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Improvement of combustion performance and exhaust emissions
through engine initialization in small marine diesel engines

Younghyun Ryu' - Kyunsik Jung’ - Jeonggil Nam"

Lo AMS Falshs AP A UK(Tug boat)> 22 §- &3 gk A& wAOR ARl Aisol Astd 4 Stk 4
2T Aske ds g 7 2 Rl HHﬂHH%% 7o) 9ole]l & 4= Qlrh md 13 g o= zIAu] F7]
7} #old 4= glo] AxlAN] nlgo] T 4 Qlth A Aukg Az A 9 alEES AAE] fs
of AAlE Weto® QXS AxAIY FHE FHEUE 7|8 WHoR wiy] dg7] 2718 wiF, ARiARK] B
ASEALFS 248 FlolH, o] WHE o] &35ty 5 el AMgRsld 9 agld HAsw 7hssith 2 At
A g4 £ E 49 tddde] gAE 2849 N(Tug boat)2] AXNEHE AlFste] Adsigion, daAs
M L 7 EE A7 geke A lxTEE Bl ddAdEo] A Foll HudEHUE S 34.9%, HE
L 247%, EAHTFESES 10.9%, AW EHE 20.0% =719 om, ARAHEE 42% FFEAT. 3wy
717}A L= 4t 392 T #aske 235 98 7 Atk w7iEEe ASZEH, DustPM)= 15 71 $ol
55.8% 72313 2™ GHG(Green House Gas)Z L& % o] 2talebii= 12.5%, YAMSIEAE 744% 74 a AaAtsE
% 4.4% Z} = A9E 4ok

FAo: 284y, gz, Aaids, AsAaRE, wi7E

Abstract: Tugboats that sail along a coast may experience poor engine combustion performance due to frequent entry and de-
parture and frequent change of the ship’s speed. Decrease in combustion performance may cause an increase in specific fuel
consumption and an increase in harmful exhaust emissions. Consequently, the engine maintenance cycle may be shortened, and
its maintenance cost may increase. An initialization method that returns a small marine diesel engine to the state of a new en-
gine needs to be employed to improve the combustion performance and reduce exhaust emissions. This method involves adjust-
ing the matching of the exhaust turbocharger initialization, fuel injection timing, and fuel injection amount. By using this meth-
od, it is possible to optimize the engine by considering its future load range. This study measured and diagnosed the combus-
tion condition of a small ship (tugboat) equipped with a 4-stroke diesel engine, which is currently operated. The methods to
improve combustion performance and reduce exhaust emissions were then suggested. When the engine performance was im-
proved through engine initialization, the maximum compression pressure increased by 34.9%, maximum explosion pressure by
24.7%, indicated mean effective pressure by 10.9%, engine output by 20.0%, and specific fuel consumption by 4.2%.
Additionally, the exhaust gas temperature decreased by an average of 39.2 °C. The result of exhaust emission measurement re-
vealed that particulate matter decreased by 55.8%, carbon dioxide known as greenhouse gas by 12.5%, carbon monoxide by
74.4%, and nitrogen oxide by 4.4%.
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MECA-Techol| 4] #12}gt i-MEP SystemS-
AE8F3 2, i-MEP Systeme ZA] T2 Y] 7K =
A=l it

1) i-MEP ™| %] X2 =(Combustion Analyzer Main Board)

2) i-MEP Z}XEAlX(Angle encoder)

3) i-MEP %3 44 (Piezotron quartz pressure sensor 7613CP)
4y A5 EA-8 Software

R WAZ -MEP WSIHE ALES Aslstuxal sho)
MCUE STM32F407°]™, RAM-E 192 kBytes, Flash ROM-<
1,024 kBytes©]T}. A/D Converteri= 16 bit 500 kSPS(x5V) ©]

SharutA A o] &5t s] %] Al43¢W A|7E(2019.9)

o A F oz EE Aol ek A7
™, "33 Line driver ®2]0]3L OptionS A S A E
S5 (Push-pull, Open-collector) ©|Th. F+ WA Z i-MEP 2}

A4 (Angle encoder) AFFo]t}. 8.5020.494A.0720.0030 type
o] Push pull type®]il, 720 resolution ©]T}. wpA]E}O Z
i-MEP $+& ’ﬂ/\i(Plezotron quartz pressure sensor 7613CP)<]
ALFS tf2-3 7Tl Range®= 0~250 bar, Overloadi= 300
bar, Sensitivity™ -20 mV/bar, Natural frequencyv 90 kHz,
0.002 bar/g Bt} Zrow
Acceleration sensitivity transverse’™= 0.001 bar/g T} Z}c}

