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SYNOPSIS

A-type engines have been built fo r  over 17 years as in-line and V-versions. They have been fitted in 
numerous marine and stationary installations and their design and output were adapted to the changing 
requirements, including operation on heavy fuel oil. This report surveys the experience obtained with this 
universal type o f  engine (Fig. 1) on heavy fuel oil, and related design aspects. Some reference is also made 
to engines operating on marine diesel oil.

B. Eckert g raduated in M echanical Eng ineering a ttheT ech - 
nical College o f W in te rth u r and jo ined  the Diesel Depart
m ent o f Sulzer, Sw itzerland in 1961 as design eng ineer fo r 
slow -speed engines. F o llow ing  a tw o  years ' ass ignm ent to  
Sulzer (UK) in London, he returned to  Sw itzerland to  jo in  
the C om m iss ion ing  and Service G roup fo r  diesel engines. 
He w as sta tioned  in Bom bay as representa tive  responsib le  
fo rte c h n ic a l services fo r  Sulzer diesel engines in India and 
Pakistan and, in W in te rth u r, he w as appoin ted  Head o f 
Service fo r  fou r-s troke  and sm all RTA engines in 1974.

DEVELO PM ENT AND APPLICATION AREA

I n  it s  o r ig in a l  v e r s io n  a s  a  t w o -v a lv e  t y p e ,  t h e  A - e n g in e  w a s  
d e v e lo p e d  b e t w e e n  19 6 4  a n d  19 6 8 . T h e  o b je c t iv e  w a s  a  r o b u s t ,  
s im p le  a n d  in e x p e n s iv e  e n g in e  w it h  u n iv e r s a l  c a p a b i l it ie s  
in c lu d in g  m a r in e  a n d  s t a t io n a r y  a p p l ic a t io n s ,  to  s u p e r s e d e  th e  

s u c c e s s f u l  S u lz e r  B - e n g in e s .  A l r e a d y  in  1 9 7 0 ,  t h e  f ir s t  s h ip s  
w e r e  c o m m is s io n e d  w it h  a  6 A L 2 5  e n g in e  a s  m a in  p r o p u ls io n  
u n it  o p e r a t in g  a t  a  n o m in a l  s p e e d  o f  7 5 0  r e v / m in .  S o o n ,  t h e r e  
w a s  a ls o  in c r e a s in g  d e m a n d  f o r  t h is  e n g in e  t y p e  a s  m a r in e  

a u x i l ia r y  u n it s  a n d  f o r  s t a t io n a r y  d u t ie s .  S o m e  o f  t h e s e  e n g in e s  
w e r e  o p e r a t in g  o n  in t e r m e d ia t e  f u e l  o il  ( F i g .  2 ) .

I n  1 9 7 3 ,  t h e  A 2 5  s e r ie s  w a s  s u p p le m e n t e d  b y  t h e  A 2 0  a n d  
A S 2 5  v e r s io n s ,  f o u r - v a lv e  t y p e s  w it h  7 5 0  a n d  10 0 0  r e v / m in

d g fpiirTiTl

S ta n d -b y  e m e rg e n c y
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FIG. 1: Applications of A-type engines
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FIG. 2: First installations of 6AL25 operating on IFO (1972)

FIG. 3: First installation of 16ASV25H operating on HFO (1976)

n o m in a l  s p e e d . T h e s e  a l l - p u r p o s e  e n g in e s  t o o  h a v e  s in c e  
f o u n d  w id e  a p p l ic a t io n  a s  m a r in e  m a in  a n d  a u x i l ia r y ,  a s  w e ll  a s  

s t a t io n a r y  a n d  t r a c t io n ,  u n it s .
A s  e a r ly  a s  1 9 7 6 ,  a  h e a v y - f u e l  o i l  v e r s io n — A S 2 5 H — w a s  

in t r o d u c e d  to  c o v e r  t h e  d e m a n d  in  t h is  m a r k e t  s e g m e n t  

( F i g .  3 ) .
I n  1 9 8 2  t h e  A 2 5 - p r o g r a m m e  w a s  f u r t h e r  e x t e n d e d  b y  th e  

A T 2 5  v e r s io n  w it h  7 5 0  a n d  1 0 0 0  r e v / m in  a n d  u p  to  2 2 0  k W  ( 3 0 0  
b h p )  p e r  c y l in d e r  ( F ig s .  4  a n d  5 ) .  T h e  f ir s t  A T 2 5  e n g in e s —  
a lr e a d y  in  a  h e a v y  f u e l - o i l  v e r s io n — w e r e  c o m m is s io n e d  d u r in g

1 9 8 3 .
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Engines for heavy fuel oil

W it h  th e  A S 2 5 H  a n d  A T 2 5 H  v e r s io n s ,  t h e r e  a r e  tw o  c h o ic e s  o f  
S u lz e r  t y p e  ‘ h ig h  s p e e d ’ e n g in e s  a v a i l a b l e , s p e c if ic a l ly  d e s ig n e d  

to  c o p e  s u c c e s s f u lly  w it h  t h e  im p l ic a t io n s  o f  o p e r a t io n  o n  
h e a v y  f u e l  o i l  ( F ig .  6) .  F o r  e x a m p le ,  t h e ir  d e s ig n  in c o r p o r a t e s :
• B o r e -c o o le d  c y l in d e r  h e a d s  w it h  w a t e r -c o o le d  e x h a u s t  v a lv e  

s e a t  in s e r t s
• T w o - p a r t  p is t o n s
• N im o n ic  e x h a u s t  v a lv e s  w it h  R o t o c a p  r o t a t o r s
• O i l  c o o le d  in je c t io n  n o z z le s

T h e  h e a v y  f u e l  o i l  s p e c if ic a t io n s  ( a s  b u n k e r e d )  h a v e  n o w  
b e e n  s t a n d a r d a r d is e d  a c c o r d in g  to  t h e  e n g in e ’ s a p p l ic a t io n ,  
e . g . ,  m a r in e  a u x i l ia r y  ( in c lu d in g  s in g le -f u e l  s h ip s )  o r  m a r in e  
p r o p u ls io n  a n d  s t a t io n a r y  a p p l ic a t io n s  ( F i g  7 ) .

T h e  d if f e r e n c e  in  f u e l  s p e c if ic a t io n s  re f le c t s  th e  d if f e r e n t  
e n g in e  lo a d in g s  u s u a l in  t h e  tw o  d u t ie s .  T h e  5 0 0 c S t  l im it  se t  f o r  
a u x i l ia r y  d u t ie s  c a t e r s  s p e c if ic a l ly  f o r  s in g le -f u e l  s h ip s  in  w h ic h  
th e  f u e l  o i l  f o r  b o t h  m a in  a n d  a u x i l ia r y  e n g in e s  is  h a n d le d  b y  
o n e  t r e a t m e n t  s y s t e m . F o r  t h e  s m a lle r  v e s s e ls ,  w h ic h  c o u ld  
t y p ic a l l y  h a v e  A - t y p e  m a in  e n g in e s ,  3 8 0 c S t  is  a  m o r e  r e a lis t ic  
l im it  in  v ie w  o f  g e n e r a l  f u e l  a v a i l a b i l i t y  a n d  th e  l im it  o n  
c o m p le x it y  o f  f u e l  t r e a t m e n t  p la n t  to  b e  e x p e c t e d  o n  b o a r d .

I n  e v e r y  c a s e ,  h o w e v e r ,  a d e q u a t e  f u e l  a n d  lu b r ic a t in g  o il  
t r e a t m e n t  is  e s s e n t ia l  f o r  g o o d  o v e r a l l  e c o n o m y . P r o p e r  o n 
b o a r d  f u e l  t r e a t m e n t  m u s t  b e  u s e d  to  r e m o v e  w a t e r  a n d  
a b r a s iv e  p a r t ic le s  ( s u c h  a s  c a t a ly t ic  f in e s ,  in d ic a t e d  b y  th e

a lu m in iu m  c o n t e n t ,  e t c .)  p r i o r  to  o i l  e n t e r in g  t h e  e n g in e .  
A d e q u a t e  h e a t in g  is  a ls o  n e c e s s a r y  to  e n s u r e  t h e  p r e s c r ib e d  

v is c o s it y  a t  t h e  f u e l  in je c t io n  p u m p s .
C h a r g e - a i r  h e a t in g  a t  lo w  e n g in e  lo a d s  is  a d v a n t a g e o u s ,  

e n a b l in g  p r o lo n g e d  lo w - lo a d  o p e r a t io n  o n  h e a v y  f u e l  w it h o u t  
th e  n e e d  o f  c h a n g e -o v e r  to  d ie s e l  o i l .  I t  s h o r t e n s  t h e  ig n it io n  
d e la y  a t lo w  lo a d s .

