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Variation of Inter-Ring Gas Pressure 1n Internal Combustion Engine

J. k. Yun

ABSTRACT

The gas pressure acting on the rings in internal combustion engine influences the friction and
wear characteristics. Inter-ring pressure variation during engine operation results from cylinder
gas flow through a piston-ring pack. The flow passages consist of ring end gaps and clearances
between the ring and the piston groove. The gas flow in the clearance between the ring and the
groove 15 directly affected by the axial motion of the ring in the groove.

In this paper the asperity contact force 1s newly considered 1n the prediction of the clearence be-
tween the ring and the groove surface. This term must be taken into account physically in case
that the clearance get narrow rather than asperity height between the ring and the groove sur-
face. Finally, comparisons of calculated inter-ring gas pressures based on the analytical method
are made with the measured ones. The agereement was found to be good below midium engine
speed, 3000rpm. In order to obtain accurate analytical results to the extend of high rpm range, it

is recommended to include oll ring motion as well as top and second ring in analytical model.

= 7]a8-0] ; Engine(<lA), Piston(#]A%), Ring(%), Inter-Ring Pressure(Afo] &), As-
perity Contact Force(ZE7| H=3)

7l & A m A, 22|92 @HE[m]
A, c A AEe] J1AEE (m/sec?]
A, A @A [m] C. A ]
Aic LR EY EB/1EY 9N PT AA Cs Y A BN — ]
HEH[— ] Fe W OFH HEz oF] H| A

- 3t &93%F v [N]
* A3, aF7IeATH Fy L B AdYE 8 Alole] wiaE| — |




: A2 (Upstream) %
stream)o A 2] 714¢E[Pa]

73 [m]
r Zalegy x4 (Polytropic  Expo-

yadZl#d HAE P T Alo) 72U HE 239

L o] AR oJs] o 3= =

0% 243 [N]
» Be] el Aedhs 7L+-‘§"£l
[N]

P @ 2R Aol o9 A ([N]
A Yo ol EWT 1FX b

Ato] 9] Az|[m]

2 de] Eol[m]

A el " kel

. 7k~ A=k kg

L (A F70e] e[ Pa]

L EEEE BV|Ee dewdd H=

%[N/ ]

CiRA el AFA AP UF

[Pa]

714 & [Nm/kg K]

- ARE ¥ (m] -
A ¥ Y 9E =m7][m]
;LA 3 39 ofgE 2ur][m])

A @ FAI[m]

A odH

THAAN FE ™D
A7k 2] A7 [(m]

L RIR F7he] 2=[K]
Aol M e AL E K]
. A= (Upstream) %

stream )| A ¢ 7jA~&x [K]

A el HANE AY(Tangen-

tial Tension)[ N ]

> A7 sec]

A Fe] A F [ me ]

3] AR £% [ m/sec |

: go) Abspamt 1R E Aol EAY 3}
= edde] &[m]

a8 E715 3'111%‘51 3‘% Bk )

nent)[ — |

' LEEY =715 UE[1/m]
7R AE, p,,=3.3X 1077 x TO7

Sl (Down-

&+ (Down-

Dursunkaya

[Ns/ni ]

Ehoit, i A B3 A-E] gAle] edde]
%[Ns/m |

o, 6; . &@HEHL RMS A&A7|[m]

o  F&% 3239 g RMS A7)

(=,/0{+0%)[m]

. M £

WA o] Al HAE/Q 99 13 F
gl 7)%S 123909 dAad ZlAE AN oR
Aesh= Aotk ZEt 2AE A4 712
SR ABL By AAZRE HAER 4
g Ale]e] FAIE wWel gES AT
(Blow-By)eo] &AjsA Hot. o7 712 &
& YEAjolo L= g HEE YoHA
SLRZE o {FEEAE A vy BEBEE
9 A8/ dA A o]Ee] 54L& FE3] ol
e AL o) $- 48351

19743 Ting, Mayer7} 3% 3o 944
7t GR] B AR P Az F& F3 &
Tl 71 st A-o-yAE-Y Ao AHE
FRHo R T3 WA/ HAF sfAd o]
AL X, YAE/3 Hajold ¢+ A4 @

EE o] Aol A 18] 2llo] AfEE o HT .

