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A Study on Effect of Recirculated Exhaust Gas upon Wears of Piston and
Piston Rings in Diesel Engines with Scrubber EGR System
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ABSTRACT

The effects of recirculated exhaust gas on the wears of piston and piston rings were
investigated by the experiment with a two-cylinder, four cycle, indirect injection diesel engine
operating at an engine load of 75% and an engine speed of 1600 rpm. For the purpose of
comparison between the wear rates of two cylinders with and without EGR, the recirculated
exhaust gas was sucked into one of two cylinders after the soot contents in exhaust emissions
were removed by an intentionally designed cylinder-type scrubber equipped with 6 water
injectors(A water injector has 144 nozzles of 1.0 mm diameter), while only the fresh air was
inhaled into the other cylinder. These experiments were carried out on the fuel injection timing
fixed at 15.3° BTDC. It was found that the wear rate of piston skirt with EGR increased a
little bit, but the piston head diameter increased, rather than decreased, owing to soot adhesion
and erosion wear, and especially larger with EGR, and that the wear rates of the top and
second piston ring(compression ring) thickness with EGR were more than twice the wear rate
of top ring in case of no EGR, but the wear rate of oil rings thickness without EGR increased
greater than that with EGR.

F87]€8° : EGR(Exhaust gas recirculation : w7} A=), Piston ring(¥2E ),
Diesel engine(t] & 7} %), Wear rate(Pl 2 &), Piston skirt(F 28 2FE),
Piston head(¥ &8 3| =), Soot adhesion(v] < K 2), Erosion wear(5 2] v}
B)

=okA 7k gled, o8 edYe uiEe
1. 2 Aa7FAA HEEE w7], &3] dA7|BA
&5 AAASHE, wid(soot) o A R
& A itk meba] A FAEY Algtol
Y ol Al Nde dig AH g7t

Adel, e EFH, AT F ATHE
AX 9] 7187 LGEA g F4o] ol

3 %g’b;ﬂffﬁ’- FEIIAT AT, st AZIHD Qof, ARz BA YA
A7) Ed T 2 o g
% 31]%1' 75')2,]"3“?}'.17. E}]'&}‘% 1’]’ 7]‘&0“/\1 %% ?.:‘_:F'-—?: X]éx_“gi 'T'sgsﬂ 2

HgH H6E, 2000 79



i - g%

2 ik

Uar|#e 549 dawd] did, f3)
71 WEEo] tFoz AAHT Qe o|AR
H o]g9 AZE H3 €S =¥€E J 2 43,
B2 AA] glo] gt 2y o] Frteke
g dig die, FIFHAME 1Y T4
I A o} wi7|FAZE S AslEa Qe A
o] ddojt}, oH WM EHY 7|2 A3
= AE ARdo|X %, dEQ AHBF, oA
€ YyAZ|#Y i o] 7 F7] i, =7
HEEY ARYAE tpdygos HES] 7PHA,
o|HE HUFoE EEdlool & ol o]y
@ uj7] W2 EY AR AF, wjr] AcEGR
)9 4L NOy WiEE] Azaste dA
HoluA g ol 5 o2 wjEE 718 =
g B opg}, AEd vyl g 7| BE v}
REYE 71H Q7] W, AgselE B of
Heo] Huwan g HIdde old of HE
o, ol 7R 9 H{o] opd 24 HHol 9
stod 7] WEES AR EE AFEY 7
o] o]Fozj3 9}

AREYe 7)Aol EGRE H-431e] w7
HEE 2 dsav]gd mXe 9FS A
o8 2AHg A3, EGR&S Z7M9W & &
sle} 7B AL E wde] FArpAgdoes
NBE HENZ F AE AHo) EuEe & &
AT 2 F A wirFY udEs AAY
Exoz 23wy wdAAZN'Ss I
EGR #4]& 1etsted HAES 3 A, Acd
i]7]15-¢9] ojdE 30 ~ 50% A= ALAZ =
AA g, s D nI|HETAME w7 ARk
£ HEAZ F e gAHPt”

