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Abstract

Two times of oil shock in 1970s, Irag war, latest oil disaster in the gulf
of Mexico and rapid change of currency fluctuations raised the price of oil
to its highest. And the mismatch between the supply and demand added
fuel to the fire. Moreover, the economic crisis from U.S. confused the whole
world’s economic markets. Therefore, the technical developments for
reduction of fuel oil consumption and increasing engine efficiency begin to
make a mark in engine making and operating fields.

And, recently controlling of emission from onboard ship as well as on
land being more important issues. The emission could be divided into two
categories as Greenhouse gases and air pollutants. The greenhouse gases
are designated of six gases as COz, CHi4, N2O, HFC, PFC, SFs. Especially,
the CO2 gas is the most issued gas and have been held many conferences
about it from 1997, the Kyoto Protocol. Actually, the greenhouse gases are
essential for human Ilife. They warm the earth and maintain proper
temperature. But, the continuous warming is a problem so called ‘global

warming. Because it will ruin the ecosystem of the earth.
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The air pollutants are different matter. They were regulated and had been
taken effect from 2005 in the name of ‘Prevention of air pollution from
ships’ in the MARPOL 73/78 Annex VI. The air pollutants as NOx, SOx,
PM (Particulate Matter) etc are harmful things for human health. They can
be absorbed onto the lung and cause lung disease like a lung cancer. And
they are blamed as one of the major causes of photochemical smog and
acid rains. In fmog, much of NOx, SOx, PM(Particulate Matters) can be
decreased by the technology today. For example, the fuel injection control
by CR(Common Rail) and electronic control, water emulsification,
SCR(Selective Catalytic Reduction) which using ammonia or urea, low
sulphur fuel, etc.

Especially, the quantity of the CO2 gas emission is proportionate to the quantity
of the fuel oil consumption. So, the key point to reduce the CO:; gas emission 1s
decreasing fuel oil consumption by increasing engine efficiency. And now, there are
many technologies to increase engine efficiency as above mentioned.

At this point of time, we have to reconsider between the level of technology and
actual operation. All of marine diesel engines designed to exhibit their maximum
power when they were operated at rated power. But, there are many cases which
they had been operated at low load condition for a long time when merchant ships
are in harbor and maritime-coastguard ships or warships are on patroll. And
ironically, engine builders recommend a low load operation or slow steaming to
decrease fuel oil consumption and CO2 gases.

When the diesel engine is operated in a low load condition for a long time, some
problems or deteriorations of performance as making black smoke, increase of
exhaust gas temperature, blow—back phenomenon caused by differential pressure of
intake & exhaust gas could be occurred. All of diesel engines have turbo-chargers
to boost intake air pressure to increase engine efficiency but low level of exhaust
energy and insufficient quantity of the intake air at low load are an unavoidable
problems. Consequently, the TBO(Time Between Overhaul) will he move forward

compared with its designed period.
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In this paper, solutions of two categories are discussed. The passive method
which doesn’t need to change its design, includes changing valve open/close
timings or overlap periods and improving the turbocharger matching. And positive
method which need to change its design, includes changing forms of exhaust
manifolds or a number of cylinders.

The solutions are proposed and discussed as the possibility with the simulation
method in order to prevent from engine deterioration and increase the volumetric
efficiency. As the results, it is confirmed that using a pulsation effect of exhaust
gases could be useful method to solve the problem which is insufficient air under

low load condition.
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Fig. 2.1 Deteriorated intake valve & cylinder cover after low load operation

bar

Charge air
Pressure

Exhaust
Pressure
Supplementary

load

Fig. 2.2 Illustration of blow-back conditions at low load
in 4 stroke diesel engine
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A 4% AEHA A3 1

4.1 AlEH A A R At 24

4.1.1 Al gl dddx

Table 4.1, Table 4.2 &= Al EdolA At AR el HAS Yeldar ¢vt.

