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PRESSURE PREDICTION BETWEEN PISTON RING FOR
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ABSTRACT

An reciprocating air compressor type ( V-AK 150) of three compression rings is
employed in this work to accomplish the experimental work . The indicator diagram is
recorded at different compressor speeds. The present work elucidates the measurement
and indication of gas pressure within compression space as a function of crank
angle. The study contains the prediction of pressure in inter-ring volume pressure
behind piston ring during compressor operation. For verification of a mathematical
model a static test rig apparatus is designed in order to measure the inter-ring volume
pressure within the range of compression pressure (1-50 bar).The comparison between
mathematical and experimental results show good agreement.

Keywords: Reciprocating air compressor, Piston rings.
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NOMENCLATURE

A: area(m?)

Dy, :Hydraulic diameter (m)

f :Friction coefficient

m' :Mass flow rate (kg/s)
Pi : Upstream pressure (bar)
P; : Downstream pressure (bar)
R : Specific gas constant (kg .j/k)
Re : Reynolds number

T : Temperature of ring (K)
Z : Length of channel (m)

Greeks
p : Density (kg/m°)
u : Dynamic viscosity of gases( kg/ m.s)

INTRODUCTION
Piston and Piston Rings

A piston is acylindrical compressor component that slides back and forth in the
cylinder bore by forces produced during the compression process. The piston acts a
movable end of the compression space .The stationary end of the compression space
is the cylinder head. Piston are commonly made of acast auminum aloy for
excelent and lightweight therma conductivity . Thermal conductivity is the ability of
amaterial to conduct and transfer heat. Aluminum expands when heated ,and proper
clearance must be provided to maintain free piston movement in the cylinder bore.
Insufficient clearance can cause the piston to seize in the cylinder . Excessive can
cause aloss of compression and an increase in piston noise”<an200,

Piston features include the piston head , piston pin bore ,piston pin , skirt, ring
grooves, ring lands, and piston rings. The piston head is the top surface ( closest to
the cylinder head ) of the piston which is subjected to tremendous forces and heat
during normal air compressor operation. A piston pin bore is athrough holein the side
of the piston perpendicular to piston travel that receives the piston pin. A piston pin is
ahollow shaft that connects the small ends of the connecting rod to the piston. The
skirt of apiston is the portion of the piston closest to the crankshaft that helps align
the piston as it moves in the cylinder bore. Some skirts have profiles cut into them
to reduce piston mass and to provide clearance for the rotating crankshaft
counterwei ghts.

A ring groove is arecessed area located around the perimeter of the piston that
is used to retain apiston ring. Ring lands are the two parallel surfaces of the ring
groove which function as the sealing surface for the piston ring .A piston ring is an
expandable split ring used to provide aseal between the piston an the cylinder wall.
Piston rings are commonly made from cast iron. Cast iron retains the integrity of its
original shape under heat ,(load ,and other dynamic forces. Piston rings seal the
compression space ,conduct heat from the piston to the cylinder wall, and return oil
to the crankcase .Piston ring size and configuration vary depending on compressor
design and cylinder material [™ind:2004

Piston rings seal the compression space, transferring heat to the cylinder wall and
controlling oil consumption .A piston ring seals the compression space through
inherent and applied pressure. Inherent pressure is the internal spring force that
expands a piston ring based on the design and properties of the material used.
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Inherent pressure requires a significant force needed to compress a piston ring to a
smaller diameter .Inherent pressure is determined by the uncompressed or free piston
ring gap .Free piston ring gap is the distance between the two ends of apiston ring
in an uncompressed state. Typically, the greater the free piston ring gap ,the piston
ring applies when compressed in the cylinder borelAkimot.2000]

A piston ring must provide a predictable and positive radial fit between the
cylinder wall and the running surface of the piston ring for an efficient seal . The
radial fit is achieved by the inherent pressure of the piston ring. The piston ring must
also maintain aseal on the piston ring lands. In addition to inherent pressure , apiston
ring seals the compression space through applied pressure. Applied pressure is
pressure applied from compression gases to the piston ring, causing it to expand .
Some piston rings have achamfered edge opposite the running surface.

