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SYNOPSIS

A c o n s id e ra b le  am o u n t o f a tte n tio n  h a s  b ee n  
fo c u s se d  in  th e  r e c e n t  p a s t  on th e  a p p lic a tio n  
o f g a s  tu rb in e s  a s  p ro p u ls io n  p r im e  m o v e rs  fo r 
w a r s h ip s  a n d , to  a m o re  lim ite d  e x te n t,  fo r  
c e r ta in  s p e c ia l is e d  m e rc h a n t v e s s e l s .  The 
p ro b le m s  e n c o u n te re d , and th e  e x p e r ie n c e  being  
g a in e d , in  th e  m a r in is a t io n  o f bo th  a e r o - d e r iv a 
tiv e  and in d u s t r ia l  ty p e  g a s  tu rb in e s  in  th e  3000 
to  3 0 ,0 0 0  h . p .  r a n g e  h av e  b ee n  r e c o rd e d  in  so m e  
d e ta i l ,  in  p a p e r s  to  th is  In s t i tu te  and o th e r  
a r t i c l e s  in  th e  te c h n ic a l  p r e s s .  It is  th e r e fo r e  
s u r p r i s in g  by c o m p a r is o n  how l i t t le  a t te n tio n  
h a s  b ee n  g iv e n  to  th e  p o s s ib le  a p p lic a tio n  o f g as  
tu rb in e s  a s  p r im e  m o v e rs  fo r  m a r in e  a u x il ia ry  
m a c h in e ry  in  m e rc h a n t v e s s e l s ,  in  th e  p o w er 
ra n g e  500 to  4000 h .p .

This p a p e r  th e r e f o r e  s e t s  out to :

a )  e x a m in e  th e  c a s e  fo r  u til is in g  g a s  tu rb in e s  
fo r  a u x i l ia ry  d r iv e s .

b ) r e p o r t  th e  c o n c e p tio n  and d ev e lo p m e n t o f a 
r a d ia l  g a s  tu rb in e  d e s ig n e d  a s  a m a r in e  
a u x il ia ry  p r im e  m o v e r  of a p p ro x im a te ly  
2100 h .p .

c )  o u tlin e  th e  ty p e s  o f se a -g o in g  in s ta l la t io n  in 
w hich th is  g a s  tu rb in e  h a s  b ee n  u t i l is e d  and 
r e p o r t  on  s e rv ic e  e x p e r ie n c e .

d )  s u rv e y  th e  fu tu re  lik e ly  a p p lic a tio n s  of th is  
ty p e  o f e q u ip m e n t.

THE CASE FOR THE DEVELOPMENT OF A MARINE 
AUXILIARY GAS TURBINE

In  th e  e a r ly  d ay s  of th e  e v a lu a tio n  o f g a s  tu rb in e s  
fo r  p ro p u ls io n  d u t ie s ,  th e  a d v a n ta g e s  o v e r  
co m p etin g  ty p e s  of p r im e  m o v e r  w e re  c la im e d
to  be

a ) low m a in te n a n c e  r e q u ir e m e n ts  and e a s e
o f b a s ic  m a in te n a n c e  o p e r a t io n s .

b ) s im p lic i ty  of o p e ra t io n ,  r e l i a b i l i ty ,  and
s u ita b il i ty  fo r a u to m a tic  o r  r e m o te  c o n tro l .

c ) s m a ll  s iz e ,  and low w e ig h t, fo r  th e  pow er
d e v e lo p e d .

d ) low su p p o r t s y s te m  r e q u i r e m e n ts .

The e x p e r ie n c e  th a t h as  now b ee n  g a in ed  in  th e  
o p e ra tio n  of m a in  p ro p u ls io n  h a s  show n  th a t ,  
a lth o u g h  th e s e  ad v a n ta g e s  m ay not h a v e  m a n i
fe s te d  th e m s e lv e s  in  q u ite  th e  m a n n e r  o r ig in a lly  
e x p e c te d  by th e  in s ta l la t io n  d e s ig n e r ,  they  have 
in  th e  m a in  v e r if ie d  th e  o r ig in a l  e x p e c ta t io n .

In  ev a lu a tin g  th e  c a s e  fo r  a u x i l ia ry  g a s  tu r b in e s ,  
tn e  s a m e  a d v a n ta g es  m u s t th e r e f o r e  be c o n s id e re d .  
But b e fo re  d ec id in g  on th e  ty p e  and s iz e  of a u x i lia ry  
g a s  tu rb in e  to  be d ev e lo p e d  s p e c if ic a lly  fo r  m a r in e  
a p p l ic a t io n s ,  th e re  a r e  so m e  ad d itio n a l c o n s id e r 
a t io n s .  The la r g e s t  s in g le  ty p e  of a u x i l ia ry  
d u ty  is  e l e c t r i c a l  p o w er g e n e r a t io n .  The high 
d e g r e e  o f d ev e lo p m e n t ac h ie v ed  by th e  d ie s e l  
en g in e  fo r  p o w er g e n e ra t io n ,  co u p led  w ith  th e
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d if fe re n c e s  in  th e  b a s ic  th e rm o d y n a m ic  c y c le s  
betw een g a s  tu rb in e  and d ie s e l  en g in e , r e s u l t  in  
th e  g a s  tu rb in e  being  a t  a  d is a d v a n ta g e  w hen 
c o m p a rin g  fu e l c o n s u m p tio n , p a r t i c u la r ly  if 
th e  d e s ig n  o f g a s  tu rb in e  is  k ep t v e ry  s im p le  to  
c a p i ta l is e  on i ts  o th e r  a d v a n ta g e s  in  t e r m s  of 
e a s e  o f m a in te n a n c e , s m a ll  s i z e ,  and  s im p lic i ty  
o f  o p e ra tio n .  The r is in g  c o s t  o f fu e l ,  and 
e m p h a s is  on  eco n o m y  o f sh ip  o p e ra t io n ,  t h e r e 
fo re  n o rm a lly  m il i ta te s  a g a in s t  th e  c o n c e p t of 
g a s  tu r b o - g e n e r a to r s  a s  b a s e  lo a d  e l e c t r i c a l  
g e n e r a to r s  a t  s e a .  The a d v a n ta g e s  o f th e  g a s  
tu r b in e  a r e  th e r e f o r e  m o re  lik e ly  to  find  th e m 
s e lv e s  b e s t  u t i l is e d  w h e re  th e  a u x i l ia ry  p o w er 
r e q u ir e m e n t  is  fo r  h igh  p o w er fro m  a r e s t r i c t e d  
s p a c e  in ,  fo r  in s ta n c e ,  a 'p e a k - lo p p in g ' m ode , 
and  in  lo c a tio n s  o r  e n v iro n m e n ts  w h e re  th e  
a p p lic a tio n  o f a l te r n a t iv e  ty p e s  o f  p r im e  m o v e r 
a r e  im p r a c t ic a l .  B efore f in a lly  e s ta b l ish in g  
th e  b a s ic  d e s ig n  p h ilo so p h y  of th e  m a r in e  a u x il ia ry  
g a s  tu r b in e ,  h o w e v e r , so m e  o f  th e  c r i t i c i s m s  
th a t  h av e  b ee n  le v e lle d  a t  so m e  o f th e  p re v io u s  
m a in  p ro p u ls io n  g a s  tu rb in e s  had  a ls o  to  be 
c o n s id e r e d .  T h e se  in c lu d ed :

a )  u n s u ita b il ity  o f d e s ig n  and  m a te r ia l s  fo r  th e  
m a r in e  e n v iro n m e n t.

b ) need  fo r  s p e c ia l ly  q u a lif ie d  s ta f f  to  o p e r a te  
and  m a in ta in  th e  g a s  tu r b in e .

c )  n eed  fo r  s p e c ia l  g a s  tu rb in e  fu e l.

and it  w as ob v io u s th a t  any  g a s  tu rb in e  to  be
d ev e lo p e d  a s  a  m a r in e  a u x i l ia ry  w ould h a v e  to  
s e e k  not on ly  to  c a p i ta l is e  on  the. s ta te d  a d v a n ta g e s , 
but a ls o  to  av o id  th e  ab o v e  p i t f a l l s .

