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A Study on Influence Factor for T.D.C. Determination

of Marine Diesel Engine

Jun-Young Choi

Department of Marine System Engineering
Graduate School of Korea Maritime University
(Supervisor : Prof. Jae—-Sung Choi)

Abstract

With the emergence of the problems such as air pollution and greenhouse gases

over the world, IMO realized the seriousness of air pollution caused by ship and
they established MARPOL 73/78 Annex VI in 1997. Annex VI includes several
emission controls on air pollution. Especially, in NOx case, marine diesel engines
should be certified by standard of emission controls and NOx technical codes
detailed guidelines. NOx emission intensity is regulated by the output according to
speed of marine diesel engines. Therefore, exact calculation of engine output is very
important as well as the technique to reduce NOx.
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In recent years, measuring power of marine diesel engine has been obtained by
using electronic pressure indicator. However, measured output has been known to
be different from the one that engines generate. A device that measures the
movement of piston cannot read an accurate location of the TDC, which makes it
difficult to measure an accurate output of diesel engines. This fact has been
confirmed through various materials. One degree difference between the location of
measured TDC and that of physical TDC causes 10 percent of differences in IMEP
and 25 percent of differences in heat release rate. and thus, many researchers
recommend that the range of differences between the location of measured TDC
and that of physical TDC should be within 0.1 degree.

These days, various engines installed in ships are equipped with injection devices
that inject fuels after TDC in the way to meet NOx emission controls. In this case,

two pressure peak points are shown in a cylinder pressure graph.

However, compression TDC on operating is indicated prior to physical TDC by
heat loss and blow-by gas. The difference between compression TDC and the
location of physical TDC is defined as loss angle. And if we consider loss angle,
not only can measure the location of accurate TDC, but also obtain the accurate

output.

In this paper, loss angle is analyzed by simulation and experiment. Through a
simulation, the influences of heat loss and blow-by gas had on loss angle is
investigated. And confirming the value of loss angle by experimenting with an
engine installed in a ship. Finally, the result of simulation with that of experiments

is compared and analyzed.
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— Nomenclature

Heat equivalent of work
Specific heat of constant volume
Mean piston speed

Cylinder bore

Area of combustion chamber
Weight

Nusselt number

Pressure in cylinder

Calorific value of heat loss

Gas constant

Reynolds number

Stroke

Temperature

Temperature of combustion chamber
Gas flow rate

Internal energy

Volume of cylinder

Clearance volume

Stroke volume

Specific weight of inhalation

kcal/(kef-cm)
kcal/(kgf-K)
cm/s

cm

cm

kgf

kef/cnt
kcal
kgf-cm/(kgf-K)

cm

cm/s
kcal
o

cm

cm

kgf/c



yc

Specific weight of cylinder gas
Excess air ratio
Connect rod length

Crank arm radius

Coefficient of heat transfer

Compression ratio

Crank angle

Coefficient of absolute viscosity

Coefficient of absolute viscosity at standard
condition

Density

Coefficient of kinematic viscosity

_Xi_

kgf/cn

cm

cm

kcal/(er-K)

degree
ke/cm-s
ke/cm-s

kg/cm

cm'/s



1.1 47 wd 2 =3

A AAMeR trled B 247k ZAZE o wet w4 siAb 719 1997
W kel ofet gz qdel digh A7HdS QIASEAL MARPOL 73/78S A ste] Anbo
ZRE ] th7]9% WHol B3 BE9 Annex VI(AI6HE-EA-A8 7] A =2 wj&
TFAFEHE AFsA HATE. Annex VIolE Autol el 7] o9 B #3 o
W& A7 2FgEo] o, 53] Noxo A9 B4 7#EEe nE wE FAVE
W GRS B8 NxE BHrlete] 7S Wk Aukg vkl ol ezt

[
2 QFAE BFHER FASSE Qb B fF wAol A%HoE nEPl

.

o8 20084 IMO= MEPC 58%F 3]2] @ NOx technical code®] 7N S Aeiste] /A=
44 2 NOx technical code 2008 AlAskal 20108 74 1482 3¥s L9sta
Jdrk. F& MAAEe2E 20119 19 1Y olF HEH = 130k 23 Mutel] g@4d
HANATHE A A 71E(Tier 1)9] oF 15~20% A% ART 7ES THOR
3l 9o AzxH Auto| A= Tier I 2 80% 723

