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Unsteady Analysis for Combustion Characteristics of
PRF75 Fuel under HCCI Conditions

Tae Kyun Oh and Su Ryong Lee

ABSTRACT

HCCI engines have mainly focused on achieving low temperature combustion in order to obtain higher effi-
ciency and lower emission. One of practical difficulties in HCCI combustion is to control the start of com-
bustion and subsequent combustion phasing. The choice of primary reference fuels in HCCI strategy is one
of various promising solutions to make HCCI combustion ignition-controlled. The behavior of ignition delay
to the frequency variation of sinusoidal velocity oscillation is computationally investigated under HCCI con-
ditions of PRF75 using a reduced chemistry in a counterflow configuration. The second-stage ignition is more
delayed as the higher frequency is imposed on nozzle velocity fluctuation whereas the first-stage ignition is

not much influenced.
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Alphabets x : spatial coordinate
A : amplitude Y : species mass fraction
¢ : specific heat Greeks
D : diffusion coefficient /A eigenvalue of the system
f: frequency A : thermal conductivity of the mixture
h  : enthalpy of formation 4 coefficient of viscosity
k : specific reaction-rate constant p : density
p  : pressure w reaction rate
T . temperature Subscripts
¢t time F: fuel
u : axial velocity k  : chemical species
vV : radial velocity O : oxidizer
W : molecular weight o : initial condition

%), Frozen solution(s 2 3l), Two-stage ignition(2% 23}, Ignition delay(ZF3}+] 1)
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Fig. 1. Schematic diagram of counterflow configuration.
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Fig. 2. Kernel temperature evolution for nonuniform
boundary temperature(Tr = 800 K, To =800 K ~

1,200 K) at u, = 90 cm/s.
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Fig. 3. Kernel temperature and ignition delay of PRF75
and PRF100 for nonuniform boundary tempera-
ture(Tr = 800 K, To = 1,000 K) at u, = 20 cm/s.
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Fig. 4. Kernel temperature evolution of PRF75 as a
function of time for different frequencies of ve-
locity oscillation at the nozzle exit for nonuni-
form boundary temperature (Tr =800 K, To =
1,000 K).
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Fig. 6. Temporal history of OH radical production rate of
PRF75 for various frequencies of velocity oscil-
lation at the nozzle exit for nonuniform boundary
temperature(Tr = 800 K, To = 1,000 K).
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Fig. 8. Ignition delay of PRF75 as a function of different
frequencies for velocity oscillation at the nozzle
exit for nonuniform boundary temperature(Tr =

800 K, To = 1,000 K).
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