THE DESIGN PHILOSOPHY FOR A MARINE AUXILIARY 
GAS TURBINE

A s a r e s u l t  o f th e  fo re g o in g  c o n s id e ra t io n s  > th e  
fo llow ing a r e  th e  co m p o n en ts  of th e  d e s ig n  p h ilo 
sophy  o f a  m a r in e  a u x i l ia ry  g a s  tu rb in e

a )  S u ita b ility  fo r  a  m a r in e  e n v iro n m e n t. This 
in f lu e n c e s  s e le c t io n  o f c y c le  t e m p e r a tu r e s ,  
s e le c t io n  o f m a te r ia l s  and  g e n e r a l  ro b u s tn e s s  
o f th e  d e s ig n ,  and  m u s t  a ls o  ex ten d  to  th e  
a b i li ty  to  b u rn  ty p ic a l m a r in e  fu e ls  o f on ly  
a v e r a g e  s ta n d a r d s  o f  p u r i ty ,  a s  w e ll a s  th e  
c a p a b i lity  o f o p e ra tin g  in  h igh  s a l t - i n - a i r  
c o n c e n t r a t io n s .

b )  S im p lic ity . The r e q u ir e m e n t  fo r  r e l i a b i l i ty ,  
and  low  and  e a s y  m a in te n a n c e , in d ic a te s  th e  
ad o p tio n  o f th e  s im p le s t  so lu tio n s  in  te r m s  
o f  m e c h a n ic a l d e s ig n ,  tu r b in e  a r r a n g e m e n t ,  
e t c .

c )  S iz e  and  w e ig h t. The d e s ig n  m u s t  be su c h  
a s  to  a c h ie v e  a n  o v e r a l l  s i z e  and  w eigh t 
c o n s id e ra b ly  l e s s  th a n  c o m p e tin g  p r im e  
m o v e r s .

A ny d e s ig n  is  in e v ita b ly  a  c o m p ro m is e  b e tw e en  
th e  co n flic tin g  b a s ic  r e q u i r e m e n ts , bu t in  any 
su c h  c o n f lic t th e  ab o v e  c o n s id e ra t io n s  m ig h t be 
r e g a rd e d  a s  being  in  o r d e r  of p r io r i ty .

THE APPLICATION OF THE DESIGN PHILOSOPHY

In  o r d e r  to  t e s t  th e  v a lid ity  o f th e  fo re g o in g  
d e s ig n  p a r a m e t e r s , i t  is  n e c e s s a r y  to  s tu d y  
th e i r  a p p l ic a tio n  to  th e  design  o f  a  s p e c if ic  g a s  
tu r b in e ,  and  th e n  to  e v a lu a te  th e  r e s u l t in g  m a c h in e  
in  th e  lig h t o f th e  s e r v ic e  e x p e r ie n c e  g a in e d  in  
th e  v a r io u s  ty p e s  o f m a r in e  in s ta l la t io n  in  w hich  
i t  h a s  b e e n  u t i l i s e d .

The g a s  tu rb in e  s e le c te d  fo r  th is  s tu d y  is  th e  
K o n g sb erg  K G -2  ( o r  V iking 2 ) ,  th e  c u r r e n t  
ra t in g  o f w hich  is  2100 h . p .  u n d e r  I .S .O .  c o n d i
tio n s  a t  15 C a m b ie n t te m p e r a tu r e .

The b r ie f  h is to ry  o f i ts  d e v e lo p m e n t is  th a t 
fo llow ing  th e  fo rm u la tio n  o f  th e  c o n c e p t o f  a 
s p e c if ic a lly  m a r in e  a u x i l ia ry  g a s  tu r b in e ,  a 
w o rld  m a rk e t  s u rv e y  w as c o n d u c te d  in  1964 to  
d e te r m in e  th e  a p p ro x im a te  p o w e r  r e q u i r e d  f ro m  
th e  f i r s t  f r a m e  s i z e .  The d e s ig n  d e v e lo p m e n t 
and  te s tin g  w h ich  fo llo w ed  le a d  to  th e  c o n s tru c t io n  
o f th e  f i r s t  p ro to ty p e s  in  1967 and  1968, and 
g e n e ra l  p ro d u c tio n  in  1970. In  a w e lc o m e  r e 
v e r s a l  o f th e  tr e n d  w h e re b y  m a r in e  eq u ip m e n t 
is  ad o p ted  and a d a p te d  f ro m  o th e r  d is c ip l in e s ,  
abou t tw o - th ir d s  o f th e  330 m a c h in e s  in s ta l le d  
o r  u n d e r c o n s tru c tio n  a r e  fo r  n o n -sh ip b o a rd  
a p p l ic a t io n s ,  e i th e r  in  in d u s t r ia l  In s ta l la t io n s  
o r  in  th e  o i l - a n d -g a s  p ro d u c in g  in d u s t ry .
H o w ev er m any  o f th e  l a t t e r ,  on  p ro d u c tio n  
p la tf o rm s  o f f s h o r e ,  e x p e r ie n c e  a n  e n v iro n m e n t 
v e ry  s im i la r  to  in s ta l la t io n s  on  b o a rd  s h ip .
To d a te  m o re  th a n  70 s e t s  a r e  in  s e r v ic e  on  b o a rd  
sh ip  w ith  a  f u r th e r  30 e i th e r  u n d e r  c o n s tru c t io n  
o r  on  o r d e r .

THE DESIGN OF A 2100 H .P .  MARINE AUXILIARY 
GAS TURBINE

In tro d u c tio n

I t  is  not th e  p u rp o s e  of th is  p a p e r  to  d e s c r ib e  in 
d e ta i l  th e  d e s ig n  o f th e  g a s  tu r b in e ,  b u t th e  
fo llow ing  a r e  th e  m a in  c h a r a c t e r i s t i c s ,  in  
o r d e r  to  e v a lu a te  w h e th e r  o r  no t th e  b a s ic  a im s  
fo r  th e  m a c h in e  s ta te d  ab o v e  h a v e  b e e n  a c h ie v e d . 
S om e f ig u re s  fo r  s p e e d s , p o w e r , a i r  m a s s  
flow  e tc .  fo r  th e  m a c h in e  a r e  l i s te d  in  A ppend ix
I to  th e  p a p e r , and  A ppend ix  II c o n ta in s  a  l i s t  
o f  th e  s ta n d a rd  m a te r i a l s  u s e d  in  i t s  c o n s tru c t io n .

B asic A rra n g e m e n t

The K G -2  g a s  tu r b in e  is  a  s in g le  s h a f t  open 
c y c le  m a c h in e , ( s e e  F ig . l )  w ith  a  s in g le - s ta g e  
r a d ia l  c o m p re s s o r  and s in g le - s ta g e  r a d ia l  
tu r b in e ,  m o u n ted  b a c k - to -b a c k  and  s u p p o r te d  in  
tw o b e a r in g s  so  th a t th e  r o to r  is  c a n tile Jv e re d .
In  th e  r a d ia l  o r  c e n tr ifu g a l  d e s ig n  o f  tu rb in e  o r  
c o m p r e s s o r  th e  d i r e c t io n  o f flow  o f  th e  g a s  is  
p re d o m in e n tly  in  a  r a d ia l  d i r e c t io n  a s  o p p o se d  
to  th e  a x ia l m a c h in e  w h e re  th e  p re d o m in e n t
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d ir e c t io n  o f flow  of th e  g a s  is  p a r a l le l  w ith  
th e  a x is  o f r o ta t io n .  The c h o ic e  of a n  a l l - r a d ia l  
g a s  tu r b in e ,  a s  o p posed  to  th e  m o re  co n v en tio n a l 
a x ia l  m a c h in e  r e s u l t s  i n : -

a )  a  c o m p a c t d e s ig n ,  w ith  low u n it len g th  fo r  
th e  p o w er d e v e lo p e d .