;;r_
T2 ALAEE WE BANY S Fest=
ot tkEStojor sl FAFHe AY A= Tier I 7ol Agstojof st}

Table 1.1 IMOOIA FA g NOx limitE AE&AIH B B4 7|#&EE wot A

=
(=)
3
=
e
i
:t*l ‘{N‘
T
=
2
ofo
it
2
o
$
Id
| (2
N

Table 1.1 MARPOL annex VI NOx emission limits

_ NOx Limit, g/kWh
Tier Date
n< 130 130 < n < 2000 n > 2000
Tier I 2000 17.0 45 o 02 9.8
Tier T 2011 14.4 44 o 023 7.7
Tier I 2016 3.4 9 e 02 1.96

NOox TFAlE SHA7171 9l dukg gAadzle §2 Ak o] A& g



on =
=3
a2
o
fr
re
Al
M
>
>
>
N
B
re
il
N
N
_El>
=
N
N
[
>
)
e
w2
(@)
=]
oL
r”_;_
=

o
~
>,
ofo
ol
2
2
N

N
ol
ol
N
Ho
:oé
o)
rlo
b
)
tio
ol
k1
%0,
v

HlE%s rAletar low, O5 FHA7I7] A% Az 7]sEnt of

el TaAl Ha v, gA vjde] ¥ FFE= AW (IHP: Indicated

Horse Power)¥} #|&w}= (BHP:Brake Horse Power)%©] AT}, A A|n}&E & = Aju}ld o]z}

A et Al ZAEshe $9E Eotal ASHHAERSTEH ¥ BA " Fady

(IMEP)ell ¢Jsto] AlGTeT. Alsrte 2 AYA5H dollA A=

A oebEEAS g otk O B mAnE e 542 Y54 olfde dHdFa
d

w7, Aste] F9, dUAE ¥ ALk Wi 28 B ofe

’ ’

I ARH ez AFeta doew, FU|He Hes FASE MIPS(Mean Indicated
Pressure System)% 15 3&hi}olt),
A& A A (EMS:Engine Monitoring System)oll A A5 2 AbE% LA|up2 o] 7]4

A A E ASE A-Y PVAEAA EZ2kYHE (Planimeter)ol o]ste] ttEE A

B HA5elA AT A Ao ol E FYNEE WAAA A4 dlo]
HE AZYav, o 2UdsE 93 2o e . He &

HO
stal A @] wimel AAe] AgA

%
wjiZel TDCO] A= HAF 0.1% AFA ¢

5],]—/]_ [3,4,5]
s Aute] F719e Nox tlEle] o Moz HEAMIIE REE o] F o
g8 glon, o Ag Acy el Aoz TC X9} MC o Fol A F )



) Z0
Hﬁ e M 8 4 A
CE ® 3 g T A oM
T el 5o 8 F g o I
T o o X S 5 s B
S i B i
=0 Ag ER I P I
o ¥R o O T AN ° 3
F o . d! ‘ul T = Ea ﬂe B3
S m TR < = ) o
% T K o T !
T ooy TEL IR Wi o= T o 2
> 3 B 5 WO T o <~ R
- -8 A g ¥ o ® oo W = W
5oHE + T oo Mg w ¥
L e T S =z &
TTRE A. Fao ST !
e A I oz I 8 o X
oo £ oH = s % 2% o) o Ll
G- 5 -0 e n Kl = @
W oEE W woﬂgl?aﬁ 3
HeZo g s e p i ma gL o
—~ 0 = N |
232 E T R S N
- L oo = o OO = @' A ok o~ T
B om P e R R 8 i Y il b\
= S B2 o] Ko =
S = A W E e
SRNCHNON e om0 BE F e (¥
) N ° o
. %T o /Ln\u 10 " W T 11_1 % o my wﬂ_ i
N HTQ%E%Mﬂ AL 2
aogaynémo = o W o 5 B R
X —_— )|
o7 EK oA o B ST W o
o By : in _Lw R Ry T o
%@41%4 Ay A A
o oo o =r BL 5 B o=r ol TS > o
= 8T K L w TYEaw _BE N e
A e U 5om Yo W o
o K & i on X < ro= o
R < oF o) J _XE wt aL %o S X 0
N2 X oz M &ol%.ﬂo%ﬂ%w a o W
- T AW 2 g s @ 5
o 8 T T T N T ~d o) = & o
- W Q R e <R mh = W W% s .
Le%ETﬁawn éwbxlﬂimﬁ T o
Py w3 IE waﬂwm%wwggﬁ G
— e T
: 8 W xR o W T X TR AR
T S M R o < 1T = 0 5 o B i
© < — N Mo o m% = & o Huﬁ
oo 9% ) 7 Hﬂ,A_ou