A s  it  is  g e n e r a l ly  a g r e e d  t h a t ,  f o r  h e a v y  f u e l  o i l  o p e r a t io n ,  a 

h ig h  s e r v ic e  r e l ia b i l i t y  h a s  g r e a t e r  p r i o r i t y  t h a n  a  h ig h  o u t p u t ,  
a  1 0 %  d e r a t in g  w a s  in t r o d u c e d  f o r  s u c h  a p p l ic a t io n s .  T h e  

e n g in e  r e l ia b i l i t y  is  in c r e a s e d ,  n o t  o n ly  d u e  to  th e  lo w e r  lo a d  
b u t  a ls o  b e c a u s e  th e  t u r b o c h a r g e r  c a n  b e  s p e c ia l ly  m a t c h e d  to  

p r o v id e  in c r e a s e d  e x c e s s  a i r  f o r  c o m b u s t io n .
I n  th e  e x a m p le  o f  F ig .  2 7  t h e  e x h a u s t  v a lv e  t e m p e r a t u r e  w a s  

t h u s  lo w e r e d  b y  s o m e  3 5 ° C  in  c o m p a r is o n  to  th e  s a m e  e n g in e  
r u n n in g  o n  m a r in e  d ie s e l  o il .

A20—now in HFO version
I n  t h is  c o n t e x t  w e  s h o u ld  a ls o  m e n t io n  th e  s m a lle s t  e n g in e  t y p e  
o f  th e  S u lz e r  p r o g r a m m e ,  t h e  A L 2 0 ,  in t r o d u c e d  in  1 9 7 3 .  T h e  
o v e r a l l  t o t a l o f  a b o u t  3 0 2 0  A - t y p e  e n g in e s  d e l iv e r e d  b y  e n d  
19 8 4  in c lu d e s  s o m e  5 2 0  A 2 0 s .  T h e  lo n g e s t - r u n n in g  e x a m p le s  
e x c e e d  3 7 ,0 0 0  h  o p e r a t io n  ( F ig .  8) .

T h e  n e w  h e a v y  f u e l - o i l  v e r s io n  o f  t h e  A 2 0  m a k e s  it  p a r t ic u 
la r ly  a t t r a c t iv e  a s  a  r e a l ly  h e a v y - d u t y  s h ip ’s  a u x i l ia r y .  T h e  
5 0 0 c S t  f u e l  s p e c if ic a t io n  l im it  c o v e r s  t h e  g r e a t  m a j o r i t y  o f

1970 75  8 0  year

FIG. 4: Cylinder outputs

Viscosity Pumping 
Poor atomization

Density ------------► Separation

Sulphur —► Low temperature
corrosion

Conradson carbon Deposits
residue Wear

Fouling
Smoke

Asphaltenes Slow burning
Smoke

Vanadium High temperature
Sodium corrosion

Fouling

Ash -----► Abrasive wear

Water Corrosive wear
Fouling

Cetane Number Starting
-- ► Rough running

Fouling

Fuel Incompatibility of
compatibility Mixture

FIG. 6: Implications of heavy fuel oil operation
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FIG. 8: A20 eng ines de live red  and in service

FIG. 9: 6AL20 engine

FIG. 10: A25 eng ines de live red  and in service

b u n k e r s  b e in g  l if t e d  a n d  t h is  a l lo w s  t h e  f u l l  e c o n o m ic  b e n e f it s  
to  b e  g a in e d  b y  s in g le - f u e l  o p e r a t io n .

T w o  A 2 0  e n g in e  m o d e ls  a r e  a v a i l a b l e ,  w it h  s ix  a n d  e ig h t  

c y l in d e r s  in - l i n e ,  r e s p e c t iv e ly ,  a n d  m a x im u m  c o n t in u o u s  o u t 
p u t s  f o r  h e a v y  f u e l - o i l  o p e r a t io n  r a n g in g  f r o m  5 2 5  to  7 6 0  k W  

( 7 1 5 - 1 0 3 5  b h p )  a t  9 0 0 - 1 0 0 0  r e v / m in .  T h e y  t h u s  c o v e r  a  
g e n e r a t o r  o u t p u t  r a n g e  o f  5 0 0 - 7 2 0  k W e  a t  5 0 /6 0  H z ,  w h ic h  is  

s u it a b le  f o r  m o s t  s h ip  t y p e s .  I t  is  a  p a r t ic u l a r l y  c o m p a c t  e n g in e  
d e s ig n ,  w e ll  s u it e d  to  in c o r p o r a t io n  in  c o m p le t e  g e n e r a t in g -s e t  
p a c k a g e s  ( F i g .  9 ) .
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FIG. 11: S ing le  fue l sh ip  w ith  4 x  8AL25 converted  fro m  MDO to  
HFO opera tion

Upgrading existing A25 engines for heavy fuel oil 
E x is t in g  A 2 5  a n d  A S 2 5  a u x i l ia r y  e n g in e s ,  o r ig in a l l y  e q u ip p e d  
t o  b u r n  o n ly  m a r in e  d ie s e l  o i l ,  c a n  b e  r e a d i l y  a d a p t e d  to  
o p e r a t e  o n  h e a v ie r  g r a d e s  o f  f u e l  o i l  a n d  r e s id u a l  f u e ls  w it h  
c o n s id e r a b le  e c o n o m ic  b e n e f it s .

C o r r e c t  h a n d l in g  a n d  t r e a t m e n t  o f  t h e  f u e l  p r i o r  to  e n t e r in g  
t h e  e n g in e  is  n a t u r a l ly  o f  t h e  u t m o s t  im p o r t a n c e .  A d e q u a t e  
p r e h e a t in g  is  n e c e s s a r y  t o  e n s u r e  t h a t  t h e  p r e s c r ib e d  v is c o s it y  
is  m a in t a in e d  a t  t h e  e n g in e .  A d d it io n a l  s e p a r a t o r s ,  h e a t e r s ,  
f i l t e r s ,  p u m p s ,  e tc  m a y  b e  n e e d e d .

T w o  le v e ls  o f  e n g in e  m o d if ic a t io n s  a r e  p o s s ib le ,  d e p e n d in g  
u p o n  t h e  s h ip o w n e r ’s  r e q u ir e m e n t s  a n d  t h e  a n t ic ip a t e d  f u e l 
l im it s .  F o r  in t e r m e d ia t e  f u e ls ,  u p  to  3 0  c S t / 5 0 ° C  v is c o s it y ,  th e  
c o n v e r s io n  in v o lv e s  m a in l y  n e w  f u e l  n o z z le s ;  n im o n ic  e x h a u s t  
v a lv e s  w it h  R o t o c a p s ;  n e w  s e ts  o f  p is t o n  a n d  s c r a p e r  r in g s ;  
s m a lle r  t u r b o c h a r g e r  n o z z le  r in g  ( w h e r e  s u it a b le ) ;  a n d  t u r b o 
c h a r g e r  w a s h in g  e q u ip m e n t .

F o r  h e a v ie r  f u e ls ,  u p  to  1 8 0  o r  3 8 0  c S t / 5 0 ° C  d e p e n d in g  u p o n  

t h e  a p p l ic a t io n ,  t h e s e  m o d if ic a t io n s  n e e d  to  b e  s u p p le m e n t e d  
b y  b o r e -c o o le d  c y l in d e r  h e a d s ;  t w o -p a r t  p is t o n s ;  a n d  a lt e r a 
t io n s  to  t h e  f u e l  in je c t io n  p u m p s .

A l r e a d y  s o m e  8 5  A 2 5 / A S 2 5  e n g in e s  h a v e  b e e n  m o d if ie d  b y  
S u lz e r ,  W in t e r t h u r ,  to  b u m  h e a v ie r  f u e ls .  A l t h o u g h  t h e  c o n 
v e r s io n  f o r  I F 3 0  f u e ls  is  t h e  m o s t  p o p u la r ,  a  n u m b e r  o f  
a u x i l ia r y  e n g in e s  h a v e  b e e n  c o n v e r t e d  to  t h e  f u l l  3 8 0 c S t  s t a n 
d a r d  to  a c h ie v e  a  s in g le - f u e l  s h ip  ( F i g .  1 0 ) .

