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Effects of Nozzle Orifice Diameter and Injection Pressure on
Two-Stage-Injection Diesel Combustion Simulated in a
Constant Volume Vessel

Naoto HORIBE, Kazuki YOSHIDA and Takuji ISHIYAMA

This study aims to clarify the process of PCCl-based diesel combustion with two-stage injection.
For this purpose, the effects of fuel injection conditions (injection pressure and nozzle-orifice diameter)
on heat release rate and NOx formation process for various fuel amounts of pilot injection and various
injection intervals between pilot and main injections were investigated using a constant-volume vessel
under an ambient condition, which provides PCCl-based combustion with longer ignition delay
compared with diesel condition. The results show that, in the case of small pilot-injection quantity and
short injection interval, high injection pressure makes over-lean mixture of pilot injection and long
ignition delay of main-injection fuel. In the case of large pilot-injection quantity, longer injection interval
shifts the combustion from the mixing-controlled mode to premixed mode with reduction of NOx mass.
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Table 1 Injection conditions

Nozzle-orifice Injection Injection duration of
Case diameter pressure single-stage injection
dy (mm) Pri (MPa) (ms)
(A) 0.18 170 2.05
B) 0.20 120 2.32
(C) 0.20 170 1.76
F I Joo1 &
0 =
d NN/ 10017
%1300} ;7*—. <
1100 ]
[T S —— 12
3 d 1105
L N P, Jog =
[ —— (A)0.18mm, 170MPa 106
~——— (B) 0.20mm, 120MPa o
r (C) 0.20mm, 170MPa / 104 5
r 102G
P TR S ‘,:_n e L o () o
Injection duration

3 -2 A 0 1 2 3 4 5
t ms

Fig.1 Pressure, temperature, and heat release rate for
various injection conditions (Single-stage injection)
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Fig.2 Pressure, temperature, and heat release rate for
various injection conditions (m,=1.95mg, #,=2.0ms)
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Fig.3 Pressure, temperature, and heat release rate for
various injection conditions (;=1.95mg, £,=1.0ms)
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Fig4 Pressure, temperature, and heat release rate for
various injection conditions (7,=1.95mg, #,=0.5ms)
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Fig.5 Effects of injection conditions on maximum heat
release rate and hot flame delay from main injection start
(m;=1.95mg)
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Fig.6 Pressure, temperature, and heat release rate for
various injection conditions (7,=3.9mg, £,=2.0ms)
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Fig.7 Pressure, temperature, and heat release rate for
various injection conditions (7,=3.9mg, #,~=1.0ms)
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Fig.8 Pressure, temperature, and heat release rate for
various injection conditions (7,=3.9mg, #,=0.5ms)
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Fig.9 Effects of injection conditions on maximum heat

release rate and hot flame delay from main injection start
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Fig.10 Shadowgraph images and heat release rate
(m=1.95mg, #,,=0.5ms, Case (A))
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Fig.12  Shadowgraph images and heat release rate
(m=1.95mg, t,,=0.5ms, Case (C))
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Fig.14 Shadowgraph images and heat release rate
(m=3.9mg, t,,=0.5ms, Case (B))
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Fig.16 Effect of injection conditions on luminous flame
area (Single-stage injection)
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Fig.17 Effect of injection conditions on luminous flame
area (m;=1.95mg, #,,=2.0ms)
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Fig.18 Effect of injection conditions on luminous flame
area (m,=1.95mg, #,,=0.5ms)

e
£ 2000 F
« 1000 F
(%) 0 »
- dn Py 7 110 g
——(A) 0.18mm, 170MPa 05
~—— (B) 0.20mm, 120MPa 100 o
C) 0.20mm, 170MP 2
. 8 ; . Injelction (Ijurati?n .
3 -2 -1 0 1 2 3 4 5 6 7
t ms

Fig.19  Effect of injection conditions on luminous flame
area (m;=3.9mg, t,,=0.5ms)
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