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OIL-FREE PISTON COMPRESSORS

VADZIM SIDAROVICH, INNA YELSHINA
Polotsk State University, Belarus

This thesis describes the development on longniiéeind an efficient piston compressor operating in
clean environment where oil lubrication must beledted. No oil lubricant and tight piston/cylindér leads to
higher demands with respect to design specificatidime engineer is often confronted with variodect$ that
occur during operation, e.g. tribology, materialfdemation, heat transfer, fluid flow. An accurategiction of
those processes is important to be able to anaygenewly invented design.

A lubricant can be defined as a substance, whicbdaced between sliding surfaces, reduces thioinic
between them, improves efficiency and reduces sarnfegear. Commonly used lubricants are differenesypf
liquids, mainly oils. Such lubricants however, néede avoided in this design. Other substancesdises or
dry lubricants are acceptable in the analyzed syste general, piston compressors must fulfill sfec
requirements due to their inherent use. First lpfifdtime and reliability requirements which aminly related
to material wear and the compressor design. A n@jallenge in the design is to reduce the poteofiataterial
wear in the critical components. The second requerd is an energy efficient gas compression [1].

1. Piston compressors technology

During the compression process, the piston shooioh fa sliding seal so that the gas is compressed
without any or with acceptable leakage. This mahata very close fit to the cylinder bore is nekdgecause
of temperature and other engineering and economéeaons this is not practical. Naturally, maximpiston
leakage occurs as the piston approaches the etglstfoke because differential pressure acrospititen is the
highest at this point. This leakage causes bothimetric and power losses. Piston rings are thezefised.
Piston rings have many variations, but all folldve tsame principle of a thin metallic ring, whicinds to push
out against the cylinder wall and make a tightistidit.
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Fig. 1. Different compressor types:
a— crank drivenb — crosshead; — free moving pistord — diaphragm
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The basic piston reciprocating compressor is aeaioginder with the compression space on one side
the piston, see figure 1.1a. The constructionmslar to an automotive engine and uses the pidtohte guide
it in the cylinder. The piston is mechanically attad to a driving mechanism, a crank shaft, viacthnecting
rod. Its motion is constrained by the motion of tiréver, thus stroke and the main position of thetgm is
predefined. During operation side forces are gaadran the sliding surfaces. Generally the bearingst pin
and piston rings are 'splash’ lubricated by oilséme other cases, an oil pump is added and thparmamts are
pressure lubricated. Some compressors are deswgtied separate crosshead to guide the pistoreircyhinder
instead of depending on the piston skirt to provide guiding, see figure 1.1b. This design has many
advantages. First it eliminates contact stressetherpiston skirt. Further, it separates the cras&cfrom the
cylinder allowing control of oil migration to theasking piston cylinder assembly. This necessitatdsnger
piston rod on which a collar or oil defector istalked. The disadvantage is the limit in rotatingeed. In
addition, those compressors are heavier and maensive.

Free piston compressors include those where thenpis supported with either a gas or flexure bregri
see figure 1.1c. With a gas bearing the piston @tidder surfaces are separated by a thin layeyasfunder
pressure. The piston is floating on the gas whicthé same as the working fluid. Flexure bearingpsnd the
moving piston by mechanical springs that offer ghhradial stiffness and allow easy movement in laxia
direction. In free piston devices, energy is swgaplor removed by an electrical linear alternatdrisTexcludes
the need for a linkage and reduces the number sfnggarts. Due to the unconstrained piston motiath the
stroke and mean piston position can be modulatedgioperation. It makes the device more versatilee the
piston motion can be adjusted continually to achiam optimum performance. Another advantage iaitie of
side forces since all driving forces act along lihe of motion. In some designs friction and wesz aearly
eliminated by the use of non-contact gas or fleagarings. This reduces the high friction lossebwear rates
associated with crank devices. Such a solutionnelgtesubstantially compressor's lifetime and rdiigbiln
practice, the electromagnetic driving forces careféitiently generate enough power to drive thequis To
enhance the motion, the piston is mounted usinglastic element so that its natural frequency @selto the
intended operating frequency. By driving the systdose to resonant frequency less power is neddi@gever,
if the driving frequency or natural frequency chasigthe system will move away from resonance aqdine
more input power [2].

