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A Study on Heat Loss of Large Low-speed Marine Diesel Engine

S.T. Kim-J.S. Choi

Abstract

In this study, 1t was reviewed how to induce thermo-dvnamically and mathematically
the heat transfer coefficient formulas studied & reported for small high- speed internal
combustion engines mainlv.  And taking into consideration a study on large
low speed marine diesel engines neglectfully dealt with, it was ensure to fit the
calculation value with obtained combustion pressure data through experiment from
the main engine of M.S. “HANNARA". Also it was analyzed that the measured
temperatures of cylinder head, liner and piston crown those of the heat transfer
wall area in combustion chamber of large low-speed engine applied by various load.
Accordingly, the characteristic of heat transfer has been grasped by analvzing
variously a heat loss through combustion chamber wall influences on confidence &

economical efficiency which belong to basic items for internal combustion engines.
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Table 1 Specification of the Main engine

Article Description Remarks
Type MAN B&W 6L35MC 6 Cylinders
4560 bhp * 200 rpm * 16.8 kt MCR
Output
3400 bhp * 189.5 rpm * 15 kt NCR (MCR * 0.85)
Bore 350 @mm
Stroke 1050 mm
Comp. Ratio 15.6
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Table 2 Comparison of heat loss to various prediction eq.

{calulation dutation :IC 49~EO 300 crank angle deg.)

Eq. | O o,

Qna

Annand 10.0
Eichelberg 73
Pflaum 10.2
Sitkel 42
Nusselt 121
Woschni 12.6




134

Fig.3 Comparison of rate of heat release

Rate of heat release (kcal/rad.)
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Table 3 Specification of the Large Low-speed Diesel engine for the Test

Article Description Remarks
Type MAN B&W 12K80MC-S 12 Cylinders
Output * rpm 55052 bhp * 102.9 Standard Type
Bore 800 @ mm
Stroke 2300 mm
Mean Eff. Press. 17.37 kgf/cm®

Table 4 The Charateristic of the amended Atomizer

Nominal Class. Nos. of hole & its dia.(mm) Remarks
A 6 * ©165 Reference
B 6 * ©165 Mini-sac(HC A 7 &)
C 6 * @165 De-NOx&

Fig7= J£E AZe BHAMY 28 A Nozze A, B, C Types 27 34

, 71% R3LE 50%, 5%, 100%2 WSS o 243 e Jehd Rog 3

34—*—% FTHOEZREY AE vehdch

EW“ 100" C ~200' C A= SEXE HolAW Ao mE LxR
1'1°l Tt W7 250 mm F27HA] 2E9 Wl e e o

Ol
-

A

=
Azrsi' E-

oo 4z oo R
w &

FuoH
2
2

ATEIE AV e Aoz AzbEc)
H T AL Y& wi7EE oo dalo, BaE F3ew 2

& 2EEXE Yehn Qidh 437 il o] wa %doﬂﬂﬁﬂ ks
€ F M A JEda 218 & 5 glon, wANge) e

L=t T 0o EAPEES] FHe wEtq JAE FL FHEL

‘}01” fou wi7Ee o 2xE FA JIFS “‘Oﬂl 53], De-NOx
2 AEE C =29 ZS wi71dB =9 %7 71 whA Jelt NOx A
7PF &S & & AEH, ol NOx A4 Fo] da7tx Hn e vldsige
2ote] AMRE J2E FAHLESY goju HALLE Yzia 2 93l
o] 7hs3tAut, wj7|ME «l W FEEA Rar] g wirjgpe gHes
F&e AL E8, A4 7k2eEr 71 uzed Yyehdn Q7] iR e s dudd,
O|ZHE wi7|EE e} Wzt B3 A7t eFdn AZE)

Figll3} 12& =29 £/ @& NOxg HCY & EX4< z7 Jehd Aol
Figllo 25 ¥ wj7|¥4E £x9} NOx HIE5AL vlus] £ o wjrjgrne 2x7}
AY ¥ C =29 3¢ NOx WIS EE 7S 94 YJeludz glo] o8 gusy
Atk £ Fig1291-E HCY 7] R GEL A} ¥ wZsac-volumed) d8 ¥4
e £Y92A Z#2AZ F g9 wehsac-volumeS HA5F B =22 HLd

