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Influences of fuel additives on the low temperature reaction of
DME HCCI engine
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Since dimethyl ether(DME) that is synthetic fuel
attracted public attention as alternative energy of
gas oil and clean energy, many researchers about it
have studied and forecast increase in its usage' .
On the

compression

other hand a homogeneous charge
ignition(HCCI)

substantially studied because it offers a number of

engine has been
benefits such as much lower NOx emissions,
higher combustion efficiency and zero particulate. If
DME is applied alone to HCCI engines, combustion
pattern is separated 2 parts as a low temperature
reaction (LTR) and high temperature reaction
(HTR). The LTR and HTR are known as cool
flame and hot flame, respectively. The problem in
DME-HCCI engines
because the start of LTR is fast, resulting in
knock. In order to introduce DME to HCCI engine,

i1s a smaller engine load
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some technologies were needed like to control the
LTR. Then reduction
introduction of exhaust gas recirculation (EGR) and

in a compression ratio,

some kinds of additive are applied in order to
control the start of LTR. More than all, NG could
extend the engine load range of DME-HCCI
engines. The reason is clarified that a low cetane
index of NG controls the start of LTR"™™. In this
study, Methanol(MeOH) and Gasoline(GS) having
different a cetane index beside NG were adopted in
the DME-HCCI engine, its effect on LTR of DME
was accomplished experimentally.

2. EXPERIMENTAL APPARATUS
The tested engine was a single cylinder
high-speed naturally aspirated direct injection diesel

engine, the type NFD 170-(E) manufactured by
YANMAR in Japan. The principal particulars are
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shown in Table 1; the bore is 102 mm, the stroke
1s 1056 mm and the compression ratio is 17.8.
Properties of test fuels are shown in Table 2. DME
is 99.9 % in purity. NG is a city gas named “13A”
in Japan, which consists of about 83 % of CH4 and
others of CoHs, CsHg, and etc. MeOH is the one for
an industrial use with 99.9%
available on the market in Japan. The cetane index
of the base fuels were about 60 for DME, 0 for
natural gas, 3 for methanol and 15 for gasoline

mpurity. GS is

respectively. The cetane index of blended fuels is
calculated based on each mole fraction of DME and
fuel additives as following formula.

Table 1 Specifications of tested engine

Engine type YANMAR
NFD170-(E)

Cycle 4

Cooling system Water

Bore x Stroke [mm] 102 x 105

Displacement volume [cc] 857

Compression ratio 17.8

Maximum power [kW/rpm] 12.5/2400

Table 2 Tested fuels properties

DME MeOH | NG GS
Chemical CH;0- CHs | CsHs
structure CH; CH:OH etc etc
Cetane index 60 3 0 15
Molecular mass 46 32 19 106
wt.% Carbon 522 37.5 75.0 | 87.7
wt.% Hydrogen 13.0 12.6 250 | 123
wt.% Oxygen 34.8 49.9 0.0 0.0

Clyena = Mpryp > Clpyp + Mygq X Clyyy (1

where CI is the cetane index and M is the mole
fraction of each fuel, add. in subscripts means each
fuel additives.

A fuel supply system is shown in Fig. 1. DME
and NG were charged into a mixing chamber
upstream of the intake manifold at the pressures of
0.12 and 0.1 MPa respectively after measuring each
flow rate. MeOH and GS were injected along the

axis of a suction pipe through a single gasoline
injector with a pressure of about 0.5 MPa. In the
combustion test system, attention was paid for
obtaining a homogeneous charge as possible. The
combustion tests were carried out at a constant
engine speed of 12005 rpm and constant intake
The intake gas
pressure at the engine inlet was adjusted at the

gas pressure of 0.1013 MPa.

pressure by using the
The  intake
temperature at the suction port was adjusted to the

standard atmospheric

motor—driven  blower. charge
specified temperatures of Ty = 40 and 60 + 0.5°C
by using electric heater installed upstream of the
suction pipe as shown in Fig. 1. An equivalence
ratio of each fuel was changed at several engine

loads available.