SERVICE SUM M ARY

B y  t h e  e n d  o f  1 9 8 4 ,  a  t o t a l  o f  o v e r  3 4 0 0  e n g in e s  o f  t h e  A 2 5 ,  
A S 2 5  a n d  A T 2 5  t y p e s  h a d  b e e n  d e l iv e r e d  f o r  m a r in e  p r o p u l 
s io n ,  m a r in e  a u x i l ia r y  a n d  s t a t io n a r y  p o w e r  g e n e r a t io n .
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FIG. 12: One of five fishery ships w ith  original main engines 
replaced by 4 X  6ASL25H operating on HFO

FIG. 13: Single fuel cruise ship w ith  base load auxiliary engine 
6ASL25H

T h e  lo n g e s t -r u n n in g  o f  th e s e  a r e  e x c e e d in g  7 0 ,0 0 0  h o u r s ’ 

o p e r a t io n  ( F i g .  1 1 ) .  I n  t h is  t o t a l,  t h e r e  a r e  1 2 0  h e a v y - f u e l - o i l  

b u r n in g  A - t y p e  e n g in e s .  M a n y  a r e  A S 2 5  v e r s io n s  b u t  th e  f irs t  
t h r e e  o f  th e  la te s t  A T 2 5  t y p e  a n d  s o m e  8 5  c o n v e r s io n s  ( F ig s .  1 2  
a n d  1 3 )  a r e  a ls o  in c lu d e d .

T h e  h e a v y - f u e l  s e r v ic e  w it h  th e  A S 2 5  e n g in e s  h a s  b e e n  m o s t  
e n c o u r a g in g .  T h e  f o llo w in g  s u m m a r y  c a n  b e  m a d e .

H e a v y  f u e l o ils  in  u s e  e x t e n d  to  4 2 0  c S t  (4 0 0 0  S R I )  v is c o s it y ,  
3 . 4 %  s u lp h u r ,  4 0 0  p p M  v a n a d iu m ,  1 3 . 4 %  C o n r a d s o n  c a r b o n  

r e s id u e  a n d  0 . 0 9 %  a s p h a lt e n e s  ( F ig s .  7  a n d  1 0 ) .
L u b r ic a t in g  o il  c o n s u m p t io n s  h a v e  a v e r a g e d  1 . 3 - 2 . 0  g / k W h  

( 1 - 1 . 5  g /b h p h ) .  C y l in d e r  w e a r  r a t e s  h a v e  r e m a in e d  s m a ll .  T h e  
m e a n  v a lu e  o f  m a x im u m  l in e r  w e a r  g e n e r a l ly  s e t t le s  d o w n  
a r o u n d  0.01 m m /1000 a f t e r  r u n n in g - in .  o n ly  s l ig h t ly  m o r e  t h a n  
o n  m a r in e  d ie s e l  o i l  o p e r a t io n .

P is t o n - r u n n in g  b e h a v io u r  h a s  b e e n  g o o d .  P is t o n  o v e r h a u ls  
h a v e  b e e n  r e q u ir e d  a t  in t e r v a ls  o f  o n ly  s o m e  6 0 0 0 -9 0 0 0  h o u r s ’ 
s e r v ic e .  E x h a u s t  v a lv e  p e r f o r m a n c e  h a s  a ls o  b e e n  w it h o u t  
f a i lu r e s .  V a l v e  o v e r h a u ls  c o u ld  b e  c o m b in e d  w it h  p is t o n  o v e r 

h a u l.
N o m in a l  o u t p u t s  p e r  c y l in d e r  w e r e  a s  f o llo w s :
A 2 5 H :  1 1 0  k w  ( 1 5 0  b h p )
A S 2 5 H :  18 0  k W  ( 2 4 5  b h p )
A T 2 5 H :  2 0 0  k W  ( 2 7 0  b h p )
T h e  lo n g e s t -r u n n in g  e x a m p le  o n  h e a v y  f u e l o i l ,  a  6 A S L 2 5 H  

a u x i l ia r y  e n g in e  in s t a lle d  in  th e  c r u is e  s h ip  Daphne  in  J a n u a r y  
1 9 8 1 ,  h a s  n o w  a c c u m u la t e d  m o r e  t h a n  3 0 ,0 0 0  r u n n in g  h o u r s .

Flashpoint Viscosity TBN Water Insolubles
(Pentane)

•/. of original 7 . of original */• of original
150-

°0

.
o c

ISO-

1 2  4 6 1 2  4 1 2  4 6 1 2 4 6  1 2 4

i Engines operating on H.F.O. o Engines operating on M.D.O. 

FIG. 14: Some lube oil analyses

Lubricating oil

A s  p e r  o u r  s p e c if ic a t io n , S  A E  4 0  l u b r ic a t in g  o i l s  w it h  a  f r e s h -o il  
a l k a l in i t y  o f  b e t w e e n  T B N  2 2 - 3 0  a n d  in  a c c o r d a n c e  w it h  
M I L - L - 2 1 0 4 C ,  C D  o r  S e r ie s  3  c la s s if ic a t io n ,  a r e  n o r m a l ly  
a p p l ie d .  T h e  a c t u a l  lu b r ic a t in g  o il  c h a r a c t e r is t ic s  r e m a in  
r e m a r k a b ly  s t a b le  in  h e a v y  f u e l - o i l  s e r v ic e  ( F i g .  1 4 ) .  T h u s  it  is  
f e a s ib le  to  a r r a n g e  o i l  c h a n g e s  a c c o r d in g  to  a n a ly s e s  w it h o u t  
l im it in g  th e  l if e  t im e  o f  a n  o i l  b e f o r e h a n d .

H o w e v e r ,  th e  a m o u n t  o f  o i l  c o n t a m in a t io n  b y  w a t e r  a n d  
in s o lu b le s  d e p e n d s  o n  t h e  d e g r e e  o f  s e p a r a t io n  ( p r e f e r a b ly  in  
th e  c la r i f ie r  m o d e ,  e it h e r  b y -p a s s  o r  b a t c h -w is e ) .  T h i s  h a s  n o t 
a lw a y s  b e e n  f u l ly  r e a lis e d  b y  e n g in e e r s  p r e v io u s ly  m o r e  a c c u s 

t o m e d  to  m a r in e  d ie s e l  o i l  o p e r a t io n .
T h e  s a m e  a p p l ie s  in  r e g a r d  o f  h e a v y  f u e l - o i l  s e p a r a t io n .

Main and bottom-end bearing

F o r  s o m e  y e a r s  n o w , th e  m a in  a n d  b o t t o m -e n d  b e a r in g s  h a v e  
b e e n  o f  a l u m in iu m - a l l o y  w it h  a n  o v e r la y  a s  r u n n in g  s u r f a c e  

( F ig s .  1 5  a n d  1 6 ) .  A lt h o u g h ,  th e s e  b e a r in g s  a r e ,  in  g e n e r a l .

FIG. 15: Lower main and upper/low er bottom end bearing shells 
at 14900 running hours on MDO

FIG. 16: Lower main and upper/low er bottom-end bearing shells 
at 11200 running hours on HFO
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200 kW/cyl at 1000 r pm - b m e p  = 16.3 bar 
ISO - Condition

FIG. 17: Cylinder liner wall 
tem perature

FIG. 18: Cylinder liner 
operating on HFO

g iv in g  s a t is f a c t o r y  s e r v ic e ,  t h e ir  p r a c t ic a l  l i f e  b e c a m e  l im it e d  in  

c e r t a in  c a s e s  o n  a c c o u n t  o f  f a s t e r  o v e r la y  w e a r ,  m a in l y  c a u s e d  
b y  in c r e a s e d  lu b r ic a t in g  o i l  c o n t a m in a t io n .

I n  t h is  c o n t e x t  I  w o u ld  a g a in  s t r e s s  th e  im p o r t a n c e  o f  g o o d  
fu e l a n d  o i l  c a r e ,  w it h  a p p r o p r ia t e  s e p a r a t o r s  a n d  f ilt e r s  e tc .

F o l lo w in g  e x t e n s iv e  f ie ld  t e s t s , th e s e  t r im e t a l  b e a r in g s  w il l  
b e  s u c c e e d e d  b y  a l u m in i u m - a l l o y  b e a r in g s  o f  in c r e a s e d  w e a r  

r e s is t a n c e  b u t  w it h o u t  o v e r la y .  F o r  t h e  m a in  b e a r in g s  o f  th e  
in - l i n e  e n g in e s ,  a  m o d e r n  w h it e m e t a l  b e a r in g  w il l  b e  r e - in t r o -  
d u c e d .  T h e  l i f e  n o w  e x p e c t e d  f o r  m a in -  a n d  b o t t o m -e n d  
b e a r in g s  is  1 2 0 0 0 - 1 8 0 0 0  h  o n  H F O  a n d  1 6 0 0 0 - 2 4 0 0 0  h  o n  

M D O .
E x c e p t  f o r  r a n d o m  c h e c k s ,  b e a r in g s  s h o u ld  o n ly  b e  o p e n e d  

u p  f o r  s u r v e y s  b y  th e  c la s s if ic a t io n  s o c ie t ie s .