Compression Ring

The compression ring is the top or closest ring to compression gases and is
exposed to the greatest amount of chemical corrosion and highest operating
temperature. The compression ring transfers 70% of the compression space heat from
the piston to the cylinder wall. Most Briggs and Stratton engines use either taper-
faced or barrel -faced compression rings. A taper faced compression ring is apiston
ring that has approximately aone taper angle on the running surface .This taper

provides amid wiping action to prevent any excess oil from reaching the compression
SpaCe’[Kyung,ZOO?]

Oil Ring

An ail ring includes two thin rails or running surfaces. Holes or dots cut into
the radial center of the ring allow the flow of excess oil back to the oil reservoir .
Oil rings are commonly one piece, incorporating all of these features. Some on-piece
oil rings utilize aspiring expander to apply additional radial pressure to the piston
ring. This increase the unit ( measured amount of force and running surface size)
pressure applied at the cylinder wall.

The function of apiston ring are to seal off the compression space, to distribute

and control the oil, to transfer heat , and to stabilize the piston .The piston is
designed for thermal expansion , with adesired gap between the surface and liner
wall. The rings and the ring grooves from alabyrinth seal , which relatively well
isolates the compression space from the crankcase .The position and design of the
ring pack is shown in Fig-1.The ring face conforms to the liner wall and moves in
the groove , sealing off the route down to the crankcase. The sealing ability of the
ring depends on a number of factors, like ring and liner conformability ,pre-tension of
the ring , and gas force distribution on the ring faces. Someof the compression space
heat energy is transferred through the piston to the piston boundaries ,i.e . the piston
skirt and rings ,from which heat transfers to the liner wall . Furthermore , the piston
rings prevent excess lubrication oil from moving into the compression space by
scraping the oil from the liner wall during the down stroke. The piston rings su?port
the piston and thus reduce the slapping motion of the piston .[Rénhad:2006&Shengyi 2010
The following is summary of the most significant published work involved in the
important function of piston ringsin reciprocating air compressor ( RAC).
Tian. ™ The ring twist affect the access of the gas pressure flow behind and
between the piston rings, which causes non-uniform contact pressures and reduced
conformity. In ring twisting , different sections of the face surface of the ring aternate
to form the ring / liner contact, and this leads to anon-uniform contact pressure.
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M. Voigt . Studied the dynamic behavior of piston ring and cylinder of large bore
diesdl engine.

Sutaria B.M. and Bhatt D.V. 2 | studied abasic tribological parameters that influences
performance of an internal combustion engine.

Richard Mittler and Albin Mierbach 2 presented aphysical description of the redl
ring and gas forces, aswell asthe effects of the moments during the engine cycle.
Now, in the present work the dynamic behavior of piston ring during compressor
operation of reciprocating air compressor is presented . This can be achieved by employing
the following method:

1- Thedynamic method for calculation and prediction of pressure in the inter-ring
volume and crevices region of piston.

2- The static test system is constructed to measure the value of pressure in the
inter-ring crevices volume in order to verify the experimental and theoretical
results.

THOREY

The engine compression space is connected to severa small volumes usually
called crevices because of their narrow entrances. Gas flows in to and out of these
volumes during the compressor operation cycle as the cylinder pressure changes. The
largest crevices are the volumes between the piston, piston rings and cylinder wall.
Some gas flowsout of these regions in to the crankcase; it is called blow-by. The
volumes between the piston ,piston rings, and cylinder wall are shown schematically
in Fig-2 .These crevices consist of a series volumes numbered 1 to 7- connected by
flow restriction such as the ringside clearance and ring gap.The geometry changes as
each rings moves up and down in its ring groove, sealing either at the top or bottom

ring surface . The 9as flow , pressure distribution ,and ring motion are therefore
COUp| ed [sataria, 2009 ,Richar ,2009].

Gas flow passages

Fig-3 . Show a schematic diagram of a piston with three compression rings, which
represents the current of reciprocating air compressor . Numbers 1 to 7 identify the
different crevice region. Region 7 islocated just above the oil ring and is assumed to
be at crankcase pressure . Since each ring is split , any two neighboring regions are
always connected by the ring end gap.