b )  s u b s ta n tia l  c o m p re s s o r  and tu rb in e  b la d in g , 
w hich  is  l e s s  p ro n e  to  d am a g e  in  s e r v ic e  
du e  to  e r o s io n ,  c o r r o s io n ,  o r  fo re ig n  b o d ie s , 
and w hich  a lso  h a s  la r g e r  g a s  p a s s a g e s
w ith  c o r re s p o n d in g ly  le s s  s e n s it iv i ty  to  
lo s s  o f p e r fo rm a n c e  du e  to  fo u lin g .

c )  l e s s  s e n s i t iv i ty ,  c o m p a re d  w ith  an  e q u iv a 
le n t a x ia l m a c h in e , to  a i r  in le t p r e s s u r e  
and  te m p e r a tu r e  p ro f i le  v a r ia t io n s .  This 
m a k e s  p o s s ib le  th e  in s ta l la t io n  of th e  
m a c h in e  in  c o n s tr ic te d  lo c a tio n s  w h ere  
th e  in le t a i r  flow is a s y m e t r ic a l .

Rotor

The overh u n g  o r  c a n ti le v e re d  r o to r  su p p o r t 
a r r a n g e m e n t  is  ac h ie v ed  u sing  two b e a r in g s  
o f  th e  til t in g  pad  h y d ro d y n am ic  ty p e , s p e c if ic a lly  
d e s ig n e d  and  d ev e lo p ed  fo r  th is  m a c h in e . ( s e e  
F ig . 5 ) The n o rm a l r o to r  sp e e d  is  18000 r . p . m .  
The o verhung  a r r a n g e m e n t  r e s u l t s  in :

a )  th e  su p p o r t b e a r in g s  being lo c a te d  in  th e  
'c o ld '  end  of th e  e n g in e , w ith  c o n seq u e n tly  
re d u c e d  d em an d s  on  th e  b e a r in g  lu b r ic a tio n  
s y s te m ;  th is  a ls o  m in im is e s  h e a t so a k  to  the  
o il on  shu tdow n of th e  m a c h in e .

b ) a  s im p le  a x ia l e x h a u s t flow  w ith  c o n seq u e n t 
f le x ib ili ty  o f c h o ic e  of e x h a u s t ducting  
a r r a n g e m e n t .

C y c le  o f O p e ra tio n

The c y c le  o f o p e ra tio n  m ay  be s u m m a r is e d  a s  
fo llow s ( s e e  F ig . 2 ) :

i )  a i r  is  d ra w n  in to  th e  c o m p re s s o r  th ro u g h  a 
s ta t ic  c o n to u re d  an n u lu s .

i i )  o n  leav in g  th e  c o m p r e s s o r ,  th e  a i r  p a s s e s  
th ro u g h  a  s ta t ic  f o u r - s ta g e  a n n u la r  d if fu s e r  
w hich  p r o g re s s iv e ly  c o n v e r ts  th e  v e lo c ity  
e n e rg y  of th e  a i r  in to  p r e s s u r e  e n e rg y .

i i i )  a i r  is  a d m itte d  to  th e  co m b u s tio n  c h a m b e r :  
p r im a r y  a i r  th ro u g h  th e  n o z z le s , and se c o n d 
a r y  and  t e r t i a r y  a i r  th ro u g h  th e  l in e r .  The 
c o m b u s tio n  sy s te m  is  a  s in g le  r e v e r s e  flow  
c o m b u s to r  ta n g e n tia lly  m oun ted  on th e  p r e s s u r e  
v e s s e l .  The c o m b u s to r  h ea d  is  o f m u lt i-n o z z le  
d e s ig n  and is  s e c u r e d  by a  qu ick  r e l e a s e  c la m p .

iv )  th e  lo w er end o f th e  co m b u s tio n  l in e r  is 
lo c a te d  in  th e  e n try  to  th e  v o lu te , w hich  
d i r e c ts  th e  h o t g a s e s  in to  th e  tu rb in e  n o zz le  
g u id e  v a n e s .

v )  th e  g a s e s  e n te r  th e  tu rb in e  and  tu rb in e  e x d u c e r ,  
w h ich  a r e  so lid ly  co u p led  to g e th e r ,  and th e n  
e x h a u s t fro m  th e  m a c h in e  th ro u g h  an  a x ia l 
e x h a u s t d i f fu s e r .

G ea rb o x

The re d u c tio n  g e a rb o x  w hich  fo rm s  a n  in te g ra l  
p a r t  o f th e  m a ch in e  is  a  tw o s ta g e  s t r a ig h t  s p u r  
re d u c tio n  g e a r  and a lso  c o n ta in s  th e  a u x i l ia ry  
g e a r  t r a i n ,  p ro v id in g  d r iv e s  fo r  th e  e n g in e -d r iv e n  
fu e l and  lu b e  o il p u m p s , and  a ls o  c a r r i e s  th e  b ev e l 
g e a r  a r r a n g e m e n t  fo r  th e  s t a r t e r  m o to r  in p u t.
A v a r ie ty  o f re d u c tio n  r a t i o s  c a n  b e  a c h ie v e d  
w ith  v a r ia t io n s  o f a r r a n g e m e n t  in s id e  th e  s t a r d a r d  
g e a rb o x  c a s in g ,  th e  m o s t c o m m o n , o f c o u r s e ,  
being  th o s e  to  a c h ie v e  s u ita b le  sp e e d s  fo r  g e n e r 
a to r  d r iv e s  su c h  a s  1500 and  1800 r p m .

C o n tro ls

R e g a rd le s s  of th e  s im p lic i ty  and r o b u s tn e s s  of 
any p ro s p e c t iv e  ite m  of m a r in e  e q u ip m e n t,  th e  
s u c c e s s fu l  and r e l i a b le  o p e ra tio n  o f i ts  c o n tro l  
and p ro te c t io n  sy s te m  w ill o f te n  d e te r m in e  i t s  
a c c e p ta b ili ty  fo r  a p p lic a tio n  in  m a r in e  in s ta l la t io n s .  
S u p e r im p o se d  on  th is  g e n e r a l  r e q u i r e m e n t ,  tw o 
ad d itio n a l c o n s id e ra t io n s  in  th e  c a s e  o f  th e  
a u x i l ia ry  g a s  tu rb in e  h av e  a f u r th e r  b e a r in g  on  
th e  c o n tro l and  m o n ito rin g  s y s te m  d e s ig n : -

i)  by th e  n a tu re  o f m any  of th e  a p p lic a tio n s
to  w hich  i t  is  p u t ,  th e  a u x i l ia ry  g a s  tu r b in e  
is  o f ten  lo c a te d  o u ts id e  th e  r e g u la r  m a c h in 
e r y  s p a c e s ,  and is  o ften  r e q u ir e d  to  
o p e r a te  a t  h igh  p o w er a f te r  r e la t iv e ly  long 
p e r io d s  of in a c tiv ity , p e rh a p s  in  an  
e m e rg e n c y  s i tu a tio n .

i i )  b e c a u s e  o f th e  o ften  s p o ra d ic  n a tu re  o f i ts  
o p e ra tio n ,  and  i ts  r e la t iv e  r a r i t y ,  to  d a te ,  
a s  a n  a u x i l ia ry  p r im e  m o v e r ,  th e  a u x i l ia ry  
g a s  tu rb in e  w ill f re q u e n tly  be o p e ra te d  by 
s ta f f  who h av e  h ad  no o p p o rtu n ity  of 
f a m il ia r is in g  th e m s e lv e s ,  o v e r  a  le n g th y  
p e r io d  o f s te a d y  o p e ra t io n ,  w ith  th e  
c h a r a c t e r i s t i c s  of th e  m a c h in e .

