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ABSTRACT

To meet the Tier-4 emission standard, a variety of combustion technology in the field of off-road engine has
been applied in conjunction with the engine after treatment technology. In this study, as the basis study for
applying VGT and HPL EGR to 3.6 L CRDi engine, exhaust gas characteristics and fuel economy charac-
teristics are confirmed in accordance with VGT and EGR operating conditions. Consequently, in the EGR
applicable conditions, 60% VGT vane duty condition was confirmed that the trade-off characteristics between
NOx and smoke are advantageous. In addition, in view of BSFC, VGT vane duty is considered desirable to

control at around 50%.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Specification of test engine

Type 4 stroke/4 cylinder
Displacement volume [cc] 3,621
Bore x Stroke [mm] 98x120
Intake system TurbogizfzzﬂinT)’
Type of fuel injection CRDi

'
Pressure, temperature |
measurement system |
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Table 2. Experimental conditions

Parameter Level
Engine speed [rpm] 1600
Torque [Nm] 90 130 170 210
Fuel quantity [kg/h] 411 | 544 | 694 | 839
VGT vane duty [%] 40, 50, 60
EGR valve position [%] | 0, 10, 20, 30, 40, 50, 60, 70
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Fig. 2. NOx emissions with respect to EGR rate and VGT vane duty(load ; 90 Nm, 130 Nm, 170 Nm, 210 Nm).
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Fig. 3. Smoke emissions with respect to EGR rate and VGT vane duty(load ; 90 Nm, 130 Nm, 170 Nm, 210 Nm).

%ol

AIH= NOx A7k ZHefA 41 EGR xﬂ<>1 zja: T
A Al 9 EGRE&S Q3l= Ao, wre glaore
A EGR B /HEE Zo|x v¥o] vlmd 8|3}
ot e, NOx A2 913t EGR&9] 571 ¢
HE W8 A VGT H]l /=& &3] EGR Aeh&
Pt A E w7 7kA A Sl A FEjH o]
et dctEch

Fig. 32 2} VGT #|Ql Zi:eeflA] EGRE s}
w2 Smoke HjE E4S UERdH 8= 0|t} Smoke
#l% 4L Torque 130 Nm ©]4F 270 A] EGRE&
S7tell whah 7] A Aol B kel Zro] EGR
-% T7]-01] m]-q Ax B ]-;<~l Ul Ag/d Soot u]oﬁ)\
o] jloz F7igtch E3 Smoke HiE-S 5% EGR
L J|zoR FEFIE AL Holo, o]yt &
A A Y Atk Bgof 7]9lste] HaKd
2%) Z7ho] whel Smoke HjEHo] F50] AlZHE]

£ EGR&o| wrobgo] helgltt.

"l £4 A EGR 1] xq 2710 4] AF 30 o4

o7 golE Fgdor, dm EAbgo] HlnA AHu
oo & EGR 7k Wf At o] HlaL A £ A
B3} o 21(90 Nm)ol A= VGT H[Ql 7Hwof w2 o

apo] w]m| &}, Smoke % 5%
o malth.

E3F VGT ¥]2l A= duty Z7}o] m}% whZor
Z7}o] we} Smoke HjZo] Zh4s 4
Smoke ¥} %] Z7}-&o] 32 3] 7}0}71 A|2ts
EGRE W3 %olx| #3g welth oj: 3
#12] VGT-EGR Ao} A2k 74 A el e
x40 et gebA s Smoke W& H5 Aol
olstofof iz A& LhehdiTh

o
D)
ot

ulup 2o
T =

001'
mlo
L )
-0,

[r
I'
o oft
4o ﬂt Rorlr ko

-

3.2. AZl 25t
BSFC EM
VGTEGR 7| H4o] e Ansug S4L
Fig. 4¢f YeF it} BSFC(Brake Specific Fuel Con-

1= H EGR MEo 2



Off-road§- H AN A4 9] VGT 2 EGR 2ol 2 Q1 7] o o] 54 37} 5

290 \
280

BSFC [g/kWh]
>
o
1

250 —=— VGT vanc 40%|
—&— VGT vane 50%
240+ —&—VGT vane 60%f——
230 :'I;
0 T T T T T T T T
0 10 20 30 40 50 60 70
EGR valve position [%)]
(a) 90 Nm
290
280 —8— VGT vane 40%
—8— VGT vane 50%

§ 270 —&— VGT vane 60%
=
5h 260
Qo
Z 250 T e
2 250

240

230 T

o T T T T T T T T
0 10 20 30 40 50 60 70

EGR valve position [%]
(C) 170 Nm

BSFC [g/kWh]
g
1

290

—8— VGT vane 40%
—®— VGT vane 50%
—a&— VGT vane 60%

EGR valve position [%]

(b) 130 Nm
290 -]
280 -|
1 —&— VGT vane 40%
= 270 —&— VGT vane 50%
z —A— VGT vane 60%
Et 260

=
£ 250 A

240 +

230

o

0 10 20 30 40 50 60 70

EGR valve position [%]

(d) 210 Nm

Fig. 4. BSFC with respect to EGR valve position and VGT vane duty (load ; 90 Nm, 130 Nm, 170 Nm, 210 Nm).
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