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VIBRATION AND CAVITATION EFFECTS ON THE COOLING
SYSTEM IN ICE DUE TO PISTON-CYLINDER DESIGN

The problem of possible pitting and cavitation in internal combustion engines is
receiving considerable attention. Both theoretical and simulation studies are carried
out in order to understand the noise and vibration sources, using a force equation.
A foundation is also laid to study cavitation and find possible ways of increasing
the life of the engine components. Some important results have been shown with
negative pressures leading to the fact that the developed models predict the presence
of cavitation in the cylinder liner surface, stressing the importance of improving the
piston and cylinder liner design.

Keywords: cavitations, vibrations, cooling system, cooling fluid, internal
combustion engine.

Introduction

Periodic loads on structures may results in severe vibratory motion. Letting the
structure interact with a fluid affects the characteristics of the system behaviour. This
coupled problem is of interest when designing for example cylinder liners in combustion
engines. Neglecting this effect may result in unexpected occurrence of severe pitting
and failure due to cavitation. This presentation explores modeling and simulation of
the occurrence of cavitation on a liquid cooled cylinder liner surface.

In the world today, there are more vehicles as compared to other machines. Of
the two internal combustion engines, IC Diesel Engines are now replacing the more
expensive petrol engines. They are mostly being used as commercial vehicles due to its
fuel economy. Diesel Engines do not always have the good news, for beneath its fuel
economy, comes the noise factor. They are known to generate a lot of noise as a result of
piston slap. They operate at high peak pressure giving rise to greater noise and vibration.

The noise generates a lot of vibration in the cylinder chamber which causes cylinder
liners to vibrate, there is also the effect of the piston slap which is the result of the piston
side thrust on the cylinder liner as it moves to and fro from TDC to BDC, the net effect
of which makes the cooling fluid in the cooling chamber to undergo vibration and then
the production of the unwanted cavitation in the cooling chamber. The forces causing the
cavities to form and collapse are due to a continuous series of high frequency pressure
pulsation in the liquid.

It has been a fact that the effects of cavitation are very worrying. Some of these
effects are so damaging that they can even destroy the whole cylinder liner and thus a
new one needs to be purchased. Theoretical aspect of this work deals with various types
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of cavitation, how they affect the cylinder liner, the dynamics of the piston-crankshaft
assembly, the piston slap and the vibration forces that comes with it [1-4].

The purpose of this work is to model a coupled fluid-structure interaction featuring
cavitation at the interfacing domain boundary, applied on the cylinder liner and cooling
liquid in an internal combustion diesel engine. Focus is put on representing the varying
pressure distribution along the cylinder liner, assuming negative pressure values imply
presence of cavitation.

Materials and methods

An overview of the cavitation phenomenon and its physics based on a literature
survey is given here as a support to the modelling approach in the present work.

It is difficult to give a precise definition of cavitation. Cavitation is the formation and
activity of bubbles or cavities in a liquid. Formation of bubbles refers to creation and change
in existing cavities. These bubbles may be suspended in a liquid or may be trapped in tiny
cracks either in the liquid’s boundary surface or in solid particles suspended in the liquid.

The expansion of the minute bubbles may be affected by reducing the ambient pressure
by static or dynamic means. The bubbles then become large enough to be visible to naked
eye. These bubbles may containa gas or vapour or a mixture of both. If these bubbles contain
gas, then the expansion may be due to diffusion of dissolved gases from the liquid to the
bubble, or by pressure reduction, or by temperature rise. However the bubbles chiefly contain
vapour, reducing the ambient pressure sufficiently at essentially at constant temperature
causes an explosive vapourization into the cavities which is the phenomenon that is called
cavitation, where as rising the temperature sufficiently causes mainly the vapour bubbles to
grow continuously producing boiling. This gives an interesting observation that explosive
vapourization or boiling does not occur until a threshold is reached. F. Ronald Young [1].

The start of cavitation is observed with the formation of a bubble. The growth and
collapse of a bubble play an important role in the determining the type of cavitation to
follow. Following are the ways in which a bubble may grow.

1 For a gas filled bubble, it could be by pressure reduction or increase in temperature.
This is called gaseous cavitation.

2 For vapour filled bubble, by pressure reduction. This is called vapourous cavitation.

3 For a gas filled bubble, by diffusion. This is called degassing as gas comes out the liquid.

4 For a vapour filled bubble, by sufficient temperature rise. This is called boiling.

A critical examination of cavitation reveals the following facts.