ul B2
= 'é‘i—?—]ﬂ]—

A=A
=

4
pu

o= ]
=

Fo 2]

°©

H] 1

shairt.

1

pzS
=

slo] a1

Fol s

[e]

AfolZ A Ewold ATs Asow

)¢



2. £47k9] o|2H W7

2.1 &47+e] A9

713¢] TDC =4S A2 TC =AY 74 TDC SH-o] Advt. AF e 3 AEo] 7}
G g 928 wo] AAS theld Ao]AE o] g3ste] =438 Lienesch®Eo] o
:|

T oaklen] FA e ZAWHES Reverencic” Ho] wlo]ZZ ¢o]HE o] &3]

/ \ e P(bar)

/ N
= ~

-180 -120 -60 o 60 120 180
Crank Angle

Fig. 2.1 P—0 graph of operation engine

X

Fig. 2.12 245 7]@e] P—0 Zefzelar, A% 45 4% 0% F2olA &



A FJAE gk 20004 % o Fell HxE 718 Nox rAlE 5417171 9
sto] FEAF dde Agssial, oz ld AT 7o P—0 el 27]¢]
dazio]l YeAl Hol AT VM s A& &4 e AT 5 A =A%)
o}

P bar)
SSOFAMNGLE

N

a 30
Crank Angle

30

Fig. 2.2 Detailed P—6 graph of near TDC

Fig. 2.2 P—0 Zg2ol A=A TDC F¥=a P& 4= 0=2 AHS st
UeEtgal e Az 53 e =] Hdigkat 44 e 283 J&F 4=
02l Aol § whFe] Aol7k e AS Ho] Fa k. o] 6 FHFe AolE "4l

ZF(Loss of Angle)" o|z}ar 3tc},

FANGLE

e /B

Crank Angle

Fig. 2.3 Detailed dp/d0 graph of near TDC



gl

;go] X A =
=% TDC=ZA 0 =+
?_. = e Z
o 9] el 7}

Bk 4t
2.2 71&9 A+

=)
o) 2 No W T X
%@%ca« %Q,Aﬁeﬂrm.lL
@rﬂolw ﬂmoaﬁ@a_@wrx‘maﬂﬂﬂ
I Nrafmﬁﬂ&r%mm%ﬁﬂﬂu%
: UT ML 1;\_ < @E I o »A‘.# o \ﬁl = ﬂArO
TR O B W 5
ol = e 70 3 ORI X o
LT ﬂo%&%faﬂ,ﬁaﬂ%ni
TR W wr o ) ol g =
o< o= 9 R0 Wy £ Jd = . g -
v 57 il W o = = ¥ 27
&) R R Mo A Pt
el AR N = W T o W N g . .
o 2% M ~ T LA % » W :
oy & = o = 1 w© o X i = =
»A < \U! 1 9 - O > <
) = 7 o o = o X T B
T odo . »oo KPR M g W o iy :
[nze) ~ " 2 _ : .
‘Ejpwwmq zaﬂr%oﬂa@% g &
s o B %mm,ﬂmmtmwmzﬂul
I X1 > T oo RO = ko =
35 s 5 R G
s o ‘,Al %O L _n:v b O = - EE <
i = = T o R ]1_ 4 w WL G- &
: Lt p q‘mE ™ ¥ ~ = L jarin B
o LT e ol © o| B NN T
ﬂul = ﬂ_ol m ‘m:._ ‘I# T ,aﬁ ﬂNO " file)
51 do g RO = m/.lr o i m oy m.a % w
o = 5 - il o o & B e
I T oo oo S
o o ko) on _LZI ) B ) o x5
b g 3 o i i i
A = /i ol & " QL o) o W T
: ? il o JIA _L
wm TR s T o o T O W i wﬂ )
T g B CI S R o A "
) : ) i L E Y %
oo < 3 oo Moo W 42w
o TR mﬂ}ﬁe%ﬂo ﬂ%ﬂ&é
o Na&m_mﬁﬁ«za% %ﬂ@M%%ﬂam
o ) ) oR ok ool R T X ) o &
T T DN LTS
Hv_zga;kﬁ%irDVTﬁo m@pﬁﬂ
- = 3 s S o M o] & - ay X = ° ™
- TaEWa]%JLﬁﬁio 31
e - oo o L ool T T i
7 i < EE < 5 ) e .
5> s - & - il ! )
T T @ = D_l mw o wm % - .
o ™ H o m VA mm l ﬂr °
o T W OB H

