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A Study on Effect of EGR upon Fuel
Consumption Rate and NOx Emission in Diesel Engines

ABSTRACT

The effects of exhaust gas recirculation(EGR) on the characteristics of NOx emissions and specific
fuel consumption rate have been investigated using an eight-cylinder, four cycle, direct injection diesel
engine operating at several loads and speeds. The theoretical NO formation concentration is calculated
with the equivalence ratio as a parameter of flame temperature to study the effect of EGR on NOx emissions
in the diesel combustion. The experiments in this study are conducted on the fixed fuel injection timing
of 38° BTDC regardless of experimental conditions. It is found that the specific fuel consumption rate
15 slightly increased with EGR rate, and NOx emissions are markedly reduced owing to the drop of the

Incoming oxygen concentratio and the increase of equivalence ratio as the EGR rate increases.

F87|< 8] | Exhaust Gas Recirculation(8] 7] A} =3 . EGR), Diesel Engine(t]d 71 ), Intake Oxygen
Concentration(®¥ 7142225 &), Equivalence Ratio(Z24}), NOx Emission(NOxt] & &)
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Table 1 Specifications of Test Engine

Item Specificatiq_r_l_‘
Engine/Model IMAN-M-(V8)/D-1548V
Type 8 Cyclinder, V Type, Water-Coo-

led, 4 Cycle, Direct Injection, Na-

tural Aspiration

Piston |
| 11.63(£)

Displacement
Bore X Stroke |115(mm) X 140(mm)
Compression ‘

| 17 1
Ratio
Fuel Injec- .

BTDC 38°

tion Timing

Max. Power |113kW/2000rpm

Valve Timing {Intake Open.4° 30’ BTDC,
Intake Close.27° 30 ABDC
Exhaust Open-40° BBDC,
Exhaust Close.8° ATDC

71 22719 BH(bosch)?] &2 AF7|E Ah
23931, 7B Bag AnaH T2 Sep-
plerd] 8224 {#FAE AA A FEZ H(opti-
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[=)
A are) A Az

2AZE7E AMEElY FAEEE FAHSH

=, 71 33 A &5 5 1200rpm ) A 2000rpm 7k A
200rpm FARE F3E 25% A 100% 7R
25% B0 2 EGRE2 094 40% 7+ 10% 1F
2o g2 AEE 9 B AYdAMes FY &

- "

EGR# 2] 2

He.ol HEl HESE £5% Aot HFH
014 23} 25%, /1% HAEE 2000rpm 2
ol e AR $Aol ol Brie), volE

o A A A Zi}, o) &2

A Bt 2 el 2F
Z2d& A 92%o] Hon FAFA 7 =
BTDC 38°2 =t & drddMe A&
ARz #Aglel YA 33

= F79u wirlwelA COEEE ZAst
A8 E SRS, B o] M E EGRE S
Aare o) Ax A4d FvlFe] Wi EGRE
w72 & N 2e FUFVDY HaseA o
O A1S Ol%ﬁﬂt}_”‘_g‘”

K= D

Vu"‘" Vr,-

X
v 100 (1)

EGRE&(%)=

4714 Vi EGRE 34 ¥%& B9 ¥U3
1% (m*/h), V& EGRE #& 299 M2

&4 3 71% (m*/h) o] T,

4. =gZEd X 1=

Wi}
H

4.1 ZF7| Y 7| &4

ArT A3V g7lFe
ArEe F4E B30 Ao 28d Tsunemoto
FWe EGRAE O 2 QAT EF
718 1oe gAdri#e] H71 o




80 Bl

21014 NOxA 7t o & EGRY]) A& F7)

QLT Z712 A AXLE 24 PO

q937le ojgnn Ay,

EGRE F2 z7ldEgadze] date
1

RN
2.

o
Ao}Ade F7he sHAem, BaALT
B3 4 Watel YFS wol FIHE
SAEYL LI} Z7ho] EGREHS AR BA
= Aun WE $Ue RIY. 15 A7
oJ3tE HpAde F7I1F MaEEte Ao
2o} AEBAY} Qo] F71FY HaFEs)
571848 Hoixde] Bade Ui 9
B 52 T4 7| %o EGRS H&3 Ago]x
EGR& S Z7tel we} sj&gase] wagto
FasA D, FAdLse Wl Aoy Ao ®
¢ SUUAN EGR7 2o o8 ARl 27
exel Aol wet Aspxdo] BAL, AL

3

-

-
.

