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Summary. The purpose of the paper was an attempt to evaluate a stochastic character of gas scavenge measure-
ments to a crankcase. It was noticed in laboratory and workshop measurements that test results of scavenge are 
random and often ambiguous. In the paper the author tried to explain a reason of test result variations. Statistical 
analysis of gas scavenge measurements was performed on the SB-3.1 testing one-cylinder engine at selected 
rotational speeds of an engine’s crankshaft. Selection of specifi ed speeds was based on a course of scavenge 
characteristics in a rotational speed function of the engine’s crankshaft. 
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INTRODUCTION

Labyrinth seal of the piston-rings-cylinder assembly (PRC) should provide tightness of a cyl-
inder working space and thus preclude gas scavenge to a crankcase. Maintaining a high gradient of 
pressure between a space over a piston and a crankcase has a favourable infl uence on the obtained 
engine performance. The PRC assembly has a central place in a structure of functional systems of 
a piston combustion engine, therefore all its unserviceability has an infl uence on working perform-
ance of the whole engine and a value of exhaust gas scavenge intensity to the crankcase. Increase of 
the scavenge intensity results in the reduction of the obtained effective work. The scavenge effect is 
also unfavourable due to faster deterioration and consumption of lubricating oil and some engine’s 
elements [Abramek 2005].

A piston ring while working on a piston performs various movements in a ring groove result-
ing from a change of forces affecting the ring. Obviously, this condition is essential to the main-
tainance of a sealing operation of the ring. The ring must adhere to a cylinder bearing surface in 
spite of a piston’s transverse movement in the cylinder, and this determines the necessity to provide 
a possibility of a ring’s radial movement in the groove. All types of movements and vibrations of 
the ring have an infl uence on providing tightness of the PRC assembly, and thus on a phenomenon 
of changes of the gas scavenge intensity value to the crankcase. Moreover, movements of sealing 
rings can lead to a moment, when joints of all rings existing on a piston „overlap” and then an 
increased scavenge effect occurs. 

In workshop engineering, a gas scavenge measurement to a crankcase is used to evaluate 
a technical condition of the engine. During scavenge measurements on the engine test house it 
was noticed that test results are of random character, which can have a signifi cant meaning while 
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evaluating the PRC assembly. Hence the attempt to determine and describe a stochastic character 
of scavenge test results [Abramek 2006].

TEST RESULTS AND STOCHASTIC ANALYSIS OF SCAVENGED GASES

Tests of exhaust gas scavenge to a crankcase were performed on the SB-3.1 one-cylinder test-
ing engine at selected rotational speeds of a crankshaft: 650, 1300, 1800, 2000 rpm. The main aim 
of the tests was to present an infl uence of some operational factors (formation of carbon deposit, 
unevenness of a rotational speed) on a value of scavenged gases at other determined operational 
factors (speed, load, dosage). The complete characteristics of gas scavenge to the crankcase of the 
SB-3.1 engine is presented in Fig. 1. Measurement of the scavenge intensity at each, determined 
rotational speed is a random function Pn(t), because the various value of measurements is infl uenced 
by many factors, e.g. accumulation of carbon deposit on rings, non-repeatability of engine’s working 
cycles, unevenness of the crankshaft rotational speed. In order to examine a distribution of this func-
tion at: n1 = 650 rpm, n2 = 1300 rpm, n3 = 1800 rpm, n4 = 2000 rpm, measurements of the scavenge 
intensity were taken every 1 minute for 500 realizations. The scavenge intensity in each measuring 
cycle is considered as a random realization pk(t), where: k = 1, ..., N = 500. 

It is essential for stochastic evaluation of a random function to determine a number of meas-
urements, whose average value E[P(t)], at an assumed confi dence level of 0,95, represents an ex-
pected value of the whole population. An average value for 50, 100 and 200 measurements was 
determined and in each case a confi dence belt at a confi dence level of 0,95 was determined. It was 
checked if an average value calculated for k1 = 50, k2 = 100, k3 = 200, k4 = N = 500 measurements 
is within a confi dence level. As it was proven by tests, it is suffi cient to make use of less than an 
assumed number of cycles to determine the average value with established probability.
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Fig. 1. Gas scavenge intensity to a crankcase for the SB-3.1 engine in a rotational speed function 
[Abramek 2007]



7RANDOMNESS ANALYSIS OF GAS SCAVENGE MEASUREMENTS

For the random function P(t) the following were determined and calculated:
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Calculation results of statistical quantities for the gas scavenge to a crankcase of the SB-3.1 
engine at selected rotational speeds n = 650, 1300, 1800, 2000 rpm are presented in Table 1. Scav-
enge intensity values are presented in [m3/s]·10-5.