297t AAZ 7 A s, Fausel HE dFE A9 2L I & Uk

o)
o @&
_?L

[0 0]
rlr
R >

fr Kt ore
)
B lo

o

=

SLoaN iy 2 R ok
S
o?ﬂ..
N
L .
AU
£

BN oY o
@ o
k]

N
I



B Aol ol &d A A) L&
HE A S 7] d&do] Bk A
Nozzle Type A Nozzle Type A
PR, 200 - I
600 | Lload | Load
; & 100% | = 100%
Poe 75% o . 75% |
o500 Loa 5% ! - s50L I SO%J
. e P SR
- 2 .
@ L ] 8
P = ]
2 . . . . g
£ 400 . £ .
& 2 500t .
= . 2
] A A R s « -
%
£ 300 . 3 R
550 -
2
200
1 1 L i L L 1 500 '_‘ L .
50 10 150 200 250 300 350 2 0 160 150
Radius from valve centre (mm)
Radius from prston centre (mm:
Nozzle Type B Nozzle Type B
500 ] e
Load ! 700 -
} 1000 | Load
. % ;
| el ! B " N00%
; P8 | © > 75%.
500 [T 1 050% { . 50
5 <\ @ 6501 . e
< 5
1 . [ .
- N L] 5 . »
® a ]
2 H .
g 2 < = 600} *
e s
5 » N s ¢
5 300 & . £ -
17} w
o 550 |
200
s L L L . s L i) L . "
50 100 150 200 250 300 350 o S0 100 150
Radius from piston centre (mm) Radius from valve centre (mm)
Nozzle Type C Nozzie Type C
i 700 )
600 i i Load
Load | | 100% |
® 100% | | 750/“ |
—~ | .
o 75%| O esof . 50;
5001 [ 4 50% | - R
I3 . . — 3
S . » 5
L ] @©
- S s00f
Y . g
5
g 4o . 5 o
-4 . @ . - *
£ 4 3 ss0f [ a
2 N > ~
8 300 . £ 4
o) & w
o
500 b L]
200
450 L A L
L L L L L L L 0 50 100 150
50 100 150 200 250 300  35¢

Radius from piston centre (mm)

Radius from valve centre (mm}

Fig.7 Distribution of measured piston temp.
from part Load to full Load at Nozzle
Type A, B, C applied, respectively

Fig.8 Distribution of measured exhaust valve
temp. from part Load to full Load at Nozzle
Type A. B.C applied, respectively



138 BEBEARR KRBT WXE F218

o Naze type
4 00%100
a0
» %00
A-D%L0D
10
Alt Fae
|
i
Cam
Bh
1w Nazzle Type
[+ 10%0A
8 | %00
A | s %00
10

Aft ———k——&——— A 4—— fae

Nozzde Type

Ato—8hk——o+—+——Ak—— Fae

Cam

Fig.9 Distribution of measured liner temp.
from part Load to full Load according
to circumferen. position at Nozzle Type
A, B. C applied. respectively

0

Cylinder liner temp. (

°C)

Cylinder liner temp. (

)

Cylinder liner temp. (

Nozzle Type A
20 2zle Type
Load
—a—100%
—e— _75%
—a— 50%
200
-
—a__
[ .\n/.
100 . T ¢
T A . s
[ 1 1
[ 500 1000
Distance from cover/liner boundary (mm)
Nozzle Type B
%o Load
—a— 100%
—e— 75%
—A— 50%
20
P
[ S —
\.\I »
100 a—__ , ™
——s —_—
E—— a
o 1 1
500 1000
Distance from cover/liner boundary (mm)
Nozzle Type C
300
Load
—a— 100%
—e— 75%
—4— 50%
200 .
l\\
Ta
\-\
\:\0\. -8
——— T
100 \A\‘\‘\ \f’—”.
—_— R
0 1 1
0 500 1000

Distance from cover/liner boundary (mm)

Fig.10 Distribution of measured liner temp.

from part Load to full Load according
to distance from cover/liner boundary at
Nozzle Type A, B, C apolied, respectively



h 845 7) go)

NOx emission
[chzle Type
oA
8
C
v HFO contr

-
-~

ppm wet, 15% Oxygen

SERL)

139

HC emission

350

[Nozzie Type
-

A
B
C
HFO contr

pPm wet. 15% Oxygen

50

L "
50 75

2 1
75 100

Load (%)