“

R o 2

713kl Woje] Wit Aujotst Y wpAZFIE
ze)9Thn Wk 29u EGRES E7he A
2 72d o8 NOXYAEE} AgshAw
3tE & 2] 23} A E NOxAB AL T 7} %
TET ﬂ‘:} Diirnholz $¥& 7|5 & ¢
A3HA FA$ 4 ¥A EGRE “‘7}—' 2+3}
QY 2718 A LD Ho) 1Ee el
78] HJe2AM F7|FY ”::}-J—GE TAEE
i UTH

Fig32 EGR& ¢ S7ho o8 AU §F4

He AasEE BAF3 gledH, FUiaE
e VIS 9 238 A gle] EGR
&2 Tkl e} A dHe g A3 EGRE©
FT/ETE 9759 AT r AT 8 ¢
T Tk ol g AAAAH AR NH TP AP

3 3} 2} ‘:’]"T' 2 YR Fhot, mpEba] B A5 H v
el M EGR&©] 571842 3lx]do) &7}
ste] NOxul &2 540 7cier 93g o) H
Ro g Azt

Figd= W 7|25 =7 NOxol & &3 of® o
AZF A7 EolR 7] Yal A, A mhejulE 5
Fig3¥ w37} 22 EGR& 9] #7719 g w) 7]
2 MAaEEE JEH Folt) Figdy: 7] 3]
AET P HEe] TAIglel Hdr Aol
o 7|2 == EGRE&Q] F71o whed 9havsl A

N

hd
ank

O
!

—
cn
|

) o
10 20 30 . 40

EGR (%)

a3
oy

Intake Oxygen Concentration( % )

Fig.3 Intake oxygen concentration versus EGR
rate

18

14

T S 1

10

L i L
0 10 20 30 40

EGR (%)

Exhaust Oxygen Concentration( % )

Fig.4 Exhaust oxygen concentration versus EGR
rate

FaER Qe FFE woln AUk e F
74k 2s o A sk go] EetatA 3, EGRE 9
Z7}ol G W7 HASE} AAYE o] o}
Wol 718717k 488 & 4 Utk o) HE uj
Sa2EE7t EGRE o] oy, &), 7w
S5 59 7| BAEHE BAV e HojF D
=3

Figsoll«= 7| #5338 25%, 50%, 75% % 1

359 EGRE3 v} 7|2k A v ol e] B
S E geprg 2 A Yeld Ao
gl 9lEtd w ) A A% T E EGRS©) 37}2}
= TR, EGR & HEY 39 7%y A
SE7F UM W) dATEE dARe s 7

L% ¢ T Uk

[y}
N

-‘Z‘amlru =

§S ruUt

.
i
S




roauc 1400
rwwews 16500

a4 — = 800

Fxh

0O, Concent (%)

i | N

I L

] ' W | Al A /A
}

rpm
rpm
rom
rpm

e

F ok !'i%
':HO, _o0C 25 %
201 oo 1200

oo A0

) et 1 SO0

0, Concent (%)

Feh
)
»

40

FRm
rpm
rom
rpm

r

58 W% nAE EGRY A%l By AT 81

oo | 200 rprm
T 16
L
I[_'.
C 17
C
(J
. B
-
, 4
£
o
L)

(b) Load 50 ®

20 - oo 1200 rpm
oweeo 1400 rpm
164 s 1600 rpm
40— 1800 rpm
e 2000 rpm

0 10 20 30 40
EGR (%)