1 Cavitation is a liquid phenomenon and does not occur in solid and gases.

2 Cavitation is the result of pressure reduction in the liquid and thus presumably,
controlling the amount of the minimum absolute pressure can control it. If the pressure is
reduced and maintained for sufficiently long duration of time, it will produce cavitation.

3 Cavitation is a dynamic phenomenon and it is concerned with the growth and
collapse of cavities.

Some significant observations from previous experiments show some interesting
characteristics of cavitation, which are listed below.

1 Cavitation occurs in a liquid, which is moving, or at rest.
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2 There is no indication that the occurrence of cavitation is either restricted to or
excluded from solid boundaries. This goes to show that cavitation may occur either in
the body of the liquid or on a solid boundary.

3 The description is concerned with dynamics of cavity behaviour. A distinction
is implied between the hydrodynamic phenomenon of cavity behaviour and its effects
such a cavitation erosion.

Cavitation can be classified in to two types based on its occurrence.

Due to tension in the liquid. The engine, in generating mechanical power also
generates waste heat energy because they are not perfectly efficient. Cooling is therefore
prevalent in order to prevent the engine from cooking in its own heat.

Even though some waste heat goes out with the exhaust in most IC engines, further
cooling is required to prevent the engine from material and lubricant failure. For this
work we concentrate on liquid coolants.

Most liquid coolants contain a greater amount of water and approximately 30 percent
of ethylene glycol. The cooling process starts at the radiator where there is a store of
the liquid. The liquid is pumped into the cooling chamber going round the wet side of
the cylinder liners. The heat transfer is such that the liner gets cooled and the liquid gets
hot. The hot liquid is then returned to the radiator where a fan blows around it to cool it
for the process to begin again. For an effective running of the engine the cooling liquid
is kept at a temperature between 70° and 75° Centigrade. A low temperature cooling
liquid also slows down the efficiency of the engine.

The above diagram shows the cold liquid in the lower hose the hot liquid in the
upper hose. The rest of the parts are labeled in the diagram in figure.1 above.

_ Upper Hose  Thermostat

~ Transmission
cooling lines

Hose

Figure 1 — Layout of a typical cooling system of IC Diesel Engine
The geometry of the parts in the studied system was created using the Autodesk

Inventor CAD software. The figures 2 and 3 below show the piston cylinder liner
geometry and assembly. Shigley and Uicker [5, 6].
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Figure 2 — The parts in the studied system

Figure 3 — Total Assembly

Results and discussion

The presence of cavitation in IC Diesel engines is real and cannot be overlooked.
Its damaging effect leads to economic and material constrain on its owners.

In this study much was done on the literature review of cavitation, force equations
on the piston cylinder/assembly of an IC diesel engine and geometrical model of the
piston and the cylinder.

The data gathered were used as boundary conditions to generate a model using the
software ANSYS.

A steady state analysis and a harmonic analysis were considered for both a 2D and
a 3D model. Use was also made of a thermal and acoustic properties pertaining to grey
cast iron and fluid, the materials in question. The effect of thermal properties led to
results of higher values of pressure variations in magnitude.

From the results gathered it was shown that there were areas along the fluid/solid
boundary that experienced negative pressures, the purpose of the work, negative pressure
predicts that cavitation can occur.

This work was done using ANSYS. In furtherance to this work can be done using
other software like IDEAS to get the mode shapes and other quantise that were not
done here.
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An effort has been made to analyse the sources and types of cavitation. Piston slap
is a source of Vibratory cavitation and Acoustic cavitation as well.

So to reduce the cavitation the piston motion has to be studied and the following are
some of the ways of reducing the vibrations and noise coming from the piston-slap [7-11].

1 Reducing the clearance between piston and cylinder liner, this is based on the
assumption that the impacting energy increases with increasing the lateral travel distance
of the piston. Although this technique is simple and easy to understand, there are a few
drawbacks, it is difficult to achieve such a small clearance on the production line and
maintain it during the whole operating life of the engine. If the clearance is too small
then it’s a source of a wear and tear in the engine.

2 Wrapping the piston skirt with leather, this is an attempt to add a cushioning or a
compliant material on the piston side. This method is not directly applicable due to its
durability. But a similar technique has been developed with Teflon pad on the thrust side.

