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Advanced One-zone Heat Release Analysis for IDI Diesel Engine

Suk-Young Leet - Gyu-Bo Kim* - Choung-Hwan Jeon** - Young-Jun Chang#:x

Abstract : An one-zone heat release analysis was applied to a 4 cylinder indirect
injection diesel engine. The objective of the study is to calculate heat release accurately
considering the effect of specific heat ratio, heat transfer and crevice model, and to find
out combustion characteristics of an indirect diesel engine considering the effect of the
pressures in main and swirl chambers. Especially, specific heat ratio indicating
combustion characteristics is adapted, instead of that indicating matter properties,
which has been used in former studies. Moreover, by adaption of blowby model, cylinder
gas mass became accurately calculated. Therefore, with ideal gas equation, calculating
cylinder gas temperature, it was found to affect heat transfer loss and heat release.
Determining heat transfer constants Ci, C2 as 0.6 respectively, the integrated gross
heat release values were predicted well for the measured value at various engine speed,
full load operating conditions. The curve of heat release rate was similar to SI engine
rather than DI engine. That is originated from that swirl chamber reduce an instant
combustion which occurs in DI engine due to ignition delay on early stage of combustion.

Key words : One-zone heat release(@%d%99 @UA=), Indirect injection diesel engine(Zt
HEAM] tAAA), Specific heat ratio(¥EH])), Crevice model(EA2E)
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Table 1 Specific heat ratio at combustion &
expansionz)

Xpj|combustion process .
expansion process

o 3% 18% 33%
0.4 | 1.312 1.343-3.653x10°T
0.7 | 1.290 1.290-1.200x10°T

0.9 |1.282 1.280 1.2801.289-1.523x10°T
1.0 [1.280 1.275 1.275|1.282-1.349x10°T
1.1 1.283 1.283 1.2831.302-2.213x10°T
1.2 11.291 1.293 1.298)1.299-1.885x10°T

gk Akt ARG E  Table 19 A
Fa3 Heywood?7b AAIS e 278 4
(15), (16)= A3t Table 19 HgY = 2
gl st Ak At gdgyg I A
Aol AR FA e ek ? =i A Pe A
7} 78kete] Aag Algse d¥Y 1% 9E
o) Zviste XA FUE, B4 AR
Aol daAl A RAYEY 10% vlgre] GaA
o] el = Hzo ARE Fokth,

7=1.36779+2.80888 10 * T .—7.20647 10" T*

+5.25826%x10 0 T 2 —9.46447x10" % T *
—2.22475%x10 7 T

for compression process (14)

y= 1.32237 +0.0368097¢ —0.20936 42— 0.130612 ¢°
for combustion process (15)

y=1.2935 — (4.99964x10 ~4) — (0.0695 + 1.615¢)x10 > T

for expansion process (16)
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Table 2 Engine specifications

IDI diesel engine
Swirl chamber

Engine type
Combustion chamber

Displacement cc 2662
Swirl chamber cc 72
BorexStroke mm 93.0x98.0
Compression ratio 21.5
Max. power PS/rpm 80/4000
Max. torgue kef - m/rpm 17.5/2000

=

O
N

TiLet

@ Engine, @ Dynamometer, @ Low pass filter
Amplifier Rectifier, @ Pressure Measurement
(CAS), ® Swirl chamber pressure sensor, ®
Main chamber pressure sensor, @ Pieto tube
sensor, Fuel mass measurement, @ Exhaust
analyzer & smoke meter

Fig. 2 Schematic
equipment

diagram of  experimental
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Fig. 3 Pressure comparison between main and

swirl cylinder at

2000rpm
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Fig. 4 Specific heat ratio at 2000 rpm
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Fig. 5 Specific heat ratio at 2000 rpm, full load
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Heat release, J

Fig.

Heat Release Rate, J/ideg

Hear Release, J

IDI H&7)139 Ade &

2000 rpm, fuel energy

450
Crank angle, deg
6 Heat release versus crank angle at full

load. Where 1, 4, 7 denote the heat
release wusing the specific heat ratio
studying by Chun and Heywood, and 2,
5, 8 denote the heat release using the
specific heat ratio by the function of
cylinder gas mole fraction and
temperature, and 3, 6, 9 denote the heat
release using the specific heat ratio
adapting 135 at full load, and 1000,
1500, 2000 rpm, respectively.

50

——Load 0%
- - --Load 25%
Load 50%

T T
380 400

320 360
Crank Angle, deg
Fig. 7 Heat release rate at 2000 rpm
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Fig. 8 Heat release at 1000 rpm, full load
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Fig. 9 Heat release at 1500 rpm, full load
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Fig. 10 Heat release at 2000 rpm, full load
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