314 (Vmin) 9] #o] & 7|

S

=

]

a8

9| 3

A

A

ste], dxtH o= 3YPa Y=

2 (Pmax) 2} AAke

}

o
il

H,
HS A

ki3

!

o
o



—alLme

= Pressurs

|
|

.30 20 ao o 10 20 30
i

Fig. 2.4 Measured pressure(P) and calculated volume(V)

Ki-Doo Kim and Sang-Hak Ghal®] 2003d% =%Flojxd nug ye&s v, Az
AR WA F 2w AAE AASEH ALEE JEden A Ao e

Y
o gAY, A4 Al AE w4 WE FE gAS Aar] A8 Agat 8
Ach. AR Aol A Aol Fo A TA B 45 G AL JFS

Sroby] i8] A GH-AH AES Fig. 2.5% o] thehuigict.

200 — — s e T a5y ———
i TDC Oﬂset
| | . .
__ 160 R i T MNe—a—- +1
= |
=) |
3 | |
5 120 — { |
7] | |
E 1
o |
g 80
&
40 +——
o ++—= - —— t.___.__._.—r_. e = - _______d
0 0.002 O.00D4 0006 0.008 0.01 0.012
Cylinder Wolume(m3)

Fig. 2.5 Effect of TDC setting on cylinder pressure-volume

HAR Aol AdA VF st
Bl S WE fE 9ol Axthn ma STk Table 2.1004% oel el A

Fig. 2.565 ol&dle] =4 Hut fra dEe Artelen o A= Ak 2A A



Table 2.1 Effect of TDC setting on IMEP

TDC Offset -2 -1 0 +1 +2

IMEP(bar) 21.54 23.32 25.08 26.84 28.58

Deviation

-14.11 -7.04 - 7.00 13.95
Rate(%)

olsh ol A HAe]l FaIe WHL, A AAel et vaEe] gl

(WA )
)
I
=
)
>_]
—
=
3
=
R

I
O.Lu
o°1'
mlo
Hm
gL
£
<

™
to
)
_11~>
_\,L
)
pi
tlo
-

w

re

2= TLAW o] ™,
ol TDCS] 91| +=
Barskal glet. IDC
o) 38 (dp/de)S T3t
s9lth. 1 U4S Fig. 2.6

2 fo

Ak EA He frE o, 998 E 59 2AE fEs)
ol A3
o] AAshs WwyozE Addgu
o] TDC HFolA SR s}Eo] 0
of vEb L dvt.



A9: Thermodynamic
loss angle

Crank angle

0.5
Q,.,~0 (Adiabatic)

ondr

AD

-0.5

Fig.2.6 Schematic graphs of dp/d© and thermodynamic loss

angle

Woschni, Hoenberg, Eichelberg?lS o]-&

i

te]l a8 3= 4

AR S

o] 0o] A< =4 TDCEaL

o
=

Emiliano Pipitone®@} Alberto Beceari®l 20100 =illo)

g Axstel &4

o] Aol

34

_7}5]

% 9)

b Ak A

Bl el =4

]

bl Tl <

A= h & Woschni, Hoenberg, Eichelberg %)< ©]-&3

=2
=

s

A

A=) v A |

il
—_—

iy
o

ol

M)

2 0E

of 1 gh=gke] Hdigle= et 2

ﬁo

1
o}

—_

L)
)

o
i

ofp

Stirling? X

=
=

ahe] of

:fL

T
] A =t

)

Hlct.