T h ese  c h a r a c t e r i s t i c s  p la c e  on th e  d e s ig n e r  o f th e  
c o n tro ls -a n d -m o n ito r in g  s y s te m  th e  follow ing 
r e q u ir e m e n ts  fo r  th e  s y s t e m : -

a )  i t  m u s t fu n c tio n  s a t i s f a c to r i ly  in d ep en d en t 
o f th e  o p e r a to r .  P ush  b u tto n  o p e r a t io n ,  
a u to m a tic  in te r lo c k s  and  shu tdow n  s m u s t 
b e  u ti l is e d  in  p la c e  o f re ly in g  on  th e  s k i l l  
o f th e  o p e r a to r  to  c a r r y  ou t co m p lex  
check ing  and m o n ito rin g  fu n c tio n s .

b )  i t  m u s t fu n c tio n  s a t i s f a c to r i ly  w ith  a 
m in im u m  of s y s te m  m a in te n a n c e . T his 
p ro d u c e s  th e  r e q u ir e m e n t  fo r  s y s te m  
s im p lic i ty ,  and  fo r  m o d u le  r e p la c e m e n t  in  
th e  ev e n t o f f a i lu r e .

c )  th e  s y s te m  m u s t w h e re v e r  p o s s ib le  b e  
f a i l s a f e ,  so  th a t  any  u n c o r r e c te d  m a lfu n c tio n  
s h u ts  th e  tu rb in e  dow n, and  d o u b le  s y s te m  
p ro te c t io n  m u s t be p ro v id e d  in  c r i t i c a l  
a r e a s  to  c o v e r  fo r  th e  f a i lu r e  of one p a r t
o f th e  m o n ito rin g  o r  c o n tro l  s y s te m  in 
th a t  a r e a .  This r e q u ir e m e n t  m u s t ,
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h o w e v e r , b e  b a la n c e d  w ith  sh ip  s a fe ty  in , 
fo r  in s ta n c e ,  e m e rg e n c y  g e n e r a to r  in s t a l l 
a t io n s ,  w hen a m an u a l o v e r r id e  is  in c lu d ed  
in  o r d e r  to  b e  a b le  to  r u n  th e  tu rb in e  w ith  
on ly  th e  m o s t e s s e n t i a l  m o n ito rin g  d u rin g  
a n  e m e rg e n c y  s i tu a t io n .

d )  th e  c h a r a c t e r i s t i c s  o f th e  c o n tro l  and 
g o v e rn in g  s y s te m  on  th e  m a c h in e  m u s t be 
co m p a tib le  w ith  th o s e  o f o th e r  p r im e  
m o v e rs  w ith  w hich  th e  g a s  tu rb in e  m ay be 
c a lle d  upon to  o p e r a te  in  p a r a l l e l .

e )  th e  c o n tro l  s y s te m  as a w h o le , and th e  
c o n tro l  c a b in e t  in  p a r t i c u l a r ,  m u s t be 
p h y s ic a l ly  te s te d  b e fo re  a d o p tio n  to  e n s u r e  
th e i r  c o n tin u ed  o p e ra tio n  w hen  s u b je c te d  
to  h igh h u m id ity , s a l t  la d e n  a tm o s p h e re ,  
v ib r a t io n ,  and  sh o c k .

The s y s te m  w hich  w as d e s ig n e d  to  s a t is f y  th e s e  
re q u ir e m e n ts  and  w hich  h a s  now b e e n  in  o p e r a 
tio n  a t  s e a  fo r  up to  s ix  y e a r s  is  o u tlin e d  in  
A ppend ix  III to  th e  p a p e r .

Fuel and L u b rica tin g  O il S y s te m s

The g a s  tu rb in e  is  s u i ta b le  fo r  o p e ra tio n  on  g a s e o u s  
fu e l,  a  w ide v a r ie ty  of liq u id  f u e ls ,  o r  a s  a 
dual g a s - o r - l iq u id  fuel e n g in e . The n o rm a l 
m a r in e  liq u id  fu e l s y s te m ,  s u ita b le  fo r  b u rn in g  
s ta n d a rd  C la s s  B2 m a r in e  d ie s e l  fu e l ,  a s  a  s e l f -  
c o n ta in e d  s y s te m  w ith  th e  fu e l pum p d r iv e n  fro m  
th e  a u x i l ia ry  p o w er o ffta k e  on  th e  g e a rb o x . Fuel 
is  d ra w n  th ro u g h  th e  su c tio n  f i l t e r  by th e  pum p 
w hich  th e n  d e l iv e r s  to  th e  h igh  p r e s s u r e  fuel 
f i l te r  and th e  e le c t ro - m e c h a n ic a l  c o n tro l s y s te m .  
D up lex  f i l t e r s  a r e  f it te d  to  a llow  o n - l in e  c h a n g e 
o v e r . D u rin g  tu r b in e  r u n  u p , in  o r d e r  to  
a c h ie v e  c o n tro l le d  a c c e le r a t io n ,  th e  fuel v a lv e  
c o n tro ls  th e  fu e l flow  in  r e s p o n s e  to  a s ig n a l fro m  
th e  c o m p r e s s o r  d is c h a r g e  p r e s s u r e .  A t fu ll 
sp e e d  th e  lu b e  o il d r iv e n  a c tu a to r  ta k e s  o v e r  
c o n tro l .  T his a c tu a to r  c o m p a re s  th e  a c tu a l 
sp e e d  w ith  th e  c o r r e c t  p r e s e t  sp e e d  a t a l l  lo a d s  
and p ro d u c e s  a n  o u tp u t b a s e d  on  th e  d if fe re n c e .
The e x c e s s  fuel is  s p il le d  b ac k  to  th e  pum p 
su c tio n ,  w h ile  th e  c o r r e c t  am o u n t cf fu e l is  
p a s s e d  th ro u g h : -

-  a n  o n /o f f  so le n o id  v a lv e
-  a  n o n - re tu r n  v a lv e
-  a  p r im a ry /s e c o n d a r y  d is t r ib u t in g  v a lv e

to  th e  fu e l n o z z le s  in  th e  c o m b u s to r  h e a d . The 
lu b e  o il s y s te m  o p e ra te s  w ith  any o n e  o f  a  n u m b e r 
o f th e  s ta n d a rd  m in e r a l  o i ls  a v a ila b le  on  b o a rd  
s h ip .  The m a in  co m p o n en ts  a r e :

i)  m a in  lu b e  o il p u m p , d r iv e n  f ro m  th e  a u x i
l ia r y  p o w er ta k e  o ff on  th e  g e a rb o x .

i i )  lu b e  o il  c o o le r  w h ich  m ay  b e  s e a  w a te r
o r  a i r  c o o le d , depend ing  on  th e  in s ta l la t io n .

i i i )  f u l l  flow  f i l t e r s ,  n o rm a lly  a r r a n g e d  in  
d u p le x , o f 5 m ic ro n  s iz e .

iv )  p r e s s u r e  m o d u la tin g  r e l i e f / r e d u c t io n  v a lv e .

v )  th e r m o s ta t ic  3 -w a y  co n tro l v a lv e  o f  th e  
w ax e le m e n t ty p e .

v i)  a u x i l ia ry  lu b e  o il p u m p , w h ich  m ay  be 
d r iv e n  by e l e c t r i c ,  a i r ,  o r  g a s  m o to r  
depend ing  on  th e  in s ta l la t io n .

D u rin g  th e  s t a r t  c y c le ,  th e  a u x i l ia ry  lu b e  o il 
pum p p r im e s  th e  m a in  pum p r e a d y  fo r  th e  tu r b in e  
r u n -u p  an d  a ls o  p ro v id e s  th e  tu rb in e  lu b r ic a t io n  
u n til th e  m a in  pum p ta k e s  o v e r .  S im ila r ly  
d u rin g  th e  ru n -d o w n  c y c le ,  th e  a u x i l ia ry  pum p 
e n s u r e s  a d e q u a te  lu b r ic a t io n  w hen  th e  e n g in e -  
d r iv e n  m a in  lu b e  o il pum p o u tp u t f a l l s  o ff.

