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Geometry of the improved layer over a piston skirt 
 

Geometry of the slot between piston skirt and cylinder bore affects the friction losses of the IC engine to the 

far extent. It appears that these losses depend more on the area covered with oil than the thickness of oil layer 

separating collaborating parts. Barrel-shaped or stepwise piston skirt is the way to reduce the oil covered area. 

The first concept has been used for years while the stepwise profile has not been applied for various reasons, 

although this idea providing higher load capacity of oil layer in stepwise slot was published in literature in the 

fifties of twentieth century. The stepwise profile can be obtained covering the cylindrical or taper piston skirt 

with a thin layer of carbon nanotubes (CNT).  

This paper presents the results of simulation and test stand investigations leading to the reduction in friction 

losses and abrasive wear of piston skirt and cylinder bore. 

Covering the piston skirt with a thin layer of CNT one can get an extremely advantageous tribological 

properties of the piston assembly which means the expected parameters of oil film and in a case of film rupture – 

an ignorable abrasive wear of the CNT layer and/or cylinder bore.  
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Geometria warstwy uszlachetniającej na powierzchni bocznej tłoka  
 
Geometria szczeliny między powierzchnią boczną tłoka a cylindrem w bardzo dużym stopniu wpływa na 

straty tarcia w silniku spalinowym. Okazuje się, że na wymienione straty w większym stopniu wpływa obszar 

pokryty filmem olejowym niż grubość filmu olejowego rozdzielającego współpracujące elementy. Drogą do 

zmniejszenia obszaru pokrytego filmem olejowym jest baryłkowy lub schodkowy kształt powierzchni bocznej 

tłoka. Pierwszy sposób stosowany jest od dawna, natomiast kształt schodkowy z różnych powodów nie był 

dotychczas stosowany, chociaż publikacje o największej nośności filmu olejowego utworzonego w szczelinie 

schodkowej ukazały się jeszcze w latach pięćdziesiątych dwudziestego wieku. Kształt schodkowy szczeliny można 

uzyskać nanosząc cienką warstwę nanorurek węglowych (CNT) na cylindryczną lub stożkową powierzchnię 

boczną tłoka. W artykule przedstawiono wyniki badań stanowiskowych i symulacyjnych zmierzających do 

redukcji strat tarcia i zużycia ściernego powierzchni bocznej tłoka i gładzi cylindra. Syntetyzując na powierzchni 

bocznej tłoka cienką warstwę CNT uzyskuje się bardzo dobre właściwości trybologiczne pary kinematycznej, 

jaką stanowi zespół tłok – cylinder, co oznacza oczekiwane parametry filmu olejowego, a w przypadku jego 

braku, prowadzącego do bezpośredniego kontaktu mikro-nierówności tłoka i cylindra - pomijalne zużycie ścierne 

warstwy CNT i/lub gładzi cylindra. 

 

Słowa kluczowe: silnik spalinowy, tłok, nanorurki węglowe 
 

1. Introduction 
 

Over the decades the piston of an IC engine has 

been changing its proportions more than any part of 

the engine. On the other hand piston plays the same 

fundamental role on the engine which consists in 

creation of wall of combustion chamber of variable 

volume. Beside its primary function the piston 

operation may cause a series of undesirable effects 

like: 

- generation of the highest share of friction 

losses, 

- the highest share of the entire oil 

consumption, 

- generation of the inertia forces and moments 

that are transmitted to the engine suspension, 

- noise generated by the engine, 

- limits of mechanical and thermal engine 

loads. 

These are merely the most important effects of 

piston run that affect the engine operation 

parameters. Some of the undesirable phenomena are 

the effect of piston properties interrelated with a 

ring pack. The most significant tendencies in piston 

design are the reduction in piston size, above all in 

skirt height. Due to this pistons are lighter and bring 

about lesser friction losses thanks to the smaller 

area where friction happens. Fig. 1 presents two 

pistons, namely one of the Fiat Cinquecento (left) 

and the other of the VW twin charged engine 

(right).  
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Fig. 1. Piston of the Fiat Cinquecento engine (seventies 

of 20th century) – left and piston of the VW 1.4 engine – 

right 

 

Both pistons have a similar diameter – 80 and 

76 mm, respectively. In standard version the 

Cinquecento piston generates about 10 kW power 

whereas the VW piston – 30 kW. This proves the 

tremendous progress in reaching the desired 

parameters of engine operation thanks to the 

gradual modifications in piston design. In Fig. 1 one 

can notice the visible features of pistons. Equally 

considerable are the invisible geometrical features 

of pistons as: 

• taper shape, 

• barrel-like shape, 

• ovality, 

• roughness of piston skirt. 

