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Numerical Study on Combustion Charaterestics in
a Constant Volume Combustor Having a Radical Injector
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Abstract

A premixed-compression-ignition engine has been studied to improve the efficiency and to decrease exhaust
emissions. However those systems have some difficulties for controlling combustion process. Radical is an
activated chemical species formed by a chemical chain reaction between reactant and product. When the chain
reactions occur, the energy bond of species is broken easily by the released radicals. The combustion chamber
of the premixed-compression-ingnition engine is consist of a main chamber with Jean premixture and a
subchamber with rich premixture. Those are connected by narrow cylinderical connections. With ignition start
in the subchamber, many different kinds of radical is jetted into the main chamber. The premixed gas in main
chamber is quickly burmned up by the radical ignition in multi-pionts. In this paper, the combustion phenomena
in a constant volume combustor having a radical injector are numerically analyzed. The some constants in the
reaction rate equation are adjusted by the experimental results tested in the same geometrical chamber. The
code is applied on the two combustors in a wide range of equivalence ratio. The results show that the
burning time is much shorter in the combustor having radical injecior.
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Fig. 1 Combustion process in premixed
self-ignition engine having radical

ingecter

%o Wael olsish A4, Ay W Wyl
e e P
olfolzich z2n FASA Ao NIHRE
xol7] fEiAe 24 84 Fdd g GFg 2
9 Aete] #E el 2PHYGTY

2 APAE SO AHE 489 AH o
SN FAs) Gulsl dsel e dat
5, 483 exud, 2% SoteEd AFES
Aol 7ol whel BA ekl gk

2.+ RY

shah g W ARRYE Fde dasioA

At A o g go] ndgdrt

8F mol] e WEREYAAE,
ap )
5 TV (onw)= M
A7lNA p,, o A2 dEF m AP
X, wue ¥4, D 84A44F e
ToE R ENE
“a“(‘a%y)'*k v - (puw) =
~p— AV (2/30)+V o+ F'+pg 2)

AqAM, pe Al gHol g HARGS
Aoz tgit o] NewtonianF A 2.8 &0},

o=l Vut+(v wT]—Av - wl ®))
o2 A A e

Q%%Q“*‘ v - (pul) =
~pV - u—v - Jtoet @+ @ @)
olv}, = welulRelAelx, A §4 J



el AE G 448 4H

Table I Values of the turbulence model constants

Cu | CI cz C3 | Pr., | Pr. Cs

0091441192 -1.0} 1.0 | 1.3 1] 15

Fig. 2 Calculation grids of Sl-chamber

Fig. 3 Calculation grids of RI-Chamber
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Table 2 Calculation conditions

Initial pressure 05MPa
Fuel n-Heptan
Equivalence ratio e=06~13
Main chamber 476cc
Volume
Sub chamber 3ce
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Fig. 4 Pressure of chamber by changing

equivalence ratio without radical
injector
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Fig. 5 Temperature of chamber by changing
equivalence  ratio  without  radical

injector
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Fig. 6 Pressure of chamber by changing
equivalence ratio with radical injector
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Fig. 7 Temperature of chamber by changing
equivalence ratio without radical injector
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Fig. 12 Pressure of chamber by changing
equivalence ratio 30ms 40ms
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