W7 Aegel o cldy|ge] AAY ol
Y, J2E, 3288 5 73R BFo ojrg
T ool o3 S it oJg FAo] F
olxgk 71BE ALAH LAY Aol F2
gatol &gt miR7F fREQAH, 455y 73
FHES BAAFDLEN vlEZ7 JAEHE
Apdo] gz QI

80 HRASAIHEEY

718 EGRE H&¥ 72, 2A3c vls
7t Gl B FoAT BAWEE Fd
534 dde 377, daFd $hd I
¥ 5ol gk vlRdTe] BAL A 27|
dt fod HAZIel g% drlule? A7s)
BokA R H2odls Aed wi71F SO o
&85 93%, SOZREH AHE FAH HS00)
o g% futgH’ 5 SO0 9% nlrdfst
ol o]FoiA 1 Yt A8F FBEE 97 ~
98%7F A4F FAadt Whgdte SOt Hi, A
4E SOt Hi7IFol wiEgct wir]e] dRE
Ac@A71= EGRY 4$, SOt Atshsof
SOs7h H1, &3} HhE-3ke] HaSO47} gth. Ml
A 2X(400 ~ 420 K)ollA 2AstE it
< fAYAE Yor 3o 1 FHo AT},
Ac@ w77k 3Ee Z1glFe AJ2E, d
2EF R 7] FER FHste] FAAZG
FAvRR), EF, AHR RAHL npRI}E
& A3 2, WA 5o vlEAS HEso
& A5 AvtAl 8L st viRE F
BTG LA

2 d7ddMe rRS7Y dddHEgE
EGRY #3¢ wetstr] Ad d79 shtzA
tAd7|dol EGRE #4843 7%, v, SO« &
HEES) Aol A2E R H2EHY ntEF
o BlAlE YFE A st EAbta, A
e Hasd 5 de U718 EGRALH
AAZITE NEste] ZFHs7] A 7xAER
AHE3lE Aol FHoln.

2. AEEX L 9

2.1 ASEX|

B Ao Algd AgAAY NFEE Fig. 1
o el gle=d, 713 IUdAM Agatsn
Ae gHE Y 27159 HEAM 48F OA
71oln, F8 A YL Table 13 £t}

B A3 A= EGRA M@= wizizt 7
R FA2E 2 F2EY9] plRo & %



2328 EGRAZY 78] P48 ¢ AAEY opRo vjXe AE@ w7]9) G A AT

& zAEtR W XE] feto, 271% AR
9 Al 19 Adddle A7HE FHAIN T, A 2
W dddels EGRE 20%¢ A< w77t &
AR ujdAAZAQ] 2328 E FAE F,
AR A FhsEol FAAGIN FUE A7
g £t AxdUE FYEH

Table 1 Specifications of Test Engine

Items Specifications

2 Cylinder, Water-Cooled,
Type 4 Cycle, Indirect Injection,
Natural Aspiration

Piston Displacement{cc)| 1630
Bore(mm) X Stroke(mm) | 95 X 115

Maximum Power 14.71 kW / 1800 rpm

BTDC 153°

Fuel Injection Timing

Compression Ratio 1996 : 1

2.2 E2E2AMA HARMHEX

Fig. 20l Ac@HE wr|Fy Wiad &/
& AAY EHoz Az A¥E BEAMY
fAAAZNE BFn Q) 7|delA v
= w717} 238 FHsidel] HAE 4T
Gin) 2.2 Boigld, n&E9] H(ring)# FRA
o E3g ¥ A& 1 mmE T 114719 =&
FioA EASE 2o o8 wWiz)7 AAA o
do] AMAR o] o EAIHE FHE &kl
=gy Ao 9dte EGRE& wet AFH
082 248 £ JARF Hoj jloy, & A7lA

Ir

Eo []j & FLOW REGULATOR
o= (©) : THERMOMETER
DYNAMO METER TACHOMETER @; EGR RATE METER

CONTROLLER

Fig. 1 Schematic diagram of experimental apparatus
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Table 2 The outer diameters of piston head and skirt
measured before and after the experiment to
calculate the wear amounts of two cylinders
at a front-rear spot