Analyzing the differences between pistons 

presented in Fig. 1 a covering of newer piston skirt 

with dark cover is also visible. The aim of such 

solution is to reduce friction losses when there is a 

shortage of so called oil film between collaborating 

surfaces. The authors of presented paper decided to 

make use of the slide promoting CNT deposit to 

change the skirt profile in order to bring about the 

oil film as a result of wedge and squeeze effect. 

The results achieved in laboratory tests show 

that the improves layer based on CNT composite 

gives a reduction in friction losses in 7% on average 

[1]. A question arises if the profile of CNT layer 

deposited on piston skirt is optimal one. Contour of 

this layer can form a rectangle (as in Fig. 1) but also 

can adopt any arbitrary form like triangle or circle, 

for example. On the other hand the shape of 

improved layer can consist of a number of 

geometric figures. It is convenient to associate the 

shape of improved layer with letters of alphabet. 

Investigation carried out by the authors so far prove 

that very good results can be obtained for the “H-

like” contour of the improved layer. In upper and 

lower space, i.e. over and below the H crossbar 

pockets limiting the oil film covered area form 

themselves. It is the probable reason of reduction in 

oil film inner friction to a indispensable minimum. 

More difficult is to define this minimum. The 

authors succeeded to show that applying the 

improved layer in a form of rectangle – as shown in 

Fig. 1 – a convergence in computer simulation 

results and experimental results recorded on a tests 

stand could be achieved [1]. Therefore the 

optimization tests could be carried out on the basis 

of computer model and eventually check at selected 

points how far the results of simulation correspond 

to the results of test stand investigation. 

 

2. Calculations of friction losses for an 

improved layer of H-shape with three 

crossbars 
 

Adopted shape of improved layer is a 

continuation of earlier research. A triple crossbar 

allow to extend the area of high hydrodynamic 

pressure and simultaneously achieve an effect of 

reduction in oil film inner friction. The problem 

consists in a definition of proportions between 

crossbar width that secure high load capacity of oil 

film in conditions of limited inner friction force. 

Since the correctness of computer model had been 

verified earlier [] the results confirming an 

advantageous outcome of depositing a layer of slide 

promoting medium of certain thickness proportion 

The shape of improved cover has been 

presented in Fig. 2. 
 

 
 

Fig. 2. Piston of the Fiat Cinquecento engine with the 

skirt surface improved with CNT layers of 

H-letter form with triple crossbar. 
 

3. Simulation results  
 

Calculations of oil film parameters were 

carried out for diverse profiles of piston skirt, 

beginning with an asymmetric barrel-like shape of 

standard pistons and ending with a barrel – like 

symmetric one. Fig. 3 presents the course of oil 

film thickness with the thickest line, the thickness 

of oil layer over cylinder bore with the line of 

medium width and the friction force between piston 

skirt and bore with the thinnest line 
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Fig. 3.Course of oil film thickness – the thickest line, 

thickness of oil layer over cylinder bore – line of medium 

width and friction force between piston skirt and bore – 

the thinnest line; piston skirt profile of asymmetric barrel 

defined on the basis of standard piston dimensions 

 

Most important parameters of engine operation 

for which the simulation has been carried out like: 

- om = ω - engine rotational speed, 

- eta = η - engine oil viscosity, 

- eps = ε - compression ratio, 

- hr – piston skit height, 

- du – piston nominal diameter 

are presented over the draft. 

Below the draft there are summarized results of 

simulation, i.e.: 

- Ni – engine indicated power, 

- Tarcie tłoka – a mean power necessary for 

overcoming the friction force of piston against 

cylinder bore, 

- Nr1, Nr2, Nr3 – power losses due to friction 

of piston rings. 

At the upper right corner in Fig. 3 there is a 

schematic draft of piston skirt profile taken for 

calculations. 