(d) Load 100 =

Fig.5 Correlation between exhaust oxygen concentration and EGR rate with engine speed(rpm) as
a parameter at a given engine load

ol N A5 e, EGRE 488 %90
- } g 2o}

rR
2
m)*
£
1o,
rlo[;
o
- N
~
2
e
Xl
rE
o
0

ol o AAd A4

hJ
g
_cﬁi
£
Hi-|
Frt

S

ol Tl BEHIe] 9L 137 9
8%k dolet} Figes 7| #HF3E& 25%,

2 3
Bokth o W gME dAviye FUHE

5

|

Ae =g HgugHE
Al FEFH] #3lo] w2} o] NOHAELRE
| 13FR 71 W&o, £ A3l NOxFE

5

75% H 100%d 749 TGy vislE 7|93

ASEE Hetr|HZ 814 EGRE H3} o

0} 2}

LFER Zhole}, o] 2ol A EGR& 0] &7}l

wh2} Feke) o)t B urE oo A o) B EE Y

EGRZ7He] whe Zafe] Mo Hiigo] =
NegEE A e

4.3 UZRAH|Z

EGRH-EA] Qaav|&E ZASY) 93t 92

N
of
ro
R
4z
S
o
R

o -
-
[e}
it
it

p-f

o,
xL
u

AR FHAME A8 AN g0 FUAra o 7
2, 5§ EGRY F7He 93] o3t "oldth &4
23 EFHQ Hihe FIAHA gedn o)
EFF Stumpp T =AM E YAz
oA BMEP 1MPa, 7| #3] A4 % 1600rpm¥ 7 4,
EGR& 35% A Z7MA= A8/ AW|E&0] ¥z




82

-1

o - 1)

: [ vaweo 1200 rpm
] oot 200 rpm - oeees 1400 rpm
~ | e TH0U rpm o ] o4 1800 rpm
'E S —~——— 1800 rome '~ 08 N e 2000 rorm
oI e T
= ~ 7 ": 0.6 /
> ] > b
5 0.4 - 5 0.4 .—-———wsf”'ﬂqﬂﬁﬂﬁﬁaﬁﬁﬁﬁﬁi
~ y < )
=~ 0.z 02 7
:2 T o D,D-TT111rrtl[1111]tTrT|
9 ' 20 k10 4C 0 10 20 30 40
ST
~ oot o 0%
]
'O 0
o) )
=08 - 0.8
ad
0B 0.6 >eeeo 1200 rpm
2 > weeec 1400 rpm
5 0.4 5 0.4 s 1600 rpm
= o et 1800 rpm
—n 9 LW i s 2000 rpm
l:'l:} O.U]Tirl[TTllrlTIr]TIIT]
0 10 20 o0 40
EGR (%)

Fig.6 Correlation between eguivalence ratio and EGR rate with engine speed(rpm) as a parameter

at a given engine load

(d) Load 100 %

200 500 oeeee | 200 rpm
] O8O0 1200 rpm 7 8- -9-0 140[_} rp.r'ﬁ
_ﬂ _1 o—a -8 -8-0 1400 r;:){ﬂ L “' Al B 16[}0 rpn-l
L, q wwewa 1600 rpm { . -4 18500 rpm
: 4} +¢-o+4 1800 rprm ; 400 — —wwe JOO0 gelsg
HH'L H“‘h.,_ -
L B
O 300 - - S
i U";
: ;
200 trrrrr Ty 200 rr+v 71T v T T TR
0 10 20 30 40 0 10 20 30 4()
FGR (%) LGR (%)
(a) Load 25 % (b) Load 50 %
200 - oeeeo 1200 rpm 500": oeeeo 1200 rpm
. - }400 rpm ) o-a—-p—8—0 1400 rpm
gl e>ses 1600 rpm = - reess 1600 rpm
'g" - e 1800 rpm = : ++4+44 1800 rpm
v 400 A rrewa 2000 rpm v 400 A e 2000 rpm
™ l ™ )
= .
4 O -
E 300: B:] 300 ‘ )
1 - £ 0 .
ZOOIFIIIITrrr];;r—t[T,T]] 200 T T T T YT T T T Y T T T T
0 10 20 30 40 O 10 20 30 40
FGR (%) EGR (%)