Piston Head Piston Skirt

No. 1 Cyl. [ No. 2 Cyl. | No. 1 Cyl. | No. 2 Cyl.
(No BGR)| (EGR) | (No EGR)| (EGR)

Before Exp.(mm)| 9%.152 %.151 9%6.84 96.862

After Exp.(mm) %6178 %6210 95,791 B.807

Wear Amounts
(mm)

- 0026 - 0029 0.053 0.066

200/ Ofithout BGR
BAGR Rate 208

Wear Rate (5)
Y

Pisten Piston
Bead Skirt

—o—Vithout BGR (before Exp.)
- - 2GR Rata 20% (befare Rxp.)
-+« Yithout (after Bp.)

~ o BGR Rate 20% (after Bxp.)

Disseter of Piston (se)
4
&

Piston Piston
Head Skirt

Fig. 4 Wear rates and outer diameters of piston head
and skirt for a front-rear spot at the respective
measured positions away from the crown
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Table 3 The outer diameters of piston head and skirt
measured before and after the experiment to
calculate the wear amounts of two cylinders
at a right-left spot

Piston Head Piston Skirt

No. 1 Cyl. { No. 2 Cyl. { No. 1 Cyl. | No. 2 Cyl.
(No EGR) | (BGR ) | (No BGR)| (EGR)

Before Exp.(mm)| 9.151 6150 %712 %713
After Exp.(mm) BID %.219 96.654 9%5.645

Wear Amounts | _om4 | -00@ | 0068 0068
200 DO¥itbout R
SR Rate 208
1001
E)
F] pe
1008
hd Piston Piston
Heoad Skirt
96.900
j =
| —o—Tithost 3R (befors Bp.)
2 -0~ BR Rate 208 (befors Bip.)
s | e Vithoot BR (after Bxp.)
I 95.450 - o IGR Rate 200 (after Bxy.)
1
a 6.0
96.150
Pistoa Piston
Hoad Skirt

Fig. 5 Wear rates and outer diameters of piston
head and skirt for a right-left spot at the
respective measured positions away from the
crown
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Table 4 The mean outer diameters of piston head
and skirt measured before and after the
experiment to calculate the wear amounts
of two cylinders at two spots of front-rear
and right-left

Piston Head Piston Skirt

No. 1 Cyl. [ No. 2 Cyl. | No. 1 Cyl. | No. 2 Cyl.
(No EGR) | (BGR) | (No BGR) | (EGR)

Before Exp.(mm)| 96152 %6.151 %5778 96.788
After Exp.(mm) B177 9%6.215 B.723 B.76

Wear Amaunts | _oop5 | - 0064 | 005 | 0062
o O¥iehout 3
G 2ate 38 ]
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j 96. 750
g —o—Fithout (vafore Exp.)
s 9.0 - o= ER Tate 308 (befors b}

----- Tithout KR (after Bxp.)

i ) - o3 Rate 208 Gafter o)
s 96,300
1™

1%
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Fig. 6 Mean wear rates and outer diameters of
piston head and skirt for two spots of right
-left and front-rear at the respective mea-
sured positions away from the crown
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Fig. 7 Mean wear rate of piston ring thickness for 3
measured spots with intervals of 120°
beginning from the ring end gap
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beginning from the ring end gap

=59 F7/HE4E EGRE AAslE Ao 3
ER7L Ao E davtae HES Hol 3]
mEol, WA EFHol Wolxla, Fike] A4
o3 mjAFeel AFAGe] AA FAuln Fol
F7He 85 oz}, AFolzR R g v}
2R 5o g% dviviEix g7 wg Aoz
&drt.

