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An Experimental Study on Performance and Exhaust Gas
in a Heavy-Duty Diesel Engine with Cooled-EGR
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ABSTRACT

It is a present situation that the control on automobile emission is getting more restrictive and also the
regulations for emission are changing greatly up to level of those advanced foreign countries. Specially, it
has been many years that exhaust gases from gasoline automobile rather than from diesel is the major
object concerned by Korea and other countries, and it is strongly required on the reduction techniques on
harmful NOx and PM among those compositions.

Thus, this research focused on the Exhaust Gas Recirculation (EGR) and the target for this research is
heavy-duty turbo-diesel engine with Cooled EGR.

Furthermore, this research has been made efforts to accomplish the regulation on emission for heavy
duty diesel engine.
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Table 1 Specifications of test engine

Model DAEWOO D1146T

Type In-line, 6 cylinders

Fuel injection Direct injection

Aspiration Turbo-charged

Bore & stroke 111mmX 139mm

Compression ratio 16.7 : 1

Displacement 8,071 cc

Rated power 132kW / 2200rpm

Max.torque 696Nm / 1200rpm
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1. Dynamometer (AC, 630kW) 2. Heavy-duty diesel engine
3. Dynamometer control desk 4. Intake air flow meter
5. Throttle actuator 6. Fuel temperature controller

7. Ol temperature controller 8. Air pump analyzer
9. Exhaust analyzer 10. Pen recorder

11. Smoke meter 12. Mini dilution tunnel
13. EGR valve 14. Blower

15. EGR cooler 16. Muffler

17. -1,2,3,4. Thermocouple

Fig. 1 Schematic diagram of experimental system

2,

Ezjo} AVLAL, APA DYNO), Wj&7t2x ZH %
%] (HoribaX}, MEXA-9100D) % EGR A|x®lel
TAEE Fig. 19] YehiAt

EGR Al2®l& BEAA HUETA HZ
A TR 77 AE AeBAT)E ALF
Y Alxgoz, EGR7bE £E Z3HE 9I5A
w718 Zo $924 EGR 29 F7)1# =
£ EGR 7t2% $HE 9% =20}, EGRES
zAshe Mg AX st EGRFIL F50
2 Alolsty o, EGRE&E v A3 Zo|,
ojzdelel A7) FrlFe| i EGRO ol
A7 A2 AARSYH

p=fE>N =y

|

40— 4a
qo

A7)A, goE Hlol= AEle] FUF7) Hkehr),
g, = W77k Aeda) e FU 7] Hkg/hr)o
th 718 $ARPoRE ABIAFLE 1000
rpmo]l A BB 2200rpm7FA] 400rpm® W SHA] T
WA, F-3F 25%, 50%, 75% R 100% Z7el|A
38 Zo} ok A7l AbejolA] 302 £t Hlo]E

EGR rate=



Cooled-EGR diFt}A7|#e] A R wi7I7k2ol B3 4384 47

% fl‘_J](:L ﬂ‘%%ﬁ_ ‘é_]-gi]:} EGR%TO: 0%5 10%7 w0 @~ Load 25%
20%2 7ztzte] A4 R Ratzdd me = g = o Load75%
< Load 100%
Asle wo)x Ao} vlul BT S |
O P——m
‘u/; 200 | P et
3. Z2u ¥ B &= ©
180
24 e EM Base 10 20
3.1 J1& 45 4 EGR Rate (%)
3.1.1 JI1& &8 (a) 1000rpm
Fig. 2= tgt)Ad7]#e) Cooled-EGRA| ] 20 s
e wE 7T € JTE dolry] 9 g = Lona 75%
.oad 100%
a4 7lE A5, EGREME A Fapzdel | T
Aol £¢ A7 e otk ageld & 9 | I
[77]
s g%o] 7| wolxAteist vjwste) EGRE  © =} _—
o] 20%Z7}aol wel 1000rpme] 7% 8%, 1400 180
pme] 7S 4%, 1800rpme] A$- 1% T 2200  EoRRaem ?
mpmo A 0.1%FE9] &% T Ao e (b) 1400rpm
g & YA ol HFITtEAEEHo R dAi -
ol Mag dxFe] RFay) Wron Awd = i
= oad 759
o dAHez B i) A9 20%9 3 [ e omgon .
EGRE Aol W& %72 23 1000 rpm S
'S
oA 8%HEZ 20% EGREo] Z¥o] mX: 8 20 g
JFe 27 dee ¢+ Ak _
Base 10 20
3.1.2 g AHI= EGR Rate (%)
(c) 1800rpm
Fig. 32 Z} 713 3]4<7(1000, 1400, 1800
2200pm)s A 3 9 EGRE] we ARy Mg o
goll AE FHE UEhd A9 Aot 2 g | XENE
YelH mE B ol 7 M} FAFAN  F | e ~°
L(i 240
160 2 20 vl
_._1000] a—-—-—-—-:::g————___'____-"—'—*
o } > 1800 20
. -+ 2200 Base 10 20
2 r - EGR Rate (%)
g - (d) 2200rpm
g 100 —
& o Fig. 3 Effects of cooled-EGR on specific fuel consump-
— . tion of load at each engine speed
60
Base 10 20
EGR (%) EGR&©] 0% 4] 20%3 75 3holl met A 53t
Fig. 2 Effects of cooled-EGR on brake power of en- FANMET frte] Adu2vlE FEE Relx
gine speed at full load NRF GHAME ot ABLH]E ok F

