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Study of Spray and Combustion Using Fast Response Common Rail Injector with Micro Orifice Nozzle
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Reduction of the nozzle hole diameter was
investigated with the aim of further reducing
harmful exhaust emissions from diesel engines.
This investigation used a prototype injector with an
injection rate gradient at the start of fuel injection
that is approximately 80% greater than that of a
conventional mass-production injector. Three types of
nozzles were prepared that have the same hydraulic
flow rate and only different numbers of holes and
hole diameters from 0.08 mm to 0.12 mm. Spray
measurement results confirmed that as the hole
diameter becomes smaller, the spray penetration drops
and the droplet Sauter mean diameter also becomes
smaller. In addition, the results of engine combustion
tests showed that reducing the nozzle hole diameter
and increasing the number of holes increased the
rich portion of the air-fuel mixture, so this does
not contribute to the reduction of harmful exhaust
emissions.
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Table 1  Specifications of common rail injection system
Injector prol\(lljif:;on Prototype

Max. pressure (MPa) 200 200
Max. injection events 5 5
Actuator Piezo Piezo

) Back Fuel pressure
Needle actuation pressure .

control direct control

Table 2  Specifications of injector nozzles

Mass production Prototype
Hole diameter (mm) 0.12 0.12
Number of holes 8 8
Spray hole angle (deg) 160 160
Flow rate (cm®min) 740 740
Sac volume (mm?) 0.17 0.40
Seat angle (deg) 30 60

2(|)0 mm

Fig. 1 Cross-section of prototype injector

—0 Mass production | Prototype

I
: // Needle
: o/l | - Seat angle

AV -

Hole I/ Sac volume
I

— 10 mm

Fig. 2 Comparison of cross-section of special nozzle
for fast common rail injector

750 I L ]
700 ;r /b/u
650

600 —/ ;)
550 /
P

Flow rate [cm®/min]

—O— Mass production

—@— Prototype
T T

100 200 300 400
Needle lift [um]

0

Fig. 3 Nozzle flow rate of two types of injector



Honda R&D Technical Review

Vol.27 No.2 (October 2015)

R A F1HI U 72 OB R 18 mm®/st. 12351 B 4
% 0.5 ms DWEHEMIE % Fig. 51R¥. 72, 2O Eh
ToEEE T A SR SR L= g v EIEFEAE AN
SINZBAEAL U 72450 % Fig. 6 128, Ak, FEERAEEIC
DVTIRKETIBNRS,

—O— Mass production
50 | —@— Prototype

Rate of injection [mm?3/ms]

-04 -0.2 0 0.2 0.4 0.6 0.8 1.0
Time [ms]

Fig. 4 Comparison of fuel injection rate profiles
(1/4 engine load condition)
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Fig. 5 Photographs of spray using high pressure
vessel (0.5 ms after start of injection)
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Fig. 6 Comparison of spray characteristics of two
types of injector at 1/4 engine load
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Table 3 Specifications of injector nozzles

Table 6 Specifications of single-cylinder engine

Table 4 Measured properties of diesel fuel

ltem Test method
Cetane index ASTM D-976 43.2
Density (g/cm?®) ASTM D-4052 0.852
Viscosity (mm?/s) ASTM D-445 2.2
T90 (°C) ASTM D-86 306
Aromatic (vol/%) ASTM D-1319 28.4
LHV (kJ/kg) ASTM D-3338 42838

Table 5 Conditions of spray measurement experiment

Recording speed (fps) 10000
Shutter speed (us) 2
Resolution (pixel) 512 x 512
Ambient gas N,
Ambient pressure (MPa) 1.4
Ambient temperature (K) 298

NE32A4AIVI7LRCFEMAERELES LS 1.4 MPa
D N H 2 &EF A UiRBR % FhiE L 7. alBRIE, OB S &
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Fig. 7 Schematic diagram of spray measurement

150 W metal halide lamp

Nozzle Nozzle Nozzle Engine type 4-st. single cylinder
A B C
i 3
Hole diameter (mm) 0.12 0.10 0.08 Displacement volume (cm?) 550
Number of holes 8 12 19 Bore x Stroke (mm) 85.0 x 97.1
Spray hole angle (deg) 160 160 160 Compression ratio 17.2
Flow rate (cm®min) 740 740 740 Fuel injection system Piezo common rail
Sac volume (mm?) 1.23 1.23 1.23 X X
EGR rate Continuously variable

Seat angle (deg) 60 60 60
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Fig. 8 Outline of droplet size measurement using

PDA
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Fig. 9 Schematic diagram of single-cylinder engine
system
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Table 7 Conditions of engine combustion experiment

Nozzle hole
diameter 0.12 0.10 0.08
(mm)

Engine speed

1500 1500 1500
(rpm)

Load 1/4 1/2 1/4 12 1/4 1/2

Injection
pressure 100 110 100 110 100 110
(MPa)

Intake air
temperature 343 | 333 | 343 | 333 | 343 | 333
(K)
Cooling
water
temperature
(K)

Total
injection
quantity
(mm?¥/st.)

Pilot
injection
timing

(deg ATDC)
Main
injection
timing

(deg ATDC)

353 | 363 | 3563 | 353 | 353 | 353

18 32 18 32 18 32

-80 | -166 | -85 | -16.5 | -8.7 | -17.6

5.8 4.0 6.0 4.1 6.5 4.0

OPERIE SISO FHIZERE L 7.

BRBERER 3T — FERRBRIC B WO ST v D Y
M 1500 rpm, 1/4 F6 KO 1/2 B Y S 12 THE e
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Fig. 10 Combustion chamber shape
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Fig. 12 Numerical comparison of spray penetration

and spray angle
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Fig.13 Comparison of droplet size distribution with
three types of nozzles
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Fig. 14 Comparison of droplet Sauter mean diameter
with three types of nozzles
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Fig. 15 Exhaust gas emissions at 1500 rpm, 1/4
engine load using three types of micro
hole nozzles
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Fig. 16 Exhaust gas emissions at 1500 rpm, 1/2
engine load using three types of micro
hole nozzles
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Fig. 177 Comparison of heat release at 1500 rpm,
1/4 engine load using three types of micro
orifice nozzles
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