3.2 MAEE 02

A A 189A 59 F7AA e 2 3 dd
F EAE VIELR 9 120" Fez 3R
A ) H2ERL HFFAL FE S

ek, @_@5?‘-5 Z H2gel dE FAA
9 Hg FAY4 L AZsgch. 4P &H
@ TlEez @@ZMI A% gt Al of

& vlRFF, EGRE A &34 ¢& A ¥ ¢
F9 F$E v 100%Z 3t & =7
W3ty iAol WME-E2 Jeded, Fig. 7
& FAo Bg 0}3%%, Fig. 8% %o #3 n}
25 Uehia gl
g FAY wr % AL AT 7Zo
#& EGRE 34 %‘% A 1E &
Al waxm Eal GR& 4



23#WE EGRA2Y tA7|ge] sA8 @ H28dY oiid] v A w7]d F3o) 33 I7

vl &S BoFa . a8y A 3 45
I A 498, 589 249 FHtde L3
EGRE &34 &2 497} EGRAEUE w1}
EE‘OI o &g ¢ F Utk ¥ 9 Ao

2 Yol "3t A 1He] ‘\’Jza“’] 27t 84
6}711 2¢ E 4 9l=d, 53] EGRA vt g
ol ¥ Fksta gtk aejut Al 2¥ 3 3 o4F
gL EGRAJ 238 vpE&o] o7t #Adt,
Al 493 59 edYe YEA A o
Eﬂl EGRAld vlE&o] o F7HE L A& ¢

T Atk

Bl 5°¢ EGR U749 MMl g
Ao HAEY, Fouie] nRHYEE P
Ay}, YopRol X AP} o}F By, &
3] EGRY Z$el& g% ExsiA g0z ok
I APAFARA 7|REE S vRE
F48A F718lm, £ EGRE&S $7HA7IW
ol2 7} F74EA N, B HE e JFE B
& ¥oin Aok 53], EGRS A &34 &
= A% vsled EGRE&°] 20% AS& Al 1
W ol HEHA v go] 4 ~ oul, A 2¥
go] HEHolA 48, A 28 Yo AstHAA
158 A= F7hshe wWala ok

Wl 578 d8F AR ARAY
o3 F&FFY Fiol2ert A A,
EGRAIY ¥riEE gqiEAoz AdAd +
S& gAry|gd o3 dgola B33 gAaA
.

F8FF9 Ca(OH)eE F32H8S doA #
Ag gAzt) dAdrige 9lojA EGRE 44
e A4S, S8Ry d3pyt AsRed, o
EGRY 93] &&4/F 4Za AF9 At @
2421, A¥eHnormal heptane) EE3E %
FA(resin)&9]  F7H7F wetA]7) ot}
EGR&°] Z7I9H djdgdgs 7t e, o
do] F&8fol EH PP ELHEE F
A 7)aL, AR, HA2EY 5o AW &
fol AatE 9 ojdg AvtAE 2HEEte] At
Hoj nlRE ZRAZIL olE @ nlRMRE &

ol £G4 E3H, oA AW &S
e = F7HANA Ak FelM F&
€89 virgo] 74zt b2 AL Hol wat BE
Hog HtsErt 27 fEd, sE7 gL
FAAE 8/ A T30l WH o] Fo
AR ke Aoz AzEg?

Xl“"‘a

4. 2 &

EGRE tAr)#el 383 39, NO« °19
o] t& uj7] WiEE°] /MY ¥ ofYz, T
A, AFHA 5 B FAHo] dAgc a2y
NO, Mi&E9 AAyAe s 714 58 WiF
o sz nH R Q7] W), EGR 424
BAsE o] 7HX FAEE Hagee ATk
gosit, B AP gArided 34 &
A fiAdAAZAE TS A wirivt
28 9 Y2EHYY wixo] gviy Be 9IS
X1 E7tE 2709 A-oF AR A
ol AlZjekg, 1ln yelx dddde 47
¢} EGRE 20%9] Ac@ wi71E FYANA 241
3 Axn, g e 428 AUtk

1) H2E9 AAERMNE HEGRAKTE
EGRAI9] vtE.&o] o7t F7Het 2, Sl =RoA
B gJAEH0] Z7lEE AL Holm glEd),
53] EGRAY #48E & F itk

2) Bl2EY F9 Z9E= EGRA Al 1, 29
AZHolA iR go] 1, L A 1 e vt
Bgo] dAsHon, 53 EGRAY wlrR &
FAYD 243 FAE EGRE 3R ¥4S
Ao, £& EGRAY vl go] F718e & &
At