Depending on the position of the ring in the groove, neighboring regions may aso
be connected by ring side clearance. For example, consider region 1( top land crevice)
and region 2 ( crevice behind the top ring) during the compression stroke , the top ring
sits on the lower surface of the groove. Therefore  there is aflow over the ring from
1to 2; dso , region 2and 3 are connected only through the gap . However , as the
direction of the force acting onthe ring changes the ring lifts from the lower surface
of the groove. Region 2 and 3 as well as region 1 and 2 are then connected by the
side clearance until the ring approaches the other side of the prove and blocks that
paS‘,3(:.Je[Aungier,2000] .
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Gas flow equations

To model the flow, we follow the flow from the compression space plane to
the crankcase (plane-f ) .The flow in the piston top and crevice (region-1) is a
fully developed laminar flow in  achannel . Hence, the pressure in region 1 can be
assumed to be uniform and equal to cylinder pressure. Regions 2-3-4-5 and 6 can be
assumed to have auniform pressure. The flow of gases behind and between rings of
2-3-4-5 and 6 is isothermal. This assumption is justified by our estimate of the
characteristic time it takes for the gas to reach the wall temperature. With the above
assumption, the continuity equation for the regions 2,3,4,5and 6 can be written!®® 197

(Mo /dP2 ) * ( dP2/dt) = rhy, —1hyg (1)
(Mo3 / dPgg) *(dP3 /dt ) = mr13 + Mra3 - Mras - M3 2
(m04 [dPo4 )*( dP, /dt) =Mr3s- Mygs (3)
(mos / dPgs )*(dPs /dt) = mr3s + Mrg5 - Msg - M's7 4
(moe /dPge )* (dpe / dt) = M's6 - M'e7 (5)

Mass flow rates of gases through cross section (@) can be described by the following
equation.

ma = (m01/P01)* ( dPl /dt) + My (6)
The change in mass filling of individual inter-ring volumes is dependent on time and
can be described by the following differential equations:

mp = M2 + Mg (7)
Me¢ = M1z + M23 (8)
Mg= M3 + M35 9)
Me = M3z + Mgs (10)
mis = Ms7 + Mgy (ll)

As has been mentioned above ,it is assumed that the flow in region, behind and
between rings is isothermal .Due to isothermal assumption the crevice gas temperature
is the same as the crevice wall temperature ( piston ,rings, and cylinder wall
temperature are assumed equal ).

Mass flow rate through the ring- side clearance.

A mass flow rates through the ring-side clearance is determined treating the flow
as an isotherma compressible flow through anarrow channel of width (Z) and (h).
Mass flow rate through a narrow channel of length pressure upstream and
downstream of (P;) and (P;) are described by the following equation P20,

m=A *{P?-P?/RT(4.f.z/ Dy + 2In P /P )}°*° (12)
The flow through the ring side- clearance islaminar ,and the friction coefficient can
be expressed by the relationtHoeiner19% .

f=16 /Re , Re=p.V.Dp /g (13)
If we substitute equation ( Reynolds number ) into equation (friction coefficient ) we
have:

f=16uy/ p.V.Dn (14)
Generally the expression 2InP;/P; <« 4.f z/ Dy ) thus equation (12) can be
expressed as following equation 52007 .

m=A* {(P?-P?)/ RT.(4 f. z/ Dp) (15)

Now, if we substitute equation (13) in to (15) and rearrangement we have:
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m =D A. (P?-P?)/ 64.RT.Z. 4 (16)
The dynamic viscosity of flowing gas can be calculated from the following
equation[Namazian,lQB ].
Hg = 3.3 10-7* TO'7 (17)

Piston -cylinder crevice flow model

The air compressor ( V-Ak 150) , two cylinder type is used for experimenta
measurement as shown in ( Fig- 2). The flow model is coupled with ring motion
model. The solution of model is based on the knowledge of pressure cylinder in the
working volume. Piston in this compressor has three compression rings and one oail
ring . The flow through the oil ring can be neglected in this work . Table -1,
illustrates the three cases wear of piston ring used in asolution of the model.