(c) Load 75 = (d)} Load 100 %

Fig.7 Effect of EGR rate on specific fuel consumption(SFC) as a parameter of engine speed at a
given engine load



r] A 7
= ::"fl-c:. _
o] g AH|S W A
-k 1.1
EHE Bl S
H J%oﬂ H] i].}::. EG

g ) - -4 R—cq 0:]-,‘51
Q c::":’“ &) ©

P = 2

1. |
83

oL}
- ¥ :L > }\‘l__
AR © imcL‘D(H]Aﬂ%E' Alg]
ﬂ%éi}ﬂ?.%igﬁiﬂlﬁo] %7]-6']-1:]’_%%){}}‘%1:94 o
A X.- KL b = 3
A FEe 1= EGR&© L BT 71E g ZHHE #¢
:::.L__Hffa ] Dﬂﬁﬁx A Y| -E—H]/q"’l‘
= T 2] k= 74::*;- AU gof] 1 - | &0l F7}38le ;"’“'E:f}: 2HEog2 <l
ACERELE 2 3% LICE
7] -8 pegich = YEE -
= /t\]._g_fé,l_ }é]ﬁq tnt 4 JM_Q—E 01]-%_
o :3 I\J(:)}(tj}iéggﬁéégi

A]%Eﬂ{ﬂ;q 71] .
2 ﬂiﬁ; ; W el A EGR2

e s ;:imqf;;* T

ISR g8e 2 71R8A%

2 2Fo) -‘%‘-—&ZO% BEAAE cj & Fw 28, wE EHAT %f{#m chef -2}

HZ Cﬂﬁ}:; PA %371 rﬂi—‘ﬁ—o}hnﬂ]_ﬂl Tz A fo H NOxHHiT:” NOx#l &= =73 Gng EGR

28k wl X1 QA : | dgAHgoE A AT h??% EGR= E_?-, §= YEd

| &A%, EGRE = ZF A g 0] <, 538 1% o7kl mEt AA

=°] 40 *]oﬂ_.t;. lojj, 7l%ﬁﬁﬁ:; 1;100‘?"*}-‘ﬂ 73 2 of

- o 2 EGR”%OHA;N I"[Jm_%] Z] BE]

OXHH EX) 307‘—-‘]"'6_

o, 20%

MHi
Yt}
2 y0d
2 400
2 000
| 600
|\ 200 N
g0 sopen)
o [
znuurﬂﬂﬂ — -
2400 -
g GOOY '
XQ’Q { 50O -
Lzuu
0o~ I
. AN BN
N % '

(a) 1200 rpw

=,
.
-

M
{]r{'ﬂllln]

o 40l

2 400

2000 I

’q,ﬂﬂ'ﬂ = 1

, 200 "\ AR
s0aY
400

(c) 16
} 1600 rpm
- (d) 18
00 rpm

-
—_—r—
i

N{
e,
- . - = ----.—-“'-"_,_.F--'-H-r-. l“
T F oo
" . ---—-"""" L -
e = — -~ . S e
- o - "". N 9

z.nuu "

(e) 2000 rpm

& E
V e
S



EGRE%! A%+ 60%, 30% EGRS¢ A%+ 80
%, 40% EGRE&<S A%< NOXWMIEE 95% ©
d8 a7 U VI ASE 2000rpmol

e olHt o & BAaaRE Jehhn gtk
EGR& S @3o] mE NOxMEEe) 2284

2 LotR 7] gdA Figoollvw ztzte] 7| &3-3)o
JolA 73 HExEE euHE 7R S
EGRE&, Al25d NOxe =& HAI8] Bt} 1
Holl A 4 F AAE FEGRENA= o

o) -
AT

AHoz Rapr 242 FBYAETIt 271
TE NOxvi&E9 dAuize] @WolA|A|RH EGR
0] 30% & HAME 1% F3Fo] thi ¢k3)
do) B9 £YRe - Y B AEEAAE
EGRE 2] S7te] w2}l NOx& =7t A HAH
oz a8T, BaEL Rt 242, /B
HeExrt s7tedsE 3 & 4 U
3[}0’":
E 6960 1200 rpm
- :‘1 &850 1;83 rpm
- Syt |
EQDOG: LA, TBOO’ ;gnm_]
.
S
i 1000 -
:
—~— i
1 -
0 ™ T ™ ™
3 P 2C G 40
- o7 UE
SoLLoo 25 %
3*:-:::
- o0 1200 rpm
- Jeeee 1400 rom
: Sy £ E}OO rprm
E ?CCD: Fodw 1800 rpm
= < . arweryr 7000 rpm
=
x
>
< 10