J|

g 7

o] dp/dO=0 21 TDC

ko3
T

DC



e AT HvEA B A Ay

2]
ol
4]
|

el

¢+

.

;OE
Al
=

o

284 o A% vl
. wea o 7)ol A

oo

=

o] 7hEE o] A

R
R

0]
PA

A 2Ego] Ae o]

K]

ah= o

bk 74

Xé S

Q]
=

o 240l

Hjo

ﬁo
]
wAO
of
Mo

uy

<
o))
i

ad

2}

ol

A

H A Al

9]

_?4

|
Fof Wl

S

oIt}

—_
i)

e

al

°ol-&

=

[12] o

| o] A

=
=

Aol E A

=z
RL

2 B

A

q71e)

(1) o374 2= B84

=2 o|A7AR 7Moo A7) A 2

el 74

PV=mRT

(2-1)

[ kcal }
kgf « cm
<]

Ry= 8.314472[

1
42700

A=

J
mol e

|

kgf « cm
kegf « K

R= 2927[

_‘IO_



(2) €93 Al 1 §F
A-EY A 998 Al 13
dimu)= dQ,— APV + d(mi)

dimu)= d(mC,LdT): mCdT+ C Tdm

AR K G,
X e — (R g
A71A, C, p G AR,{_l,Fa 5

(3) A¥Y Ui &g 2=

NI FEAFE et gt
d(m@): mznzzn - mout iout
=m C 1,—m C Tt’)ut

in—p Tin out

A(2-3)F ol&sto] A (2-2)& v 21 A (2-4)°] ¥aL,

mCdT+ C,Tdm= {dQ+ hF(T—T,,)} — APAV+ d(mi)
=dQ— APAV+ d(mi)

A71A hiE GAg Aol

o271 A 9] Aeg Ao zRE g9 (2

dP dV dm
Tr=\—+———\|7
d P+ Vv m

ojzH AU L& MES T & ek,

_‘I‘I_

5)E 28 F Ao

(2-2)

(2-3)

(2-4)

(2-5)



ANA, dQ=dQ;—dQ, o1, dQy= Axe] AUALEA FHH%
o= g},

A(2-5) A2l tdaha 4 (2-6)sh o] .

mCdT+ C Tdm= dQ— APV + d(mi)

7(_+_— + G Tdm = dQ — APAV+ d(mi)

P
anTd7 = dQ— APd V—mq,T%/Jr qu%m— C, Tm+ d(mi)

mC, T = AQ— (AP+mC, TV d(mh)

dP
mG Iy =

(mi)

P
mC,T

o= dduuie ¥ HaES 7d + An.

dP=

(mi)

(4) A AH7 233 4349 A

oA dQ =0

(2-6)

waEe] W z(0)e} AWA7 6 9ol AT Fig. 2.79 #AE o] &sd by

2.

21
ATLT S

1— cosf K sin®0
x(e)—TSJrE)\(l— 1— X )

_12_



%
e\

\

\

!
\ [ :connectrod length

N

X ;
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Woschni o] QAth. 717kl ARAES AAd ) A=gY P, shx L% T ¥ Bt

_14_



o)
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Holl Jojr o] AAdYAG(Coefficient of heat transfer):= ThS3F Zt}).

SnD
30v

0.7 T
— —38 g
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D = AAY A&
Re= Reynolds 5~
N,= Nsselt<+
S = stroke
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(2,904 AxdS TS WA 4 L 2EE Table 2.2% 2ol AWHY

o},

Table 2.2 Wall temperature of combustion chamber

Temperature
( Unit : K)
T, (cylinder head) 598
T, (piston crown) 648
T, (exhaust valve head) 873
T, (cylinder liner upper ) 588
T,s(cylinder liner lower) 363
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2 EAdE G5 B 2 AL B g olwRy §4)
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4
pasa