EXPERIMENTAL WORK

Indication of pressure-curve (indicator diagram)

The indication of pressure curve as a function of crank angle are carried out on air
compressor( V-AK150) For three piston group element for case ALB and C a
compressor  speed ( N= 1000,1500 and 2000 rpm ), in the laboratory test bench in
University of Technology- Baghdad.

Layout of static measurement apparatus

For checking the validity of the results of the theoretical part for three cases of
piston group , static measurement apparatus is designed and constructed in order to
measure the pressure in the crevices region 1,3 and 5 between piston rings. Fig- 4
Shows a schematic diagram of static measurement apparatus which is used to
perform measurement.

The main parts of static apparatus are:
1. Cylinder of gas ;that is filled by the Nitrogen gas up to pressure of ( 70 bar)

and its connected hose (9) to the compression space (7). The pressure gauge (1)
indicates the pressure of the gas in the compression space.

2. In order to maintain cylinder pressure uniform during measurement , pressure
gauge (2) is connected to the cylinder head in order to measure the cylinder
pressure asclose as to actual value during compressor operation.

3. Pressure gauge (3) and (4) are connected to the cylinder at opposite side in
order to measure the pressure inside the crevices region between the first,
second and third piston rings.

4. The upper plate (16) and lower plate(17) are sedled by rubber O-ring (15) in
order to prevent leakage of gas. These plate are connected by four screws
(13).

5. The static apparatus is supplied by safety valve (14); which is constructed at
the lower plate and inorder to allow the passage of gas from the compression
space through apiston rings gap and then to atmosphere.
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Measurement of pressure

The dtatic apparatus is used to measure the pressure inside the crevices region
volume 3 and 5. The procedure of measurement is carried out as in the following

steps;

1. Turn the control valve (6) in order to alow the passing of the gas from the
cylinder gas to the compression space until the pressure gauge reach ( 15 bar ) ,the
flow of gas continues to leaks through the ring gaps , after stabilization of reading of
pressure gauge, the pressure in volume3 and 5 were measured respectively .Then the
increments of pressure were increased until ( 5 bar) until attain a pressure of ( 50 bar).

2. In order to check the correctness or validity of measurement in point 1, the
measurement is repeated from maximum valve to lower value with (5 bar).

3. The same procedure was repeated for piston group B and C. Table-2. Show the
results of pressure measurement in three cases for three piston groups.

RESULTS AND DISCUSSION

The result obtained from theoreticad and experimental work are discussed
bellow. The computation results of experimental and theoretical part are carried out on
acomputer using MATLAB programs.["/on20%5

Results of experimental test

Induction of pressure-curve
Asmentioned in experimental work the results measurement i.e. indication of curve as

afunction of crank angle in the working volume of the measured cylinder during
compressor operation under full load performance are shown in Figs.(5,6 and 7) for
the three cases of piston group i.e (A,Band C) a air compressor speeds of ( N=
1000, 1500 and 2000 rpm) .

It is clear that the pressure curve inside the cylinder for new air
compressor (case-A) is higher than that in ( case-B) and (case- C) due to different
wear of piston group elements in each case. These figures also show the effect of
compressor speed on the course of pressure in the compression space . It is clear that
the pressure value is higher in case of higher speed, and this is due to insufficient
time of leakage of mass from compression space .t is also clear that while the
piston groups wear increases the pressure-curve level decrease, as in case(B andC) .

Results of pressure in the inter- ring volume by using static —test apparatus.

In order to check the validity and accuracy of the results of mathematical model |,
the measured results of pressure (P1) in the inter-ring volumes (1,3 and 5) are

carried out as shown in(Fig-17) to(Fig-19)and Table- 2, for the three cases of
piston group within the range of pressure during compression stroke only. The results
of experimental test rig as it is shown in Fig-17. To Fig- 19, indicates a good
agreement with the predicated theoretical pressure. It is clear that at a constant
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compressor speed, the difference between the theoretical and experimental results are
increased with increasing the wear of the pistoure uren group elements. This is due
to higher leakage of gases through the piston ring end gap. These differences are
decreased with increasing compressor speed due to less time for flow of gases or
blow-by from compression space .It is clear aso that the wear of piston group is
important parameters which are effecting on sealing and performance of the rings
inside its groove.