'
y -

e 26 30 40
tCR (=

'
(C) Loca 7S %

NME EF #FE
o

of| A A éﬁl EL El?é-‘?-’-*}ﬂ =k b
A ¢ o EGRﬁﬂr?} A A
=7t T
s9le £ Hk e

_}{0

e
$AFol 2 S} F LA T 7| e EGR7boFe
gl e Mg W EGREC 2§ EGREO
2~9% Y A NOxFZ L& 20~30% &
T, o)W HAa AXVIART e A wiF
e W3l Utk

NOx& 2 E daA7lgid 98528 AMAMNYIE
=M AAVMAELEE HEIH FAY LR H
Mg Fole Aol [ ABARE o] B5 Hi

JDOO]
- Geeeo 1200 rpm
- cesaa 1400 rpm
- i} oririrard 1200 rom
_‘: 000 1800 rpm
52000: atewsete 2000 rpm
= )
. 5
O .
Z 1000
O
EGR (%)
(b} Load 50 %
3000
rom
rprm

— f'[::f'l"l

& 2000 it

-

=

> -
- ]
< 1000 1
O-rril]TI'l_Tlll']l]TT !

10 20 30 40
FGR (%)

(d) Load 100 =%

-

Fig.9 Effect of EGR on NOx emission characteristic as a parameter of engine speed at a given engine

load



2 e YA E S gE NEEe 27}
gl A% - @REAld NOxEE7l Z7hehs

AL M&o|7lo] WA ATto] Hed 1&
17]7] ®&olth, EGRE& ¥ 3o
NOxHl &%l 1= 42
:32”-—-}‘]'“1"1' %L-E: 93:fL_L_T:_I_Il16.13-2{1.26-~2931~34}0ﬂ 94;5-]_‘;5
EGRE &3t
YRrp e AaBEe Wbz Mg o) o
ZrkaeErt Fobxu, AxsErt Rl
NOx& =7F A eHA s ARE, G155t 3
AXMe ol ATHER Fito mapM &8
T AHadhs Ai7irE Eadua o
Fig10& 714252 (EGRAN #7148 % %/
BIEGR#] d71taEx)dd wWE NOxs® #a

o
X
e
)
L,
Ny

¢

~d

L.

Book @ o oge i

qr 2 of % rlo wml

T ARHEFHY LAbol7t wUHE

_1
. O
o @rge 27tz 9la) Noxd A &
&do] EGRAH-EA

= g 3ol =
M 71 Ak R R Ao WE NOxMEE 3
dAHsA T, F7ItREFETE 18% olFtE Ho

1.0 ’j
[
L &
n
0.8} a X
= n
@ » & p
o
& : - M -
c 06} . n
9 . o | o
't.;t .
S | - |
@ 0.4f -
O . (
Z oy .y
na
0.2
»
£
00 — - ®

0.5 0.6 0.7 0.8 0.9

inlake Oxygen Concentration{with EGR/without EGR)

Fig.10 NOx reduction rate versus intake oxygen

concentration
1.0
. ", .
- ’ _' . & n‘- -
at ‘ - L
o L
3 e
c .
% l_l-
'g »w *
E . .
o n
O
=
-
|
01 L L L I

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Exhaust Oxygen Concentration(with EGR/without EGR)

Fig.11
gen concentration

1

NOx reduction rate versus exhaust oxy-

1.0
u m
5 . I
Daﬂ ™™ [ | " l -
. .I . | m
@ -
c GG . = 2 N .
E . . " =
{_j m
L® ., l
€ 0.4} . f
3 o \
2 m " = . -
0.2 . aN =
: ] .- . .
DU — i - g — i B - - - 1
0.2 0.4 0.6 0.8 1

Equivalence Ralio(g)

