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Abstract

29

In this study, well-known burned rate expressions of Weibe function and double Wiebe function

have been adopted for the combustion analysis of large two stroke marine diesel engine. A cycle

simulation program was also developed to predict the performance and pressure waves in pipes

using validated burned rate function. Levenberg-Marquardt iteration method was applied to cali-

brate the shape coefficients included in double Wiebe function for the performance prediction

of

two-stroke marine diesel engine. As a result, the performance prediction using double Wiebe func-

tion is well correlated with experimental data with the accuracy of 5%, and pressure waves in

intake and transport pipe are well predicted. From the results of this study, it can be confirmed

that the shape coefTicients of burned rate function should be modified using the numerical method

suggested for the accurate prediction and double Wiebe function is more suitable than Wiebe func-

tion for combustion analysis of large two stroke marine engine.
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Fig. 1 Description of rate of combustion for vari-

ous combhustion property.
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Table 1 Specifications of the engine

No. of Cylinders 6

Bore : 700 mm
Stroke ’ 2674 min
Connecting Rod Length 3066 mm
Compréssion Ratio ' 17.8
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Fig. 8 Comparisions of heat release rate for cach cylinder at a 100% load between the experiments and the
predictions from double Wiebe' s function using the coefficicnts given by Table 3

(647)



40

Cylinder pressure(bar)

Cylinder pressure(bar)

Cylinder pressure(bar)

L EaliEe T R .

$234% WO 1999

1601 Cylinder 1
140 ~
920 1
1 =
o 3
I3
=1
80 2
) fud
Q
60 5
] 2
40 3,
20-
o -4
T L) v T L v ¥ v LA L) v T r
-200 -150 -100 80 ] 80 100 150 200
Crank anie(deqrees from TDC)
‘“] Cvlinder 3
140 -4
120 Pradiction without heet loss
i o
1001 %
1 5
807 3
/ 2
40 1
« 3
- J
o S
L] L] H LA 1 LA v r
-200 -150 -100 -S0O 0 50 100 150 200
Crank angle(deqrees from TOC)
1601 Cyiinder §
140 -
120 -
1 =
w0 g
{ e
80+ 2
g
Q
7 5
1 kS
40 =
J O
20-
I
0
T T L) L v L T v L) T T
<200 150 -100 80 ] 50 00 150 200

Crank angle(deqrees from TDC)

1607Y Cviinder 2
140 -
— Expenmeni
120 4 - Prodicticn wth F.uat loss
Pradiction without heal loss
100 |
|
20 {
‘o—
‘o-
m-
o —
¥ T L LA 1 v L) ¥ L) LA
200 150 100 S0 O S0 100 150 200
Crank anqle(degrees from TDC)
1699 Cviinder 4
140
------- Praciction with heat loss
120 Prediction without Hast i0ss
100
1
w-
80
40
N—
OT X
L) M T LA LI L) v v L4 vy
-200 -150 -100 50 0 50 100 150 200
Crank anale(degrees from TDC)
160 Cylinder 6
140 -1
4 =~ Experimen|
" Prodiction with heat ioss
IZOT Prediction without heat loss
4
100
80-
w-
;
40
20 _/
o ——
. LANSLAREN Rtk An IR AN S SN B e 2 ¥ T
200 -150 -100 50 Q 50 100 150 200

Crank angle(degrees from TDC)

Fig. 9 Pressure-time diagram for each cylinder at a 106% load

(648)



2% Wiebe A2 59 & o] 8% 288 tid Auhg AN A%

oz

41

227 50% load 221 70%load
Experment
20- ¢ 201 « Experment
- ° Calculation o Calculation
g 18- . . ~ 187
g, Maximum error:2.4% at cvlinder 4 ’g Maximum error:1.4% at cviinder 4.6
¥ 16 & 16
- = . . 9 . $
141 14 4 ¢
8
124 ° 8 s * ) 121
10 7 10 T v v v Y v
1 2 3 4 5 6 1 2 3 4 5 6
Cvlinder unmber Cvlinder unmber
221 ‘oad 22
oo% « Experment 1 100% koad
20 ° Calculation 20
Maximum error:1.8% at cvlinder 4.6 . 3 . .
o 181 = 181 e ¢ Experment
% . . . 3 . 8 é Maximum error:1.6% at cvlinder 4 |, .1 iation
w 16 & 161
H S
14- 141
12 124
10 v - T - v v 10 T —— T v T T
1 2 3 4 5 6 1 2 3 4 5 6