2. Lubrication problem

A new lubrication concept for piston compressonsageded which excludes oil lubricants. The funation
performance of a lubrication system is determingdfriction and surface wear. Lubrication failurenche
determined by these two parameters. A lubricanléned as a substance that reduces friction aralr we
providing smooth movement between sliding surfaaes a satisfactory lifetime for the machine. Mofie
liquid lubricants are used such as mineral oilstisstic esters or water. The lubricant may alsintsolid state,
like teflon, various greases used in rolling begsiror gases for use in gas bearings. In prinéglere will take
place when the lubrication no longer fulfills then€tion for which it was designed. In the case qfiston
compressor the sliding components can rub destrigtiover each other, thereby generating heat aosing
vibrations leading to damage and, in the end,itorfa

3. Piston design

A candidate ringless piston design concept is shiomfigure 2b. The piston consists of two main part
the crown and rod are one part, the skirt is tlomsé. The two parts are in contact along a seatimtace and
are held there by a spring. During running theqguistrown operates at higher temperature than tie ke
skirt temperature is held low by ceramic insertst tteduce the heat flux to the skirt. By this medhe skirt
temperature is made to be approximately the santgedmer wall; this is because the skirt is isetafrom heat
flux from the crown and is in close proximity teetliner wall. This encourages heat flow between amadl skirt
by convection and radiation and tends to make tie@nperatures equal. The crown thermally expandssijté
expansion does not change the minimum clearanaeebat piston and wall, since the minimum clearasce i
between skirt and wall. When the crown expandsatbdiit slides on the contact surface with thertskind
compresses the spring, but the clearance is unelafderefore, the clearance change is a functibnaf the
temperature of the skirt and the liner. Since thesgperatures are always approximately equal, lfsrance is
always approximately constant if the thermal exmansoefficients of the materials are the same. fbewing
drawback of this concept is that the skirt may Ineeainseated at the crown interface under high tipgrspeed
due to inertia loads. For compressors with larggopis the concept is feasible; however, for smaiigions the
assembly can be more problematic. Further, a ssmadlunt of gas leak is tolerated in this concept.

The second alternative design having the potettigluppress the gas leak is depicted in figureTBe.
piston is constructed similar to the traditionalised elastic lip seals in hydraulic systems. Tladirsg element
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could be designed as an integrated part of themidthe circumferential slot allows the piston skir adjust
elastically to the liner surface. The rising preesim the slot during compression and thermal esjeenwould
give rise to the sealing effect. The main advaniadbat the gas leakage is almost totally suppresSince the
sliding surface will be continuously in Gas spriegt sliding contact it must be covered with a waatective
coating. The application of DLC coating may redtloe coefficient of friction down to 0.02 [3].
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Fig. 2. Candidate ringless piston designs for aifreé piston compressor:
a — clearance sed,— the T-piston [3] and — the U-piston

Conclusion

The piston will be designed as a self-lubricatiagrodynamic) piston and the working gas will beduse
the lubricant. Low viscosity of the gas offers wally frictionless operation. In order to fully befit from the
low friction potential of gas lubrication any coatdetween the piston skirt and cylinder liner mustavoided.
However, because of unbalanced forces acting orpigten, it will also move laterally in the cylindand
occasionally hit the cylinder wall. These occaslotantacts cause friction, wear and also noise tenadly
leading to failure. A good designh must thereforevjte a smooth and stable reciprocating motiorthe piston
and ensure that the gas film separating the swgfacenaintained during operation. At the same tthe gas
leakage along the piston needs to be limited. Badirgy of the compressed gas in this case is dataiy the
small radial clearance between piston and cyliraidy, also called a clearance seal. To optimize piséon
design a complete dynamic analysis of the recigihogaiston is needed.
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DEWAXING OF LUBRICANT BASE OILS
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Most paraffinic crude oils contain a significant aont of wax across the entire lube fraction visgosi
range. Since the wax in base oil has a high melpo@mt, as temperatures drop, the wax crystallisesl
thickens the lubricant until it finally stops flavg. Therefore, dewaxing processes are used duuibpg tefining
to remove waxy components from base oils to enthae lubricants formulated with these base oilsl wil
continue to flow at low temperatures. Dewaxing chiaved by cooling the oil to below the crystaliisa
temperature of its waxes. The crystallised waxes then removed by filtration. One of the most commo
dewaxing processes is solvent dewaxing [1].
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