Fig.11 NOx measured value with
various Nozzle Tips

=y
Ao},
el gley 5
i ek o= Wzt
Fig.10+= 4¢9 E}O]H-Ql
| Z7bell ulat port)ll 7}71-& 4
8 st H%%%Eﬂ
| <

)7}

- L[H

1

[e]

7]

e A
o

RE Bt

do
m&

-8l
=S
HaATE Sl

x
71

ol
il
i

Al

L thy A% 3l
s G ¢
nejatolop 3]

Iﬂlum*j‘ g o] &sh

Tt
ebd

i

O]z;—
ol

7

[e]

g 80T el A

33 Woschni?
k2] g

Load(%)

Fig.12 HC measured value with
various Nozzle Tips

N

o8

kU
=)
2

)

1

P‘ﬂ
L ®

%
F
Sh

ofk
njo

tio]E e} o ¢
u] ol - 7 EE}
Eont I

o+

e

HE4 Hef7 o2 Nusselt?], 7

“refa Agtel EEEAe] Az
155 A9t Annand, Eichelberg,
AzbEle] O F BALES

O] o_l}\_i o
Sitkei® 7L

=1

oz A7ts 2] 5o

e



140 BEEERCBR KBt AxXCE 8218

1332 U+ Annand¥e] 7HE EHAHY o2 Hordh

2. W7 8B =9 FHLEI} dAvkx 2EE /M 9zE Jeidide HE 1
39, NOx A7 did4 =59 a3/ oS 9% 4 IAoh 28y NOx Az
WL =59 FS Fato] G wiylE 22 & Ao|rt YN

3. F3lol we HAE g FUSEE F 100C~200C AL, vizpdre 34 o
10C~100T AX 283 ol A dFolA < 0T, sHFedA & 0T A=
ZFol 7k AT

4. JAEEE H2g T TULEE, Fa7t 50% B+E Astae AFTYE
7} 2Fo 25 E o 370m By $Xe xR ¢ 50T AE w4 Yehtz 9l
o wir|dEe] BoE FYRIZHE Ho|AFE SHLE} F BT~0C F=
volxth 18x AAY oy A, Ao|ugoes SAY SR XM= o
U AdRoA FEE YEESE 257 A Pold & 10T AX Aol7b AN,
AFgo g A LR YN E & 0T AL AnE FRexrt 458

8 % XK

[1] John B, Heywood, fInternal Combustion Engine Fundamentals,, McGRAW-HILL
Internal Editions, AutomotiveTechnology Series pp. 668-711, 1988.

[2] 2%, "TRREROBRESEICSWT,, HABKMES 5510 BRSHM(1982-11-18,
19, KR, NRERIZET Dl nER).

(3] 491 - FH2 - oj4 Y, T2ma AsPr|de] d74 € 49D AFd W 4
A ATy, dErAEs] =83 (B) A21A A11E, pp. 1466-1474, 1997.

(4] &8R- BGA - o] E, TagaysrIde] SHIAGATY B3P Z2A, e
71A18H3] =F3X(B) #2148 AllE, pp. 1475-1484, 1997.

5] HHIE— - $15% %, "Recent Research on Heat Transfer in Internal Combustion
Enginey, BEIEEAM, pp. 404-412, BRFISHE.

[6] T2k, =59, i34, B7A4, e 39, WA7IH,, 859, pp. 401-429, 1997,

[71 WNusselt Der Warme ubergang in der Verbrennugskraftmashine VDI
~-Forschungsheft 264, 1923.

[8] G. Eichelberg, Some New investigations on old Combustion Engine Problems,
Engineering 1939.

[9] W. Pflaum; Der Warme ubergang bei Dieselmaschinen mit und ohne
Aufladung, MTZ, 22-3.




HEAL IR G e A7 141

[10] G. Sitkei; Beitrag zur Theorie des Warme uberganges in Motor, Konstruktion,
14-2, 1962.

{11] W. J. D. Annand;, Heat Transfer in the Cylinders of Reciprocating Internal
Combustion Engines, instn. Mech. Engrs. 177-36, 1963.

(121 G. Woschni; A Universally Applicable Equation for the instantaneous Heat
transfer coefficient in the Internal Combustion Engine, SAE 670931, 1967.



& Collection |



