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Abstract : The HCCI engine is a next generation engine, with high efficiency and low emissions. The engine may be
an alternative to Sl and DI engines; however, HCCI's operating range is limited by an excessive rate of pressure rise
during combustion and the resulting engine knock in high-load. The purpose of this study was to gain a understanding
of the effect of only initial temperature and thermal stratification for reducing the pressure-rise rate in HCCI
combustion. And we confirmed characteristics of combustion, knocking and emissions. The engine was fueled with
Di-Methyl Ether. The computations were conducted using both a single-zone model and a multi-zone model by
CHEMKIN and modified SENKIN.

Key words : HCCI(ol| &35 #17] 2+3}), Pressure-rise rate( ¥ =5 %&), Knocking(:=7), IMEP(E T &4 =),
Ringing Intensity(:=73 7 =), Thermal stratification(<=-= 4 &3}, DME(T] ¥ € of €] £), Multi-zone model (<%= 4]
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Nomenclature CA10: & &Aool 10%7} =+ A3
CA50: & &HA &2] 50%7} ¥ += A 4
CA90: & A &2] 90% 7} =] += A 4

ol- [ ol-}ll

HCCI(homogeneous charge compression ignition):
o & aFetE=x)7] =)ol 7l

PRR(pressure rise rate): 4=l/d<&

: LM E

LTR(low temperature reaction): #-<A+3}1k-3-
HTR(high temperature reaction): 31-24F&}dk-3- HT AsAF R AL 7S Mg Qg
TW(thermal width): 2% A 53} = A A ek w71 7k = 918 S A vl el aLE
IMEP(indicate mean effective pressure): S AujEA o] T oA H AL AT of| &AL
EAHTFEerE 2 3H(Homogeneous Charge Compression Ignition, ©]
RI(ringing Intensity): =7 7= 3 HCCH RS F H3o] sl 4= Qe NZ2S
N A4 A 0 2 M, HCCI Al 38 fSn] 2
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Table 1 Fuel properties

Name DME n-Butane Iso-Octane
Molecular formula| CH3OCH3 C4H1o CgHag
14,143 26,504 47,832
Lowheatvalue |\ im® | keaim® | kcalim®
Cetane number 55-60 <10 <10
Low temperature 200 5o =
reaction(LTR) 10-30% 0-5% 0-5%
High temperature 0 0 0
reaction(HTR) 70-90% 95-100% 95-100%

x|Zoll CHEt =AL

2. AlZ2o|M

B ATl A= Sandia 2 @A A Al
KIN29} W3 ¥ SENKIN Z 2732 0]%8]—
T Z7(single zone model) F-E == A
(multi zone model) 7} $=X] A4S 3FA Tt A
AE-E Aol 2 theke] Yammar @715 7 <]
& Table 20]] A5 0} ek A AR F7
7} 23l A5RE wfr] et ey
AhE ATk o g o] oF S 7 w1 g 7
AR RE 7

A 7hne] A B4

= old7IAI(Y el L, &
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2 XL 2

_]N

17}

=

=
= o — H 1, -
w2 setege el #dsta /e
ok A o) bR ens F olux] nEy
(4)E ol-&3to] ALtataAtt
Pv=nRT ()
dT dv
CW+P(1 +qREAC‘ 0 (2)
dm
N
E(nz . sz Tvu)
e 1
T, N 4
- e,)
i=1
N: Number of zone
ni: Number of moles
Cy,i: Specific heat at constant pressure of ith zone
Table 2 Engine specification
Displacement 1133 cc
Bore 112 mm
Stroke 115 mm
Connecting rod length 205 mm
Compression ratio 216
Number of valves 2
IVC 48 deg ABDC
EVO 312 deg ABDC
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Calculation Start at IVC

Al

Constant Pressure Change in each Zone
with CHEMKIN2 and SENKIN

L

" Change In-cylinder Volume
by Piston Movement in each Zone

A A

Equalizing
In-cylinder Gas Pressure

Calculation End

h EVO 7
YES

Fig. 1 Algorithm flow diagram for multi-zone model
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Fig. 2 Definition of athermal width
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Fig. 3 Definition of combustion duration



Effect of Thermal Stratification for Reducing Pressure Rise Rate in HCCI Combustion Based on Multi-zone Modeling

SHA|RE T2 g4 o] <X, Ay
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max

dP/dtmax: maximum pressure rise rate
Pmax: maximum pressure

Tmax: Maximum temperature

v: CJ/Cy

R: gas constant of air
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Crankangle, #[deg]
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15 L L 1 L h
dP/dt

129 -34mPaims "-‘—‘—._\_\_9
dPldt L e

94 =22MPaims  —= !
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Heat release rate,
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Time after compression start, t_ [ms]
Fig. 4 History of pressure, temperature, heat release rate and
combustion duration under single zone calculation
results
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Crankangle, 8[deg]
51 42 33 24 4 -6
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Time after compression start, t. [ms]
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Fig. 5 Radica history at initial temperature of 293K under
homogeneous temperature condition
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Fig. 7 History of pressure, temperature, heat release rate and
combustion duration at average initial temperature
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Fig. 8 Maximum pressure raise rate and Ringing Intensity at
average initia temperature 273, 293, 323, 353, 413
and 473 K with thermal stratification under multi zone
calculation results
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Fig. 9 CA50 and IMEP at average initid temperature 273,
293, 323, 353, 413 and 473K with thermal sratifica-
tion under multi zone calculation results
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