D u rin g  n o rm a l ru n n in g , th e  m a in  lu b e  o il  pu m p  
su p p lie s  o il  f ro m  th e  in te g ra l  d r a in  ta n k  in  th e  
tu rb in e  u n d e rb a s e  to  th e  b e a r in g  s y s te m s  and 
g e a r  t r a in s  v ia  th e  o il  c o o le r  and  fu ll flow  f i l t e r s .  
T |ie s y s te m  p r e s s u r e  is  r e g u la te d  by th e  r e l i e f  
/ r e d u c t io n  v a lv e  w hich  s p i l l s  th e  e x c e s s  b ac k  to  
th e  d r a in  ta n k . The t e m p e r a tu r e  is  r e g u la te d  
by th e  th e r m o s ta t ic  v a lv e  w h ich  m ix e s  co o led  
and u n co o led  o i l .
Such a r e  th e  m o d e s t d u tie s  o f th e  lu b e  oil sy s te m  
and th e  l im ite d  s i z e  o f  th e  s y s te m ,  th a t  lu b e  o il 
c o n su m p tio n  in  o p e ra t io n  c a n  be r e g a rd e d  a s  
n e g lig ib le .

S ta r tin g  S y stem

A v a r ie ty  o f s ta r t in g  m o to r  ty p e s  c a n  b e  f i t te d ,  
a c c o rd in g  to  th e  ty p e  and  lo c a tio n  of th e  in s t a l l a 
t io n .  S ta n d a rd  ty p e s  o f s t a r t  m o to r  w hich 
h av e  b ee n  f it te d  to  e x is tin g  in s ta l la t io n s  in c lu d e :

i)  c o m p re s s e d  a i r  o r  g a s  p n e u m a tic  m o to r
i i )  D .C .  m o to r  su p p lie d  f r o m ,  fo r  in s ta n c e ,  

a  bank  o f b a t t e r i e s .
i i i )  A .C .  m o to r  su p p lie d  f ro m  a n  a d ja c e n t 

A .C .  s y s te m  (s u c h  a s  th e  s h ip s  d is t r ib u t io n  
s y s te m )  d r iv in g  th ro u g h  a  flu id  c o u p lin g .

iv )  a n  in d u s t r ia l  p e t ro l  e n g in e , w hich  i s  s t a r t e d  
f ro m  a  c a r  b a t te r y  and  th e n  in  tu r n  u se d
to  r u n  up  th e  g a s  tu r b in e  th ro u g h  a  s ta n d a rd  
to r q u e  c o n v e r te r .

The s t a r t e r  m o to r  r u n s  th e  tu rb in e  up  to  th e  
sp e e d  a t  w hich  ig n itio n  c o m m e n c e s ,  an d  th e n  
a s s i s t s  a c c e le ra t io n  ab o v e  th e  tu r b in e  s e l f -  
su s ta in in g  sp e e d  ( a p p ro x im a te ly  50% fu ll s p e e d ) ,  
w hen  th e  s t a r t e r  m o to r  is  s to p p e d  and th e  s p ra g  
c lu tc h  d is c o n n e c ts .  The tu r b in e  ta k e s  o v e r  and 
th e  s t a r t e r  se q u e n c e  is  co n c lu d e d  w hen  th e  
tu r b in e  h a s  a c c e le ra te d  up to  100%.

T yp ical t im e  r e q u ir e d  f ro m  in it ia t io n  of th e  s t a r t  
se q u e n c e  to  fu ll load  c a n  b e  45 se c o n d s  in  
c o m p lia n c e  w ith  th e  SOLAS r e q u i r e m e n t ,  and  
r e c o rd e d  s ta r t in g  r e l ia b i l i ty  is  now o f th e  o r d e r  
o f 99.6% - In  e m e rg e n c y  s ta n d b y  in s ta l la t io n s  
th e  C la s s i f ic a t io n  S o c ie tie s  h av e  a c c e p te d  s t a r t 
ing a i r  s to r a g e  c a p a c ity  fo r  on ly  3 s t a r t s ,  a s  
o p p o se d  to  th e  m o re  n o rm a l 6 .



The R esu lting  G as  T u rb in e C o m b in ed  e m e rg e n c y /s ta n d b y  g e n e r a to r

The m a c h in e  w hich  r e s u l t s  f ro m  th e  r e a l is a t io n  
of th e  d e s ig n  a im s  o u tlin e d  a b o v e , and th e  
s y s te m  c o n s id e ra t io n s  d e s c r ib e d :

a )  h a s  a  n o m in a l r a t in g  o f 2100 h .p .  a t  15°C 
u n d e r m a r in e  c o n d itio n s  on liq u id  fu e l.

b )  is  2 .0 2  m e tr e s  ( 6 .4 7  f t)  o v e ra l l  in  le n g th , 
by 1 .3 8  m e tr e s  ( 4 .4 2  f t)  w id e , by 2 . 19 
m e t r e s  ( 7 .0 1  f t)  h ig h .

c )  w eig h s 2 .6  to n n e s  c o m p le te  w ith  u n d e rb a s e  
an d  o il d r a in  ta n k  a t  w ork ing  le v e l .

d )  o p e ra te s  on m a r in e  d ie s e l  fuel and s ta n d a rd  
m a r in e - ty p e  lube  o i l ,

e )  is  now ap p ro v e d  by th e  C la s s i f ic a t io n  
S o c ie tie s  on  a Type A p p ro v a l B a s is .

THE APPLICATION OE Tl IE MARINE AUXILIARY 
GAS TURBINE IN MERCHANT SHIPS

C h a r a c t e r i s t i c  p a r a m e te r s

The ty p e s  o f  in s ta l la t io n  w hich  c a n  b e n e f it fro m  
th e  a p p lic a tio n  o f  th e  g a s  tu rb in e  d e s c r ib e d  above 
w ill h av e  one o r  m o re  of th e  follow ing r e q u i r e 
m e n ts  fo r  a n  a u x i l ia ry  p o w er s o u r c e  in  co m m o n :

a )  h igh  p o w e r to  s p a c e  r a t i o ,  fo r  in s ta n c e  due 
to  r e s t r i c t e d  m a c h in e ry  s p a c e ,  o r  a t r a n s 
p o r ta b i l i ty  r e q u ir e m e n t .

b ) h igh  p o w er to  w e ig h t r a t i o ,  fo r  in s ta n c e  due 
to  a  v e s s e l 's  s ta b i l i ty  p r o b le m , o r  th e  need  
to  m ount th e  e q u ip m en t h igh  in  th e  v e s s e l .

c )  u n ev e n  o r  'p e a k y ' p o w er d em an d  p ro f i le  
w h ich  h a s  s h o r t  p e r io d s  o f h igh  p o w er 
r e q u ir e m e n t  su p e r im p o s e d  on  th e  b a s ic  o r  
e v e ry d a y  lo a d .

d ) h ig h  s ta r t in g  r e l i a b i l i ty ,  ev e n  a f te r  r e la t iv e ly  
long p e r io d s  o f in a c tiv ity ,  an d  w ith  m in im a l 
d a y - to -d a y  m a in te n a n c e , fo r  in s ta n c e  su ch  
a s  is  r e q u ir e d  f ro m  a n  e m e rg e n c y  g e n e r a to r .

e )  s im p le  r e m o te  o r  a u to m a tic  s ta r t in g  a r r a n g e  
- m e n t s ,  fo r  in s ta n c e  fo r  e m e rg e n c y  g e n e r a 
to r s  m o u n ted  o u ts id e  th e  m a in  m a c h in e ry  
s p a c e s  and a r r a n g e d  fo r  a u to m a tic  s t a r t - u p  
on  f a i lu r e  o f th e  m a in  g e n e r a to r s .

f)  r e m o te  o r  d if f ic u lt  lo c a tio n  w h e re  su p p o r t 
s e r v ic e s  su c h  a s  e l e c t r i c a l  p o w e r , coo ling  
w a te r ,  a n d /o r  c o m p re s s e d  a i r  a r e  not 
a v a i la b le .