Blower

,% <— Intake Air

Thermocouple

Methanol &

@ Test Engine Gasoline Tank

Exhaust gas

Fig. 1 Combustion test system
3. RESULTS AND DISCUSSIONS

Fig. 2, 3 and 4 show combustion time-history
under the constant DME amount condition that
makes each the maximum engine load range at the
same intake charge temperature of 60C. Each
graph above shows the combustion pressure “P”
and below shows the HRR “dQ/d¢”. And the LTR
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portion in HRR graph is enlarged bottom because it
is too small to discern. The maximum HRR of
LTR is defined by the vertex in LTR. When there
is no inflection point as shown in the case of NG

and MeOH, its value is defined by 0, it means
there is not the occurrence of LTR.
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Fig. 2 Change in combustion history due to engine
load wunder the constant DME
condition in case of NG(TIN=60TC)

amount

Pue and ¢ in the legend of figures are a mean

effective and an equivalence ratio,

respectively. As both the equivalence ratio of NG

pressure
and MeOH increases, LTR 1s suppressed and
delayed markedly as shown in Fig. 2 and 3
whereas there is no effect with increase in the
equivalence ratio of GS as shown in Fig. 4. It is
assumed because GS has also LTR and HTR like
DME in the HCCI enigne.

The maximum engine load, Pyn.=045 MPa is
achieved in the case of NG, Pp=0.37MPa in case of
MeOH and Pr=0.22MPa in the case of GS. It
seems that the maximum engine load range is
depended on cetane index because the maximum
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Fig. 3 Change in combustion history due to engine
load under the constant DME amount
condition in case of MeOH(TIN=607C)
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Fig. 4 Change in combustion history due to engine
load under the constant DME amount
condition in case of GS(TIN=607)
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engine load is achieved smaller with larger cetane
index.

Fig. 5 shows the relationship between the cetane
index of mixed fuels and the maximum HRR in
LTR calculated Fig. 2-4. Black circles, triangles
and squares represent in case of GS, MeOH and
NG, respectively. All the maximum HRR of LTR is
decreased according to the degradation of cetane
index. In the cases of NG and methanol, if the
cetane index is smaller than 10 and 35 respectively,
the maximum HRR of LTR becomes almost O,
however it is not zero in the case of GS. It is
assumed that GS 1s burned simultaneously with
DME because a flash point of GS is low and GS
has LTR and HTR in the HCCI engine as
explained above. Therefore, it is considered that the
maximum HRR of LTR depends on not only the
cetane index, but also the chemical composition and

molecular structure of fuel.
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Fig. 5 Relationship between maximum heat release

rate in LTR and cetane index

Fig. 6 shows the relationship between the cetane
index of mixed fuel and ignition temperatures at
the beginning of LTR. It is calculated at the
beginning of L'TR by using the ideal gas equation
taking into account of in—cylinder gas composition.
In the case of DME alone, the ignition temperature

of LTR is 715 K. The ignition temperature of LTR

increases monotonously as the cetane index
decreases regardless of the intake temperature. In
other words, all ignition temperatures of LTR are

dependent only on the cetane index of fuel.
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Fig. 6 Relationship between ignition temperature of

beginning of LTR and cetane index

4. CONCLUSIONS

In order to clarify low temperature reaction of
HCCI combustion assisted by a small amount of
DME, combustion tests were accomplished with
natural gas, methanol and gasoline in the diesel
engine. The concluding remarks obtained are as
follows;

1. The maximum engine load range depends on
cetane index.

2. The maximum HRR of LTR depends on not
index but also the chemical
composition and molecular structure of fuels.

only the cetane

3. Ignition temperatures of LTR are dependent
only on the cetane index of fuel, in other words, it
1s higher as cetane index is higher.
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