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Abstract

Miller cycle was studied and analyzed by engine performance simulation to achieve very low fuel
consumption and to meet the IMO NOx regulation on a medium speed diesel engine. Based on the
performance simulation results the intake valve closing time for HYUNDAI HIMSEN 6H21/32
engine was set at Odeg ABDC(After Bottom Dead Center). Also, the simulation results indicated
that significant NOx reduction could be achieved with low reduction of fuel consumption. The
performance simulation investigated the effect of compression ratio and turbocharger on fuel
consumption and NOx concentration in combination with Miller cycle. The results indicated a
significant reduction of fuel consumption with keeping NOx concentration.

The results of performance simulation were compared with measured data to verify simulation
results. The comparison showed the maximum error was 2.34% in exhaust temperature. Also, the
experimental result showed that improvement in BSFC(Brake Specific Fuel Consumption) was

5.8g/kWh with keeping NOx level similar to simulation result.
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Table 1 Engine specifications
Direct Injection,
Engine Type Turbocharged,
6 Cylinder Diesel

Bore X Stroke 210 %320 mm

Rated Power 200 kW/eyl.

Rated Engine RPM 900 rpm
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Table 2 Comparison of experiment and simulation

results
Expe- Simu-  Error
riment  lation (%)
SFOC(g/kWh) 1928 1932 021
NOx(g/kWh) 10.52 10.559 0.37

Maximum cylinder

189.37 188.2 -0.62
pressure(bar)

Intake

pressure(bar) 3.8 3.79  -0.26

Exhaust
temperature() 4736 4831  1.97
Air flow rate(kg/h) 9097 8990  -1.19
Turbocharger RPM 49590 49658  0.14
20
deg. ABDC

Exhaust Intake

Valve Lift{mm)

° \

T T T T T T T T
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Fig. 4 The valve lift of intake & exhaust
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Table 3 Simulation result of the each case

SFOC NOx
(g/kWh) (g/kWh)
Case : : : .
Simul- Expe- Simul- Expe-
ation riment ation riment
1 Base 1932 1928 10.559 10.52
2 IVC 192.2 — 9.689 —
3 IVC,TC 191.3 - 9 489 -
4 1IVC,TC,CR 189.9 187 10 509 10.5
Table 4 Simulation results of case 4
Exper- Simul- Error
iment ation (%)
SFOC(g/kWh) o187 189.9 153
NOx(g/kWh) 10.5 10.509 0.09

Maximum cylinder

pressure(bar) 198.9 195.5 -1.74

Intake

pressure(bar) 3.86 3.874 0.36

Exhaust

temperature(C) 459.4 448.9 -2.34

Air flow rate(kg/h) 8920.8 9020  1.10
Turbocharger RPM 46614 47439 1.74
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