S om e o f th e  in s ta l la t io n s  in  w hich  th e  a u x i l ia ry  
g a s  tu r b in e  h a s  b e e n  u t i l is e d  h av e  m o re  th a n  
on e  o f th e  ab o v e  c h a r a c t e r i s t i c s ,  and in  so m e  
c a s e s ,  so m e  sh ip  o p e r a to r s  a f te r  in it ia l  e x p e r 
ie n c e  o f th e  g a s  tu rb in e  in  a  m o d e s t o r  r e la t iv e ly  
l im ite d  r o l e ,  h a v e  in  su b se q u e n t sh ip s  c o n s id e r 
ab ly  ex ten d ed  i ts  s p h e r e  o f o p e ra t io n .  The 
fo llow ing  a r e  so m e  of th e  a p p lic a tio n s  in  w hich  
th e  m a c h in e  h a s  b e e n  u t i l i s e d .

A lthough th e  s ta tu to ry  r e q u ir e m e n ts  c o v e r in g  a 
sp e c if ic  v e s s e l  m ay  r e q u i r e  on ly  a v e ry  s m a ll  
g e n e ra tin g  c a p a c ity  s p e c if ic a lly  d e le g a te d  a s  
th e  e m e rg e n c y  su p p ly , a n u m b e r o f  sh ip o w n e rs  
b e lie v e  th a t  th e  s a fe ty  of th e  sh ip  is  m o re  
ad e q u a te ly  s e rv e d  by in s ta ll in g  a  l a r g e r  g e n e r a 
tin g  c a p a c ity  o u ts id e  th e  m a c h in e ry  s p a c e s .
H ence  th e  c a p a b ility  o f th e  e m e rg e n c y  g e n e r a to r ,  
w hich m ay  s ta tu to r i ly  be r e q u ir e d  to  c o v e r  o n ly :

-  e m e rg e n c y  b ilg e  pum p
-  e m e rg e n c y  lig h ts  in  a r e s t r i c t e d  n u m b e r 

o f lo c a tio n s .
-  sh ip s  n av ig a tio n  l ig h ts
-  c o m m u n ic a tio n s  e q u ip m en t
-  an d  o th e r  s m a ll  c o n s u m e r s  su c h  a s  

s ig n a llin g  e q u ip m e n t, w a te r t ig h t  d o o rs  e t c .
c a n  w ith  r e la t iv e  s im p l ic i ty ,  be ex te n d e d  to  c o v e r  
a d d itio n a l lo a d s ,  th e  a v a ila b il i ty  of w hich in  an 
e m e rg e n c y  m ay b e  v i ta l ,  su c h  a s

-  s te e r in g  g e a r
-  fu ll lig h tin g  th ro u g h o u t th e  v e s s e l
-  d ec k  m a c h in e ry
-  bow t h r u s t e r  if  f it te d

T his e x te n s io n  of th e  r o l e  o f th e  e m e rg e n c y  
g e n e r a to r  is  f e a s ib le  b e c a u s e  o f th e  g a s  tu rb o  
g e n e r a to r ' s

i)  s m a ll  s iz e  an d  w e ig h t fo r  th e  p o w er 
d e v e lo p e d . A 1500 KW g a s  tu rb o  
g e n e r a to r  is  a p p ro x im a te ly  4 m e tr e s
( 1 3 . 12ft) in  o v e r a l l  le n g th  and  w eig h s
10 to n n e s .  ( s e e  f ig . 4 ) .  The g e n e r a to r  
c a n  th e r e f o r e  b e  m o u n ted  r e la t iv e ly  high 
in  th e  v e s s e l  ( e . g .  on  th e  funnel d ec k  
a b a f t th e  fu n n e l, w ith  c o n se q u e n t s im p l i 
f ic a tio n  o f  a i r  in ta k e  and e x h a u s t  a r r a n g e 
m e n ts ) .

i i )  low  a n c i l la r y  s y s te m  r e q u ir e m e n ts .  The 
p ro v is io n  o f ,  fo r  in s ta n c e ,  a n  a i r  co o led  
lu b e  o il c o o le r ,  an d  D .C .  m o to r - a n d -  
b a t te ry  s t a r t  s y s t e m ,  c a n  r e n d e r  th e  
g e n e r a to r  s e t  in d e p en d e n t o f  a n c i l la r y  
s y s t e m s ,  e x c e p t fo r  a  su p p ly  o f  fu e l.  
A l te rn a t iv e ly ,  a  c o m p r e s s e d  a i r  s ta r t in g  
s y s te m  c a n  b e  su p p lie d  f ro m  an  e m e rg e n c y  
a i r  s to r a g e  b o t t le ,  and  th is  a l s o  a llo w s  th e  
p ro v is io n  o f  a u t o - s t a r t  f a c i l i t i e s  fo r  th e  
g e n e r a to r  in  th e  e v e n t o f  a  b la c k -o u t .

i i i )  low  v ib ra t io n  and n o is e  s ig n a tu r e .  Being 
e s s e n t ia l ly  a h igh  sp e e d  r o t a r y  m a c h in e , 
th e  v ib ra t io n  and  n o is e  c h a r a c t e r i s t i c s  o f 
th e  m a c h in e  a r e  e i th e r  lo w e r , o r  m o re  
e a s i ly  a t te n u a ta b le , th a n  m ig h t b e  th e  
c a s e  w ith  s lo w e r  sp e e d  r e c ip ro c a t in g  
m a c h in e ry .  E x p e r ie n c e  h a s  show n th a t
i t  is  q u ite  f e a s ib le  to  m oun t th e  g a s  tu r b o 
g e n e r a to r  in  an  e m e rg e n c y  g e n e r a to r
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ro o m  c o n ta in e d , fo r in s ta n c e ,  in  th e  
a c c o m o d a tio n  b lock  o f a l a r g e  ta n k e r ,  
w ith  on ly  m o d e s t a c o u s tic  in su la tio n  in  
th e  c o m p a r tm e n t,

iv )  e a s e  o f in s ta l la t io n :  th is  is  r e a l ly  a 
s u b s id u a ry  a d v a n ta g e  o f th e  s iz e  and 
w eig h t o f th e  m a c h in e , a l l ie d  w ith  th e  
s im p lic i ty  o f th e  th r e e  p o in t su p p o r t 
a r r a n g e m e n t  o f th e  co m m o n  u n d eF b ase  
o f th e  s e t .  It m a k es  p o s s ib le  a s in g le  
lif t  in s ta l la t io n  o f  w hat is  a r e la t iv e ly  
l a rg e  c a p a c ity  g e n e r a to r  s e t ,  and a ls o  
a llo w s it  to  be in s ta l le d  in  th e  v e s s e l ,  
w ithou t c o m p le x  a lig n m e n t o r  se a tin g  
c h e ck  p r o c e d u r e s ,  a t  a r e la t iv e ly  la te  
s ta g e  in  th e  v e s s e l 's  c o n s tru c t io n .

To g a in  fu ll a d v a n ta g e  of th e  co n c e p t o f  a  1200 to 
1500 KW g a s  tu r b o -g e n e r a to r  m oun ted  o u ts id e  
th e  m a c h in e ry  s p a c e s ,  h o w e v e r , i t  is  n e c e s s a ry  
to  go a s te p  f u r th e r .  The co n v e n tio n a l
a r r a n g e m e n t o f ,  fo r in s ta n c e ,  a l a r g e  ta n k e r  is  
a s  show n in F ig . 6 w ith  th r e e  g e n e r a to r s  in  th e  
m a c h in e ry  s p a c e s , w h e re  on e  o f th e s e  s e t s  is  
a s te a m  tu r b o -g e n e r a to r  fo r  b a s e  load  g e n e r a 
t io n , on e  of th e  re m a in in g  tw o ( d ie s e l )  g e n e r a to r s  
is  u ti l is e d  d u rin g  p ea k  load ing  o r  s ta n d b y  c o n d itio n s , 
and th e  se c o n d  d ie s e l  g e n e r a to r  is  a v a ila b le  a s  
s ta n d b y  in  th e  ev e n t of f a i lu re  o f  e i th e r  o f th e  
o th e r  tw o . The e m e rg e n c y  d ie s e l  g e n e r a to r  o u t
s id e  th e  m a c h in e ry  s p a c e s  is  a  s m a ll  c a p a c ity  s e t ,  
f it te d  p re d o m in e n tly  in  c o m p lia n c e  w ith  th e  b a s ic  
s ta tu to ry  r e q u i r e m e n ts .