1
i+— U?= const.
g
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2 __
C;)T—J-Q—g[] = const.
P 1
r =+ — U?= const.
k—1 ~ 2¢
2K Pa Pc
= e
P -
ot ( 2 ) "o,
A k+1
P kP
o= -2 e ‘ (2-12)
m K:_i_ 1 pa pc
webd )Ae] fe veel Jow 7@+ A
dmin: CDS Ya ASP D;n
dmout: CDE 76 AEV U;ut
dm= dm,, +dm,,, (2-13)

B2kl #F3(my) el ALk A 2-1D3 2(2-12)5 o]&staL, EZ5ufe] 7|3t

THATE ol &Y. F2AA (S 2duH4dB)H viRA () L2 RE T3

Fig. 2.8/ Adg yio Baonto] shxe] thate] BAe Aow EHAS Fal
sto] R ufo] 7|17HS AFA A7 HE A S 70 deg. (= 430 deg )7MA = g
b, w3k (2-14)2 o)A BLOWBYE FEHASFE on]3ic).

S,=m(B*—(B—0b)*)/4

dm; = BLOWBY X Spx U, (2-14)

Sp= =14
U= M7 A1 o] £ =
dm;= blow — by ¥ FF
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(a) Pressures in the combustion chamber (1), in region behind top ring (2), in region between rings (3),
and behind second ring (4); (b) relative position of top and second rings; (c) percentage of total
cylinder mass that flows into and out of the different crevice regions across planes a, b, ¢, and d and
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functi

gh the ring gap g in Fig. 8-27, and the percentage of mass trapped beneath these planes, as a
on of crank angle. Automotive spark-ignition engine at wide-open throttle and 2000 rev/min.*?

Fig. 2.8 Information for blow-by gas in cylinder
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Table 3.1 Specification of test engine

[tem Specification
) 2-stroke, single acting diesel engine
Engine Type .
with T/C
No. of Cylinder 6

Bore / Stroke

420mm/1,360mm

MCR 8,130BHP/176rpm

NCR 6,911BHP/167rpm

Firing order 1-5-3-4-2-6
3.2 &= Alo]E A EH A
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Fig. 3.3 Loss of angle with scav. air temperature
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Table 3.2 Loss of Angle by simulation

Loss of Angle( deg. CA )
By heat loss(@),,,) By blow-by(%)

rpm

Q... %02 | Q.. Q.. X2 1.0% 1.5% 2.0%
120 0.029 0.150 0.297 0.116 0.165 0.215
130 0.030 0.126 0.261 0.110 0.158 0.206
150 0.022 0.089 0.230 0.098 0.154 0.211
160 0.016 0.089 0.205 0.113 0.167 0.220
167 0.012 0.087 0.194 0.104 0.156 0.213
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Fig. 3.5 Loss of angle with heat loss and mass loss(%)
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Fig. 4.1 Schematic diagram of expirmental appratus
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A i RS dF AlolE AlEH )M sd3t dxlo=m S SHlal Table
3.19} 2o agla Ao A8 lzmde] A2 Table 4.19F 2t}
Table 4.1 Specification of test encoder
Item Specification

Type D23SR15

Source Power DC 24V

Pulse/Rev. 360

Output A, B, Z

Tolerance 0
2w AAel A9 AWA ARLES] A4y ekl Aol Qi WE DISE ZEAl
Aol AEE olgsga, §A AHe AL AAd Al BAst] dHL
=4t
A AA oA 2 Ay WF-o] e HolH = 3715 F8 A/D HITE AF
A, A/D WET|AA A Ao 2 bE flolE 2 ZAEAA A 2 T
A g2 dlolHE HFS Fo txE 2lez wEste dAxo] e HAFEH A
ok PHow 9L sk
Zbe AlME NO.1 A9y A3g AFZE EZdo] 9X3a i, NO.1 AdE el 7]st
842 TC 91x0) 181400] 18] B2 wAshs 2wane] 2 922 S, Fig.
4.2 ZTo|del EAHO] &= NO.1 Niﬂ_tm 718814 TDC(BATDC) 1] A&
e 3L 2131, Fig. 4.3 Egho|€o] NO.1 Ay 9] 7]81e4 TDCY wjol] e A=~