Table 4.1 Specification of reference engine

Item Specification
] 4-stroke, trunk type,
Engine type turbo—charging
Number of cylinder 5
Cylinder bore / stroke 225 mm / 300 mm
Max continuous output 725 BHP at 720 rpm
310° / 554°
Intake valve (open / close ) (50° BTDC / 14° aBDC)
134°  / 406°
Exhaust valve (open / close) (46° LRDC / 46° aTDC)
Fire order 1-2-4-5-3
Recommended time between overhaul 12,000 hours

Table 4.2 Specification of reference generator

Item Specification
Type 3% synchronous generator
Pole 10
Cont inuous power 600 kVA, 480 kW
Voltage 450V
Current 770 A
Frequency 60 Hz
Number of revolution 720 rpm
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Fig. 5.1 Valve lift of the reference engine
Table 5.1 Types of valve Timing variations [deg]
Intake Valve Exhaust Valve
T Valve 7,
ype Open Close Open Close Overlap (%)
(bTDC) (aBDC) (bBDC) (aTDC)
Base 50 14 46 46 96 96
I 50 14 66 26 76 103
I 30 34 46 46 76 105
30 34 66 26 56 114
10 54 86 6 16 111
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Fig. 5.2 Prediction of reverse flow at intake valve in case of Type 1
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Fig. 5.3 Prediction of reverse flow at intake valve in case of Type II
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Table 5.2 Types of valve overlap period [deg]
Intake Valve Exhaust Valve
T Valve My
ype Open Close Open Close Overlap (%)
(bTDC) (aBDC) (bBDC) (aTDC)
Base 50 14 46 46 96 96
A% 30 14 46 26 56 105
VI 10 14 46 6 16 109
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Fig. 5.9 T/C efficiency curves at standard condition & part load optimization

_37_



F719] &S A4S A3E Table 5.3 UehWic),
Mo AxsActt ARy orw 9 Wt
=]

of gl A4 skl BE7) B 299 £E7 Aol o] Holok .z 4

K, —1
P\
[ A

C,(G,+Gy)|T)1

o714,
n, : HY SGEas C'p o A 4 (keal /kgTC)
P, : t71%= (bar.abs) n, - oew7] 9Eas
kocugn(=G/C,) P, 1 19942 (bar .abs)
Mo A 2& G @ % (kg/min)
P, %71 &% (bar.abs)

719 A ZEn,)S te A (6.2)2 ek 5 3lon,

ntot: 77t><77b><77m (52)

Fig. 5.10 ol = 2zt &9 k3 4 (5.2)S 2] (5.1)°l HYste] AArer Az 25%,
50%, 75% H-3FollA FF7] meo] zhzh 48%, 59%, 64%= LFEFFomW | HEs) 7 aske
= 337 Z8o] A YElga e AL gadd = Q. 53], ARs A $e 1

g =
w71 5& wEel 714l mrigE R v vebta Q= Aol e

_38_



Table 5.3 Calculation of turbocharger efficiency
Contents Load
Unit 25% 50% 75%
Cp | 719 A3 | keal/kgT 0.240 0.240 0.240
C,, | 719 Agtvd keal/kgC 0.276 0.276 0.276
G, 7] kg/min 8.265 13.195 18.415
G, ol 7 ek kg/min 0.57 0.91 1.27
G,/ (G, +G) 0.935 0.935 0.935
T, | $37] =72% K 298 302 306
T, BNl e K 510 556 556
kgf /cm’ 1.033 1.033 1.033
Pa EH7] o}
bar 1.013 1.013 1.013
] kef /cm® 1.276 1.546 2.010
P 37 744
bar 1.251 1.516 1.971
PJ/P, bar 1.235 1.497 1.946
kgf /cm’ 1.283 1.517 1.940
P, BRI et
bar 1.308 1.487 1.902
P /P, 0.774 0.681 0.533
ka | 5719 v 1.40 1.40 1.40
kg ElRigh v G n) 1.33 1.33 1.33
(ka—1)/ka 0.286 0.286 0.286
(kg—1)/kg 0.248 0.248 0.248
A do] Ik kcal/(kgf -am) | 2.34E-05 2.34E-05 2.34E-05
R v e kg - cm/(kg - K) 2927 2927 2927
. 0.480 0.593 0.647
Efficiency of T/C (48%) (59%) (64%)

_39_




HZoll= ool thek thA o= Fig. 5.10 ¥ o] AHF-atoll A vt wj7jelyAE &}
Aoz Ag3st7] Y& Hwlel =& WAHS WHA = VIA(Variable Turbine Area) X
= VGT(Variable Geometry Turbine)”} T/Coll #&¥a 9l FAth. AR Falo] uf
g =F JE AsoR 2AFo RN ARtoA B B2 Y IUE e F 3
L, ol& Rl AFstelAe] §7] dEHSs FHAA Ak olfg FHS aHT
o, A

Fetell A A7) wAskaAl sk vAddxlel#tv T/C Matching Al VIACES
e}

WDE AgFomn ARstld WS $/19d A5k 2 w7k 9F o BA

AES AN 5 9 Ao paHEd.