Cvlinder unmber

Cvlinder unmber

Fig. 10 Comparision of IMEP between calculation and experiment

neldfol & o & Utk Fig 9914 & & U=
o] 9|z d&H e A EFH V17t HH e A
Ao We AFS Fug dAYENE B2 9

uj A,

{i A7 BAH 25 Wiebe 2 A%
Z RAc 2 golatr) 9sld Fig. 109 A%
o} 715 HEQ FFFAEUH S A 9 edF2
of wet Al4tete] A gk vl watdch AdAR
Mtz 4o vt AP @A) A e
2.4%0) E-3 shg T} uleba] B Aol A A gHg 2

Z Wiebe 35 Autg iy 2883 oAl A79
*J—o- o ZA Hod e & vebd 5 oS o
F At

Aze) Rt} dHE Awr} Aol %
ol Z:A] 1A= ‘5% g og groliyl 913
o Fig.119] d¢=4 46]7‘ oke A AT
A &% ¥ w st L}b}LH?lE} 1208 o) s gbed Al

\_

ol Be REo] gt HA) el 4%k
7 Huf 24.6% S.aAE YEl I USS & F A
=3

Fig.129)| A Fig.15% 50%, 70%, 85%, 100%2]
g3z dled 2P Aolx, FIB R AF
P(transfer pipe)oll A 9] 42 18 & F X3 4 3}
of zbzt Vebd Rolk XA AR S F
718 SUE L A FHH F1n Yy £
gt st A4 g APA Aolax AvEE
A2 2 Jehfol F1 vk o33 3t
= 5ol AYLE Fold S &+ An
23 st utae] B AN ALY FA=] 3
& 29 & #Sste FaAR o) ek £ A
A& N ALo] F Al Gol M e oW} A
3}l 25 Wiebegh4r9] QA= 2383 Avhg A3
7H“}°ﬂ 2o}, & - ul7)zl e} Hrd, el g
& & U HE3 w3k " Holt)

(649)



42 HEA R BMBIE, D238 H5%. 1999

24]50% load 24]70% load
- Ex‘pulmont J < Experiment
22 o C without heat loss 221 I" Calculation wihthout heat Io.:]
20 204
= Maximum diffenerce:24.6% at cvlinder 1.6 = Maximum diffenerce: 15.6% at cviinder 4
8 18 8 18]
E E’ o ° o L] °
2 167 . o o % 16 °
= ° ° ° = . . . . .
14 141 *
12 - . . . * * 12
10 v v v v T ™= 10 T T 7 T v
1 2 3 4 5 6 1 2 3 4 5 6
Cvlinder number Cvlinder number
] 85% load 100% load
24 « Exporiment J 2‘*
22/ oC without heat loss 221 o
Maximum error:16.1% at oviinder 4 ° o o ° °
201 o o 201
= ° ° = . .
2 18 ° ° 28 ° . . .
] . . . ¢ ¢ ¢ E Experiment
- g ®
=S 16 Z 16 Lol" lation without heet loss
144 144
124 124 Maximum eiror:16.0% at cviinder 4
10 T - T T T T 10 T N e e e e T
1 2 3 4 5 6 1 2 3 4 s 6
Cvlinder number Cvliinder number

Fig. 11 Comparision of IMEP between calculation and experiment without heat loss

2.055
Crank case
=== Inlet pipe
2.050 .
_ — TPO Transfer pipe
= . -
8 2045
g
@ 2,040
@2
o
Y
2.035
]
2030 Tt T T YT T
120 140 160 180 200 220 240 260
EPO EPC
Crank angle
2060 -
2.055
i 2050 { e
8 T
Qg 2.045 - 7;;,/;,./
7 - S
7]
@ 2040 ﬁ === Crank case
i Intet pipe
2.035 1 Transfer pipe
2030 — r ; —
EPC -50 0 50 10%po
Crank angle

