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A Study on Optimal Combustion Conditions with a Design and
Manufacture of the Long-Stroke Slow Speed 4 Cycle Diesel Engine

Tae Ik Jangt

Abstract : Recently, fuel prices have been continually raised in diesel engine. Such a
change in the fuel price influences enormously the development trend of marine diesel
engines for slow speed. In other words, the focus was shifted from large diameter and
high speed to low fuel consumption. Accordingly., more efforts are being made for
engine manufacturing and development to develop highly efficient engines.

In this study, a single cylinder 4 stroke cycle DI slow speed diesel engine was
designed and manufactured, a 4 stroke cycle was configured and basic performances
were evaluated. The results are as follows.

The optimal fuel injection timing had the lowest value when specific fuel consumption
was in BTDC 8~10°, a little more delayed compared to high speed diesel engines. Cycle
variation of engines showed about 5% difference at full loads. This is a significantly
small value compared to the cycle variation in which stable operation is possible,
showing the high stability of engine operation is good. The torque and brake thermal
efficiency of engine increased with an increase of engine 250~450 rpm. but fuel
consumption ratio increased from the 450 rpm zone and thermal efficiency abruptly
decreased. Mechanical efficiency was maximally 70% at a 400 rpm that was lower than
normal engines according to the increase of mechanical frictional loss for cross head
part. The purpose of this study was to get more practical engines by comparing the
above results with those of slow speed 2 stroke cycle diesel engines.

Key words : 3/B Ratio(3874 thy] Xo] 8]) Long-Stroke(#-34), Slow Speed Diesel Engine
(M40 71#8), Variable Valve Timing(ZFH@EElo]w))  Variable Compression
Ratio(7hdstZH])
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Fig. 1 The experimental slow speed diesel engine
with a single cylinder for a performance test

AP§ e 24 aga Aoay, Az
SIS, g3 Wbt b5 duuy, 49

A8l AR~ =7 sy, Fig. 1old BEnt
o} Zro] AAE 2ro AYYITrF dAHY I
BA Ao)m9 AAT Atol9] 2de) YA gi}, o]
W 324 U= g2 A T chiRag 34
ot il = AUy gdolr IARAF FHH
o3t AYY Zze] 79l zZhg FEdle] FHE
ek,

7hH Y] AX(VCR): Fig. 2% 7hg
v AR MFe BAFE RAolvr, 71#e 7hd
Z=d] X olFo] XAHE WES IHdF
) BEEI 23l MES e 49y oW

2] =

oz 2aed F 7he s & 4 Sl

o 2o g

=

H]

Ho
i



- & 4 Ao} &

a-eA dekeEel ATE vE 19 A 9
3 A 27F HAEF lo) A2 wHH
AdA A0 Wstel oa) gHEu7t HEkdTh
b B gloly AIARI(VVT): 7l &34
A9 7hEEE] AAE ARGste] FHE W
19T =2 OIEOE 2719 & - o
stgkeh ol A

>

i
“Jo of
L

z
=
o )
o 2
a e
L

LSO
e
>
>
nEL

rir
2oy FR
38
.}-J _’
rqo{‘
N
z

N
ol
on

Iy o2 2 1o

- :

2 1>
I

o kG

=

b

&

0

L

I

g

LT

Loy
-
= © N
N
Huoigofr\r
S
M
of, i
m2E
G 3
Lo
®
i)
SN
>
Py
-
w 5
= x b
-
e =
RS 2
o2 M
o

b

ERE 7}
A 28 E (thermostat) 9 3% Ao
< Aol Wztg HE2E 80TE A

[z rlo
2
,:L o rir 114
off

>

[>
S o
i
i
ind
4z
g

rlr A

T
o

A= Xi"*“ 12 5+
azs dERY FEE
£ 3 Aeld 282 2
% TEYAH A4 AUT
AR 474 SYAEZTEH 2B
o, 4 snr:ﬂ ow edgzz

Mo ®om

AT g ofd mx M > M o Mo ol ol

o
o

7P B Bl (VVT) Al&9e &) ws
A F-u)7] MEBeto] Yol WgatE AL WAe
T2} FEHE shEME glo]gAAHoth o] A&
B ALgahE oSy Wk QAT BE o)k
olz BystY 2719 £Ue WE A9 e &
PA71E A2 = Y

(553)

F oAy e AR % A daxd A AP 161

2ZRE ggadn 3
uﬂlﬂ_oﬂ g; %7]x1]01 Vs

> rr 4
M
i

fot
i
= % g0 |

of g 4 A& BAME T
AYsiA AFER BE, At A4 F71A
o2 F71EEsE G2 E9A "ot
YoD YTOP
12 400rpm|
P
8 18
ﬂ>; " VYOS
S 4 — J4g
g vcbD Ve E.
élg [ ~ vo O
PP von, vroe 2
2 r o
=3 WOE: Valve Dpening Bignal 18>
g MO D: Yalwz Opaning Delyy
k=] 4l vet— WTOP: Vake Total Opzring — 4
7] Perisd
vOs x;’:m Opzving ety veD
0 VE: Vabe Closing 0
VO vC
0 40 &80 120 160