Conclusions

Following are some of the modern developments in the piston design in reducing
the vibrations and noise:

1 Thermal strut piston.

2 Articulated piston.

3 Piston pin offset.

Thermal strut piston contains a steel strut inside the piston skirt. This strut controls
the clearance between the piston and the cylinder wall during all operating conditions
by controlling thermal expansion.

Articulated piston is a combination of two pistons which perform the two main
functions of a piston separately, that of a slider and vertical load carrier. The piston is
divided into two parts connected to each other by a piston pin. The upper part (mainly
ring land) carries the combustion force and can rock back and forth. The lower part
(skirt) slides up and down in the cylinder. With this design it is easier to control the oil
film thickness than when using a solid piston.

Piston pin offset is commonly used and the idea is to shift the impact timing by
setting the piston off the centre line of the piston and thus centre in the cylinder. The
amount of offset might differ from cylinder to cylinder.

Studies of the performance of the above mentioned and other designs are left as
suggestions for future work.
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MOPIIEHB-IWJINHJP KYPBLIBLICBIHA BAMJTAHBICTHI I)KM-JIAFBI
CAJKBIHJIATY )KYHECIHE JIPLT MEH KABUTALIMSTHBIH OCEPI

Twxi oicany momopaapuinoa KOpposus MeH KASumayusHoly nauoa 60y
npobiemacvina Kon KoHin 6eninedi. Teopusnvlk dcoHe UMUMAayUsIbIK, 3epmmeynep
Kyw meyoeyin KoI0ana Omulpuin, uty MeH Oipil Ko30epin myciHy YuiH scypeizineoi.
Conoaii-ax, KaGUMAYUSAHbL 3ePMMEY  HCOHE KO32ANMKbIUL KOMHOHEHMMEPIHil
Kbl3Mem emy Mep3iMiH Y3apmyobly MyMKIH JCON0ApblH i30ey YuliH Heei3 KalaHObL.
Keuibip manvi3061 Homudicenep mepic KbiColM Ke3iHOe Kopceminoi, Homuicecinoe
ACACAT2AH MOOENbOeP YUIUHOP SUNb3ACHIHbIY Oeminoe KAaeumayusHvly OO0LybiH
OondICcatiovl, Oy NOpuieHb MeH YUTUHOD 2UNb3ACLIHBIH KPbLIbICHIH HCAKCAPMYObLH
MaHbI30bLIbIZLIH KOPCEmeOi.

Kinmmi ce30ep: kasumayus, Oipin, CAIKbIHOAmMy HCYUecl, CATKbIHOAMKbIUL,
DKM.
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BUBPAIIMOHHOE Y KABUTAIIMOHHOE BO3JIEHCTBHUE
HA CUCTEMY OXJVIA’KAEHUSA B IBC U3-3A KOHCTPYKIIMHN
HNOPIIEHb-IUMJIMH/IP

Ipobreme 603M0HCHO20 06PA308AHUSL MOUEHUHBIX KOPPO3UU U KABUMAUUU 8
08UeAmMeNsIX SHYMPEeHHe20 C2opanus yoelsemcs 3uauumensroe enumanue. Kax
meopemuueckue, maxk u UMUMAYUOHHbIE UCCIe008AHUS NPOBOOIMCS OIS MO20,
umobbl NOHAMb UCMOYHUKY WYMA U 8UOPAYUL, UCNONb3YS YpasHenue cutbl. Takice
3an0%cen yHoamenm Ons U3V4eHus KAGUMAayuu U NOUCKA BO3MOMNCHBIX Nymell
Veenuuenus cpoka Cayxncovl KoMnonenmos osuzamens. Hexomopwle 8adicHbie
pesyrvmamol ObLIU NOKA3AHLL NPU OMPUYAMETbHBIX OAGIeHUAX, YMO NPUBELO K
momy, umo pazpabomanivie MoOeNU NPeOCKA3bl8alom HAIUYUe KASUMAYUU Ha
NOBEPXHOCMU 2UNb3bL YUAUHOPA, HOOYEPKUBASL BANCHOCTIL YIIVUULEHUS KOHCIMPYKYUU
NOPULHS U 2UNb3bL YUTUHOPA.

Kmioueswie cnosa. kasumayus, subpayus, CUCMeMa OXAANCOCHUS, OXAANCOAIOUASL
arcuoxkocmo, J{BC.
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