Cylinder liner

T h e  w e a r  ra t e  o f  th e  c y l in d e r  l in e r s  o f  th e  e n g in e s  o p e r a t in g  o n  
m a r in e  d ie s e l  o i l  h a s  c o n s t a n t ly  b e e n  lo w ,  b e lo w  0.01 m m / 

1000 h.
F o r  t h e  e n g in e s  o p e r a t in g  o n  h e a v y  f u e l  o i l  t h e  w e t  t y p e  o f  

c y l in d e r  l in e r  h a s  b e e n  r e t a in e d ,  t o g e t h e r  w it h  a n  in t e r m e d ia t e ,  
r e l a t iv e ly  e la s t ic  s le e v e .  T h e  a b s e n c e  o f  a n y  n o t ic e a b le  lo w - 
t e m p e r a t u r e  c o r r o s io n  a n d  t h e  s t a b i l i t y  o f  t h e  lu b e - o i l s  c o n f ir m  
t h e  m a t c h e d  t e m p e r a t u r e  le v e l  o f  t h e  c y l in d e r  l in e r  w a l l  a n d  
t h e  u n if o r m  a n d  s m a ll  d is t o r t io n  ( F ig s .  1 7  a n d  1 8 ) .  T h u s ,  lo w  
lo n g -t e r m  c y l in d e r - l i n e r  w e a r  r a t e s  a r e  r e c o r d e d  ( a b o u t  0.01

FIG. 21: Comparison between piston operating on M DO/HFO at 
14 900 and 7500 running hours respectively

Temperatures measured at 
200 kW/cyl (270 BHP/cyl.) lOOOrpm

FIG. 20: Piston tem peratures

A 25 * -  M arine d ie se l oil AS 25 --------- - = Marine d ie sel oil
.  ■■■ = H eavy fuel oil

FIG. 19: Comparison of cylinder liner w ear

At p o sitio n  A
0 04

10000 20000 30000 
Service hours

10000 20000 30000 40000 
Service hours

m m /1000 h ) ,  o n ly  s l ig h t ly  h ig h e r  t h a n  o b t a in e d  w h e n  o p e r a t in g  
w it h  m a r in e  d ie s e l  o i ls  ( F i g .  1 9 ) .

B a s e d  o n  t h e  w e a r  r a t e s  s o  f a r  r e p o r t e d ,  w e  n o w  e x p e c t  a 
c y l in d e r  l in e r  l if e  o f  2 4  0 0 0 -3 6  0 0 0  h o n  H F O  a n d  3 2  0 0 0 -4 8  0 0 0  
h o n  M D O .

Piston

D e p e n d in g  o n  t h e  e n g in e  t y p e  a n d  r e v o lu t io n s ,  o i l -c o o le d  c a st  
ir o n  o r  a l u m in i u m - a l l o y  p is t o n s  o f  m o n o b lo c k  t y p e  a r e  g e n e r 

a l ly  u s e d  o n  A  a n d  A S 2 5  e n g in e s  o p e r a t in g  o n  m a r in e  d ie s e l  
o i l .  W it h  o v e r  1 8 5 0 0  o f  t h e s e  p is t o n s  in  s e r v ic e ,  n o  n o t e w o r t h y  

i r r e g u la r it ie s  h a v e  b e e n  r e p o r t e d  a n d  p is t o n  s e iz u r e s  a r e  a lm o s t  
u n k n o w n .

F o r  th e  e n g in e s  o p e r a t in g  o n  h e a v y  f u e l  o i l ,  a  t w o -p a r t  p is t o n  
h a s  b e e n  in t r o d u c e d  w it h  in t e n s iv e  o i l  c o o l in g ,  r e s u lt in g  in  
t e m p e r a t u r e  le v e ls  o f  p is t o n  h e a d ,  g r o o v e s  a n d  r in g s  ( F ig .  2 0 )  
w h ic h  a r e  a d e q u a t e  f o r  H F O .  T h i s  t w o -p a r t  p is t o n  is  a ls o  
s p e c if ie d  f o r  A T 2 5  a n d  h ig h e r -o u t p u t  A S 2 5  e n g in e s  o p e r a t in g  
o n  m a r in e  d ie s e l  o i l .

T h e  p is t o n s  a r e  e q u ip p e d  w it h  t h r e e  p is t o n  r in g s  a n d  tw o  
s p r in g - lo a d e d  o i l - s c r a p e r  r in g s .  T w o  c h r o m iu m -p la t e d  p is t o n  
r in g s  w it h  a b a r r e l -s h a p e d  f a c e  p r o m o t e  in it ia l  r u n n in g - in  
a n d  o b v ia t e  r e - h o n in g  o f  c y l in d e r  l in e r s  a t  o v e r h a u ls .  O n e  
s t e p p e d  r in g  p r o m o t e s  s t a b i l i t y  s o  a s  to  r e d u c e  lu b r ic a t in g  o il  
c o n s u m p t io n

T h e  g o o d  r u n n in g  b e h a v io u r  o f  th e  m a n y  p is t o n s  in  o p e r a -

One part piston Two part piston

240 °C 258°C 311°C

138°C
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n = lOOOr.p.m. -  b.m.e.p. = 16.29 bar

FIG. 22: Inlet and exhaust valves and seats after 14 900 running 
hours on MDO w ithout overhaul

t io n ,  w it h  s m a ll  d e p o s it  f o r m a t io n  a ls o  in  th e  r in g  g r o o v e s , 
c o n f ir m  th e  a p p r o p r ia t e  t e m p e r a t u r e  le v e l  a n d  g o o d  s t a b il i t y  
a n d  s e a l in g  p r o p e r t ie s  o f  th e  r in g  p a c k a g e  ( F ig .  2 1 ) .

T o d a y ,  p is t o n  a n d  s c r a p e r  r in g  r e n e w a l a r e  u s u a l a f t e r  
o p e r a t in g  6 0 0 0 -9 0 0 0  h o n  H F O  a n d  8 0 0 0 - 1 2  0 0 0  h  o n  M D O .  
T h e s e  r e p la c e m e n t  in t e r v a ls  c a n  b e  r e g a r d e d  a s  s a t is f a c t o r y  
a n d  e c o n o m ic a l ,  e s p e c ia l ly  w it h  th e  v a lv e  o v e r h a u ls  c o 
in c id in g .

P i s t o n  r i n g  g r o o v e
G e n e r a l l y  t h e  a b r a s iv e  c o m p o n e n t s  o f  th e  h e a v y  f u e l  o i l  a n d  its  
c o m b u s t io n  p r o d u c t s  in c r e a s e d  th e  g r o o v e  w e a r  o n ly  s l ig h t ly .  
H o w e v e r ,  h ig h e r  g r o o v e  w e a r  w a s  e x p e r ie n c e d  in  c e r t a in  
in s t a l la t io n s ,  m a in ly  w h e r e  f u e l a n d  o i l  s e p a r a t io n  w a s  n o t  u p  
to  e x p e c t a t io n .  I n  t h e  f u t u r e ,  th e  o w n e r s  w il l  h a v e  th e  o p t io n  
o f  o r d e r in g  p is t o n s  w it h  th e  f la n k s  o f  g r o o v e s  a n d  r in g s  
c h r o m iu m  p la t e d .

T h e  r e - c o n d it io n in g  in t e r v a ls  f o r  p is t o n  r in g  g r o o v e s  c a n  be

Original design New design ( bore cooled >

= n 3

— n j

°c
350
300
250
200
150

Temperature distribution between exhaust valves

FIG. 24: Uniform and low tem peratures

p la n n e d  a t  1 8 0 0 0 - 2 7 0 0 0  h ( c h r o m iu m  p la t e d  g r o o v e s )  o n  

H F O  a n d  2 4 0 0 0 -3 6 0 0 0  h o n  M D O .