1.2

Fig.12 NOx reduction rate versus equivalence

ratio



86

A NOxvll =& gk v 7|k ol 9

o}% ot HwWsa ok o A

> O

AT HAHHCE FAFSICH
Figl2v T2 2t NOx&%
i, dlelE7t &
ARk, ther gy

087 ol H3lE

rir

g e wA
A el 123717} 4AE
Qow

o)
%
3R} & FarE 080] st A NOxa & o
2

rd:
Ao g ARFo] T o] AA4R
S5 7F A3E NOxs 7t 44®

£

7 Azt

Iy

I

FY - 871% AHEAFY S 438 oA 73
AAX EGRE, ¥3F 2 7|#IAEEe 37 &

2% 3ol stetvlEE utH7HHEA EGRE©
AELHE 4 NOxlEE VA= FE

AR 2ASD, AL Ee} Fakud

tH &}
I} &

NOA 55 #A & ol @A o Autste the st

2 AHE dUTh

1) HAILEE A e o]&F NOBAd s =7}
4&1

@] 08~120A4 &
2) 71 A EEE 7@ dEr

G A Lo

4) EGRE&©

5)

=
VEE FolNLFES) WalEo] H AT,

el M

S} X

] &} 5} <

o}

6) EGR&°l S7igol w2t 7|4k sx

Gz A8 FEFH7E SEEF 7| A o]

BTt

St XA Tl 933 2 b A) (R ok
datAel o F3E AYE Wa 5o
T AGBAR A2 TAERHGL

X 1 F

. Bastenhof, D., and Lausch, W., "Environmental

Aspects in Medium-Speed Four-Stroke Diesel

Engines’, The Motor Ship, 13th International
Marine Propulsion Conference, pp.1~23, 1991.
TR YTy - L DEERR R
HABBEB &L Volos, No.893, pp.50~54,
1993.
. Wade, WR,, "Light-Duty Diesel NOx-Hc-Parti-
culate Trade-Off Studies’, SAE 800335, 1980

4. Wade, WR., Hunter, C.E., Trinker, F.H., and

Cikanek, H.A., "Reduction of NOx and Particu-
late Emissions in the Diesel Combustion Pro-
cess , Transactions of the ASME Vol.109, 426~
434, 1987.

RECE, TERHMR, s, /PNRIEE T B
o BErBEtmol vl BERBIERES] &
2holl BT FERAY WA, BN BB @5

#1675 4%, pp.60~77, 1992.
A% KR CE VT E
(FHES 7FEHBERRS] R
RS REEHY BHoT, BREKA
25~38, 1984.

M E, EEFKAE, AHRERS, BRE

1]

v

Ik

REaims RERE
U e |
TBERRE @t 8, pp.

e —

T4

LB 51T AEGR & @f§ D#lA & h s

F DBFRFHEDCET,
Vol.24 Nod, pp4l~—46, 1993

ARC, S B, CEEE A

Bl BiREEtid vXe A3
AETEIRZS S B8 mmEHn)
B EY 73fE, ppd2~47, 1994,

) 4% 10

=3

IS e FF

£} 4
"




10.

11.

12.

13.

14.

12.

16.

17.

18.

19.

. Eyzat, P, and Guibet, J. C, “A New Look at

Nitrogen Oxides Formation in Internal Combu-
stion Engines’, SAE 680124, pp.1~18, 1968.
HRE, DU L 58T, "7 4 — L IERBHDHE
SR, PERBERE Vol.11( 8 &) TE HIH#ERd O A
ﬁf‘:iﬂm), pp.120~ 127, 1972.

th bafy, 7 ¢ —ENVEERIOMEE &SRR
B”, PIBREERE Vol.11( 8 &h3E A R O E &
HES), pp.101~108, 1972.

Lavoie, GA. Heywood, J.B., and Keck, J.C,

“Experimental and Theoretical Study of Nitric

Oxide Formation in Internal Combustion Engi-
es , Combustion Science & Technology Vol.1,
pp.313—326, 1970.
Agrawal, D.D., and Gupta, C.P,, “Computer Pro-
gram for Constant Pressure or Constant Vo-
lume Combustion Calculations i Hydrocarbon-
Air System”, Trans. of the ASME, 1977.
Kamimoto, T., and Bae, M.H., "High Combus-
tion Temperature for the Reduction of Particu-

late in Diesel Engines , SAE 880423, pp.1~ 10,

1988.