Results of computer simulation

The results of pressure changes in inter-ring volumes as afunction of crank angle for
three cases( A,Band C) at compressor speeds of ( N=1000, 1500 and 2000 )rpm are
shown in Fig-8 to Fig- 16. From these results it is shown that the pressure in crevice
region (1) is equal to pressure of compression space .They also show that any two
adjacent regions connected by ring side clearance have the same pressure (i.e P; =
P2, P3 =P4, Ps = Ps ). These results indicate that the theoretica model is working
reliably.

1. In al cases P; in volume 3reaches its maximum value after top dead center. In
the course of further revolution of crankshaft, pressure P; decreases while the
pressure in the compression volume P; decreases in ahigh rate. At the instant
when P3; becomes larger than Pi, the reverse flow occurs from volume 3 into
the compression space.

2. The maximum pressure value Ps is attained later i.e at 180° after TDC due to
continuous flow of gases from region 3toregion 5 for all cases.

3. The effect of compressor speed on the value of pressure in region 3 and 5 are
shown in Fig-8 to Fig-16 for three cases, it is clear that when compressor speed
decreases the value of pressure P; and Ps are increased due to enough time of
gases leakage from compression space to region 3,5 and 7.

4. The effect of piston group wear are shown also at the same above mentioned
Figures , obviously when the wear of piston group increases the value of pressure
in region 3 and 5 are increased as well, and the maximum value reaches about
175 bar i.e a 25% of cylinder pressure for piston group (C).

CONCLUSIONS

In the present work an experimental static test rig for measuring pressure in the
inter-ring volume of piston ring are designed and constructed . The main
conclusions which can be drawn from the results of the present work are:

1. An experimental static test rig are designed and constructed for measuring of
pressure in crevices region between piston rings for air compressor . It can be
concluded that the results of measuring pressure from static test rig has a good
agreement with that results obtained from the theoretica model within the range
of a compression pressure.

2. In order to evaluation the effect of individual wear of piston ring and values of
crevices volumes between the piston and cylinder wall, it has been a
mathematical model for calculation of the pressure in the inter-ring pressure .
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3. The applicability of the worked out model is verified on reciprocating air
compressor. However, the model provides for the evauation of piston group
structures as early as in the design phase. From the viewpoint of wear and
leakage increase it alows prognostic evaluation of these, effects and in case the
compressor operating.

4. The computation results achieved with aid of the above model showed the
importance of volume minimization above the first piston ring and between the
compression rings. Another important role is played, the wear of the first piston
ring, which due to deterioration or loss of its sealing capacity , contributes to a
significant increase of the amount of gas leakage from the compressor cylinder
volume.

Table 1. Summary chart of the three wear of piston rings

Case A B C

14 ring gap length ( mm) 0.15 0.23 0.35
2nd ring gap length ( mm) 0.15 0.23 0.35
3w ring gap length (mm) 0.15 0.23 0.35

Case A : It represents anew piston ring ( standard ).
Case B : It represents halve wear which occurs in piston rings.
Case C: It represents full wear which occurs in piston rings.

Table 2.Show the results of pressure measurements in three cases for
three piston groups.

Crank Case- A Case- B Case- C

angle

(deg) P, (bar) | Ps Ps P: P3 Ps P1 Ps Ps

(bar) ( bar) (bar) (bar) (bar) (bar) | (bar) (bar)

70 1.7 14 11 17 15 13 17 16 15
80 29 2.2 13 29 25 15 2.9 2.7 17
100 5.7 2.7 14 5.7 29 16 5.7 31 1.8
120 9.8 31 16 9.8 35 19 9.8 3.7 2.1
140 20.2 3.8 17 20.2 4.2 21 202 | 48 24
160 39.7 51 18 39.7 5.8 23 39.7 |63 2.6
170 50 6.2 19 50 6.4 25 50 7.6 2.9
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Ring gap
Groove clearance

Side clearance

Compression rings

- Oil control ring

Skirt

Fig-1. Piston and piston rings

Fig-2. Reciprocating air compressor ( V-AK 150)
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piston

T Direction of piston motion

Fig-3. Schmatic diagram for the gas flow
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Fig-4.Schematic diagram of the static apparatus
uses for experimental measurement .