19791 Furuhama, Hiruma 5] 3% WA
E g AR ORHEANA SUgo R £4 0
7 o]z £5 % HAE HHy 2FHe &
A HEr §E Ale] ¢4 W3 B I
m Ak A AP SR AL T B
19821 Namazian, Heywood+ HAE/T ¥
Aol EBE= Aad 7lAe BE2g g gl
A F ol9d] MAE OF B} YAP|L| F& F
7120 2 3Bjdled AA @4 23F it
HAAEe AEdlgoen, 1% Kuo, Sellnau &
Namaziang] ¥ AE 154}l gilo|g] 7tAF
g 2do| &AS A EEE R FsPHA 18] &
de A EAd AP, #HE Kenbar,
52 Ado]e] Hyoz 3l FHol
Adcige] A3 YAHA L 08 WA=



240

n) &% B (Nonconformability Gap) & ¥ 83
FEAl] 48 ¥F §i4 mdg LAY,

W A3 A H2E 2Fue] Hajele EAY
= A9 LB sl PHE-Alo] 7iA¢kE HEE
AlAE 7-F, go] DFERA £33 g4 me}
758 EA7F EElR g EA) AlARR 93]
58 e &5 2do] ¥ gEirt, o]g]d ¥
& B2 WG R FUhA= g3 AF AL
ol TE8] FAL LYYe] SAFER £HF
97 1987 47 EE A BETE AF
SolH P aFRAlele] BEoz 9o A
H (Squeeze Force)RH& ﬁEﬂﬁ}Cﬁ gic}, v}
QA9 n&sie} P QAW o] &L o
Aol M= A F3 2F B2 53 PFo] &
AetA  EHH o] 217 HE o] LA €
t}.

= @roAe Fe FEAAA vEIgoe R g
¥ 2582 ¥ AArid ¥ 857 HEFY
= 71 2¥E AR, dEu-3AE-H
Alo]E B2+ 7tAUE WHES AsHT. 3
N5}, 3§ 9o Heehs P Ulgsle %
BE A Zgehs vHEE diRE Y3 21fs
Alo|e] HZHo|n|, oY APHL FHo| AU
H4A RS viE o HEeh= go= gk Agd
< ¢ 7 AT HFHozE A3 3P @I
o =tE& 1.58]¢] 7l&d 7|89 HE Alo] 7A
U HEE FAHOZE AAEIH e, A4 E
o] BigAd A& f3 AH 57T 49 n)
i 4 sk

2. LAE LS A0 AHBS sHA DU

21 TAE US Aol YHHE s

Fig.12 dv¥kgel 71&d 7|89 H2E/9
o 29 7122 EE HAFD Y= a2Helth o
2/ B Alo] 7hAREES AYUr ¥HEP 9
T FEE FAE Fe, 99 ZeR E(Ring
Gap Flow)®}, ¥3 dAE OFH Aloj9 &
Alo|2 B2+ #% (Ring-Groove Gap Flow)
o] AL 7 Ut YA P FAg BA) F
ZF(Piston Crevice Volume) V,o|Ae] 712~ 9}

gold, P, P, P, P 27t A¥y-3AE
-Jofl L& EAR= FL Ve, Vs Ve, Vs
o] 7k ¢tele|ty. £ o] £o|F HHAY &
Pz FE IAE o] Aol §FF P, P,
P2l ¥E & FAHoR ALslr]o] A A
9] HolE A3 ol o] 71 E Tt ~P.

i) Z} F7h| A el 7h29=-E F Y (Uniform
Pressure) s}, - |

i1) P2 @44 4989 Fd8, P9 <
HE ZPAFA o)A FH (1 bar) T Zri.

m) P AHe|= eH3d] dEsp, 5ol &
2}zl & Ale](Ring Gap) 7}2f-5& F
JdE=Z3 e|¥x -8F(Isentropic Ori-
fice Flow) o]t}

iv) F3 HAE OFE Aele] FA{FE
2 a'd H-=E(Isothermal Channel
Flow) o]},

v) ¥ 352 27 (Laminar Flow)o]t).

vi) 24 F A e 7tr2 e 27He gAF
= AT HAPF Skl

vil) Z FtoAje] 7lAadBe zel ], -

olde] FIPEZ HH Zt FNEZ 1Y &£

23 YIh= 7h2o) tiE] d&ubg A gpa
AR BN E AMEEIE oflle 4 (1)& dg
% 9l

V/
Region 1 (P, , V4, T, )

.,-f"_""_-'.-
Region 5 (P, Vu, Ts)