FIG. 25: Even and low deformations

Cylinder head and valves
T h e  d o u b le  b o t t o m  d e s ig n  o f  th e  c y l in d e r  h e a d ,  e q u ip p e d  w it h  
s t e l l it e - f a c e d  v a lv e s  ( F ig .  2 2 )  f o r  th e  e n g in e s  o p e r a t in g  o n  

m a r in e  d ie s e l  o i l  h a s  b e e n  r e p la c e d  b y  a  b o r e -c o o le d  c y l in d e r  
h e a d  f o r  o p e r a t io n  o n  h e a v y  f u e l  o i l ,  a l r e a d y  a  p r o v e n  fe a t u r e  

o f  th e  S u lz e r  s lo w -s p e e d  R  a n d  m e d iu m  s p e e d  Z A - e n g in e s  
( F ig .  2 3 ) .

T h i s  b o r e -c o o le d  c y l in d e r  h e a d  is  a ls o  s p e c if ie d  f o r  th e  A T 2 5  
e n g in e s  o p e r a t in g  o n  m a r in e  d ie s e l  o i l .

T h e  b o r e -c o o le d  h e a d  w it h  a  s in g le  t h ic k  b o t t o m  o f  h ig h

FIG. 26: Uniform and low exhaust valve tem peratures

200 kW/cyl. ( 270 BHP/cyl ) 1000 r p.m.

FIG. 23: Bore-cooled and original cylinder head

Deformation under gas pressure

Stress amplitude

Original design New design (bore cooled)
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FIG. 28. Inlet valves of cylinder head Fig. 27

FIG. 27: Cylinder head, exhaust valves and seats at 6290 running 
hours on HFO without overhaul.

s t if f n e s s  a n d  w a t e r -c o o le d  e x h a u s t  v a lv e  s e a t s  o f f e r s  c o n s id e r a 

b le  a d v a n t a g e s :
• O p t im u m  s u r f a c e  t e m p e r a t u r e  w it h  e v e n  a n d  s m a ll  t h e r m a l 

a n d  m e c h a n ic a l  d e f o r m a t io n  o f  t h e  c y l in d e r  h e a d  a n d  c o r 

r e s p o n d in g ly  lo w  s t r e s s  le v e l  ( F ig s .  2 4  a n d  2 5 ) .
• V e r y  lo w  a n d  u n if o r m  t e m p e r a t u r e  at th e  e x h a u s t  v a lv e s  

a n d  s e a t  in s e r t s ,  a ls o  d u e  to  t h e  v a lv e  r o t a t o r s  ( F i g .  2 6 ) .
• G o o d  v a lv e  s e a l in g  a s  a  r e s u lt  o f  th e  v a lv e  r o t a t o r  a n d  th e  

s m a ll  a n d  e v e n  c y l in d e r  h e a d  d e f o r m a t io n .
• E x h a u s t  v a lv e s  o f  N im o n ic  w it h  o p t im u m  c o r r o s io n  r e s is 

t a n c e .
• T h e  in s u la t in g  a i r  g a p  o f  th e  v a lv e  s e a t  in s e r t  p r e v e n t in g  

lo w -t e m p e r a t u r e  c o r r o s io n .
T h e  s e r v ic e  r e s u lt s  o b t a in e d  s o  f a r  f u l l y  c o n f ir m  th e  a d v a n t a g e s  
o f  t h e  b a s ic  d e s ig n  p r in c ip le s  a p p l ie d  ( F ig .  2 7  a n d  2 8 ) .  T h e y  
in c lu d e  o p e r a t io n a l  e x p e r ie n c e  o n  h e a v y  f u e l  o i ls  w it h  th e  
v a n a d iu m / s o d iu m  r a t io  a t  it s  w o r s t .  N o t  a  s in g le  v a lv e  f a i lu r e  

h a s  b e e n  r e p o r t e d .
T a k i n g  a l l  th e  v a r io u s  o p e r a t io n a l  in f lu e n c e s  in t o  c o n s id e r a 

t io n ,  w e  c a n  r e c o m m e n d  th e  f o l lo w in g  in s p e c t io n  a n d  o v e r h a u l  
in t e r v a ls  f o r  in le t  a n d  e x h a u s t  v a lv e s :  6 0 0 0 -9 0 0 0  h o n  H F O  a n d  

8 0 0 0 - 1 2  0 0 0  h o n  M D O .

Valve overhaul procedure
S in c e  th e  v a lv e  o v e r h a u l  in t e r v a l  g e n e r a l ly  c o in c id e s  w it h  t h e  
p is t o n  r in g  r e n e w a l,  t h is  w o r k  c a n  b e  c o m b in e d .  F u r t h e r m o r e ,  
th e  a b s e n c e  o f  a n y  v a lv e  a g e  is  n o t  o n ly  a  t im e - s a v in g  f a c t o r  b u t  
m a k e s  t h e  w o r k  s t r a ig h t - f o r w a r d  t o o .

T h e  w o r k  is  l im it e d  to  r e f a c in g  t h e  v a lv e  s e a t  in  th e  c o v e r  to  
t h e  s p e c if ie d  a n g le  u s in g  a  g r in d in g  d e v ic e  a n d  to  r e f it  a

FIG. 29: Grinding devices for cylinder head seats and valves

90

80 -

70-

60

50-

40

30-

2 0 -

10 -

heated up charge 
air temperature

required charge air temperature range

90

80

-70

-60

-50

40

30

20

(-10

40 50 60 70 80 90 
Engine load (•/•) 

normal charge air temperature

100

FIG. 30: Charge air temperature for heavy fuel oil operation with 
example of a central cooling system, permitting operation over 

full load range on HFO

s e p a r a t e ly  r e f a c e d  o r  n e w  v a lv e  ( F ig .  2 9 ) .  L a p p in g - in  o f  th e  
v a lv e  in  th e  se a t is  n o  lo n g e r  r e q u ir e d  o r  s p e c if ie d .

Fuel injection system

Fuel pumps
T h e  b e h a v io u r  o f  th e  f u e l  p u m p  o f  t h e  e n g in e s  o p e r a t in g  o n  
m a r in e  d ie s e l  o r  h e a v y  f u e l  o i l  c a n  b e  d e s c r ib e d  a s  e n t ir e ly  
s a t is f a c t o r y .  R a r e  p lu n g e r  s e iz u r e s  w e r e  m a in l y  c a u s e d  b y  
in it ia l  im p u r it ie s  in  t h e  s y s t e m s  o r  in  t h e  f u e l  o r  l u b r ic a t in g  o i l  
it s e lf .

W it h  c e r t a in  in s t a l la t io n s  o p e r a t in g  o n  h e a v y  f u e l o i l ,  s t a r t 
in g  d if f ic u lt ie s  w e r e  e x p e r ie n c e d  a f t e r  s o m e  t im e .  I n v e s t ig a 
t io n s  r e v e a le d  a n  in c r e a s e d  p lu n g e r  c le a r a n c e ,  m a in l y  a s  a 

r e s u lt  o f  u n s a t is f a c t o r y  f u e l  o i l  s e p a r a t io n .
T h e s e  e a r ly  in c id e n t s  h a v e  le d  to  a  n e w  m a t c h in g  o f  p lu n g e r  

a n d  b a r r e l  m a t e r ia l  ( b o t h  a r e  n o w  n it r id e d ) ,  w h ic h  h a s  a l r e a d y  
p r o v e d  it s  m a r g in  f o r  p u n is h m e n t  in  a c t u a l  s e r v ic e .

Fuel injection nozzle
N o z z le s  w it h  r o u n d e d -o f f  in n e r  e d g e s  o f  t h e  in je c t in g  h o le s  
h a v e  b e e n  in  u s e  f o r  m a n y  y e a r s .  T h e  b e h a v io u r  o f  s u c h  n o z z le s

Trans IM arE (TM ), Vol. 97, Paper 15 21



Component

Inspection or Overhaul Lifetime1’