Acceleration sensitivity axial-=-

Operating temperature range= -50~350C ©]™, Output im-
pedance= 100Q ©]&lo|t} AT AH|FS Al T2 91|
HE ASste] Aistoof sy did-detel] E2-9-187}

MA5o] YA Pobd] DABE AEE ol g3kl A

kA E Axe dHe] AA A8 B o] |
t} o] d#s Agudstow Falshd Hu(L)y7F Ha

o] 7)ol 12%}% walH T (gol Bk 2 ATl E 7
7HA o] w7 EES AlSEte], wlaAEolth L

Dust(PM), 0,, CO, CO,, NO, NO,, NOx ©]t}. Dust(PM):=
WA SAMo R FA4sglon, 1 o]Q]o FEEL
A7)8letal o2 S48t} Dust sampling system<] |
ZAE= APEX-Instrumento]il 2 @lW-& KXC572-0 ©]th
Gas analyzerd A|FAE MRUGEY) ojn, Rdge
OPTIMA7]t}. MlE7t & YAMS E4(Dust; PM) 9] 4]
AFLE L wjE7s Foll FHrEol e A &4
54 Fske] TE2AH (0T, 760mmHg)e] A% Hj=7}
m <zl PAY EA0] AdFsEE 433tk
AA] 7|13 SR o
vsto] wjE7k~e] S0l
A8 H T} Figure 1 A7) A4
o] X% i-MEP System®| 7HFHEE HojFr}
o i-MEP $EAAE dX|ste] AZE HolHE
QR o MEgHlol wELOR HE3dle] o]
sttt Figwre 2= WjE7125 A5t ARIS Kol
A0, Table 1= th/dll o] AbFS HolFoh
XSH/‘}” 671% Aol EHE 12.6:19]

MDO °]t}.
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Figure 1: Schematic diagram of experimental apparatus
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Figure 2: Exhaust emission measurement

Table 1: Engine specification

=l
718 A" B 2 Zheolt), o714 2 s S04
A5 olgsto] A8, £ A I A4=E HE
W3t 3605 1HHE o] gtk
Table 2: Fuel injection timing adjust

No. Shim adjust Angle adjust

No.1 Cylinder -0.6mm +4CA

No.2 Cylinder -0.5mm +3.5CA

No.3 Cylinder -0.5mm +3.5CA

No.4 Cylinder -0.6mm +4CA

No.5 Cylinder -0.5mm +3.5CA

No.6 Cylinder -0.75mm +5CA

Table 3: Fuel injection(rack) adjust

Item Description
. STX SEMT PIELSTICK No. Basic setting Adjustment angle
Engine type 6PASL No.1 Cylinder 5.2mm +540 dgree
Fuel MDO No.2 Cylinder 5.45mm -135 dgree
Bore x Stroke 255%270mm No.3 Cylinder 5.2mm +30 dgree
Combustion type Direct injection type No.4 Cylinder 5.5mm No adjustment
Compression ratio 12.6:1 No.5 Cylinder 5.35mm No adjustment
Con-rod length 540mm No.6 Cylinder 5.35mm No adjustment
MCR output 1,192kW
MCR rpm 900rpm 3. /\E]atquéjq_ 1;,! 37_%1_
Max. explosion pressure 147bar
Firing order 1-3-5-6-2-4 31 AHEHLES
Azle] 7 S ST Azl edvE =
TE ] e, Zh7re] A-re| tidlA Peomp(3H 19t
ARAAES NAs] Y3t =713 AL TA vS9 <+2), Pmax(FH2E99t2), IMEP(Indicated mean effective
A 7S A, pressure; =A] ¥+ 4912), BHP(Brake horse power; A&
B UE U E R ul&), SFC(Specific fuel consumption; 1B AR]E)E A53)
2) ABEAA 7] Azt At} Table 4ol M= As7hd Ao <X sE& BefF o,
3) deBAe 24 Table 5= AJ57hd 59 AW TS HolErh <dxle] A
S Sl HugSeEe 349%, HaFIerEe
oA71A, = AALE BHS e, o= TAAE 24.7%, A F AT ESE S 10.9%, xﬂiﬂ}a = A =9
3]dE o gt & 20.0% T7FFlon, RN &S 42% FAES gl
A Az, w7] F57] 2715 vl 2ol <kl A SFATE w7l FE71e] 2718) iAo At wEHe] i
S BAG A Anp 5 das EAEHSL Aol 23171 Wil wi7] Hsa71e] sHFrE Sbske] A&
™, o] gk dlow 7] H7] =E" dHe] x7]9 7199 ol A5, Sk A9 S dETeRA &
mEY ARG Z Afol=rh FabE Alow A H9) HdsE Ent oluel HaskEere s Hudaagreo] A
ol wEkA wiy] 3718 skl wEY Alel=2E AlS okl =3 ARIARAZI7E Adiba o Xzbe o] Hal
g Ay 279 =& 9WA 73.12em™ Tl F @A ek S oS AssHl sk A3E e w3 uhe
83.0cm’?] W= o] Ao} e s FRIshaL, 7] = A FaEYdo]l SRS & 5 o, Anrk AdES
=dox wAEG 7 HAlE, AREAMZIE 7 ) el st duwAlE 24 AnATIE WA A
T Table 2= A|E ABRAIAZE Z7]ol HAHH o Bk & AYY E FYo] FdsH HES e ofof 5
AR 27 Adenig 2417 gs Bol ], A% ), & AF A= FAFE 100%(NF-3F 93%)01 A4 22}
At AAz=s 2SRt Al HAR, AREAES & 1% o= 24313tk Table 62 vl7]7}~ 2L=REE
ZASHSTh Table 32 A5 AN 2GS HolFed HolFEd], o] AL X s JHd Foll w77k =7}