1,234 ----- Pressure gauge 5. Compressed gas bottle 6. Control valve 7. Compression
space

8. Regulator valve 9. Connected hose 10. Cylinder liner 11. Piston ring 12. Piston 13.
Moving Supported screw  14. Safety valve 15. Rubber o-ring 16. Upper plate 17.
Lower plate

80
70
60
50

40 =——N=2000 rpm

30
\ N=1500 rpm

20
10 =fe=—N= 1000 rpm
0 *, ***ﬁtﬁ‘, A=

Crank angle ( deg)

pressure (pl) bar

Fig-5. Pressure indicator diagram of as a function of crank angle , case A.
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Pressure { P1) bar
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300

100 200 400 500 600

Crank angle ( deg)

== N=2000 rpm
N=1500rpm
== N= 1000 rpm

Fig -6 . Pressure indicator diagram of as a function

of crank angle, case B.

70

60

50
40

30
20

Pressure{ P1) bar

10

300

100 200 400 500 600

Crank angle (deg)

== N=2000rpm
N=1500 rpm
== N=1000 rpm

Fig-7. Pressure indicator diagram of as a function of crank angle ,case C.
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60
50
40
30
20
10

\
\

‘h—

Pressure ( bar)
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0]

———

-10

200 400

Crank angle ( deg)

pressure in C.S and
behind 1st ring

pressure between 1st
and 2nd ring and
behind 2ndring

pressure between
2nd and 3rd ring and
behind 3rd ring

Fig-8. Pressure distribution between and behind piston ring,case A,N=1000
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80
70
60 = Pressure in
T o compression space
3 and behind 1st ring
o 4o
5 30 Pressure between 1st
ﬁ \ and 2nd ring and
& 20 \ behind 2nd ring
10 A
_,Lc‘* = Pressure between 2nd
e ————
0 —JJ"" == and 3rd ring and
-10 6 200 400 600 behind 3rd ring

Crank angle { deg)

Fig-9. Pressure distribution between and behind piston ring,case A,N=1500 rpm.

80
70 = Pressure in
— 60 compression space
8 30 and behind 1st ring
o 40
5 Pressure between 1st
» 30 .
o \ and 2nd ring and
¢ 20 t . .
o 10 \ behind 2nd ring
0 _44//%-: Pressure between 2nd
10 g T 4L|}U 00 and 3rd ring and
behind 3rd ring
Crank angle ( deg)

Fig-10.Pressure distribution between and behind piston ring,case-A, N=2000rpm

70

60 = Pressure in
— 50 compression space
g 40 and behind 1st ring
g 30 Pressure between 1st
ﬁ 20 \\ and 2nd ring and
£ 10 behind 2nd ring

0 _J—-" —— — Pressure between

10 0 500 400 600 2nd.and 3rd.rmg and

behind 3rd ring
Crank angle ( deg)

Fig-11.Pressure distribution ,case- B, N=1000 rpm.
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70
60 .
= Pressure in
- 50 compression space
8 a0 and behind 1st ring
g 30 Pressure between 1st
2 59 \ and 2nd ring and
E \ behind 2nd ring
10
J__i:::}* ——— Pressure between 2nd
0 and 3rd ring and
10 O 200 400 6500 behind 3rd ring
Crank angle ( deg)
Fig-12. Pressure distribution , case B ,N=1500 rpm.
70
60 i
= Pressure in
A0 compression space
_E 40 and behind 1st ring
g 30 Pressure between 1st
ﬁ 20 \ and 2nd ring and
& L behind 2nd ring
10
J_/k ———Pressure between 2nd
0 - and 3rd ring and
-10 O 200 400 600 behind 3rd ring
Crank angle {deg)

