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Effect of Fuel Nozzle Configuration on the Reduction of NOx Emission in
Medium-speed Marine Diesel Engine

Wook-Hyeon Yoon®, Byong-Seok Kim™, Sung-Hyup Ryu™, Ki-Doo Kim™" and Ji-Soo Ha™"""

Abstract : Multi-dimensional combustion analysis and experiment has been carried out to investigate the effects of the
injector nozzle hole diameter and number on the NOx formation and fuel consumption in HYUNDAI HIMSEN engine.
The behavior of spray and combustion phenomena in diesel engine was examined by FIRE code. Wave breakup and
Zeldovich models were adopted to describe the atomization characteristics and NOx formation. Wallfilm model suggested
by Mundo, et a. and auto-ignition model suggested by Theobald and Cheng were adopted to investigate the spray-wall
interaction characteristics and ignition delay. The information of spray angle and spray tip penetration length was extracted
from fuel spray visuadization experiment and the fuel injection rate profile was extracted from fuel injection system
experiment as an input and verification data for the combustion analysis. Next, the nine different nozzle configurations
were simulated to evaluate the effect of injector hole diameter and number on the NOx formation and fuel consumption.
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Fig. 2 Comparison of simulated and measured spray tip
penetration with the variation of ambient gas density
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Table 1 Tested nozzle configurations

Nozzle Nozzle Injection

Dia. X No.| exit area Area change duration
(m] | [m) o [ns ]
0.28X 10 0.6158 -23.44 4.3982
Diameter of| 0.30X10 0.7069 -12.11 4.0741
nozzle hole| 0.34X10 0.9079 +12.89 3.6111
0.36 X 10 1.0179 126.56 3.5185
Ref. 0.32X 10 0.8042 O(ref.) 3.75
0.32X08 0.6434 -20.00 4.3519
Number of | 0.32X09 0.7238 -10.00 4.0278
nozzle hole| 0.32X11 0.8847 +10.00 3.6574
0.32X12 0.9651 +20.00 3.5185

NOx A7He 918 = F4 Aol AHEH A =e
A8 51291 FIRE S/Wolaz, a4 thAk <1791 Hyundai HiMSEN
A9 AFFE Table 20 UERARATH

Table 2 Tested engine specifications

. Direct injection, turbocharged,
Engine type . . .
6 cylinder diesel engine
210mm X 320mm
160 kW/cylinder
Compression ratio 17

720 rpm

Bore X Stroke

Rated power

Rated engine speed
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