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A Study on the Comparison of Spray and Emission Characteristics

new and used nozzles in a Small D. 1. Diesel Engine

Sang-Woo Lim - Seoung-Jung Ko

Abstract

A Diesel engine is widely used for power source of ship and industry owing to its high thermal
efficiency and reliability and durability. However it leads to air pollution due to exhaust gas, and
it is important to develop the diesel engine of lower air-pollution to decrease the hazardous
exhaust gas emissions. In the latest of diesel engines more efforts have been made on the lower
fuel consumption and the reduction of exhaust emission. Especially, in diesel engines, the
atomization and injection conditions in related to the exhaust gas have to minimize its harmful
components. The atomization characteristics of fuel injection nozzles of D.I. diesel engine have been
the subject of intensive study over the last decade. Experience shows that the fuel injection nozzles
may foul very rapidly in field service, and that this might have a significant effect on the
performance of the engine with regard to emissions.

The purpose of this experiment is to predict the fuel injection conditions from new and used
nozzles. From new and used nozzles we analyze the conditions of pressures in cylinder, exhaust
gas, spray shape. On the basis of these data, the heat release rate, exhaust gas, spray and
performance of this engine are analyzed. And then variation of new and used nozzle combustion

characteristics are investigated from each test conditions.
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Table 2-1 Engine Specifications
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Type 4 Stroke naturally-aspirated DI diesel engine, water cooled
Combustion chamber Star shape deep bowl type
Number of cylinder 3
Bore X Stroke 100 x 110

Compression ratio

17.6

Injection nozzle

Multihole nozzles(®0.26mm , 5 hole)

Power

35KkW(2,600rpm)

Injection pressure

190kgf/cm*
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Fig. 2-1 Schematic diagram of experimental apparatus
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Fig. 2-2 Nozzle spray experimental apparatus
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Table 2-2 Specifications of Detectors

Measuring Method Measuring Range Accuracy

NO Electro Chemical cell 0~3000ppm 5%
NO; Electro Chemical cell 0~500ppm +10ppm
CO, Digital calculation from O, 0~CO;max

CO 0~10000ppm +20ppm

O, Electro Chemical cell 0~21% +0.2 vol %
SO Electro Chemical cell 0~5000ppm +20ppm

T -40~1200C +0.5%
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Table 2-3 Engine Test Conditions

Engine Speed (rpm) Torque(kgf-m)
1400 0, 5, 10, 13
1800 0, 5, 10, 13
2200 0, 5, 10, 13
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Fig. 3-2 Photograph of the intermediate spray
shape (1.5 ms later after injection)

(b) used nozzle
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Fig. 3-3 Photograph of the end spray shape (2.5
ms later after injection)
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Fig. 3-4 Example of combustion characteristic of
new and wused nozzles(17° BTDC,
2200rpm, 13kgf-m)
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Fig. 3-5 Correlation of ignition delay with
variation of torque and engine speed
for new and used nozzles

32

322 A1 ¢

Fig 3-62 2} =& 9] Ralo] ©p2 Ao yg
HI4Y @S Jeld Asoltt AAG g
HuAY e BE 2N A kFo] A &
2o HlE =A Jehdn JAEEs) Z7184
F HIGY gho] 284 Yol AFL np
&2 Z4E A4

new nozzle used nozzle
100 — -8 NoLoad { ---®-- No Load
—&—5 kgtm @ 5 kgt-m
—A— 10 kgt-m | - 10 kghm
920 — v 13 kgt-m | - 13 kgt-m
- .
S o
<
2
2
1 704
2
a
19)
50
40

1 4'00 1 8'00 1 5'00 20.00 22‘00
Fig. 3-6 Correlation of maximum pressure with

variation of engine speed and torque
for new and used nozzles

323 Alo]2% %3 Ay

new nozzie

vsed nozzie
18- ® NoLoad & No Load
@5 kgt-m ® 5kgtm
164 —a—10kgtm | A 10kgrm
= v 13xkgtmy ¥ 13kgtm
X
y 1.4
® v——
D 124 v —— e ——
[ v v
= 1.0 & — -
3 4 —— 1
£ oed
o
2 o
B os4 e T — -— — ——
3 s ’
§ 0.4+
Q » — e — l
b —_ —— e
< o2 . '
00 r
1400 1600 1600 2000 2200
RPM

Fig. 3-7 Correlation of accumulative heat release
with variation engine speed and torque
for new and used nozzles



=2/48 AFRAH OA7IBC QN A - T =29 27 R w715 vndT

Fig 3-7& 2t =29 A& 3 P &
Ad Y9 Aelg7 ¥ 73 GEAFE g
d Aot

Aol 2% %3 GEAFE 2E A
A xZFo]l ¥ =& B B, 1 Ae JAEE
g} Ratol BA glo] wikd APl 53 F
A Raol A A& Wsle] BE Alo]EF F
T3 @dAF e ¥z FHo

324 At} DLAE

Fig 3-8 7 &9 HA&E B 3 ot
2 49d Yo Fg IeAee ved 3
olt}.

2Rl e A xFo] A =Zuc A @
wago] A dehgeh ey 23 372
AgdE 2o JAEEAN A =5 Hg @
w29 Ao ALl B4 Ushhe ALE
ggow, 24z} Rl 7 xF BE 57
57} 27184% JY GEASE %A Ue
e A% 237 Aok 53 ¥ 10kghm,
Bkgtmol NE 7 =2 25 779 JAEE
A Ho) QLAEL ARSI

new nozzie used nozzie
- @~ No Load ® Noload
1607 —e—Skgtm | ® SkgEm
—A—-10kgtm || & 10 kgtm
160 —w— 13 kgim § w13 kgtm
@ 1404
P o
] R R——
© 100 R SN _—
§ —8
2 807 r
a 60 T e
= — -
40
20 T J Y v T
1400 1600 1800 2000 2200
RPM

Fig. 3-8 Correlation of maximum heat release
rate with variation of engine speed
and torque for new and used nozzles

325 &Y Q4T

Fig 3-9€ Z =9 3Ad&x 4 F3id &
Add e dEF d4FE e Foln.
AEYF 4L ZE 2UAAN A =50 ¥
SERT B, A5 wstd o &R <
Aol e njosAc. 53 Bart 2948
7 =2 2% &Y AaFo] IUREIALY
1400rpme] 73$ E3 13kgf-m7} E 10kgf-m
2ot @A Jehd A= AU

. new nozzle used nozzle

08 | —8— No Load || ---@-- No Load
F J f —@—- 5 kgfm --@-- 5 kgkm
£ o7 A 10kgtm | & 10kgEm
§ | —w—13kgtm [ ---w 13 kgtm
3
o 06+
€
e
& ns{ -. ,/:

v e

3 &~ ,,.5i5”""'":'“'"""'
E o4 w-
8 : . .
g oa{ BT - E L L)
4
S
e .
£ onq

0.0 ,

1400 1600 1800 2000 2200
RPM
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