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Abstract

The paper examines the possibility of a combustion similarity in diesel engines by
computer simulation. In a previous work the authors analyzed fundamental equations
which govern combustion phenomena in diesel engines, and predicted the possibility of
combustion similarity in different sized diesel engines. The numerical analysis was
conducted with a 3-D simulation program, KIVA, with some modifications. Compari-
son was made for engines with bore sizes from 125 to 400 mm under a variety of
conditions in combustion chamber configuration, injection speed, swirl speed, and
engine revolution. The results showed good agreement with the theoretical prediction.
Development of temperature and fuel concentration distributions were very similar

when theoretically predicted conditions necessary for the similarity were established.
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\/—\/ Table 1 Simulation conditions
~_|. Deep Dish Shallow Dish
I
A B C D E F

,/i\\

Dmm | 125 260 400 125 260 400
u m/s | 104 217 167 208 217 167

e n rpm | 1000 | 1000 500 2000 | 1000 500
Deep Dish nD/60u, | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02
Nz 4 4 4 10 10 10
SR 2.0 2.0 2.0 0 0 0
160° Ag* CA|-10~-2 | ~10~-2 | ~10~-2 |-10~16.2}-10~16.2}-10~16.2
/\ dp mm [5.0X107°(5.0X107|7.1X107%3.5X107*|5.0X107%|7.1x107°
. . VE/Vh [1.4X107%(1.4X107°(1.4X107°(9.3X 107°(9.3 X 10(9.3 X 10"°
I A 2.02 ) 2.02 ] 2.02 | 2.83 ) 2.83 | 2.83

MODEL*| F,1 | F,1 | F,1 | F F F
At | 0.01 | 0.01 | 0.01 | 0.05 | 0.05 | 0.05

* F: Full Donor Cell, I Interpolated Donor Cell

i

Shallow Dish

Fig. 1 Simulated combustion cham-
ber configurations
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Fig. 2 Indicator diagrams and rates of heat Fig. 3 Example of weak spray penetra-
release of the simulations, compared with tion, which is one of the poor simu-
an actual engine: deep dish, D=125mm, lation of KIVA: 18deg. ATDC,
up=104 m/sec, BMEP=(0.5MPa, n=1000 shallow dish, D=400mm n=1000
rpm, rpm, BMEP=1.5MPa, Cd=0.1*Cd

(normal), At=0, IDC model.
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Fig. 4 Comparison of temperature distributions for different
sized diesel engines: 18 deg. ATDC, deep dish, nD/
60 ue=0.02.

Fig. 5 Temperature distributions at differ- Fig. 6 Comparison of temperature distribu-
ent sets of engine revolutions and tions for different sized diesel
injection speeds at same nD/60 u, : engines with shallow dish chamber :
18 deg. ATDC, deep dish, D=260 18 deg. ATDC.

mm, nD/60 u,=0.02.
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conditions of A, B and C 20 ) 30
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Fig. 8 Changes in temperature distributions Fig. 9 Comparison of indicator diagrams
at higher fuel injection speed; A= and rates of heat release for fuel
-10~-2 deg. with smaller nozzle injection speeds and periods.

diameter than Fig. 5 (top), and
Af=-10~-6deg. with equal nozzle
diameter(bottom): 18 deg. ATDC,
deep dish, D=260 mm, u,=434m/s,
n=1000 rpm,
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Fig. 11 Comparison of velocity
vectors for different swirl

Fig. 10 Changes in temperature distribu- ratios: 18 deg. ATDC,
tions at higher swirl ratio than deep dish, D=125 mm,
Fig. 4: 18deg. ATDC, deep dish, Ug=104m/s, n=1000

SR=4.0, nD/60 up,=0.02. rpm.
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Fig. 12 Temperature distributions with a Fig. 13 Comparison of indicator
at 4-hole nozzle in shallow dish diagrams and rates of
engines: 18deg. ATDC, nD/60 u,= heat release for number
0.02. of nozzle holes: shallow

dish, D=260 mm, u,=217
m/s, n=1000 rpm.
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