If  th is  e m e rg e n c y  d ie s e l  is  r e p la c e d  by a  g as  
tu r b o -g e n e r a to r  s e t  o f  sa y  1400 KW c a p a c ity ,  
one o f  th e  s ta n d b y  g e n e r a to r  s e t s  in  th e  m a c h in e ry  
sp a c e s  ca n  b e  d is p e n s e d  w ith , w ithou t in  any  w ay 
c o m p ro m is in g  th e  g e n e ra tin g  o r  s ta n d b y  c a p a b ility  
of th e  v e s s e l .  The r e s u l t in g  g e n e ra tin g  a r r a n g e 
m e n t,  c o m p ris in g  tw o g e n e r a to r s  in  th e  m a c h in e ry  
s p a c e s  (o n e  fo r  b a s e  lo a d , and  o n e  fo r  p e a k -  
lopping  and s ta n d b y )  w ith  on e  g a s  tu r b o -g e n e r a to r  
o u ts id e  th e  m a c h in e ry  s p a c e s  a s  a  co m b in ed  
s ta n d b y  and e m e rg e n c y  s e t ,  o f fe rs  a  so lu tio n  to  
th e  q u e s tio n  of g e n e ra to r  s e le c t io n  an d  a r r a n g e 
m e n t w h ich :

-  is  l ig h te r
-  is  le s s  co n su m in g  o f en g in e  ro o m  s p a c e
-  r e q u i r e s  l e s s  m a in te n a n c e
-  o f fe r s  g r e a t e r  e m e rg e n c y  g e n e ra tin g  

c a p a c ity
-  and  i s ,  a t  w o r s t ,  no m o re  e x p e n s iv e  in  

c o m b in ed  c a p ita l  and in s ta l la t io n  c o s ts  
th a n  th e  a l te r n a t iv e  a l l  d ie s e l  g e n e r a to r  
in s ta l la t io n .

S in ce  th e  f i r s t  o f th e  s ta n d b y /e m e rg e n c y  s e t s  o f 
th e  ty p e  d e s c r ib e d  in  th is  p a p e r  w as  in s ta l le d  in  
1970, a  to ta l  o f  b e tw e en  35 an d  40 s e t s  h a v e  b ee n  
in s ta l le d  a s  s in g le  e m e rg e n c y /s ta n d b y  g e n e r a to r s  
( s o m e  in  c o n f ig u ra tio n s  w hich  a r e  s e p a r a te ly

d e s c r ib e d  l a t e r  in  th e  p a p e r  in v o lv in g , fo r  in s ta n c e ,  
in e r t  g a s  p ro d u c tio n ,  o r  a  c o n ta in e r i s e d  g e n e ra tin g  
s e t )  on  v e s s e l s  ra n g in g  in  s iz e  f ro m  a  5750 TDW 
p ro d u c t c a r r i e r  to  3 3 0 ,0 0 0  TDW VLCC ' s  and 
in c lu d in g  f e r r i e s ,  OBO s h ip s  and  an  LNG c a r r i e r .

E x te n sio n  o f s ta n d b y /e m e rg e n c y  g e n e r a to r  
co n c ep t

T he p ro s p e c t iv e  a d v a n ta g e s  c la im e d  ab o v e  fo r 
th e  c o n c e p t of th e  e m e rg e n c y /s ta n d b y  g a s  tu r b o 
g e n e r a to r  co u p led  w ith  e x p e r ie n c e  in  s e r v ic e ,  
h av e  p ro v e d  su f f ic ie n tly  a t t r a c t iv e  fo r  a  n u m b e r  
o f in s ta l la t io n  d e s ig n e r s  and s h ip o w n e rs  fo r  th e  
c o n c e p t to  b e  e x ten d e d  to  th e  f ittin g  of tw o g a s  
tu r b o - g e n e r a to r s  o u ts id e  th e  m a c h in e ry  s p a c e s ,  
w ith  f u r th e r  re d u c tio n  in  th e  n u m b e r  o r  c a p a c ity  
o f th e  g e n e r a to r s  f it te d  in  th e  m a c h in e ry  s p a c e s .
A s a  r e s u l t  o f  t h i s ,  a f u r th e r  30 s e t s  a r e  in s ta l le d  
in  p a i r s  on v e s s e ls  ra n g in g  f ro m  9 x 1 8 ,5 0 0  TDW 
c o n ta in e r  s h ip s  to  6x98 ,000  TDW OBO c a r r i e r s  an d , 
a s  b e f o r e ,  c o v e r in g  bo th  s te a m  tu r b in e  and  
d ie s e l  p ro p e lle d  s h ip s .

T he s te a m  tu rb in e  p ro p e lle d  c o n ta in e r  sh ip s  
r e p r e s e n t  a n  in te re s t in g  e x te n s io n  of th e  p e a k -  
lopping  c o n c e p t in  th e  a p p l ic a tio n  of th e  g a s  
tu r b o - g e n e r a to r .  The b a s ic  p a r a m e te r s  o f th e  
v e s s e l  a r e :

L .O .A . :  2 1 0 ,6 0  m e tr e s  
C a p a c ity :  a p p ro x . 1 ,7 0 0  c o n ta in e rs  in  

c o m b in a tio n s  of 20 foo t and 
40 foo t s i z e s .

D ea d w e ig h t: 1 8 ,5 0 0  to n s  
M ain  m a c h in e ry :  3 6 ,0 0 0  SHP, AG W e s e r /  

G e n e ra l  E le c tr ic  MST14 
s te a m  tu r b in e .

G e n e r a to r s :  2 x  2000 KW s te a m  tu r b o 
g e n e r a to r s  (B lohm  and  V o ss  
SHT 5 0 /4 0 )
2 x 1500 KW g a s  tu rb o g e n e ra to r s  
(K o n g sb e rg  KG- 2 )

Each cf th e  s te a m  tu r b o g e n e ra to r s  i s  o f su f f ic ie n t 
c a p a c ity  to  c a r r y  th e  b a s ic  lo ad  a t  s e a .  H o w e v e r , 
a  c h a r a c t e r i s t i c  of th e  v e s s e l 's  e l e c t r i c a l  p o w er 
p r o f i le  is  th e  o c c u r r e n c e  o f  a h igh  p ea k  lo a d  in  th e  
e a r ly  s ta g e s  o f m any  lo a d e d  v o y a g e s , c a u s e d  
by th e  r e f r i g e r a t i o n  lo ad  f ro m  c o n ta in e rs  c a r ry in g  
p e r i s h a b le s ,  w h ich  h a v e  to  b e  b ro u g h t dow n to  
t r a n s i t  t e m p e r a tu r e  w ith in  a  r e la t iv e ly  s h o r t  
t im e  o f  being  b ro u g h t on  b o a rd .  O nce th e  
c o n te n ts  o f  th e s e  c o n ta in e rs  h a s  a c h ie v e d  t r a n s i t  
t e m p e r a tu r e ,  th e  e l e c t r i c a l  load  r e tu r n s  to  
a  m o re  n o rm a l le v e l ,  s in c e  th e  r e f r i g e r a t i o n  
lo a d  is  on ly  su c h  a s  to  c o v e r  th e r m a l  le a k a g e .
T he fittin g  o f th e  two g a s  tu r b o g e n e r a to r s , in  
a  s m a ll  g e n e r a to r  ro o m  on th e  B ridge  D e c k , a f t 
o f  th e  m a c h in e ry  c a s in g , p r o v id e s :

i )  a n  'a l l  tu r b o -m a c h in e r y ' g e n e ra tin g  p la n t 
a r r a n g e m e n t  w ith  c o n se q u e n t a d v a n ta g e s
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fo r  both  e a s e  of r e m o te  c o n tro l and 
re d u c tio n  in  m a in te n a n c e .

