveno zmanj-
satl (poleg emisije plinastih 3kodljivih komponent)
tudi koli¢ino delcev v izpudnih plinih. Med pre-
prostejse in cenejie posege sodi povecanje raz-
mernika zraka za zgorevanje, ki ga zagotovimo z
ustreznim dvigom ravni tlacnega polnjenja. V si-
stem napajanja prototipnega motorja BF4L 313LC
z zrakom je bilo vkljueno sodobno turbopuhalo z
dodatnim obtokom zraka in plinsko turbino s pre-
toénim ventilom. Majhenn okrov turbine s strmo
pretoéno karakteristiko je zagotavljal razmeroma
visoke tlake polnilnega zraka in ve&je pretoke zra-
ka Ze pri majhnih vrtilnih hitrostih motorja,
ustrezno nastavljeni pretoéni ventil pa ni dopuscal

the cylinder wall were simultaneously Increased
by a few degrees centigrade.

The reliability of an engine can be affected
by the scattering of the temperatures at the re-
ference positions on particular engine cylinders.
Fig. 3 shows the circumferential temperature
distribution in transverse section 1 for all engine
cylinders, air-cooled and DOH3 version and the
same engine running conditions. Scattering of the
temperature for the baseline version cylinders
amounts to 25 to 30°C, and for the combined
cooled cylinders 10 °C.

Reduction of the cylinder wall temperature
and better particulate emission can simulta-
neously be obtained by increasing the combustion
air-to-fuel ratio, especially at lower engine
speeds. Higher boost pressures and higher charge
density were obtained by the advanced double-
flow turbocharger with a west-gated turbine.
Substantially better results were obtained at
intermediate engine speeds. The influence of the
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Sl. 6. Vpliv stopnje tlacne polnitve na temperaturo valjev z DOH
Fig. 6. Influence of supercharging on cylinder temperatures

previsokih tlakov pred plinsko turbino niti pri
imenski vrtilni hitrosti motorja in najveéjih obre-
menitvah motorja. Vpliv velikega razmernika zra-
ka na temperaturo izpu&nih plinov pred vstopom v
turbino in na temperaturo stene valjev je prikazan
na sliki 6 za vrtilno frekvenco najvedjega vrtilnega
momenta motorja. Obi¢ajno turbopuhalo (v nada-
ljevanju TK) je oznateno v priloZeni preglednici
s »26«, puhalo s preto¢nim ventilom pa z oznatbo
»19WG«. Pri najvigjih obremenitvah motorja
(16 bar) se je temperatura izpudnih plinov zniZala
za ve¢ ko 40 °C, povprecna temperatura valjev z
DOH pa 8e za dodatnih 5°C. Ob tem so bile v
celoti izpolnjene tudi zahteve veljavnih medna-

rodnih predpisov o okolju, ki jih poznamo po imenu
EURO1 [11].

higher air-fuel ratios on the temperature of
the exhaust gases at the turbine inlet and on
the cylinder temperature for the engine peak
torque conditions is shown in figure 6. Conven-
tional turbocharger results are labelled with
a turbine size »26«, while the results of higher
boosted engine correspond to the label »19 WG«.
Higher air-fuel ratios decrease the turbine inlet
temperature by 40°C and the typical combined
cooled cylinder wall temperature by the extra 5 °C
even at 16 bar. EURO 1 exhaust emission stan-
dards were fulfilled simultaneously [11].
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2. IZVEDBA VALJEV Z DODATNIM HLAJENJEM

V prej&njem poglavju smo omenili razliéne iz-
vedbe DOH. Razli¢nost osnovne konstrukeije DOH
je bila takrat povezana izkljuéno z resitvijo proble-
ma ustreznega prenosa toplote. Konstrukcijska
reSitev mora pokrivati poleg funkcionalnih zahtev
tudi Zelje in tehnoloske moZnosti izdelovalca va-
ljev, navsezadnje pa naj bi bila tudi preprosta in
poceni. Debelina stene (stebla) osnovnega valja je
zaradi potrebne dolZine hladilnih reber razmeroma
majhna. Tehnologka izvedba kanal¢ka z litjem se je
izkazala (zaradi neenakomernega prereza kanaltka
in poroznih sten) kot neustrezna. Kanal¢ek je bil
zato izdelan z odrezovanjem osnovnega valja, s ¢i-
mer smo lahko dosegli tudi manjSe Sirine in vecje
debeline sten valja. Preizkugeni sta bili dve osnov-
ni izvedbi kanaltka za DOH; shematsko sta prika-
zani na slikah 7 in 8. Izvedba po skici 8 je ustrez-
neja, tesnjenje proti iztoku olja zagotavljajo tes-
nilke O. Z uvedbo kanaltka smo zgornji del stene
valja oslabili. Izvedena je bila ra¢unska primerjalna
analiza napetosti in deformacij valja z metodo MKE
[12]. Rezultati so pokazali, da je mogote povetane
napetosti, ki so se pojavile zaradi stanj8anja stene
valja, zmanj3ati na oziroma pod osnovno stanje, ¢e
poveéamo celotno debelino stene valja za 1 mm.

