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Abstract : A flywheel-driven rapid compression and expansion machine is developed and utilized for experimental
study of homogeneous charge compression ignition combustion. Compression ighition of homogeneous charge in I1C
engines offers possibilities of realizing ultra-lean engine operation with greatly reduced NOx and particulate formation.
Fundamental investigations are carried out in order to better understand this ideal engine combustion mechanism.
Perfectly premixed propane-air mixtures of various equivalence ratio are compression-ignited in the rapid compression
and expansion machine, and the charactetistics of the auto-ignition and the following combustion process are analyzed.
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Table 1 Specifications of RCEM

Description Specifications
Bore (mm) 100
Stroke (mm) 450 —‘
Combustion chamber disk
Displacement volume (cc) 3534
Compression ratio 8~23
Top clearance height (mm) 61.8~17.5
Max. speed (rpm) 200
Crank radius (mm) 225
Connecting rod (mm) 900
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Fig. 1 Shape of combustion chamber in RCEM
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Fig. 5 Cyclic variation of motoring pressure in RCEM

Sx1¢P

— 1st_cycle
2nd_cycle
~—— 3rd_cycle
~— 4th_cycle
Sth_cycle
-~ Bth_cycle
— Tth_cycie
310 { — sth_cycle
—— 9th_cycle
- 10th_cycle
—— Average

4x10 4

2010

Pressure (pa)

X1

-50 .40 .30 -20 -10 0 10 20 30 40 50

Crank angle (deg)
Fig. 6 Cyclic variation of firing pressure in RCEM

3. o4 HE

l]S.

ZH) o

3.1 &st7| M=

23] FL3 2579 o4& AP L 95}
o} Fig. 75} 2+:&- A 8-27) &3 2x2 F48kath
71 3 Z(Vacuum LTD, JOD-10)9} t] =& vjix

=
Digital
manometer

1
=i

BRCEM

Fig. 7 Schematic diagram of mixture preparation system



Development of a Rapid Compression Expansion Machine and Compression Ignition C

1] (Yokogawa, MT110)E Al-8-3lo] £317] e =1.9]
WEE Hl& Fof] 249 =7k dgaet 37 E
2 2 A A Ashe FE e E1E A5
ok E37)E A4 AE Aol 31F o] A4 A
vzl sto] gk T3-S # 3kt

A4 A S 9138t RCEM2] Ao £V &
A& ol = £V E AT i} F-AFsHAl RCEM
2 XFPEE v tHof &3]

32 Aslgize} x7io| MH

498 ARE $HE BAH EQ)Y Az}
ol @ 7k A7 A A4 BY F4o| e
3} A TRWCH)S APsig e Zagel

F 8 EA]L Table 29} 2t}
Table 29] 33l ez BE Tage iR} =
|9} 27] EF7] 2504 = &3t v}
g AL A4e 4 9lth. RCEM Ul 5-¢] 9F=o]
g ot& o3 wdu|= 1302 gdAsln
1A ske) ARE 4E Br)e) 2o uaw %)
7 2571307C, 55T, 80°CY o) eEn]= A4
7} 22,16, 12 o]/¢o]ojok Z 2 ko] 435 28}7) Fhs
3tk RCEM2 A4 o g3 S £ ¢
HAlx o | 2E o 7S F3lr] Y] Ha ¢
FH1E 198 Ager] Wil 27] T =&

Olf rlo

Table 2 Selected properties of fuels

Property Propane | Gasoline | Diesel
Molar weight (g/mol) 44.09 ~110 ~200
Cetane number <10 - 40~55
Octane number (RON) 112 92~98 -
Stoich. A/F ratio (kg/kg) 15.67 14.7 14.6
Boiling point (C) -42 | 30~190 | 180~370
Lower calorific value (MJ/kg) 46.35 432 42.7
Autoignition temperature(C) 470 456 250

Table 3 Conditions of experiment

Fuel Propane
Compression ratio 14,16, 18
Intake temperature 557, 80C
Equivalence ratio 0.1,0.2,0.3,0.4

Speed 100rpm
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