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Abstract : A cycle simulation method is developed by coupling a commercial code, Ricardo's WAVE, with the
SENKIN code from CHEMKIN packages to predict combustion characteristics of an HCCI engine. By solving detailed
chemical kinetics the SENKIN cede calculates the combustion products in the combustion chamber during the valve
closing period, i.e. from IVC to EVO. Except the combustion chamber during the valve closing period the WAVE code
solves thermodynamic status in the whole engine system. The cycle simulation of the complete engine system is made
possible by exchanging the numerical solutions between the codes on the coupling positions of the intake port at IVC
and of the exhaust port at EVO. This method is validated against the available experimental data from recent literatures.
Auto ignition timing and cylinder pressure are well predicted for various engine operating conditions including a very
high EGR rate although it shows a trend of sharp increase in cylinder pressure immediate after auto ignition. This trend
is overpredicted especially for EGR cases, which may be due to the assumption of single-zone combustion model and
the limit of the chemical kinetic model for the prediction of turbulent air-fuel mixing phenomena. A further work would
be needed for the implementation of a multi-zone combustion model and the effect of turbulent mixing into the method.

Key words : HCCI(3+ % &%} % 2}3}), Detailed chemical reaction mechanism(4} A 3+851-& v A1) &), Cycle
simulation( <l 214 5 XA}, Single-zone model(+ g 9§ & =), CHEMKIN package(# 71 2 7] X))

Nomenclature 1.M&E

HCCI : homogeneous charge compression Ignition HCCI 1A & &=2ks) 2HEA) dzld 57}
IVO/IVC : intake valve open/closure EELEES Y US B ol FAasE
EVO/EVC : exhaust valve open/closure 2 odEZe] wiEHs U4 R 2Y F U
EGR : exhaust gas recirculation R W Fol M2 24 T3 ARG L2 B2t

CFD : computational fluid dynamics I gk B HCCI A2 89 A EQ7I7F 5
' REg W ALH AANA FA| iAoz ALyt
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Fig. 1 Schematic representation of the methodology used in
a WAVE-SENKIN coupled code

WAVE CHEMKIN
Variables Variables

Fresr11 Air 02, N2 > 2(2)
F z(3)
CH4, C2H6, C3H8, .
Vapor Fuel CO2, N2 o
F2 o
Bumed Air
F3 )
Burned Fuel The rest species .
F4 except for F1, F2 .
Liquid Fuel J :
F5 2(54)

Fig. 2 Schematic diagram of the variable mapping in
WAVE-SENKIN coupled code at IVC in the case of
no EGR (For natural gas in Table 1)
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CHEMKIN @ WAVE
Variables Variables

After combustion, After combustion,
residual fresh air, F1
the amount of
ZCHa After combustion
Z(C2HE) | g Iculated fro
ZEC3H8; residual vapor fuel, F2 F?aFczu ?::d F4 7:'5
2(CO2) at IVC and F2
2(N2) after combustion
F3
in the SENKIN
variables of 53 Burned Fuel
species F4

£5
Fig. 3 Schematic diagram of the variable mapping in

WAVE-SENKIN coupled code at EVO (For natural
gas in Table 1)
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WAVE CHEMKIN
Variables Variables

Vapor Fuel Vapor Fuel Z(CH4), Z(C2HS),
F2 F2 : Z(C3H8), Z(CO2), Z(N2)
\ Vapor fuel
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- . the Mixture
Burned Air Fa 2(02), Z(N2)
F3 ;
+ . Fresh air
Burned Fuel Fa %FGR n the
Fa . Mixture 2(CO2)cp. Z(H20),p
Liquid Fuel F5 2002)cp: ZN2)ep
F5 Combustion
products

Fig. 4 Schematic diagram of the variable mapping in
WAVE-SENKIN coupled Code at IVC in the case of
EGR
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A Cycle Simulation Method for an HCCI Engine using Detailed Chemical Kinetics

Table 1 Compositions of the fuels used

Table 3 Operating conditions of the engine without EGR

Fuels Components Vol.(%) No EGR Cases Case 1 Case 2
Methane 99% Methane CHa, 99.0 Fuel Methane 99% Natural gas
AN S Propane | CaHs 10 Engine speed 1000 rpm 1000 rpm
Methane CH,4 91.1 Equivalence ratio 0.3 0.379
Ethane C,Hs 4.7 Compression ratio 19.8:1 19:1
n-Propane C;Hg 3.1 Intake temperature 169°C 150°C
Natural gas Nitrogen N, 0.6 Intake pressure 1 bar 1 bar
Y 0
Cavon o, [ BGR) 0
dioxide

Table 4 Operating conditions of the engine with EGR
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Table 2 Engine specification EGR Cases ] Case 3 Case 4
Engine type Volvo TD 100 series Fuel Natural gas Natural gas
Displacement 1600 cc Engine speed 1000 rpm 1000 rpm
Bore 120.65 mm Equivalence ratio 0.43 0.8
Stroke 140 mm Compression ratio 18:1 18:1
Connected rod 260 mm | Intake temp. 150°C 180°C
EVO 39°BBDC(at lmm lift) Intake pressure 1 bar 1 bar
EVC 10°BTDC(at Imm lift) EGR(%) 3 43
VO 5°ATDC(at 1mm lift)

IvC 13°ABDC(at 1mm lift)

Valve lift(Exhaust) 13.4 mm gz7olH, EGRE X &st= Aol izt dP=
Valve lift(Inlet) 11.9 mm 718 Table 40l st up.>15 9

Valve dla(Exhaust) 50 mm E‘ ﬁ:lloﬂ /q p /\] =) Lﬂ Qt“;_ ;q_%_}_i}_ }\] %:-1" 34-1—_,_ CQ_
Valve dia.(Inlet) 46 mm

d A& T o2 AE Ao s e ALh
Figs. 5, 6-& Case 13} Case 2] AXrZ2 D2 282
> Vel mm Rojokh g Az A B ) 23}
ARLE AFsHA «lSFstn Qo =3l T b
&3 HogE-e AP A7) v 7 B=3HA
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Fig. 7-& Case 1, 24 OH o) ZHe Vel Aot}
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d

Pressure(bar)

{ —— Experiment(Ref. 15) :
; ] -— WAVE-SENKIN without EGR
0 1 1 i i 1 L i
-40 30 20 10 0 10 20 30 40
CAD

Fig. 5 Comparison of the predicted and measured cylinder
pressure for the Case 1 without EGR
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Fig. 6 Comparison of the predicted and measured cylinder
pressure for the Case 2 without EGR
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Fig. 8 Comparison of the predicted and measured cylinder
pressure for the Case 3 with 3% EGR
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Fig. 9 Comparison of the predicted and measured cylinder
pressure for the Case 4 with 43% EGR
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