FERE "SETORESERREILTLSTT
ABUIHT 29T, R T KRR R
X, pp2~6, 1989.

BY g, IR ENGE, "EGROMIE (B 13R) —
BARE S 28 & (BGR) & IR 4 A — KT
(G/F)IZ & 23E—" 3 555 #2%, pp.
156166, 1977.

Nakajima, Y. Sugihara, K., and Muranaka, S,
“Effects of Exhaust Gas Recirulation on Fuel

Consumption”, Proc. Instn. Mech. Engrs. Vol
195, pp.369~376, 1981.

Plee, SL., Ahmad, T, and Myers, ]J.P., "Flame
Temperature Correlation for the Effects of
Exhaust Gas Recirculation on Diesel Particulate
and NOx Emissions , SAE 811195, pp.75~91,
1981.

INEEAR, KRBT 4 —ENVEDEGRIZL S E
FEHEEENOXHIFI TR & 2 DFER", FHIREER
28, pp.17~23, 1989,

= EGRe| kol w3 A+ 87

20. Narusawa, K., Odaka, M., Koike, N., Tsukamoto,

21.

22.

23.

2.
20.

27.

28.

29.

30.

31.

32.

Y., and Yoshida, K, "An EGR Control Method
for Heavy Duty Diesel Engines under Tran-
sient Operations’, SAE 900444, pp.1~14. 1990.
Ohigashi, S., Kuroda, H,, et al, “Heat Capacity
Change Predict Nitrogen Oxides Reduction by
Exhaust Gas Recirculation”, SAE 710010, 1971
Tsunemoto, H., and Ishitani, H.,, “The Role of
Oxygen in Intake and Exhaust on NO Emis-
sion, Smoke and BMEP of a Diesel Engine
with EGR System”, SAE 800030, pp.132~ 140,
1981.

NEE, EEH, KEBRLL BER, T4 —
VR IZ 51T SEGRE @B DEAE b AL
£ 3 PERA M DS E", H 10 A& >
> RV LEEEE, pp229~234, 1992
IS, wAFESE, "HET -t
> DEGRAMRES K UBEA A28 2 5 &,
B ER MG RS EGHIRIE 392, pp.29~
32, 1989.

Diirnholz, M., et al, SAE 920725, 1992.
Stumpp, G., and Banzhaf, W., “An Exhaust Gas
Recirculation System for Diesel Engines , SAE
780222, pp.1~2, 1978

Walder, CJ., "Reduction of Emissions from
SAE 730214, pp.l~17, 19

Diesel Engines’,
73.

Mayer, A., and Pauli, E, “Emissions Concept
for Vehicle Diesel Engine Supercharged with
COMPREEX", SAE 880008, pp.77~89, 1988.
Nagai, T, and Kawakami, M., “Reduction, of
NOx Emission in Medium-Speed Diesel Engi-
nes , SAE 891917, pp.1—15, 1989.

SARIRE, "7 4 — €NV OEHE L & B A
PRIEHIGT ) EREERA 19, pp.32~40, 1980.
ih iy, “BREEEORSE, HABRBEEE
Vol95, pp.d7—50, 1992.

Chan, T.T. and Borman, G.L., “An Experimen-
tal Study of Swirl and EGR Effects on Diesel
Combustion by Use of the Dumping Method”,

SAE 820359, pp.193~202, 1982.




33. /NEIECD, “EISEAEOFBBR I T 35. Khan, LM., Greeves, G, and Wang, CH.T., “Fa-
ABRWE GE, Vol9s, pp.64~67, 1992, ctors Affecting Smoke and Gaseous Emissions
34, KEHR, "BIEEWOBE A AT, H AR from Direct Injection Engines and a Method

B &ac Vol.95, pp.72~75, 1992. of Calculation”, SAE 730169, pp.687~709, 1973.