HoA m5%. 2001 3



FGE - 984 - 2]
o] EIES B 4 Utk ol ARl A o —
- - 500
c@rtaol o3 F7) LE Aol 24 U1 e
— 400 —— Load 100%
f29lo] o] AgiHE Ao aglo] HARL 3 o
aRSIME AeErted g 7 5 4 8
sEOE d2g9 o3 2 F7)9 AirFE 100
. . _  — e
Aol g WHAAIE ARalel Ays YU =—
Base 10 20
Al a9t AgiFoR olx ALY FH EGR Rate (%)
I GEY 2EE AaA e EEAsE (2) 1000rpm
zdetA Ha 1 Y xR ARee F 200
FAs % T/ AsiHE o8ty 5 84l 160 EEZZE;E%
olgtxz werEth FX|wE AAH o B 2wl 2 Load 100%
7 AEE We masm med B A" S .
[&] [ 0~ ©
#He o= 3 20%71A9] EGRE H 3o wl o -
e slge] el mAE 9% vlrsin i —~ R
0
% _"r‘_ 9\}1\]4. Base 10 20
EGR Rate (%)
(b) 1400rpm
3.2 HDIOtA §4
200
— —@- Load 25%
3.2.1 LgEA 160 tEgzggg;’:
Fig. 4= EGRE Z7) me 7asass Sy T
pebd QasErsl WHE dehd ol g 5574:
AQEA dEdgAr|@oas Coe 7)1#3A w} e —3
4 Wl 2 9T WA Fom R o
wet 2 Ao|7t o] AFatet sl M F Bese EGR ,;;te % ?
2 WiEEY 50% = 75% F-etEoAe () 1800rpm
. 4L mAFH, ZF JRIAFE 7E ”o
©% EGRE g w2 CO $#43%e 49 190F o Lond so%
B EGREo] Z7hde) wWeh comgde 3w I//
FFehA T 25%sF 100% HatAjol s FA3 7} &
Sa 50% % 75% BaAelE 1 F7hgo] & s
xtolE HolA FE AFE HAFa Ut o] wlb
2g A vy JAGERY SA4ZAH 0 — ” "
o mj¢ v A AHE BAFT 3 EGR Rate (%)
S ¢ F Uk (d) 2200rpm
Fig. 4 Effects of cooled-EGR on CO emission character-
=LA
3.2.2 BelsA istics of each engine speed by various load rate
Fig. 5& 7]1#3444, #3128 2 EGR&H

£o wWE THC WEEAE YEhL ok I
Poll Al B vle} o] AFEA T A7
oA 7|#3]AGe] THCE 7|33 -5 &

p
L

x|
=

4 &

SE R SRS 3

Aglel W@A RE 7@ AFAA w5
e £99 ABYAFANE MwY

sazddd ol MERE ¢ 5 Aok £

ETO]