Fig. 4 presents the course of analogical 

parameters as in Fig. 3 but for piston skirt profile 

imitating the ideal cylinder profile. The slot 

between piston and bore is filled with oil to great 

extent which increases the friction force value 

drastically. 

 

 
 

Fig. 4. Course of oil film thickness – the thickest line, 

thickness of oil layer over cylinder bore – line of 

medium width and friction force between piston skirt and 

bore – the thinnest line; piston skirt profile of ideal 

cylinder 

 

Next piston has the skirt of ideal cylinder 

profile on which 3 layers of CNT of the same 20 

μm thickness have been deposited. Such version 

provides a multiple reduction in friction power in 

comparison with an ideally cylindrical piston but is 

still 4 times higher than in case of standard 

asymmetrical barrel piston. Courses of oil film 

parameters for the profile of three CNT layer 

deposit are seen in Fig. 5. 

 

 
 
Fig. 5. Course of oil film thickness – the thickest line, 

thickness of oil layer over cylinder bore – line of 

medium width and friction force between piston skirt and 

bore – the thinnest line; piston skirt profile of ideal 

cylinder covered with 3 layers of CNT of 20 μm 

thickness 

 

For the next simulation also 3 layers on ideally 

cylindrical skirt have been adopted but this time the 

middle stripe is of 30 μm thickness while the other 

ones of 20 μm thickness. The achieved results can 

be seen in Fig. 6 
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Fig. 6. Course of oil film thickness – the thickest line, 

thickness of oil layer over cylinder bore – line of medium 

width and friction forces between piston skirt and bore – 

the thinnest line; piston skirt profile of ideal cylinder 

covered with 20 μm thick layers of CNT 

 

As it turned out the last solution is the mast 

advantageous, because the mean friction losses are 

64 W and are lower than the losses of standard 

piston (Fig. 3) by about 10%. 

The tests of reduction in friction force have 

been carried out also for a symmetric barrel-like 

profile. The obtained results are illustrated in Fig. 7.  

 

 

 
 

Fig. 7. Course of oil film thickness – the thickest line, 

thickness of oil layer over cylinder bore – line of 

medium width and friction forces between piston skirt 

and bore – the thinnest line; piston skirt profile of 

symmetrical barrel-like profile with a deflection f 

identical as in Fig. 3 

 

As the recently carried out simulation show the 

profile of piston skirt considerably affect the 

friction losses within piston assembly. The obtained 

results can be explained with the diagrams showing 

piston skirt covered with oil film. Such diagrams 

are seen in successive figures: 

- Fig. 8 – piston skirt of asymmetric barrel-

like profile covered with oil film, 

- Fig. 9 – oil film cover over a piston skirt of 

ideally cylindrical profile, 

- Fig. 10 – oil film cover over a piston skirt of 

ideally cylindrical profile with asymmetrically 

deposited layers of CNT. 

 

 
Fig. 8. Height of asymmetric barrel-like piston skirt oil 

cover 

 
Fig. 9. Height of asymmetric barrel-like piston skirt oil 

cover 

 

 
Fig. 10.  Height of oil cover over an ideally cylindrical 

piston skirt with three layers of CNT 20μm, 30μm and 

20μm width, respectively 

 

Comparing the oil cover over the piston skirt in 

Figs. 8 and 9 one can notice that the intensive oil 

cover brings abort an increase in friction losses. 

When the differences in oil cover are insignificant – 

Fig. 8 and 10, the friction losses depends on 

minimum oil film thickness which is higher for 

stepwise surfaces composed of the CNT layers – 

Fig. 3 and 6. 
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4. Conclusions 
 

- Replacing the barrel-like piston skirt profile 

with a stepwise profile it is possible to achieve a 

reduction in friction losses by about 10%. 

- A stepwise profile can be obtained by the 

deposit of slide promoting layers, for instance the 

CNT layers. 

- Slide promoting layers are especially 

desirable in conditions of permanent shortage of 

continuous oil film, for example after an engine 

longer stop and balance of its temperature with the 

ambient temperature. 

- Replacement of the barrel–like piston skirt 

with the one of cylindrical shape reduces the cost of 

piston machining and allow to keep a narrower 

tolerances with production cost unchanged.  
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