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A Study on the Optimization of Fuel Injection Nozzle Geometry for
Reducing NOx Emission in a Large Diesel Engine

Wook-Hyeon Yoont - Ki-Doo Kim* -+ Ji-Soo Ha*

Abstract : Numerical simulations have been carried out to investigate the effect of nozzle
hole geometry on the combustion characteristics of the large diesel engine, 6S90MC-C.
Spray and combustion phenomena were examined numerically using FIRE code. Wave
breakup and Zeldovich models were adopted to describe the atomization characteristics
and NOx formation processes. Predictions on the cylinder peak pressure and NOx
emission were first verified with the experimental data to confirm the reliability of
numerical calculations. The comparison results showed good agreements within the
range of 0.64% and 4.6% respectively. Finally. the effects of fuel spray angle and
diameter on the engine performance were investigated numerically to find the optimum
nozzle hole geometry considering fuel consumption, NOx emission and heat flux of the
combustion chamber wall. It was concluded that the combustion gas recirculation in
cylinder by changing fuel injection direction is an effective method to reduce NOx
emission by about 10% with increasing fuel oil consumption, 1.4% in a large diesel
engine.

Key words : Fuel Spray Angle(9F%2AP43), Nozzle Hole Diameter(xZ & #7). Droplet
Breakup Model(3# 2% d), Fuel Consumption(€9]), NOx(ZAA3IE)
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2.1.1 998 ¥<¢ X9 (Droplet Breakup
Model)

& ®ARE S1sted Reitzrh A4 @
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71 blobse EWolA @A EE ErAE #%
(wave)d] A (wavelength)ol 2 AA =
Aty B¥ o3 7L & AAstgct,

Rayleigh:
2 0.33
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2.1.2 NOx A4 =24 (NOx Formation
Model)
NOx A48l ¥g v7h&E2 €3 NO 44
2¥3l= extended Zeldovich W7 &S A}
3to] o3 Zo] EHEE 4 QT

oo o

O+ N, & NO+N (5)
N+ 0, © NO+ O (6)
N+ OH < NO+H (N
NOE G371 0.9 &2 A&7} oF7 363
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A E,
k/z BNOTN]? exp(* RT) (].0)

7M. k=AY BSE, By =HAASF
Ano=pre-exponential factor, E.=843} ol
Hz, R=4W71A144, T=xolt

A =2 o] NOx
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Table 2 Engine specifications

Engine 6S90MC-C
Table 1 Summarization of sub-models Bore 900 mm
Physical phenomena Model _ Stroke 3188 mm
:E:Zi—iﬁ?ifpingement iﬁ:feirz?iﬁ Connecting rod length 3270 mm
Drop drag Schiller & Naumann'® Load 1007%
Drop evaporation Dukowicz'” RPM 76
?zr%&ﬁg%gmence Dukowicz'™ Initial Conditions 4;;4_83135801{
Ignition Theobald & Cheng® Fuel Injection Rate 196.9 g/cylinder/cycle
Combustion Eddy breakup"" Injection Start -1.4° ATDC

Zeldovich(eqn. (9)]
Gosman & Toannides'™"

NOx formation

Turbulence dispersion
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Fig. 2 Fuel spray angles
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Fig. 3 Predicted and measured cylinder pressure
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Fig. 4 Predicted and measured NOx production
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Table 3 Fuel spray angles of each case

Hole No. 1 2 3 4 5
Case 1| 01163 | 138 | 112 | 105 | 83
(ref) | g, | -12 [ -16 | -11 | +1 | -8
f,]213 138|112 | 105 | 83
Case 2
G9|-12|-16 | -11 | +1 | -8
f,] 200|143 | 112 | 105 | 83
Case 3
8, -19  -16 | -12 | +1 | -8

Case 1(ref.)
4
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5 1o
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»

Fig. 6 Top view of the fuel spray direction
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