(hrs)Interval (hr»)" Time (min.)31

MDO21 HFO MDO2' HFO

A 20 D 

A/AS/AT 25 D

A 20 H 

AS/AT 25 H

A 20 D 

A/AS/AT 25 D

A 20H  

AS/AT 25 H

Fuel nozzle 

Inlet valve 

Exhaust valve 

Piston 

Piston rings 

Scraper rings 

Piston ring groove 

Gudgeon pin 

Gudgeon pin bearing 

Bottom end bearing 

Main bearing 

Fuel pump 

Valve seat 
Cylinder liner

2 0 0 0 - 3000  

^  8000-12000

f  41

1 500-2500  

^  6 0 0 0 -9 0 0 0

> «>

*  15

* 5 .
*  5 

t  1 40

» * '0

♦ *  60 

I I  60
1 35 
♦ D:30 H 20 

I t  30

4 0 0 0 - 6000  

J 1 6 0 0 0 -2 4 0 0 0  

4 8 0 0 0 -7 2 0 0 0  

|  8 0 0 0 -1 2 0 0 0  

2 4 0 0 0 -3 6 0 0 0 8' 

|  4 8 0 0 0 -7 2 0 0 0

|  16 0 0 0 -2 4 0 0 0

16 0 0 0 -2 4 0 0 0

3 2 0 0 0 -4 8 0 0 0

3 0 0 0 -  5000  

1 2 0 0 0 -18000  

9 0 0 0 -1 2 0 0 0  

3 6 0 0 0 -5 4 0 0 0

|  6 0 0 0 -  9000  

1 8 0 0 0 -2 7 0 0 0 71 

|  36 0 0 0 -5 4 0 0 0  

|  12 0 0 0 -1 8 0 0 0

12000-1 8 0 0 0
24 0 0 0 -3 6 0 0 0

’ ' Expected intervals and lifetimes may vary and subject to
-  Environmental and operating conditions
-  Fuel and lube-oil qualities within Sulzer specifications
-  Engine load factor up to 0.9
-  Fuel and lube-oil care according to Sulzer specifications
-  Forgoing overhauls and genuine spares 

7' Destillates

31 Total time for withdrawing and refitting under good conditions with 
ready tools, devises and lifting arrangements assumed (time for 
cleaning and overhaul should be added)

41 Checks at random (all within 4 years)
51 Cylinder cover # jf 75min.
61 Cast iron piston: oversized grooves
?l Steel crowns: oversized grooves or rechroming Rboi»c*sanpewou* 

(piston skirt dismantling ^ 30m m ) o/ae 4/4 wo43?46/o983

FIG. 32: A20 and A25 inspection  and overhau l in te rva ls , m an-hours and life tim es

FIG. 31: C om parison o f cy linde r heads a fte r 50 hours heavy fuel 
o il ope ra tion  at very lo w  engine load, w ith  and w ith o u t charge 

a ir heating

is  m o r e  s t a b le  o v e r  a  lo n g e r  s e r v ic e  p e r io d ,  w it h  a  n a r r o w e r  
s c a t t e r  o f  th e  in je c t io n  r a t e s  o n  in d iv id u a l  c y l in d e r s .

E n g in e s ,  o p e r a t in g  o n  h e a v y  f u e l o i l ,  f u l l y  b e n e f it  f r o m  t h is  
d e s ig n  w h ic h ,  t o g e t h e r  w it h  th e  in t r o d u c t io n  o f  a  n it r id e d  
n o z z le  b o d y ,  r e s u lt s  in  s a t is f a c t o r y  l if e  t im e s  w it h  h a r d ly  a n y  
w e a r  o f  th e  in je c t io n  h o le s ,  e v e n  a f t e r  5 0 0 0  o r  m o r e  r u n n in g  
h o u r s .

lo w - lo a d  o p e r a t io n .  T w o  s o lu t io n s  c a n  b e  o f f e r e d :  e it h e r  
s w it c h in g  o v e r  to  m a r in e  d ie s e l  o i l  b e lo w  a b o u t  3 0 %  lo a d  

o r — th e  m o r e  p r a c t ic a l  w a y — h e a t in g  t h e  c h a r g e  a i r  ( F i g .  3 0 ) .  
A c c o r d in g  to  o u r  t e s ts , th e  h e a t in g  u p  o f  th e  a i r  s h o r t e n s  th e  
ig n it io n  d e la y  a n d  p r o v id e s  c le a n e r  c o m b u s t io n  w h ic h ,  in  t u r n ,  
r e d u c e s  t h e  d e p o s it s  in  th e  c o m b u s t io n  c h a m b e r  a n d  th e  
e x h a u s t  g a s  t u r b in e s  ( F ig .  3 1 ) .

H o w e v e r ,  e x p e r ie n c e  h a s  a ls o  s h o w n  t h a t  t h e  b o r d e r l in e s  

a r e  n o t  s t r ic t ly  d e f in e d .  R e c e n t ly  o n e  o f  o u r  s e r v ic e  e n g in e e r s  
v is it e d  a  s in g le -f u e l  s h ip  a n d  f o u n d  o u r  6 A S 2 5 H  a u x i l ia r y  
e n g in e  o p e r a t in g  s a t is f a c t o r i ly  o n  h e a v y  f u e l  o i l  a t  a b o u t  2 8 %  
lo a d ,  w it h  a  c h a r g e - a i r  t e m p e r a t u r e  o f  o n ly  3 2 ° C .  T h is  h a d  

b e e n  g o in g  o n  f o r  2 - 3  d a y s .
F u r t h e r m o r e ,  m a n y  o f  o u r  h e a v y - f u e l  A - t y p e  e n g in e s  a re  

n o t  s w it c h e d  o v e r  to  m a r in e  d ie s e l  o i l  f o r  s h u t -d o w n s .  W it h  
p r e h e a t in g  o f  th e  h e a v y  f u e l o i l  a n d  t h e  e n g in e  it s e lf ,  r e s t a r t in g  

w a s  p o s s ib le .
F ig u r e  3 2  s u m m a r iz e s  th e  m a in t e n a n c e  in t e r v a ls  a n d  

l if e t im e s  o f  v a r io u s  e n g in e  c o m p o n e n t s  f o r  th e  t w o  s it e s .

Low-load operation and shut-downs on heavy fuel

A s  is  g e n e r a l ly  a c k n o w le d g e d ,  th e  r a t h e r  p o o r  ig n it io n  p r o p 
e r t y  o f  h e a v y  f u e l  o i l  m a y  le a d  to  f o u l in g  o f  th e  e n g in e  in
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Discussion

F. C .  BOWN ( H a m w o r t h y  E n g in e e r in g  L t d ) :  C o u ld  M r  L o w e  
t e l l  u s  th e  r e s u lt  o f  t h e  te s ts  o n  t h e  d if f ic u lt  f u e l  h e  o b t a in e d  
f r o m  a n  o il  c o m p a n y ?  W h a t  w o u ld  t h e  e ffe c t  h a v e  b e e n  i f  th e  
f u e l  h a d  f o u n d  it s  w a y  o n  to  a  s h ip ?  W o u ld  m e r e ly  e x c e s s iv e  
w e a r  h a v e  b e e n  c a u s e d  o r  w o u ld  t h e  e n g in e s  h a v e  f a i le d ,  so  
h a z a r d in g  t h e  s a f e t y  o f  th e  s h ip ?

I n e x t  h a v e  a c o m m e n t  o n  M r  N is s e n ’ s p a p e r  r e g a r d in g  th e  
L O  p u r if y in g  s y s t e m . I t  w o u ld  a p p e a r  t h a t ,  a s  d r a w n  ( F i g .  3 ) ,  
t h is  c o u ld  b e  a  r e c ip e  f o r  d is a s t e r ,  u n le s s ,  o f  c o u r s e ,  s o m e  
v a lv e s  h a d  b e e n  o m it t e d  f r o m  t h e  s k e t c h .

S .  G .  DEXTER ( R ic a r d o  C o n s u lt in g  E n g in e e r s ) :  W e  w e re  

in t e r e s t e d  to  se e  M r  E c k e r t ’s c o m m e n t s  o n  p a g e  19  o f  h is  p a p e r  
w h e r e  h e  s t a t e s  t h a t  a l u m in i u m - a l l o y  b e a r in g s  o f  in c r e a s e d  
w e a r -r e s is t a n c e  w il l  b e  u s e d  in  f u t u r e  to  r e p la c e  t h e  t r a d it io n a l  
t r i - m e t a l  b e a r in g .  W o u l d  h e  p le a s e  c la r i f y  t h is  a n d  s a y  w h e t h e r  
h e  w a s  r e f e r r in g  to  th e  R i l l e n la g e r n  b e a r in g  a s  in t r o d u c e d  b y  
M I B A ?

R. M. HOBSON ( L l o y d ’s R e g is t e r  o f  S h ip p in g ) :  T h e  t h re e  

p a p e r s  m a k e  in t e r e s t in g  r e a d in g  a n d  a d d  to  th e  c o n t in u o u s  
b u i l d - u p  o f  e x p e r ie n c e  in  t h e  o p e r a t io n  o f  r e la t iv e ly  s m a ll  
d ie s e l  e n g in e s  o n  b u n k e r  o i l .

A l l  t h r e e  a u t h o r s  r e f e r  to  th e  im p o r t a n c e  o f  c o m p r e h e n s iv e  

f u e l - o i l  t r e a t m e n t  a n d  m y  c o n t r ib u t io n  c o n c e r n s  t h e ir  r e c o m 
m e n d e d  t h r o u g h p u t  o f  b u n k e r  f u e l  to  th e  c e n t r if u g a l  
s e p a r a t o r s .