Fig.1 Schematic of piston-cylinder-ring crev-
iIce showing gas flow passage

Frwa




HazZlgd JAE g & Alo] 71448 e 241

dF; a R_T.?( dm;, dm.?.&)

di V., di di

dP.ﬁ‘ . RTJ( dMJ,.E dmgg dm;;.; dm_gl_;)

d  V,\ d d  d d

d.P4 RT4( dmg,..t qutpj )

& V,\ di dt

o] (1)4] WM Fo] Aefzl § Ale]
VA BF dmi/dl, dm.s/dixs SUEZY
A2 FF, P DAE 2188 Alolg] B
5 dm/dt, dm . i/dl, dmi.Jdt, dm.s/dt
= 5 Ad 5oz A okl (2),
(e g By & 7 Urh(Fig.2 Fi1).

3| =4 el () (5) ]
at riﬁu_CdAOPu RTH(T_I)- Pu Pu -
7
_ P; ( T+1 )ﬁ
. when P, - 5
7+l
B | T 2 )E(T'l)
= CulP, RT, (r-l-l
P +1\T7
when = (TT)H (2)
dn|  _AMESRD
dt r:hnnnaf_ IG#N'IRTEW
Une
y o Upp

P Eh N

im FIN = :
F2H - N\
) N

AN N L
= - gottom
™, R | Slde

Fig.2 Geometry of piston-ring assembly

(2), )AL (1A digdsie nj2utAa)
(1)& &9 v|A|4Q 7 F0M8] 39 P, P
» P& 787 o). I3y P& &35 1A
v JFHZ A 2gre g 52 5o =,
(3)Ad A AHde] oHE A, 2 A9y &o] A
= i3t Wbdhe AlZ7ke] fpolth Oz R o
E 317 #l8l HAE P £43 $5d A
zdgo] 71302 A g 3. |

22 TAE OFHUOIM 2o SYE 25
ol 4

YA2E FH IFE Alolds= FFF L8
=58 EHA%7] #8 4AA 0.1~0.3m A=
9 4% 717 E FAEY. $74] HAE YL
0|2 714 YA A3l Y o=
A P 1FB Alole] FAj7} uiHo] 7pAE
% T3 ¥l "o a8es gAE/Y o
Ale] 7t BEEE AES] Fil7] fdHe T
Bl g A E gotelrt wti(Fig.2 Far).

MAE o] Fg3= o= WA He] G
of o|§t TAHAE(F)), ¥ AU Yrjo|el n}
Y (Fp), B3 54 Alold] &A3= 29
2|T A (Fy), B3 1FHe HH MR F
= W LAskE AHH (Fo)H, 3 A5t SR
A FE3 Zl2gEHd e d5E (Fr)e]
ot o|H¥ FEZLEH S9se SFUHAHAE
HS-Al =E ool () €& F Ut

FI.i+FF.i+F&|‘+Fﬂ.i+FFJ:Or (zzl'ﬁ"'z) (4)

HA (4) YA He A 48 4"
(Fp) olde] 4] (5)& ¢ 38 & Ul

d’H,
dt”

F,=M, (Ap— ) (D)

Ha HYT YAlele] widAH(Fp2 ofdo}
22 A5 (6)& AHE3ETY,

FF,f:fL.i AL.‘ PEFE:‘



242 74 9]

V: 0.5
fur= 4-8(#:&:,; P - )
AL, {— ZJZ'RE (RGTRH'. i_RCHA MU, :’Rr:m MA, i)
PEFF, i— (P 2t P len, i)

Ten,
PM‘H. =

(6)
' RGT.H'.I' RC‘

go] MAE TFEHA 2AY o H3p 1
Frdo] A2 J7lelAE T Alolef Uy &
do] o2 HIZE AAIH= WPz AF
(Squeeze Force)& AR, o3 Y X3
g (Fo)2 offe] (TYHeoz HET T+ o,
AN A Cor $AF Y3 1FHAlole] Z9H
3 oo 271 ARES BHAN F7]) 9% As=
0.1 5] ko] A Aow YA AT,