Fig. 5.10 The principles of VTA system

_40_



5.2 A=2 "l

—-—

5.2.1 Wj7] iy E= F& ¥

) auY Ao A HFEHE EolV] Al F-upsle) BAEAE AT

Mo olgetud st AFv} wol nasw A o A sl W] Wy E

Eol QoiA tige] AU ahte B EE £7]= AASW WMol LAl

w7lge] w3 F89 o8 4 @ik, Awdom wlMHsl et fE0e
2 % 7 3

5
AFFZF 240° AEo]7] wFo

= gt 49w 33Uy 2fe) UBER rola R Hylw B an
g o3 5 Atk AW 3}9] %

2 1 Resl Qe fEse @A Hel o Jdd w7
A7) g EEe] gl vyl G sEel vAE G2 AEst] wolud F
HERE ol g

o A9y e

f
X
)

11‘,

=)
o
=
:L
k)
kD

3 4
%0,
rlr
=
N
2.
AV
iz
s
Lo,
ot
ox
filo
iy
i
ol
ol
K
D
ot
v

Fig. 5.112 H7] mjyZ=9] FAUAS 918 A Dz adoAs ddget #7]

SARE FAHT. wj7)7kme] WEads o] &8ty flste] F7] MiyI=s adie F

7] iy EERke] 43 WA S asgith. of A sy AlE el AR v
wHoR F he ¥ & | z 2

_41_



bt

I Al E#H o)A &

3]

ol i

Bo

1
R

]

SR B oA o] QtEstE YEhaL Sl

2

P9 Zo] W37} AHa &l 1

s

b

Z17
Fig. 5.12

e

AT

=
=]

SN
1-2-4-5-3 ©]m,

1
R

P, Hdolrt

vk

el A ¥

A

ki3

3

]

P9l 7ol 0.InE °

7k

Eu

-
T

A

g2 o] dol7l Hojd
oquA Ha p,ol dol7t 2.6m7F W b}

=
=]

ol
H

EAEE

1
R

B

el
N

b,o5W A9 ) wAlshE o] Zol7h dojel we mu

el

Ay A

il

of 3712 FY7HA HaL, 5

]

o

o

<

CEROLE!

=]
T

3 51 Hdr=
W, P,ol Aol7t 2.6mAw] HluA o]gk x3o]

IEE RIS

3|

o W7ol Wl HES

wj7] B Aol Th

Fig. 5.13° 3 P, o Zo] wWslo] @& F -

o] P,ol Zo|7} dolAel w

1 wol 7Ha

9]

i 9o Fig. 4.3¢] H

J|

eF A

A A g8 W3l

v P, dold &

Eu

Fig. 5.14 = uj7]

N
folm
ol

P,¢] 2o]7} 0.6mol A AAE

.

§ P,e] Aol7} 2.6m¢l Fig. 5.13

3]

@_

~
iojm
)
4o

124%=4 °F 35%7}

S
L.

o] 89%H Fig. 4.3°l H]

I}
=

_42_



(a) (b)

Fig. 5.11 Modified manifold for calculation
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Fig. 5.12 Pressure variations in case of each length of pipe P,(@P,= 0.1m)

_43_



--------- Gas Velocity. at intake valve
Gas Velocity. at exhaustvalve

2.00|  Pp,=0.6m | g

1.00
0.00

-1.40

100m/s]
n
(L9

[

N
[=]
o

P.=1.6m P

-1.25

Y
-y
[=}
(=}

Gas Velocit
)
L

o
2.00 P,=2.6m

1.00 /\/\/"\
0.00

-0.22

EO 10 EC IC
Crank Angle of No.5 Cylinder [deg]

Fig. 5.13 Prediction of reverse flow in case of each length of pipe P,(@P,= 0.1m)
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Fig. 5.14 Influences of exhaust pipe length P, for volumetric efficiency simulated
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Fig. 5.17 Influences of exhaust pipe length P, for volumetric efficiency simulated
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