2. DESIGN OF THE COOLING CHANNEL

Three different versions of the combined
cylinder cooling: DOH1, DOH2 and DOH3, to-
gether with their impact on the heat transfer,
were presented in the previous chapter. Design
solutions must take into account the technological
possibilities of the cylinder manufacturer; simple
solutions can also be price attractive. The thick-
ness of the baseline cylinder wall is limited by
the geometry and the surface of the cooling fins.
The required tolerances of the channel geometry
and possible porosity of the channel walls elimi-
nate the option of a cast version. The channel is
therefore machined from the cylinder components.
Two alternative designs were performed, tested,
and are presented schematically in figures 7 and
8. Better results, smaller deformations and better
oil-tightening were achieved by the design presen-
ted in figure 8. The channel cavity weakens the
cylinder wall and decreases its strength. Stress
analysis by the finite element method was per-
formed to establish local deformations and stres-
ses. Results of numerical analyses demonstrated
that the disadvantage of the cavity could succes-
sfully be compensated by an increase of the wall
thickness by 1 mm.

Sl. 7. Izvedba kanalcka DOH z obdelavo temena valja
Fig. 7. Compact design of the cooling channel

)

\‘\\\\'\'\\\“‘

Sl. 8. Izvedba kanal¢ka DOH z natisnjenim obrocem
Fig. 8. Design of the cooling channel with a cylinder segment



STROJNISKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING, LJUBLJANA (40) 1994 /12 63

Ker smo v prejdnjem poglavju ugotovili, da izdatno
skrajsanje hladilnih reber valja pri sistemu DOH
prakti¢no ne vpliva na zvianje temperatur stene
valja, lahko brez posebnih pomislekov pove¢amo
tudi debelino stene valja. Rezultati modeliranja na-
petosti in deformacij so tudi pokazali, da je mogoce
z ustreznim preoblikovanjem reber (krajsanje, iz-
enacitve dolzine reber, opuitanje prekinitev med
rebri itn.) zniZati napetosti za ve¢ ko trideset od-
stotkov [2]. Analiza [12] je tudi pokazala, da so na-
petosti zaradi zviganih temperatur na valju za 40
do 60 odstotkov niZje od napetosti zaradi plinskih
sil. Na sliki 9 je prikazano stanje napetosti v pre¢-
nem prerezu valjaz DOH, ki je za 7,5 mm oddal je-
no od vrha valja; pogoji obratovanja motorja ustre-
zajo vrtilni frekvenci najve¢jega momenta motorja
in obremenitvi 14,6 bar. Najvisje napetosti so se
pojavile na robu najkrajsih hladilnih reber in niso
presegle vrednosti 120 MPa.

-

It was reported in the previous chapter that
a reduction of the cooling fins does not have
too great effect on the cylinder temperature
distribution and its level: a moderate increase in
the cylinder wall thickness is therefore possible.
Results of numerical modelling showed the ad-
vantage of a new, simpler design of the remaining
cooling fins; deformations and stresses can thus
be reduced by more than 30% [12]. Analyses of
numerical modeling [12] also demonstrated the
relationship between the stresses caused by the
thermal loads and engine mass forces; thermal
stresses are 40% lower than those from the en-
gine cycle. Figure 9 shows the stress pattern in
the transverse section of the cylinder at the top
piston ring position for the engine peak torque
running conditions. Highest stresses are located
at the base of the shortest cooling fins and never
exceed 120 MPa.
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Sl. 9. Porazdelitev izracunanih napetosti v valju s kanalckom DOH in odebeljeno steno
2 Fig. 9. Calculated stresses in the cylinder with DOH
3. SKLEPI

V ¢lanku je bil prikazan potek resitve proble-
ma visokih in neenakomerno razporejenih napetosti
ter deformacij, ki jih na valju motorja povzrocajo
toplotne obremenitve. Resitev dodatnega hlajenja
zratno hlajenega valja z oljemm za mazanje se je
izkazala kot primerna predvsem zaradi naslednjih
prednosti:

3. CONCLUSIONS

The paper gives technical solutions that
reduce unequal temperature distribution In an
air-cooled cylinder. Advantages of the additional
oil cooling for the baseline air-cooled cylinder
are:
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— Zunanjih mer motorja ni treba, kljub pove-
¢anl specifiéni mo¢i motorja, dodatno poveéevati.