FS. i— CS 2.71' RR.E':'—J. 2i #ﬂﬂ, 2i— 1 2

dH; (Wa 15\ dH
?( ) g 2V

= — (s 21 Ry 2i 2+ 1 Hoil, 2, 2141

h.?f-rf. 2t

dH; Wy 5ier\ dH,
o ' C— 7
) <o (7)

h.?i, 2+ 1

(4)2)2] o 2FBAle)e] FH AA7| 9
g HEEY Feo Ay, AF7RE 92 15
v AoldlE FEE AL Aol EAsnE
P 1387 F43 FEL AR A
stoll A FAFHA sttt 28 AA dH 4™
Z aFree 4L SHs|RE 3 1FE2
HEzo 9F vid GAE FEo] BER 5 U
o} 2og aFa o AFS U dAF
o2 FHEI] fEiM e LAY od #Ha
aFEAle] 43 FEVRH(Fo)& LA F
Ao] I Q 3t}

Greenwood, Tripp= 2= &4 (Shape)8j 7]
N Z7]5 (Asperities) o] 712 2 X8 (Gauss-
ian Distribution) 3t & FEHE A= HE
Al o dAshe dHHAF JEFEH(Pa) %
HEH(AL)E SR8 HedlA (8)4 3
o] FEIHTHY. (8)4]E AlReleq Ha 15

Hale] B&ET AELE (F)& 73 (9)4&
e 4 9t

G h
Pac(h)= —11/52 m(nBo)* E\/%TFHE('E) |

Anc(h)=r(n B0y F( -
§
F"(%)Z_J;_?- J‘:m_ (S—%)ne-?ds
(8)

Fc,,-: zﬂ'[REzf, 2i+ ] WE:',.?:'+J PAC‘(hEi:.?i+I)
_RR.EE—L 21 WE:'— 1 2 PAE‘(hEi—L .?t):l (9)

sRgoz (4)49) o) FHRN 2e8

= 7R (Fp)2 of 4 (10)e=25Y 3
£t

I .
F pi— P .?f—:(APﬂzf— 1,2 _Aplzf- 1, zf)

&
P, . .
;l ( Apl;.,-f- | A API-E:‘. 2i+ 1)
1 :
+ Pyt I(APG.?I'. 2+]1 E," Atz aiv )
A‘Pﬂzfm 1, 2i— Z[Rc'?_ (RE_ RGWD, :') i 2 sz:'— 1.2
Wi 1, 2:']
Apis-; 2=2% Rpa1 5 Waics 21— AacChaizy, 2) ]
(10)
. X5

ol4te] wHlz HE P.(¢), Pi(1), Pt %L
He] 9% H.(1), H.(H)+ 5702 v €Y
144 (1), (D= 58 78 5 Ao o|st &
Al (8)e] AEAHZ AAALE @557 A
chalsl MY Nog 2Bkl ARSI

Cyen (4. 0=+ Cylen (4.0-T)?

k: . H<35
FAD =Vc40-T)% 40> H> 35
0, H>0

(11)



WE % H2E A5 Alo) lAgd WE 243

714 H=h/o8& JERIS, &+ ¢, ¢» €3 Co
cs ngkol Wt Table 13 22 gh& 7zl

TR A Al U dHo|el2 AMEHE (2)4] 4]
FHA T Cim A9 W2 889 gtoz HL
Heolxd ¢}k, Ting®d Mayere=  0.65"2,
Furuhama 52 0.83Y, Namazian® Heywood
= 0.52~0.86"€ I8]a Kuo & 0.86%2] 3t
& TE Y diF {FBATE Y3 FA|]
At} -

B A7 e AdEdaete] vl JES S
AxdT FAFH R Ha e AUA FHY

Table 1 Constant value of equation

1 1.705e-4
. -5

n=>5/2
2.1339%e—4
3.804467
1.341516
1.1201e-4
1.9447

Table 2 Engine specifications

Spark Ignition, 11.-4
displocoment [ L5(Lien

Bore  [ros)
Sk [B150m)
Conneciing rod length_|130.0(m)

Table 3 Ring pack specifications

Top ring |Second ring |Oil ring

Barrel N§pier 3-plece
1.5 (m){l.5 (mm)]0.51 (mm)

3.25 (m)|3.25 (wn)|2.35 (wn)

Tangential load |13.25 (N)[8.00 (N)|39.22 (N)

Thickness

Gap axjeél 0.098 (mm?)|0.15 (mm?)
Mass 7.06 (2)]4.04 (g)

Ring side clearance ih top -ring groove (0.05 (mm)
0.05 (mm)

Ring side clearance in second ring groove

Volume behind top ring(V,)

245.0 (mm)
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