Fig-13. Pressure distribution , case —B ,N =2000 rpm.
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Fig -14. Pressure distribution, case- C, N=1000 rpm .
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70
60
= Pressure in
_ 20 compression space
e 40 and behing 1st ring
g 30 Pressure between 1st
@ 20 \ and 2nd ring and
E J i behind 2nd ring
10 i
‘}_ﬁca* ———Pressure between 2nd
0 - and 3rd ring and
10 O 200 400 600 behind 3rd ring
Crank angle (deg)
Fig-15. Pressure distribution case —C ,N=1500 rpm
70
60 f = Pressure in
— 50 compression space
S 40 and behind 1st ring
g 30 Pressure between 1st
a 20 A and 2nd ring and
[ A ) i
£ 19 3 behind 2nd ring
0 _J—-’ —— = Pressure between 2nd
and 3rd ring and
-10 EV.VaY s ¥at a0
- - i e behind 3rd ring
Crank angle ( deg)
Fig-16 .Pressure distribution case-C ,N= 2000 rpm
60
50 /
s 40 4 ——P1 ( theore)
L]
§ 30 / P3 ( exp)
v
E 20 —#—P3 ( theore)
10 = P5 (exp)
0 ' ' === P5 ( theore)
0] 50 100 150 200

Crank angle (deg)

Fig-17. Theoretical and experimental results of pressures inside the inter-ring

crevices region  P1,P2,P3 as function of crank angle case-C.

437



THEORETICAL AND EXPERIMENTAL STUDY OF PRESSURE Hagi | Qatta
PREDICTION BETWEEN PISTON RING FOR
RECIPROCATING AIR COMPRESSOR

REFERENCES
Akalin,O and Newaz.”Piston ring-cylinder bore friction modeling in mixed
lubrication” part-11, Journal of Tribology , 123 (2001) 1,pp -219-223.

Akimoto.” Analysis of piston rings half-stick phenomena using optical
technology.JSAE.Review -21 (2000)3 ,pp 396-400.

Aungier. “Centrifugal compressors astrategy for aerodynamic design and analysis
ASME press.ISBN 0-7918 -0093-8 (2000).

Dixon.S.L” Fluid mechanics, thermodynamic of turbo machinery 3 edition pergamon
press.|SBN 0-08-022722-8 (2008).

G.R.Bishop “Performance simulation of adiesel engine and ring system “SAE paper
750768(1975).

Hoefiner,j.J “Reciprocating compressor , operation and maintenance “Gulf professional
publishing .ISBN 0-88415-525-0(1996).

H.Kind, N .Schorn.”Influence of various compressor inlet designs on compressor
performance”journa of tribology, (2004).

Kyung- wonsuh and stefanopoulou “ Performance limitation of air flow control in air
compressor |EEE control systems society, volume3 , pp-465-473 (2007).

M.Voigt “ Simulation of piston- cylinder behavior of large bore engines.com media—
fachvortrag 6-MB 68197 ,pdf (2000).

M. Namazian “Flow in the piston - cylinder ring crevices of aspark- ignition engine “
SAE paper 820088 (1982).

Reinhard and Lorenzo “ Modeling of oil retention in the suction line and evaporator
of air- conditioning systems “HVAG&R Reseaech journal,V 3,pp35-56 (2006)

Richard Mittler * Understanding the fundamentals of piston ring axial motion and
twist and the effect on blow-by “ ASME- 76080 (2009).

R.H and Green*“ Perrys chemical engineers“ 8" edition. McGraw Hill.ISBN 0-07-
142294-3 (2007).

- Stefano poulou “ performance limitation of air flow control in power “ IEEE control
system society , volume 3, pp 465-472 (2007).

- Sataria .B.M. “Simulation and modeling of friction force and oil film thickness in
piston ring —cylinder liner assembly of an I.C engine” proceedings of the world
congresson engineering VII, London U.K (2009).

- Shengyi and Rongbo.” Optimization for pneumatic system air supply” Applied
mechanics & materias, V34-35, pp836-840 (2010).

- Tian “Pistonring cylinder linear scuffing phenomenon studies using acoustic emission
technique’ SAE paper 01-1782, ppl3 (2000)

- Won Young Yang “Applied numerica method using MATLAB (2005)

438



	1
	2