Valve timing, ms

Fig. 3 Trigger signal and photo sensor signal for
valve lift vs valve timing

Fig. 32 &#xzol= WE §¢ il
U

o
- Elol'

R

-
offf M M
rlr
£ do > o>

>
2

[k 1% o2 ox lob fob ax 1o

> & Lo f”[ﬁ!
o
lo %

i
U
1>
R

e, o) B

re

e
o
oA
(o]
rmL

oo il



162 Z
§

o
w
<

A Deviation of delay
™ : Delay of wit system @
® ; . £
~1. - ol

>
o = - P £
3 °2
= &
o 1 . N —
g A 4 g
= —
8 100
205 3
o] O
o
] : 0
¢ 100 200 300 400 500

Engine speed, rpm

Fig. 4 Deviation and delay of VVT system vs
engine speed
Fig. 45 £#xol= on/off Aj&HANT
Wd 7hd FAUE ehold AzEe AA7)7
R AATe AAEE Ve Aotk 47
AA717e ETAltrigger) ANEZEZREH 7pHW
7t ZEHI AR s|zkelt AV B
& Jhamae) AFAA7I B ) Ao
Ad71Z Aolel tigt BEURE WE
& 2T

Zlo)t}.

==

Iﬂilrﬂ-

)
it L
o
e
N
rE
e,
lr
-
ot
by
)
H
o 4
It
Z
z

N
o
Lo
i)
24
1
rle
X
i
rN
oﬁ dy
o
of
S N
2
R
°o W

o] +z}t§%—t— B
ufloﬂ/\i akh=a zew Hyy
0.3° "grez 7z} Alo]Zwithe] spHWIE X))
o] ARe FAL g HKE & ¢ gl 99
ARdeZ 7haEE 25 EYA st 7183

A 3o

ﬁﬁ%s&irﬁioﬁorsx_
BN N 2 0o
2
o :
rir
o Y2 F
o
L
.
W
i

J

N
i
i3
L)
rza

A% gnglel AA7Y BF Ao BLFL
Hol oM @ £AN W2 2¥ dd
2% AFE Aoz AR

Fig. 5& Al&d 7189 7194& 57137 9
dtod REY R 252 Al 7tagy
< &y dstl s vEhd et Fig.
S5la)= EEIYA dvill Haskgol dAZ <

=8 S7tel met Frbste 1 A7) 3 4¥A
FAE T GEu AL e B )
=¥ 2

N
2
Mok e BN W

Fig. 5(b)e] tehg shst go] @5 5

@ dAs Zkse Adn 0 sl vEE
@ FEYS Pl Wl AR Tl
91 GOz AL Uasiwe Dy

80 l
5 .
o I@/ c=19
g % Ee=17
a C
8 40 1 Ec=156
Q.
by
@
k=]
£ 2
& J \

0 o™ ¥

100 200 300 400 500 600
Crank angle, deg.
(a)

120 T
Ec=19

-«
90 A\ Ec=12

30 |

Cylinder pressure, bar

N

100 200 300 400 500 600
Crank angle, deg.
(b}

Fig. 5 In cylinder gas pressures in case of
motoring and firing

3 4

oo

IR TR

EATE e A% grd 7)De BE 4

HEAS (DD -7 A% 4 974 via7) o),
Z2A9E Table 17 23, Fig. 6& 482 ¢
S e 4P AFS dErd Rolr),

ARAE TA e BA, EAS A2e
FEEA, K-l A% shdUn golgAs
9 % UgEN 2, 74 Re) gew exg &
Bets] @ dolE AKR, AL AFes ¢
# ABRZ UE 5

(554)



-394 A% 4 AolF el A% 2 AY Q2200 B

Table 1 Specification of test single engine.

—

Item Specifications

Cylinder Number Single cylinder(1)
Displacement Volume 2390(cc)

Bore X Stroke 97.1 (mm)X 323(mm)
S/B Ratio 3.326

CAM Type DOHC(1)

Compression Ratio 15~40(Variable)
Injection Type DI(VP37)
Low Idle Speed 100(rpm)
High Idle Speed 700(rpm)

i Ly Oscilloscope

u & A/D Converter

4 & Computer

@ @ Priner
4 Test engine & Amp
$ Starting motor 3 & Solenoid Valve
% Caoling water T Hydranlic cyhinder
Regulator " & Pressure Transducer

§ Fuel meter @ Encoder
B Fuel Tank 40 Laminar flow meter
& Air compressor df Surge Tank
& Hydravlic pump 42 U~Tube manometer
% Accumulator 43 Dynamometer

Fig. 6 Schematic diagram of experimental setup
with single diesel engine
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