3ol Mo R FA AR 7 HA7F et
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Fig.4.2 Checked TDC position of NO.1 | Fig.4.3 Output of Z-puls of encorder

cylinder on flywheel at TDC position for NO.1 cylinder

w3 ZdmaAe A HAE 1344 360 A4S A= AlAo|th. ZEEAlA 9
A Bze] AEE o 48 ol FolA T el AE ALgEE slo] dutHolt,
2 Ao A= TC 1% S49 A4S Fol7] fAske] Fig. 4.49F o] A Hxo] A
Sl A ef st A& BF o]&ste] AWA da 2% 0.55= MEY skl

. S — =" A

(a) 1 deg. Sampling

SR S S S S e S

(b) 0.5 deg. Sampling

Fig.4.4 Utilization of encorder's A pulse

7m0l A HAE oA F A AE BT o8&t PoR Iste] AYA
A= 7 0.5% AET Y A Hclo]l dasialth. Fig. 4.5v L AR
stolsl 1ol A AL 9dte] 17] AW 200nse] £EE JISEE 3lo] 2
B B2 A= 0.5% BED WHA Hluste] F1stGith. XF] A= AtelE A&
B AFz ge sglen, Y59 A 200ns2 e EY S5 4y gl 1y
st A=A J= 4% 05% 2 AT dF 4% 15 HEHAA 1071 AFelE<] o
olElE T Fol 1 Harghs ekl 1 A gkte] ApolE mlaLakgitt,

WA PF 4% 1% AZY e +£0.2% o7 3 AR BF Z4E 0.5% A
9 e 1% Axo 2x7F gl HAuv webA WA S A4E 0.5% HEY
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Fig.4.5 Comparison of error between two sampling method
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Fig. 4.6 dp/df graph with 10 times data
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Table 4.2 Loss of angle with test engine

RPM Loss of Angle
120 rpm 0.373 CA
130 rpm 0.349 CA
150 rpm 0.253 CA
160 rpm 0.221 CA
167 rpm 0.203 CA
4.2 AFASF A Aol A Edold 2 v 1 F

& 7F AdY oA daste] @Asts dUHAES Wiebe -5 o8
dtod FHF3oh, I AA 7]|BHE BEASH] Y8t ol &3 4 (premixed combustion)
¢} Ak A(diffusive combustion, mixing controlled combustion)® T-3&38lo] e}

WL, Double Wiebe 8Hrz A3 WE1S o] €3tdn).[¥ o7 x & ArdgRS
(mass fraction of fuel, heat addition)o|z} A oldlt}. whalr] ALAZA7], ALV
b, AAXEA A (combustion index)e] Wlo]EE o]&-3lr},
- Wiebe ¥+ 23 2},
9_ 9 (m-‘rl)
r=1—exp —6.9( . ‘s) lzl—exp(y) (4.1)
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dr 0—06,1" 1
i 6.9(1—x)(m+1)( ) ) 9_b (4.2)

- Double Wiebe Function< th3-3} Zt}.

e (dx) Fd(@) (4.3)
d

o =1 do
9, Fsh = 47 dE@ganst shidns wgeln, F+ F=10 ot

- Heat release rate

d@Q= @y >xdx (4.4)
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Fig. 4.10 Comparison of cylinder pressure between

calculation and measurement at 160 rpm

A Aol o]&H AL HolH = Table 4.39F a1, A5 &M &S g/ps/h= U
ATt

Table 4.3 Input data for calculation

2719 | arlew | wslekE | wjse | ASuE | dmaug
e (bar) (K) (bar) (K) | BHP/cyl) | (g/ps/h)
120 1.49 304 1.45 575 327.53 141.48
130 1.65 304 1.55 589 445.93 140.40
150 2.25 304 2.05 616 682.72 132.38
160 2.73 304 2.59 612 794.24 137.85
167 3.09 304 2.89 617 929.33 140.60
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32 q
k
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(e} = AN .
Fig. 4.11%= A3gto =z A=3 3dEsny £47be gk AlolF AlE#H oA ALt
S B 7 TLA 2 AlolE AlEdolAS Ha) Ay dxA7 AFE Yl