o

Zuted ol Yol g 8ta 4 A437 A7F(2019.9)
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Table 4: Engine performance before engine performance im-

provement
No. Pcomp Pmax IMEP BHP SFC
(MPa) (MPa) || (MPa) (PS) (g/ps.h)
1 871 | 1115 | 181 | 21773 | 134.49
2 876 | 11.09 | 1.67 | 199.34 | 13291
3 892 | 1137 | 174 | 209.12 | 131.09
4 858 | 1065 | 1.67 | 19927 | 13628
5 882 | 1131 | 173 | 20742 | 134.00
6 853 | 1096 | 1.85 | 22297 | 13556
?Ovtz/l 872 | 11.09 | 175 | 1255.85 | 134.10

Table 5: Engine performance after engine performance im-
provement

Pcomp Pmax IMEP BHP SFC
(MPa) (MPa) || (MPa) (PS) (g/ps.h)

1 11.62 13.75 1.96 252.75 127.96
2 12.00 13.98 1.95 251.65 127.43
3 11.92 13.77 1.91 247.19 127.6
4
5

No.

11.71 13.85 1.96 252.61 128.97
11.82 14.05 1.94 251.05 127.5
6 11.49 13.55 1.94 251.24 131.8

Ave/
Total

11.76 13.83 1.94 1506.49 | 128.54

Table 6: Exhaust gas temperature

No. Before After | Deviation

Load (%) 77.5 77 -
Engine speed (rpm) 814 816 -
Scav’ pressure (bar) 1.3 1.6 +3
Scav’ temperature (C) 38 37 -1
No.1 420 370 -50

No.2 390 370 -20

No.3 415 370 -45

teing;lsltregjf(:) No4 | 360 345 15
No.5 410 375 -35

No.6 450 380 -70

Mean 407.5 368.3 -39.2

Hat 39.2 T(9.6 %) okt o] A= A 2 &
7} 2 Aot b AR AxTt HASS Ju)git) oY
g A= w7] Hg719] 2713F i 2 AREART), A
ol Fet¥t}h Figure 3 4570

g S HolFEr) o] FHo=
o+ 4= 2T} Figure 4= A%
g sk H=sE B

o,
oz
ofy

[0
o

Figure 3: Combustion pressure

Figure 4: P-V diagram

Figure 5: dp-d© diagram
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Figure 8: Instantaneous speed
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Table 7: Exhaust emissions before engine performance im-

provement

Item Unit Before After | Deviation Ratio
(%)

Dust | mg/sm’ 8.6 3.8 -4.8 -55.8
0O, % 11.4 12.6 +1.2 +10.5
CO, % 7.2 6.3 -0.9 -12.5
CO ppm 468 120 -348 -74.4
NO ppm 1,439 1,391 -48 -33
NO, ppm 75 57 -18 -24.0
NOx ppm 1,514 1,448 -66 -4.4
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