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Numerical Analysis of Combustion in a Compressed Natural Gas
Direct Injection Engine
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Abstract

Compressed Natural Gas (CNG) direct injection engine has many advantages for the reduction of CO, emission.
For further improvement of those engines, a numerical simulation technique has been developed for the analysis of
combustion process. Prior to an in-cylinder calculation, the wall function was modified to improve the accuracy of the
wall heat loss. Then the nozzle-to-cylinder entire calculation was performed. Good agreements were obtained in
comparison with the experiment for the behavior of impinging jets. This method was applied to the analysis of the
difference of combustion processes between CNG and conventional gasoline direct-injection engines. It is accordingly
found that the velocity and the turbulence of in-cylinder gas are increased by the fuel injection into CNG engine and
thus the combustion speed is enhanced significantly.
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Fig. 1 Combustion system of CNG direct injection engine.
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Fig. 2 Effect of wall function on the friction factor of
circular pipe (Re=90,000).
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Fig. 3 Calculation domain and conditions for steady
impinging jet (Re=70,000).
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. 4 Effect of modification of wall function on the
heat transfer of the steady impinging jet.
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Fig. 5 Effect of inlet boundary position on penetration

(jet edge distance from the nozzle) of jet.
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Fig. 6 Validation of impinging jet from the fuel injector.
(Fuel pressure : 5 MPa, ambient pressure:0.5 MPa)
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Fig. 7 Calculation results of mixture formation and combustion processes. Start of fuel injection is 32 deg and

ignition timing is 6 deg before top dead center.
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Fig. 8 Comparison of heat release rate between CNG and gasoline direct injection engine.
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Fig. 9 Comparison of total heat loss from gas to wall.

(DABFFERS S TIIE Re 2E 7 /123 HI N #E 7 72 8

RIFIR & 5B U 7= B ERER S &2 Mgt L 7=,
& TEE

M P

BEFRIS DUV TIE, AL TG L =8I

BOWTHAEDEERS LV y" OE) /NS BAF 75

RAERL, BN

R L7, GEAFEERICSWT

TS HITHFTOBERD D)

(2)@?

w -

&%ﬁﬁﬁf@%ﬂﬂ%’ﬂbf J R
W {Z'§H+%%?? 5 - &y uﬁ(ﬂﬁhé@ ZOWY

TEHEREDORW—HIR E’f%ﬂé Ldbinoi.

QULEDFEETIRANDIRS

SRR - BABER TR 2

FHAE UTRER, RBEEREE 2l < M IR R S K & U ME

I

1285 CNG HIET Y ¥V OB 2 T

TH LT,

>

-37-

SEICHR

(1]
(2]

(3]

[4]

(5]

(6]

KO 1E2, “EMCNG = v O
PR FHAH LA, 58-05, (2005), 7-12.
Nomura, Y., etal, “Numerical study of mixture
formation and combustion processes in a direct
injection gasoline engine with fan-shaped spray”,
SAE paper 2001-01-0738.

HE—Z I, “YLHW R T HIRER ST T
S (55 1,98 i~ ML ELR B RIS L 72 i
DET N | HAREW 7 Z0m X%, T1-711, B
(2005), 2725-2733.

Baughn, J. et al, “The effect of Reynolds number on
the heat transfer distribution from a flat plate to a
turbulent impinging jet”, ASME Winter Anual
Meeting (1992).

Craft, T. J. et al, “Development and application of a
new wall function for a complex turbulent flows”,
ECCOMAS  Computational  Fluid  Dynamics
Conference (2001), 1-20.

Jayatilleka, C. L., “The influence of Prandtl number
and surface roughness on the resistance of the
laminar sub-layer to momentum and heat transfer”,
Progress in Heat and Mass Transfer, 1 (1963),
193-330.

H

© 2007 The Heat Transfer Society of Japan