Table 1. Summary of calculation results of measurement data statistical quantities for the gas scavenge to 
a crankcase of the SB-3.1 engine at selected rotational speeds of a crankcase n = 650, 1300, 1800, 2000 rpm

Statistical quantities Speed
650 rpm

Speed
1300 rpm

Speed
1800 rpm

Speed
2000 rpm

standard deviation 0,095 0,168 0,320 0,097

arithmetic average 12,30 16,38 24,32 22,87

median 12,69 16,29 24,29 22,74

modal value 12,79 16,41 24,21 22,52

geometric average 13,89 16,34 24,29 22,85

variance 0,0323 0,1109 0,1347 0,0937
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Statistical quantities Speed
650 rpm

Speed
1300 rpm

Speed
1800 rpm

Speed
2000 rpm

standard error 0,2135 0,3104 0,2218 0,2875

the lowest value 11,83 15,71 23,98 21,96

the highest value 13,26 19,33 24,79 23,16

range 1,43 3,62 0,81 1,20

lower quartile 12,59 16,09 24,13 22,46

upper quartile 12,81 16,71 24,37 22,93

range between quartiles 0,22 0,62 0,24 0,47

coeffi cient of a range asym-
metry 0,639 1,101 1,003 0,937

coeffi cient of concentration, 
excess 0,309 0,289 0,325 0,248
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Fig. 2. Example of further scavenge realizations P(t) for the SB-3.1 engine at selected rotational speeds
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As proven by tests, values of the gas scavenge intensity to the crankcase at the given, 
selected rotational speed of the SB-3.1 engine are not constant and they are subject to change 
more or less regularly. All random differences in the scavenge intensity values are caused 
mainly by uneven operation of the engine (uneven fuel dosage, maintained uneven rotational 
speed of the engine), however cyclic unevenness in measurements of the scavenge intensity 
is caused by formation of carbon deposit, which in some extent seals the working space (the 
charge loss is made diffi cult due to carbon deposit accumulation on rings). Accumulated car-
bon deposit causes reduction of free section, where scavenge takes place, and therefore the 
gas scavenge intensity values are lower. As it was noticed (considering the scavenge intensity 
values), carbon deposit is accumulated to a specifi ed limit quantity and then it is removed 
automatically, which results in a sudden increase of scavenge. The presented situation can be 
observed at each rotational speed of the engine (tests were performed at the speeds of n = 650, 
1300, 1800, 2000, 2100 [rpm]). Only at the speed of 1800 min-1 cyclic changes in the scavenge 
values are lower than at other selected rotational speeds of the engine’s crankshaft. It is caused 
by a phenomenon of piston rings vibrations at the speed of 1800 rpm (as proven in literature 
[1]) and accumulation of carbon deposit is made diffi cult or attached carbon deposit has slight 
properties for fl ow damping (at the speeds of rings free vibrations n = 1800 rpm). The situation 
is presented in Fig. 2.

SUMMARY

When analyzing the scavenge measurements at selected rotational speeds, a random char-
acter of obtained test results can be noticed. It is caused by variable working conditions of 
piston rings and different types of movements, both of a piston and sealing rings. While engine 
operation, an oil fi lm distribution on a cylinder bearing surface changes as well, and this also has 
a particular meaning for variation of the obtained scavenge test results. It was also noticed that in 
particular but very rare cases, the gas scavenge to a crankcase reaches a disproportionately high 
value in relation to the average value of scavenge. The phenomenon is short-lasting. Presently, 
no tests in this scope have been performed, but it is probably caused by setting the sealing rings’ 
joints in one plane, which results in considerable leakiness of the PRC assembly.

Test results and calculations presented in the paper are the fi rst stage of broader studies 
aiming at a determination of an infl uence of ring vibrations on sealing functions of piston rings, 
and thus on the lost charge intensity in the form of gas scavenge to the crankcase and deter-
mination of the infl uence of contamination and carbon deposit accumulation on rings on the 
scavenge quantity. The obtained measurement results prove that the scavenge intensity values 
are not constant at the given rotational speed of the engine. Therefore a reason of changes in 
scavenge intensity values shall be thoroughly examined and it should be remembered that an 
actual course of the charge loss in the form of scavenge shall be regarded as the random func-
tion and described using a theory of stochastic processes.
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