NEoz A=d

= X
T

dlo]E

P
Fo) Bl

jal

i)

o
7

dlo] e o}

=
=

gsto] 7

A

=

=
=

|

+ BLOWBY A5+

ksl
hE

TLA®] Zkol|l 2.3doA] AF

ki3

Hoz

3

o

+ TLA(Thermodynamic Loss Angle)

= Measured data

Calculation data

T
140

04

m ~N -

o <} o
[wd '3eq] 2)8uy jo sso7

180

160

120

100

speed [rpm]

-\
E

Fig. 4.11 Loss of angle by comparison experiment and

calculation

Fo] BLOWBY A4

3|

12171711

=
=

Al

TP

- B

Foghel AfelE BESuhe] bzl o
dlolelst A dlolEl & 22 AlFth,

o= AXE TLAC

9]

SN

=
=

=
=

ato] Al

%

=

=
=

4.2.3 E291lo] 7t29] 4

e A5 284 tA7|de

1

& 719

upo] 7h2gke] A
2l

‘CI)“
FA]
TLAS A

Z5ko] shsel o5

AATF.

E=
3

I3
pul

olfrE B

folon ARz TAS) ko] Aolv} i

5|

?_}__

¢

L

;OE

i+

=K

}I\l_

Z5-Hpo] ThAgE A

R=R
=

34 A

Ao AS5E 479 g A

_35_



7] #18) AF&¥ BLOWBY @& A& ol&sto] Ato]lE Al EHCA
7} 27} 23A)8F= B & (Mass flow by blow-by/Total mass flow)2 ¥EAISE 132 Fig.
4.129F vk, X599 A9 IHAEER QY son, Y59 A9s BEuel(h) =
Attt 23E FAste] B A&7 soldas B2 9-uto] Zkar ApA| st
v H[E&E oA ar ok, o] iRl da Al=Elo] AjEE o] Q= VIO R 3
AEE7 5555 Agol dFor 47 heo] molxA AHAYYRE FF&He 7MY

3 AdYol FHEe FREel oA

|

= BEgvlobt st Et A

ol

O]
ifs?

2 9ol

ko

i)

rr

EF AfolZ AEUIAL F3 1 AT Bl BESuto] spr} MR FFo
2 ANSIY] Wil 3ol AFE 4 Alol2 AlFUolde] ATurt Bzl
bk AA S W& o Boly

Blow by [ %]
N
/
>

T T T )
100 120 140 160 180
Engine speed [rpm]

Fig.4.12 Blow-by gas(%) by matching loss of angle

Fig. 4.13& sA% ey Bagule] 7129 8 7hs F3(kg/eycle) 02 e A
olth. XEFe A9E AA%EE 4 gon, vE AeE Bl sjas A

FTHo R 3t Asgitt. 3 dg kel wEl SEZ-ufo] 7o) e FF Wt
QAW 1 Z7F W9 7F 0.00875(+0.00025)kg/cycleo.® Zrola] | B R Qnfo] 7pAE
Aoz Yel E2-ufo] 7hxe] o2 3| & dAIgle]l Ao dA
[e]

o

_36_



Q
e

I T B
o o o o

[epAo/34 0T ]
se§ Aq mo|q Jo unowy

Q
=]

140 160 180
Engine speed [rpm]

120

100

Fig.4.13 Blow-by gas quantity by matching loss of angle

B

B

[e)

Z5-upo] 7k

B
=

}o =z M
2 FzrAez 7

297 taee] Bz gute] 7}

7]

=
=

<

™

4.2.4 47+ A&

Fo] 20004 o] =

%7 915

71 FAZE vl wet A 21s 3

i3

o ¢

St 5]

E2]

AA71E TDC ©]

H
R

ASE 4 QA ATk webq o Ay 7]

o
=

of sk

=
=

TDCE

=
-

o}
=]

#H

o] gk tAle] 7]Eo]

= Aot

=

o] our FaA Ha

o elato] Fatol
S AAvle e AEale] MCel FA oA &

=
=

Zell A A

I

J

T

3]
=

)

<

|

1
T

Table 4.4

A%k

Ko
=

Al
ol

o
b=

ﬁo

—~
o

fol 2 Avjolr,

o

o
il

Nl

!
o}
T
W

o}

oj

B
—_
file)

_37_



Table 4.4 Effect of TDC setting on IHP with test engine
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