— Sistem dodatnega hlajenja z oljem je po
konstrukeiji preprost, krmiljenje pretokov olja v
obeh vejah kanaltka je izvedeno brez gibljivih in
konstrukcijsko zahtevnih delov.

— Pri dodatnem hlajenju zra¢no hlajenega
motorja z oljem se izognemo tretjemu mediju —
vodi in s tem tudi vsem nevse¢nostim, ki jih tak-
Sen sistem prinasa.

— Sistem dodatnega hlajenja z oljemn je samo-
urejajo¢; prl povecanju obremenitve motorja in s
tem tudi zviSanju temperature olja za hlajenje in
mazanje, se poveca toplotna prestopnost v kanalcku
za olje in z njo tudi odvedena toplota. Temperatura
sten valja ostane zato bolj ali manj nespremenjena.

— Velike spremembe lokalnih vrednosti to-
plotne prestopnosti po dolzini kanal¢ka izrabimo
tako, da v obmocja, kjer so temperature valja naj-
vigje »vsilimo« tok olja z najvidjimi vrednostmi,
skozi hladnejsa podroéja stene valja pa se pretaka
manjsi tok olja z nizjimi vrednostmi toplotne pre-
stopnosti. Tako dosezemo vzdolZzni in cirkularni
potek temperatur stene valja, ki je po obliki in
vrednost temperatur vsaj enakovreden ustrezne-
mu temperaturnemu poteku pri vodno hlajenem
motorju.

— Dodatno hlajenje z ol jemn omogo¢a preobliko-
vanje hladilnih reber; zmanjSanje in poenostavitev
oblike reber skoraj ne vplivata na potek temperatur
stene valja. S tem pridobimo prostor za povetanje
debeline stene valja, ki vpliva na togost, trdnost in
vedjo zanesljivost ustrezne kakovosti valjev: vecja
ko je debelina stene — manjsi je izmecek zaradi
poroznosti snovi.

— Zaradi bistveno niZjih temperatur stene
valja, se zniZzajo tudi kriti¢éne temperature bata v
blizini obroc¢kov, zato je mogote spremeniti geo-
metrijsko obliko bata in obrotkov, tako da se
zmanjsajo poraba olja in pretok plinov skozi okrov
motorja in tudi emisija 8kodljivih snovi v izpudnih
plinih.

Seveda lahko racunamo pri uvajanju kombini-
ranega hlajenja tudi na tezave in pomanjkljivosti,
ki se kaZejo predvsem v:

— potrebi po pove¢anem oziroma dodatnem
hladilniku ter tla¢ilki za olje;

— potrebnih spremembah preto¢ne karakteri-
stike ventilatorja za hlajenje motorja zaradi vzpo-
rednega toka zraka skozi dodatni hladilnik za olje;

— mogocih teZzavah pri tesnjenju zunanjega ob-
roa, ki sestavlja kanaltek za DOH; pri nenadnih
ustavitvah mo¢no obremenjenega motorja se tem-
perature sten valja in tesnilk O moéno povecajo in
lahko tesnilke trajno poskodujejo.

— No need for increased overall dimensions
of the baseline engine.

— Design of the additional oil-cooling for
the engine cylinders is simple; distribution
of partial oil-flow in the channel branches
is self-controled without additional moving
parts.

— There is no need for the third cooling
medium - water, together with Iits specific
problems.

— Additional oil cooling is self controlled;
higher engine load increases oil temperature,
the heat transfer coefficient in the channel is
increased and in turn cools the cylinder wall.
The temperature of the cylinder working surface
is less affected by the change of engine running
conditions.

— The position and design of the oil-channel
follows the requirements for local cooling;
segments with a higher local heat transfer
coefficient are placed in the regions where local
thermal loads are pronounced and vice versa.
Circumferential temperature distribution in
transverse cylinder sections becomes less oval
and is similar to that of water-cooled cy-
linders.

— There is no special need for sophisticated
designed cooling fins with the combined cooled
cylinders; cylinder design can be simpler, cost
effective, more rigid and enables increased engine
reliability.

— Lower temperatures of the upper part
of the cylinder working surface influence the
temperature of the piston ring; the ring pack
can therefore be moved upwards in the fire zone
to provide lower oil consumption and a better
exhaust emission picture of the engine.

There are some possible problems linked

with the combined cooling:

— the capacity of the lubrication oil pump
and the oil cooler shoud be increased;

— the performance characteristics of the
engine cooling fan could be changed owing to
the changed demand for the cooling air-flow;

— possible oil leakage problems of the cylin-
der segment with the cooling channel.
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