M r  N is s e n  s u g g e s ts  o n  p a g e  9  u n d e r  ‘ S in g le - f u e l  s y s t e m  
d e s ig n ’ t h a t  lo w  f lo w  r a t e s  ( le s s  t h a n  2 5 % )  b e  a im e d  f o r  to  
e n s u r e  h ig h  c le a n in g  e f f ic ie n c y .  B u t  h e  a ls o  s u g g e s ts  t h a t  

s e p a r a t o r s  b e  a r r a n g e d  f o r  b o t h  p a r a l le l  a n d  s e r ie s  o p e r a t io n .  
I f  a n  o w n e r  is  c o n t r a c t in g  f o r  a n  in s t a l la t io n  o n  a  n e w  s h ip ,  th e n  
t h is  m a t t e r  o f  f u e l - o i l  s e p a r a t o r  c a p a c it y  is  v e r y  im p o r t a n t .

F ir s t  I  w o u ld  a s k  w h a t  is  m e a n t  b y  2 5 % .  S e p a r a t o r  c a p a c it y  
c a n  m e a n  a l l  t h in g s  to  a l l  m e n ,  p a r t ic u l a r l y  t h e ir  m a n u f a c t u r 
e r s .  D o  t h e y  a l l  u s e  th e  s a m e  n o m e n c la t u r e  in  t h e ir  b r o c h u r e s  
a n d  is  t h e r e  a  t e m p t a t io n  fo r  th e  c o m p e t in g  m a n u f a c t u r e r s  to 
o v e r s t a t e  th e  c a p a c it y  o f  t h e ir  m o d e ls ?

I f  o n e  f o llo w s  t h e  a r g u m e n t  to  it s  lo g ic a l  c o n c lu s io n  t h e n  th e  
t e m p t a t io n  m ig h t  b e  f o r  t h e  m a n u f a c t u r e r  to  u n d e r s t a t e  th e  
c a p a c it y  a n d  e n s u r e  a  h ig h e r  p u r it y  o f  f u e l a t t h e  s e p a r a t o r  
d is c h a r g e  t h a n  o b t a in a b le  w it h  c o m p e t in g  m o d e ls .

S e c o n d ly  I  w o u ld  a s k  t h e  a u t h o r s  h o w  th e  a lt e r n a t iv e  o f  
s e r ie s ,  a s  o p p o s e d  to  p a r a l le l ,  o p e r a t io n  a ffe c t s  th e  c h o ic e  o f  
s e p a r a t o r  c a p a c it y .  T h e  d if f e r e n c e  in  r e q u ir e d  s e p a r a t o r  s iz e  
w o u ld ,  a t  f irs t  s ig h t ,  a p p e a r  to  b e  c o n s id e r a b le .  C a n  M r  N is s e n  

p le a s e  e la b o r a t e  m o r e  f u l l y  o n  t h is  a s p e c t  o f  h is  p a p e r  ?
F i n a l l y ,  m a y  1 e x p r e s s  m y  a p p r e c ia t io n  to  a l l  t h r e e  a u t h o r s  

f o r  th e  w e a lt h  o f  in f o r m a t io n  im p a r t e d  b y  t h e ir  e f f o r t s .

Authors' replies___________

W .  L O W E  (Paper 13):

In  r e p ly  to  M r  B o w n .  th e  te s ts  f o r  w h ic h  ig n it io n  d e la y  is  
s h o w n  in  F ig .  6 w e r e  c a r r ie d  o u t  o n  a  6 0 0  r e v / m in  e n g in e  a n d  

o n  tw o  d e s ig n s  o f  1000 r e v / m in  e n g in e ,  u s in g  a  s p e c ia l  fu e l 
s u p p lie d  b y  a  m a jo r  o il  r e f in e r y .  T h i s  f u e l  w a s  n o t  c o m m e r c ia l ly  
a v a i la b le  a n d  w a s  in t e n d e d  to  p r o v id e  in f o r m a t io n  o n  th e  
b e h a v io u r  o f  f u e ls  w h ic h  m ig h t  p o s s ib ly  r e s u lt  f r o m  f u t u r e  

r e f in e r y  m a r k e t in g  p o l ic ie s .
In  f a c t ,  th e  f u e l b e h a v e d  m u c h  b e t t e r  t h a n  w a s  e x p e c t e d  a n d  

o n  t h e  la r g e r  6 0 0  r e v / m in  e n g in e  g a v e  q u it e  s a t is f a c t o r y  p e r f o r 
m a n c e  b o t h  at c o n s t a n t  s p e e d  a n d  a t  p r o p e l le r  la w  v a r ia b le  

s p e e d . O n  th e  10 0 0  r e v / m in  e n g in e s  p e r f o r m a n c e  w a s  a ls o
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q u it e  a c c e p t a b le  a t c o n s t a n t  s p e e d  b u t  o n  a  p r o p e l le r  la w  
c h a r a c t e r is t ic  t h e  e n g in e  e x h a u s t  b e c a m e  s m o k y  a t  lo w  s p e e d  

a n d  t o r q u e .  T h is  w o u ld  c e r t a in ly  n o t  r e s u lt  in  e n g in e  f a i lu r e  b u t  
w o u ld  h a v e  b e e n  a  c a u s e  f o r  c o m p la in t  i f  t h e  e n g in e  h a d  b e e n  
r u n  in  t h is  c o n d it io n  in  p o r t .  A s  m e n t io n e d  in  th e  p a p e r ,  t h e  

c o n d it io n  w a s  im p r o v e d  b y  in c r e a s in g  t h e  a ir - m a n if o ld  t e m p e r 
a t u r e  to  r e c o v e r  s o m e  o f  th e  ig n it io n  d e la y .

A f t e r  c o m p le t io n  o f  t h e  c o m b u s t io n  t e s ts , t h e  h e a v y - f u e l  
r in g  m a in  in  t h e  la b o r a t o r y  w a s  s c a v e n g e d  w it h  d is t i l la t e  f u e l 

a n d  s u b s e q u e n t ly  th e  m a in  s t o r a g e  t a n k  w a s  t o p p e d  u p  w it h  a  
c o m m e r c ia l ly  a v a i la b le  r e s id u a l  f u e l.  T h i s  m ix t u r e  o f  f u e ls  w a s  
la t e r  u s e d  f o r  a  d if f e r e n t  d e v e lo p m e n t  p r o je c t  d u r in g  w h ic h  
s o m e  o f  th e  f u e l w a s  h e ld  a t  a b o u t  1 3 0 ° C  f o r  s e v e r a l  d a y s .  
T h ic k e n i n g  o f  t h is  f u e l  o c c u r r e d ,  t h e  v is c o s it y  in c r e a s in g  f r o m  
a r o u n d  5 0  to  8 0  c S t  a t 8 0 ° C .  B y  t h a t  t im e  it  w a s  n o t  p o s s ib le  to  
e s t a b lis h  w h e t h e r  s i m i la r  t h ic k e n in g  o f  t h e  o r ig in a l  s p e c ia l  f u t  1 
w o u ld  h a v e  o c c u r r e d  b y  s t o r a g e  a t  h ig h  t e m p e r a t u r e  o r  
w h e t h e r  t h e  s it u a t io n  h a d  b e e n  c o m p lic a t e d  b y  a  c o m p a t ib i l it y  
p r o b le m .  A lt h o u g h  t h e r e  w a s  n o  e n g in e  s t o p p a g e  in  t h is  c a s e ,  
t h e  e x p e r ie n c e  s u g g e s ts  t h a t  it  w o u ld  b e  p o s s ib le  f o r  e n g in e  
f a i lu r e  to  o c c u r  i f  t h ic k e n in g  o f  th e  f u e l  f r o m  t h e r m a l  d e g r a 

d a t io n  w a s  s e v e r e  e n o u g h .  T h e  e ffe c t  w o u ld  b e  to  p r o d u c e  h ig h  
f u e l - in  je c t io n  p r e s s u r e s  w it h  p o s s ib le  s e iz u r e  o f  th e  f u e l - p u m p  
p lu n g e r  o r  f a i lu r e  o f  t h e  f u e l c a m s  o r  f o llo w e r s .

