Transactions of KSAE, Vol. 15, No. 2, pp.1-7 (2007)

Copyright © 2007 KSAE
1225-6382/2007/086-01

| — — — o
1 = *1 =12
of) v & Y- T B

The Effect of Injection Angle and Nozzle Diameter on HCCI Combustion
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Abstract : The effect of injector geometries including the injection angle and number of nozzle holes on homogeneous
charge compression ignition (HCCI) engine combustion has been investigated in an automotive-size single-cylinder
diesel engine. The HCCI engine has advantages of simultaneous reduction of PM and NOx emissions by achieving the
spatially homogenous distribution of diesel fuel and air mixture, which resultsin no fuel-rich zones and low combustion
temperature. To make homogeneous mixture in a direct-injection diesel engine, the fuel isinjected at early timing. The
early injection guarantees long ignition delay period resulting in long mixing period to form a homogeneous mixture.
The wall-impingement of the diesel spray is a serious problem in this type of application. The impingement occurs due
to the low in-cylinder density and temperature as the spray penetrates too deep into the combustion chamber. A
hole-type injector (5 holes) with smaller angle (100°) than the conventional one (150°) was applied to resolve this
problem. The multi-hole injector (14 holes) was also tested to maximize the atomization of diesel fuel. The macroscopic
spray structure was visualized in a spray chamber, and the spray penetration was analyzed. Moreover, the effect of
injector geometries on the power output and exhaust gases was tested in a single-cylinder diesel engine. Results showed
that the small injection angle minimizes the wall-impingement of diesel fuel that results in high power output and low
PM emission. The multi-hole injector could not decrease the spray penetration at low in-cylinder pressure and
temperature, but still showed the advantages in atomization and premixing.
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Table 2 Engine specifications

Injection angle No. of Nozzles Contents Value
I (Nozzle diameter) Engine tvoe Single-cylinder
150° 5(0.168 mm) ginetyp Direct-injection
100° 5(0.168 mm) Bore x stroke 83x 92 mm
100° 8(0.130 mm) Volume 498 cc
100° 14 (0.1 mm) Compression ratio 18.9
7]38 0 2 BAZS 100° 2 HEA 7] AL 9 |(TDA 3000H, TEMS Ltd)$} #lo] = -12(Lab-
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Fig. 3 Schematic diagram of the research engine and experimental facilities

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 2, 2007 3



Sanghoon Kook + Jangsik Kong « Seik Park « Choongsik Bae - Jangheon Kim

Table 3 Engine operating conditions

Contents Value
Injection pressure 120 MPa
Intake temperature 160°C

Two-Stage injection
(Main + Second injection)
11.5 mm3(10 mm® for Main, 1.5
mm? for second injection)
100~250° CA BTDC

Injection strategy

Injection quantity

Main fuel injection timing

Second fuel unjection timing 20° CA BTDC
Coolant temp. 80°C
Diesel temp. 40°C
Speed 800 rpm
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Fig. 4 Radid-direction spray visudization, penetrations for
each nozzle and the averaged vaue of 5 holes, 150°
injection angle injector

40us 100us 160us

220us 280pus 340us

5 holes, injection angle=1po’

Average
T ——————{ T
E 3 ole
P= 60+ L v m:. ::
= ~ Hola #5
% :'
c 40 3
@ "
a -
& o
s 20 P4
0 r
S o
k-]
o] 0 . . M "
w 0 100 200 300 400 500

Time after start of injection [us]

Fig. 5 Radid-direction spray visudization, penetrations for
each nozzle and the averaged value of 5 holes, 100°
injection angle injector
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