MR



Cooled-EGR T A7 2] A% @ wi7l7kso] #e 484 A7

60
—8~ Load 25%
~&~ Load 50%
—&— Load 75%
= 40 ~= Load 100%
<
2
s \-———-———I
E ol
= 20
[
Base 10 20
EGR Rate (%)
(a) 1000rpm
80
~@— Load 25%
—&~ Load 50%
—a&— Load 75%
—~ 40 =~ Load 100%
<
=
2
[&]
E 20
0
Base 10 20
EGR Rate (%)
(b) 1400rpm
80
~@— Load 25%
-~ Load 50%
80 -#— Load 75%
— =¥ Load 100%
<
2 40
Q
T
-
20
0
Base 10 20
EGR Rate (%)
(c) 1800rpm
100
& Load 25%

80 =&~ Load 50%
=&~ Load 75%

== Load 100%
60 p

40

THC (g/h)

20

Base 10 20
EGR Rate (%)

(d) 2200rpm

Fig. 5 Effects of cooled-EGR on THC emission character-
istics of each engine speed by various load rate
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Fig. 6 Effects of cooled-EGR on NOx emission character-
istics of each engine speed by various load rate

WA EGR&o] wE Smoked] W3tg iehdl
A3 o Zeld. Fig 7@ %% 2 F3knich
#o| 27| BAEE 7]Fo 7 st EGRES 20

6 IIXNSKS

=
=23

o
b

60.0
-~ Load 25%
-8~ Load 50%
=+ Load 75%
:\'o‘ 40.0 -~ 1 oad 100%
¢
o
(% 20.0
s
0.0
Base 10 20
EGR Rate (%)
(a) 1000rpm
40.0
-8~ Load 25%
-8~ Load 50%
~ 300 F = Load 75%
3 ~+~ Load 100%
g 0.0
S 20.
£
w
10.0
0.0 e
Base 10 20
EGR Rate (%)
(b) 1400rpm
30.0
-~ Load 25%
-8 Load 0%
— ~> Load 75%
¥ 200 } % Load 100%
¢
[«
£
vy 100
0.0
Base 10 20
EGR Rate (%)
(c) 1800rpm
200
-~ Load 25%
& Load 50%
15.0 &= Load 75%
I -~ Load 100%
)
£ 100
[}
£
@ —________*———‘————-‘
5.0

0.0

Base 10 20

EGR Rate (%)
(d) 2200rpm

Fig. 7 Effects of cooled-EGR on smoke emission character-

istics of each engine speed by various load rate

%= oAl mEt FahE 25 %ol M= 50%,
50%9 M 123%, 75% A 150%, 100%el A
v 165.9%3 =] S7HFE, (D] BF Fet



Cooled-EGR th3tjdA 7 ge] A

w7 7had] B AEA AT

& 25%0l A= 70%, 50%9)AE 80%, 75%°1A] . - Load 25%
= 268.1%, 100%] 4= 268.2%A %] Z7}17 300 EE??EE’Z%
G (c)e] AL HIHE 25% A 84.6%, 50% g w00 b
AL 172.4%, 75%0NA= 220%, 100%o0A]E= =
741%8 29 AL, (D B¢ a5 1000 é,__//"
WA 46.4%, S0%SNH L 60.3%, T5%ol A 00 : =
86.5%, 100%ANAE 104.1%3 5] Z7 A4S i EGR I;:te(%) ’
BAFH, Fig, 7914 Smoker FE 100% &= (@) 1000rpm
Z04 B wEEHY 7)BIAAFT ey 00
5 A EES & 5 U ol vjnd A < Caday
HFY B ARBAIEEY IHAFE WA f vt
o e PAGHE AA £ AFEA A5 we
Zheirh. £ FdI ATl e EGREo] F7b T e
42 Smoke7t 7151, 53] 100% F-3ko] E —
AN FZ2% FU7ME Bojn 1 olf& ARt A 00 Base 10 A* 20
o} Hepaah E5be] oa) AAHA Argol EGR Rate (%)
Ae7r 4oz HAggtt () Hiem
150.0
3.25 RS < Lonaon
Fig. 8¢ 71%3 A4S 1000, 1400, 1800, 2 g™ :tg;-%/
2200rpm o 2 A F Aefell A 7 7|3 d 5ot s
o} REEL 25, 50, 75 2 100%2 H3RAA 7} >l .
WA EGR&| & PMe] #WslE e Ax 0 - —
2 zolt). Fig 8(a)e] A 7t Hajul} wo] fese EGR Rute (%) “
27|34 71E2R 3t EGRE&ES 20%E (c) 1800rpm
AaAol wElk B3 25%, 50%e] M= A e o
H3l7) gle Ao Jehdth 75%o A= 161.6 < Loaazon
%, 100%1 M= 310.7%Px=2 571432, (b) _ oo} e Leadroow
o A% Rahg 25%, 0%olAE Al Wt §
Ao, 75% A 249%, 100%<A= 381.7% R o /4
ARe) 2ARFE, ©F AL Fahg 25 % =
50%ell e Ao #Ert glon, 75%Ae 763 00 =
%, 100%A A= 1273%A 59 Z7143e (42 EGR Rate (%)
A9 B3 25%) e Ao Wl ¢lon, (d) 2200rpm