€ AFoAME ntEFS AP AT Hojd o
3t ZA4%e] A2 Ui 7]E vlRdel g
FiAQ] WESEZ wEEE Yl e,
FFoe vRgs AFAYE Yehle 4388
z} Havt slvtn AAEY, vlEEA 2o A}

] 2 ool AP wE §8F9 dAE
A A7 Bo B A3E FA HEZ
Zert Jokn AlEET

>

o]

FL o)

X8 M6=, 2000 85



LR

= Il

2 479 T3 YA Be AEE AT
S & RBAE WA RIE 24
7)o B KE LB —gE A

1) FEYWGE, “SETOREBEARBRECELITS
TYERICEHT 2H%", ERTEAEL
BB M EBMRY, pp. 1 ~ 21, 1989.

2) Arcoumanis, C., Bae, C., Nagwaney, A.
and Whitelaw J. H., “Effect of EGR on
Combustion Development in a 1.9L DI
Diesel Optical Engine”, SAE 950850, pp.
169 ~ 193, 1995.

3) Bae, M. W,, Jeon, H. J, and Choi, J. S.,
“The Effects of Recirculated Exhaust Gas
on Fuel Economy and Exhaust Emissions
in Marine Diesel Engines”, CIMAC DAY
1999 Shanghai - International Symposium
on Internal Combustion Engine(Chinese
Society for Internal Combustion Engine),
pp. 91 ~ 105, 1999,

4) Bae, M. W., “A Study on the Effects of
Recirculated Exhaust Gas on NO, and
Soot Emissions in Diesel Engines with
Scrubber EGR System”, SAE 1999-01-
3266, pp. 78 ~ 87, 1999.

5) Bae, M. W, and Ha, J. H, “A Study on
the Characteristics of Fuel Economy and
Exhaust Emissions in Diesel Engines with
Scrubber EGR System”, Proceedings of
the 15th Internal Combustion Engine Inter-
national Symposium, pp. 287 ~ 292,
1999,

6) Dennis, A. J., Garner, C. P., and Taylor,
D. H. C.,, “The Effect of EGR on Diesel

Engine Wear”, SAE 1999-01-0839, pp. 45
~ 57, 1999,

7) Gautam, M., Chitoor, K., Balla, S., and
Keane, M., “Contribution of Soot Con-
taminated Oils to Wear II”, SAE 1999-
01-1519, pp. 1 ~ 21, 1999.

8) HIE—, SARESE KB#HM, “T4-t
NWELY P ICBITHEGRE Z DRIE SIS
DWW, HEFE#R, No. 38, pp. 3 ~ 15,
1989.

9) RIKHZ, BIAER, “BRERHES NSO
TA-ENLY D DERICE 2 b EEIC
DNT(RBICRAL 72S0,0%R)”, HA
B & R U (BM), Vol. 60, No. 572,
pp. 402 ~408, 1994.

10) Furuhama, S., Suzuki, M., Ishikawa, H.
and Watanabe, T., “The Primary Cause
for Abnormal Wear in Diesel Engines
with  EGR Systems”, STLE Tribology
Transactions, Vol. 34, No. 1, pp. 86 ~
92, 1991.

1) HLEWEE, “T1-ENzr s DREEE
BREFREDREN - A A NPEERA 4> &
TV YEBRORK", BBERMER
X%, Vol. 24, No. 1, pp. 119 ~ 125,
1993.

12) #8 W, R 5, £ #E5, #o
RE, “"EGREEN ) > VEEFE L 2 | o
BOREICHT 2R, EBHEHEHR
4E, Vol. 29, No. 1, pp. 59 ~ 64,
1998.

13) il d—, $RkFE “EET -
Y DEGRYMUERUVBEENRICE R 2%
&', HHERWERE, No. 46, pp.
18 ~ 23, 1989.

14) £\ B —, +B%S, T4z
NDEGREMIZ DT,  NIBREER, Vol
51, No. 9, pp. 75 ~ 80, 1997.