FFig.12 Computed pressure waves in inlet pipe,
crank case, and transfer pipe at 50% load

(6

5

2.80

— Crank case
- ~*inlet pipe
Transfer pipe

2.78 1
— TPO
o
3 D ——
Sorm T ) e
5 e
3
7]
P 274
s
[« 8

272 TPC

T ) S T —T v T T Y
120 140 160 180 200 220 240 260
PO EPC
Crank anale
2781
=" Crank case
""" Inlet pipe
Transfer pipe
=
@
e I
m /( \\\
e 1 e mmean
8 276 { B /
o — 5
v T v T v T . -
EPC -50 0 50 10%P0
Crank anqle

Fig.13 Computed pressure waves in inlet pipe,
crank case, and transfer pipe at 70% load

0)



2% Wiebe 942 Y& o] 48 2804 u3 Aot IAANY Yyl 43

~— Crank case
3.287 - - Inket ploe
- Transfer pipe

3.26

Pressure(bar)
w
LX)
-
1

©
N
N

i

320 r— T ————

120 140 160 180 200 220 240 2&?}
EPO C
Crank angle
1 —-— Crank case
"""" Iniet pipe
3.26 T for pipe
=
@
= ———
O
s 1 e
7]
]
2
a.
322 A T T T
EPC -50 0 50 10%';,0

Crank angle

Fig.14 Computed pressure waves in inlet pipe,
crank case, and transfer pipe at 85% load

4.2.2 3 Wicbe# A ¥ gk3te] o3

A&7 F LT FLLAFE 25 Wiebe &
ARdE o] &3 AMGTH AP E Haste 1
a}o] & o} Table 49 ehy A tt.

A& BE 35l disiA @dE 33
5% ole] AVTE 7lA 1 o 23n YT 3
Qg 4 glou melA 23 Wiebe 3429 & A4

&9 Yol iy dAdM HEd ¢ U=H
AR E L+ Ak

Hon** 59 A3 A7E ¥ 5% Add ¢
gl go] AFALLd 5~6% WitE A& &
Reez Adod gteWlE 9 Ale] & MEE 3L
Bt 2 AT Ao dF HYre I8 ¥

& AYE & % e} Stein'el] o 51 el A U] <]
Aol AL % £7H Bd e oo ¢y
Ax =9Qlof WAsty- ¥ 27 (thermal shock)®}
AA Aol A& gt AZ B o8 &
WA @cti Raetglm, Honi kel oloje]
YA e A 230, %4 F9 o
2 3te] B3k A9 tlolE] 9 L AHE 10%

I

i

" Crank case
"""" inlet pipe
Transfer pipe
3684...____|TPO
g \/\n/\’* - Jepseeyee 7
2 366]
>3 ‘ |
@
]
2
0. 3.64
TPC
e 1 LI dams SRS NN Metu d SR A SRS
120 140 160 180 200 220 240 260
EPO 50,0
Crank anale
372
1 — Crank case
- Inlet pive
" Transfer pipe
‘(6 4
=)
2
3
7]
]
ol
a
3.64
-V v T . i '
EPC -50 p . m%PO
Crank anale

Fig.15 Computed pressure waves in inlet pipe,
crank case, and transfer pipe at 100% load

Table 4 Difference of total heat release rate
between the experiments and predictions
from the present study

_Load | 0% | 70% | 85% | 100%
Cylinder 1 | 0.67% | L11% | 034% @ 181%
Cylinder2 | 2.58% 065‘7;1;2.53‘7 e
cylmdérs T070% | 080% | 219% | 4.10%
Cylinder4 | 0.47% | 0.20% , 0.20% | 0.90%
Cylinder5 ' 0.43% | 0.11% J o.ié%")' 180% )
| Cylinder6 | 0.15% | 0.20% | 0.85% | 1.30% |
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