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A Study on Effect of Intake Charging Conditions upon NO Emissions in a
DI Diesel Engine Using Engine Cycle Simulation
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Abstract

In this study, a cycle simulation using a two-zone model is carried out to investigate the effect of
intake charging conditions such as oxygen concentration, temperature and pressure on NO
emissions in a DI diesel engine. The model is validated against measurements in terms of cylinder
pressure, torque, BSFC and NOx emissions with 2902 cc DI diesel engine. Calculated results can
be summarized as follows. The oxygen concentration in the intake charge is decreased with
increasing of EGR rate and equivalence ratio. As the intake oxygen concentration is reduced, the
combustion pressure and the burned gas temperature decrease and, as a result, NO formation
decreases. Also, the results show that as the intake pressure increases and the intake temperature

decreases, NO emissions are effectively reduced.
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Engine type

in-line 4 cylinder

Displacement Volume

Compression ratio

Valve timing

2902 cc

Bore x Stroke 97.1(mm) x 98 (mm)

17.5

TIVO : BTDC 26°
TIVC : ABDC 50°
TEVO : BBDC 50°
TEVC : ATDC 10°

! Item Specification MT
i DI Diesel engine, |
i

E
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Table 2 Engine operation condition (2000 rpm)
Engine load

Condition
75% 50% 25%

Intake air pressure (kPa) 162 142 127
Intake air temperature (K) 328 328 328

’Injected fuel r.nass 491 36.4 93.0
(mg/cycle - cylinder)

Injection timing (BTDC) 12° 12° 12°

EGR (%) 0 0o 0

_—
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A0 3000 340 380 420 4F0 S00 240 En
Crant. anglet degree)

Fig. 1 Comparison of measured and calculated
cylinder pressure at 2000 rpm, 75% load, no
EGR
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Fig. 2 Comparison of measured and calculated
Torgue, BSFC and NO emissions at 2000

rpm.
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B3GR e (%)
Intake charge composition for various EGR
rate and equivalence ratio
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Table 3 Fuel properties

) Item light diesel heavy dieselﬁ
| Formula CiossHises  CraeHaes
Lower heating 42 910 41,400
| value (kd/kg) (kd/kg)
Stoichiometric A/F 14.38 14.5 _J

Cylinder pressure(bar)

360 370 380 390 400
Crank angle(degree)

Fig. 5 Effect of Oy concentration on cylinder
pressure at 2000 rpm, 75% load

Bumed gas temperature(k)

340 360 380 400 420
Crank angle(dearee)
Fig. 6 Effect of Oy concentration on burned gas
temperature at 2000 rpm, 75% load
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Fig. 7 Effect of O5 concentration on NO emission
2000 rpm, 75% load
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Fig. 8 BSFC vs NO trade-off curve for different
injection timings at 2000 rpm, 75% load.
Ojconcentration was varied from 22% to
17%
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Fig. 9 Effect of O3 concentration on NO emissions
for different fuels at 2000 rpm
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gas temperature at 2000 rpm, 75% load

Intake charge temperature(°C)

Effect of intake charge pressure on NO
emissions at 2000 rpm
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