T h e  o n ly  in s t a n c e s  o f  w e a r  a t t r ib u t e d  to  f u e l c h a r a c t e r is t ic s  

a r e  d e s c r ib e d  in  th e  s e c t io n  o f  t h e  p a p e r  e n t it le d  ‘ F u e l  t r e a t 
m e n t ’ a n d  i l lu s t r a t e d  in  F ig s  1 a n d  2 .  T h e  p is t o n -r in g  g r o o v e  
w e a r  w a s  in i t ia l ly  f o u n d  o n  a r o u t in e  o v e r h a u l  o f  o n e  s h ip  a n d  
t h e  d is c o v e r y  o f  it  c a u s e d  e x a m in a t io n  o f  t h e  s is t e r  s h ip ,  w h e r e  
it  w a s  a ls o  f o u n d .

R e p ly in g  to  M r  H o b s o n ,  t h e  p r a c t ic e  o f  m y  c o m p a n y  h a s  

a lw a y s  b e e n  to  r u n  t h e  p u r if ie r  a n d  c la r i f ie r  in  s e r ie s ,  a s  t h is  
g iv e s  th e  m o s t  s e c u r e  p r o t e c t io n  f r o m  w a t e r  c o n t a m in a t io n  o f  

t h e  f u e l .  I n  r e c e n t  y e a r s  t h is  s y s t e m  h a s  b e c o m e  t h e  o n e  m o s t  
g e n e r a l ly  p r e f e r r e d  b y  o t h e r  m a n u f a c t u r e r s .

T h e  c h o ic e  o f  s e p a r a t o r  c a p a c it y  a r is e s  f r o m  e x p e r ie n c e  a n d ,  
o f  c o u r s e ,  th e  e x p e r ie n c e  in c lu d e s  t h e  m a n u f a c t u r e r  o f  t h e  

e q u ip m e n t  a s  w e ll  a s  t h e  m o d e l s iz e .  A n  u n d e r s t a t e m e n t  o f  th e  
c a p a c it y  b y  th e  e q u ip m e n t  m a n u f a c t u r e r  w o u ld  r e s u lt  in  a  p r ic e  
d is a d v a n t a g e ,  w h e r e a s  a n  o v e r s t a t e m e n t  w o u ld  r e s u lt  in  
p o o r e r  p e r f o r m a n c e .  T h e  p r o o f  o f  t h e  p u d d in g  is ,  a s  a lw a y s ,  in  
t h e  e a t in g .

P. C. NISSEN (Paper 14):

I n  r e s p o n s e  to  M r  B o w n ’s  c o m m e n t  o n  t h e  lu b r ic a t in g  o il  
p u r if y in g  s y s t e m , c o m m o n  t r e a t m e n t  o f  lu b  o i l  f r o m  s e v e r a l  
d ie s e l  e n g in e s  w it h  o n e  s e p a r a t o r  is  d u e  to  t e c h n ic a l  a n d  
e c o n o m ic a l  r e a s o n s :
• S m a ll  s e p a r a t o r s  o f  c o r r e s p o n d in g  s iz e  a r e  n o t  a v a i la b le ;
• O n e  s e p a r a t o r  p e r  e n g in e  e x c e e d s  t h e  a c c e p t a b le  p r ic e  l im it .  
In  1 9 8 1 .  m y  c o m p a n y  in t r o d u c e d  th e  c o m m o n  s y s t e m , a n d  so  
f a r  6 7  a u x i l ia r y  e n g in e s  a r e  s u c c e s s f u l ly  r u n n in g  o n  it ,  w it h  a  
m a x im u m  o f  f o u r  e n g in e s  b e in g  s u p p lie d  in  c o m m o n .  T h e  
o u t le t  f o r  th e  lu b  o i l  f r o m  th e  e n g in e 's  c ir c u la t in g  t a n k  to  th e  
c o l le c t in g  t a n k  is  a t  t h e  m a x im u m  o i l  le v e l ,  b y  m e a n s  o f  a  d ir e c t  
c o n n e c t io n  ( w it h o u t  t u b e  b e n d  a s  in  F ig .  3 ) .  T h e  t u b e  b e n d  
( w it h  a v e n t i la t io n  b o r e  at th e  h ig h e s t  p o in t )  f u n c t io n s  w e l l ,  b u t  
v ib r a t io n  d a m a g e  h a s  o c c u r r e d .  W it h  p ip e  c r o s s -s e c t io n s  o f  th e  

c o r r e c t  d im e n s io n s ,  c o o le r  o i l  w i l l  c ir c u la t e  a r o u n d  a  s w it c h e d -  

o f f  e n g in e .
T h e  fe e d  a n d  r e t u r n  p ip e s  o f  t h e  c ir c u la t in g  t a n k  m u s t  b e  

p r o v id e d  w it h  a  s h u t - o f f  v a lv e .
A n  a lt e r n a t iv e  to  t h e  a b o v e  s y s t e m  is  to  c le a n  t h e  lu b  o il  o f  

s e v e r a l  e n g in e s  o n e  a f t e r  t h e  o t h e r  w it h  o n e  s e p a r a t o r .  T h is  
m e t h o d  h a s  th e  f o llo w in g  d is a d v a n t a g e s :
• F a u lt s  c a n  o c c u r  w h e n  s w it c h in g  o v e r ;
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• It  is  n o t  a lw a y s  p o s s ib le  to  c le a n  th e  lu b  o il  o f  a  r u n n in g  
e n g in e  ( im m e d ia t e  r e m o v a l o f  d ir t  p a r t ic le s  is  im p o r t a n t ) ;

• T h e  s e p a r a t o r  w il l  u s u a lly  b e  o v e r s iz e d  a s  r e g a r d s  c a p a c it y .

I n  r e p ly  to  M r  H o b s o n ,  t h is  d e f in it io n  a p p l ie s  to  A l v a - L a v a l  
a n d  W e s t f a l ia  e q u ip m e n t .  T h e  f lo w  ra t e  d e p e n d s  o n  th e  v is c o s 

it y  o f  th e  h e a v y  f u e l.  T h e  f o llo w in g  v a lu e s  m u s t  n o t  b e  
e x c e e d e d : 

u p  to  1 8 0  c S t  a t 5 0 ° C .  3 0 %  

u p  to  3 8 0  c S t  a t 5 0 ° C ,  2 5 %  
u p  to  4 6 0  c S t  a t  5 0 ° C ,  2 0 %  
u p  to  7 0 0  c S t  a t 5 0 ° C ,  1 5 % .
A s  to  th e  q u e s t io n  o f  p a r a l le l  o r  s e r ie s  a r r a n g e m e n t ,  th e  

s e p a r a t o r  s iz e  is  id e n t ic a l  in  b o t h  c a s e s . W it h  s e r ie s  a r r a n g e 
m e n t  o f  th e  p u r if ie r  a n d  c la r i f ie r  th e  f lo w  ra t e  ( r e f e r r e d  to  3 8 0  

c S t  a t  5 0 ° C )  is  2 5 % ,  w h e r e a s  it  is  1 2 . 5 %  f o r  p a r a l le l  a r r a n g e 
m e n t .  F o r  p a r a l le l  a r r a n g e m e n t  a  c o m m o n  s e p a r a t e  fe e d

is  r e q u ir e d .  T h is  is  a ls o  v a l id  fo r  m o d e r n  s e p a r a t o r s  m a d e  b y  

A l f a - L a v a l  a n d  W e s t f a l ia .  th e  A L C A P  s y s t e m  in  g e n e r a l  b e in g  
d e s ig n e d  f o r  p a r a l le l  a r r a n g e m e n t  ( m a in  a n d  s t a n d b y  
s e p a r a t o r )  o r  f o r  in d iv id u a l  o p e r a t io n .  In  t h is  c a s e  in d iv id u a l  

o p e r a t io n  m e a n s  a  f lo w  ra t e  o f  2 5 % .

B. ECKERT (Paper 15):

In  r e p ly  to  M r  R ic a r d o ,  a l u m in i u m - a l l o y  b e a r in g s  w it h  
in c r e a s e d  w e a r  r e s is t a n c e  d o  in c lu d e  R i l l e n la g e r - t y p e  b e a r 
in g s .

A n s w e r in g  M r  H o b s o n 's  c o m m e n t  o n  s e r ie s  a n d  p a r a l le l  
o p e r a t io n ,  A l f a - L a v a l  r e c o m m e n d  t h a t  f o r  h e a v y - f u e l - o i l  
c le a n in g  p la n t s  d im e n s io n e d  s p e c if ic a l ly  f o r  o p e r a t io n  in  s e r ie s ,  

th e  m a x im u m  t h r o u g h p u t  c a p a c it ie s  a r e  in c r e a s e d  b y  3 5 %  
( p u r if ie r  a n d  c la r i f ie r  p lu s  s t a n d b y ) .
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