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A Study on the Development of a Single
Cylinder Gasoline DISC Engine
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SUMMARY

I. Title
A Study on the Development of a Single Cylinder Dasoline DISC Engine

II. R & D Objectives and Its Importance

Studies on the development of 2 stroke engine with high efficiency and
low exhaust emission are being made progress at various automotive
companies in the world

If they succeed in developing this type of engine suitable for automotive
engine by solving the problems of the conventional 2 stroke engine, the
effect will be probably enormous because of the inherent merits of the 2
stroke engine such as high specific power, low friction and pumping loss
and simple structure.

The method of direct injection 1s generally accepted as the kernel technique
of the development of 2-stroke engine for reducing the exhaust emission
of unburned HC due to short-circuiting phenomena.

In the direct injection system, the air-assisted injection is known desirable
because of the capability of fine atomization.

Thus in this study we have developed twin fluid fuel injection system

suitable for 2 stroke DISC engine and investigated the spray characteristics.



III. Research contents and scope.

1. Development of twin-fluid fuel injection system.

- Development of twin-fluid fuel i1njection system with fast response
characteristics suitable for high speed operation condition.

2. Study on the spray characteristics of twin fluid fuel 1njection system.

- Development of the drop sizing and velocity measurement technique
using the 1maging method.

- Investigation of the spray characteristics of twin-fluid fuel injection system.

IV. Results of the Research and Proposed Utilization.

1. Development of twin - fluid fuel injection system.
- Developing an  experimental twin fluid fuel injection system with fast
response and good spray characteristics.
2. Investigation of the spray characteristics of twin-fluid fuel injection system.
- Developing an imaging system and image processing algorithm for droplet
sizing and velocity measurement with minimum applicable diameter of 4 um
- Investigation of the atomization process of twin fluid fuel injection and

air- fuel mixing process through visualization technique
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(3-3) Imaging method&- ©| 23t F+FUAY Z7|W & & =X

(3-3-1) 78

1. Mechanical

a. Drop collection on shdes or in cells

b. Molten-Wax and frozen drop techniques

¢. Cascade Impactors

2. Electrical

a. Charged-wire and hot-wire techniques

3. Optical

a. Imaging - photography, holography

b. Non-imaging - single particle counters, light scattering, diffraction methoed
FRe e

1. The very large number of drops in a spray

2. The high and varying velocity of the drops

3. The wide range of drop sizes encountered in most practical sprays ( the ratio of

the largest to the smallest drop diameter often exceeds 100:1)
4. The changes in drop size with time through evaporation and colescence
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1. Simplicity, relative inexpensiveness of imaging apparatus and flexibility

2. Capability of detecting and analyzing nonspherical particles

3. Denivation of particle velocities by using double or multiple exposures

4. The visual evidence that may invalidate measurements by other techniques eg. due
to multiple scattering
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Fig.7 Block diagram of imaging spray analyzer
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F1g.8 Schematic diagram of the spark light source circuits
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SINGLE FRAME GRABBING SOFTWARE

* Input

- Main trigger delay time

- Nanolite-1 delay time

- Duration between nanolite-1 and 2

- Air solenoid delay and duration

- Fuel solenoid delay and duration

* Check Image Board register and find
Vertical Sync. Signal

* Start timing circuit

CCD CAMERA

CONTROL BOARD
* Count time for main trigger delay
* Count time for F/S delay and duration
* Count time for A/S delay and duration
* Count time for Nano-1,2
- generate EXT trigger signal for frame grabber

IMAGE BOARD
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Fi1g.9 Synchronization of injector control signal, nanolite
driving signal and frame grabber control signal
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Fig.ll D30% and D/07% image of the calibration reticles
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normalization
- normalize raw 1mage data - linear scaling

o |

P

two stage segmentation and selection of in-focus droplets
- First stage |

@ Segmentation
* make binary image: threshold level -80% of intersection gray level
* boundary detection and tracking: four adjacency algorithm
* determine the centroid and approximate size of each candidate object
@ Selection of 1n-focus droplets and size determination

*determine LBG, OMG
* calculate approximate droplet sizes from D50% : D30%= a*D + b
*select infocus droplets
. criteria of infocus objects selection
(1) criterion based on D30% -D70%
(2) criterion based on Rmb
-Second stage
* determine local background gray level ( window :32x32 pixels)
l * local thresholding : threshold level - 90% of local background gray level

* same as the first stage

compensation tor the different depth of field

Fig.17 Image processing algorithm for measurements of droplet sizes
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normalization
- normalize raw image data - linear scaling

|

‘ segmentation and selection of in-focus droplets

v

@ Segmentation

* make binary image: local thresholding : 95% of LBG

| * determine the centroid and approximate size of each candidate object
@ Selection of in-focus droplets and size determination

*determine LBG, OMG
* calculate approximate droplet sizes from D50% : D50%= a*D + b
*select infocus droplets : based on Rmb
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Lkl =, e bbb, Hy's Firl

calculate velocities of droplets

* gize classification ot droplets
* calculate average velocities for each size class
* find droplet pairs and calculate velocities

Fig.18 Image processing algorithm for measurements of droplet
sizes and velocities
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