50%0 A= 74.9%, 5% A= 114.9 %, 100%0] Fig. 8 Effects of cooled-EGR on PM emission character-
M 1200429 F7HE S¢S HoErt Fig 8
ol A PM2 7|#3| A4 BEpE 2 Smoked} &

istics of each engine speed by various load rate

I HIEEEE BT, A @y FHY, U & AE 2200pmo] 7+
oA PME ARSIHTHE 1RtA v =2 PM EFE HAFI

Hod M5%. 2001 7



F9E - 284 - 247
WEE 540 B KIVA3ITEE o] &3}
o ki FAHAL APe Foto] de AREZ
£ o - FAR A bdSd 2 288 AUtk
< GR 10% ~ N
S o S 1) EGR&o] 274 ue} 29, dming
E ” 2002 Regulation % E}_‘}J\" Dgoi ]L} EGRE‘ 20%77]'7(] ]“C].'}‘ -]"3‘
o o AE Gl B Ao vehwth
’ ? : ° ° 0 ) AR 27A(0%~50%) 4] NOxe] A7
NOXx (g/k\Wh) _ A 5 I
LS mko»} 7k JlBEAFAN B
Fig. 9 Emissions result at D-13 mode driving conditions slgo] =782, EGRE o] Z7M8H4E NOx
A&l §A43 F7HHE AL & T ATk
@4, Cooled-EGR# g m& PME ECGRE 3) B A76)A EGREO| ma 20024 Nox
o) IHUFR Tk AL & S AW ayueg v 23k EGREo) 10% 7
ol SmokeHzte] UAT FAF ol FH  FaxQl 6.0gkWhye 20%d AL AT T
R A x2] F 65~70%(3.9~4.2g/kWh)7}A| WHEg+

3.3 EGRE0I 28t NOx2 FAXIS 2H
2 AFolA EGREO] 93 NOxeoF 2002

U AR g BAE dotE7] H3l S
d@atFe] Wi 887]¢d D-13RER 43

g 23S Fig. 9o Uehigich 29N BHE

2o} Zro] NOx¥= EGRE©°] 10%Y A9 4
A2 6.0(gkWhyg, 20%d Z-5-& ;T TAIA
9] oF 65~70%(3.9~4.2g/kWh)7} 2] sl A

o7 YEgt 13y PME A e 9
A ALEANY DPFA| 2R3 2 7714
A Eo] HaHolok & 7o F AtuHTh

4.

2 &

8,000cc2] thaE] 1o A 7] ol A
Nxd Hgo] e v|# A Z

2 AT
Cooled-EGR

8

RS ASEE =2

e
T

1)

2)
3)

4

3)

Ve & T AN
Zdagd

BYE YUE RAE 08N oY
‘e A7|H M EGRA ] o194 %

9 &7k B &g A7, pp.236-
241, KSAE2000-03-2036, 2000.

g2 9] 19), “ARUA7| B, pp.1-10, 1998,
HABHBEMI N, “HBEEONOXEREKI
B A HSERESE", pp32-59, 1996.

P. Zelenka, H. Aufinger, W. Reczek and W.
Cartellieri, “Cooled EGR - A Key Technol-
ogy for Future Efficient HD Diesels”, SAE
980190, 1998.

M. Lapuerta, J. J. Hernandez and F Gimenez,
“Evaluation of Exhaust Gas Recirculation as a
Technique for Reducing Diesel Engine NOx
Emissions”, IME D05698, 2000.