i i )  a c o m p a c t 'p e a k - lo p p in g ' g e n e ra tin g  p la n t 
a r r a n g e m e n t ,  He  a l te r n a t iv e  to  w hich would 
be a m a rk e d  in c r e a s e  in  th e  n u m b e r o r  
s iz e  of th e  g e n e r a to r s  in  th e  en g in e  ro o m  
w ith  th e  p ro b a b le  in v o lv e m e n t o f d ie s e l  
g e n e r a to r s .

i i i )  an  e x te n s iv e  s ta n d b y /e m e r g e n c y  g e n e ra tin g  
c a p a c ity  o u ts id e  th e  en g in e  ro o m , c o v e r in g  
fo r  th e  p ro te c t io n  of th e  c a rg o  if en g in e  
s te a m  p la n t is  sh u t down fo r  so m e r e a s o n ,  
and fo r  th e  p ro v is io n  of a la rg e  e l e c t r i c a l  
p iw e r  c a p a c ity  to  p r e s e r v e  th e  sa fe ty  of 
th e  sh ip  in  th e  ev en t o f 'b l a c k - o u t ' .

The G as  T u rb in e  and In e r t  G as  P lan t

The p ro v is io n  of eq u ip m en t on  b o a rd  ta n k e r s  w hich 
p ro d u c e  on in e r t  g a s  w ith w hich to  fill em p ty  c a rg o  
ta n k s ,  to  m in im is e  th e  r i s k  of e x p lo s io n  and 
c o r r o s io n ,  h a s  b e c o m e  a  s ta tu to ry  r e q u ir e m e n t  
on  new v e s s e ls  o v e r  a  p re d e te rm in e d  c a rg o  
c a p a c ity .  In e r t  g a s  p la n ts  a r e  a ls o  f re q u e n tly  
u t i l is e d  on L .P .G . and L .N .G . c a r r i e r s ,  and 
h av e  in  th e  p a s t  b e e n  u se d  on a v a r ie ty  of o th e r  
ty p e s  o f v e s s e l ,  inc lud ing  so m e  fo r  in s ta n c e  
invo lved  in  th e  c a r r i a g e  o f f is h - m e a l  in  b u lk , 
th e  c a rg o  a p p a re n tly  being  p ro n e  to  sp o n ta n eo u s  
c o m b u s tio n  in  t r a n s i t .

3
F or in e r t  g a s  c a p a c i t ie s  up to  ab o u t 1 0 ,000  Nm / h r .  
th e  u su a l ty p e  of p la n t u t i l is e d  is  a  p u rp o s e  b u ilt
o il b u rn in g  in e r t  g a s  g e n e r a to r .  F o^  l a r g e r  g a s  
c a p a c i t i e s ,fo r  in s ta n c e  o f 2 0 ,0 0 0  Nm / h r .  r e 
q u ire d  fo r  a 2 3 3 ,0 0 0  TDW ta n k e r ,  a  p la n t u til is in g  
b o ile r  f lu e  g a s  is  o ften  e m p lo y ed . T his s y s te m  
is  a t t r a c t iv e  f ro m  th e  p o in t o f view  o f 'g e tt in g  
so m e th in g  fo r  n o th in g ' s in c e  it  u s e s  th e  b o i le r  
e x h a u s t g a s e s  a n d , a f te r  w a sh in g , coo ling  and 
c o m p re s s in g  th e m , p a s s e s  th e m  d ir e c t ly  to  th e  
c a rg o  ta n k s .  T h e re  a r e ,  h o w e v e r, so m e  
in h e re n t  d is a d v a n ta g e s :

i)  th e  b o i le r  e x h a u s t g a s e s  a r e  l ia b le  to  c o n ta in  
a  r e la t iv e ly  h igh  le v e l o f su lp h u r  c o n ta m in 
a n ts  w hich  m ay  no t be c o m p le te ly  e l im in a te d  
by th e  w ash ing  p r o c e s s  in  th e  s c r u b b e r ,  
w ith  th e  c o n s e q u e n c e  th a t  th e  g a s  p a s s e d
to  th e  ta n k s  is  c o r r o s iv e ,  th e re b y  d e fe a tin g  
one o f th e  o b je c tiv e s  of fittin g  th e  p la n t .

i i )  th e  su lp h u r  c o n ta m in a n ts  th a t  a r e  re m o v e d  
in  th e  s c ru b b e r  lo w e r th e  pH v a lu e  o f
th e  w a te r  u se d  fo r  w ash ing  th e  g a s , and  th is  
is  d is c h a rg e d  o v e rb o a rd .  R egu la tions 
g o v e rn in g  th e  d is c h a r g e  o f e ff lu e n ts  in  
h a r b o u r s  o r  in s h o re  w a te r s  w hich  h av e  
b ee n  , o r  a r e  in  th e  p r o c e s s  o f b e in g , f ra m e d  
by v a r io u s  a u th o r i t ie s  u s u a lly  c a ll  fo r  th e  
pH v a lu e  o f th o s  e f f lu e n ts  to  b e  m a in ta in e d  
b e tw e e n  a p p ro x im a te ly  5 .0  and  9 .0  ( c le a n  
s e a  w a te r  is  a ro u n d  8 .0  and c le a n  f r e s h  
w a te r  a ro u n d  5 . 5 ) .  The o v e rb o a rd  d is c h a r g e

fro m  a flu e  g a s  p la n t m ay  b e  ab o u t 2 .5  -  3 .5  
and although  th is  c a n  be r e c t i f ie d  by th e  u s e  
o f a d d itiv e s  b e fo re  d is c h a rg in g  th e  w a te r  
o v e rb o a rd ,  th is  not on ly  in c r e a s e s  th e  
o p e ra tio n a l  c o s t s ,  but m ay  a ls o  c o n tra v e n e  
th a t s e c tio n  of th e  r e g u la t io n s  in  r e s p e c t  
o f e i th e r  th e  c h e m ic a l c o n te n t o f , o r  s u s p e n d 
ed  s o lid s  in ,th e  e ff lu e n t.

i i i )  f lu c tu a tio n s  in  th e  s te a m  lo ad  on th e  b o ile r  
m ay  r e s u l t  in  m a rk e d  f lu c tu a tio n s  in  th e  
oxygen  c o n ten t o f th e  in e r t  g a s  o u tp u t. S ince  
th e  o b je c tiv e  o f g e n e ra tin g  th e  in e r t  g a s  is
to  e x c lu d e  oxygen  fro m  a r e a s  p ro n e  to  
e x p lo s io n  o r  c o r r o s io n  by m a in ta in in g  th e  
oxygen  le v e l of th e  in e r t  g a s  a t  o r  n e a r  1%, 
f lu c tu a tio n s  in th e  in e r t  g a s  oxygen  c o n te n t 
up to ,  s a y ,  10% re d u c e s  i ts  e f f e c t iv e n e s s .

iv ) a d d itio n a l e l e c t r i c a l  g e n e ra tin g  c a p a c ity  is  
r e q u ir e d  to  d r iv e  th e  g a s  c i r c u la t in g  fa n s .

With th e s e  p ro b le m s  in  m in d , th e  a u t h o r 's  
c o m p a n y , in  c o n ju n c tio n  w ith  M oss V e r f t ,  
dev e lo p e d  th e  co n c e p t o f u sing  th e  g a s  tu rb in e  
e x h a u s t on  v e s s e ls  f i t te d  w ith  g a s  tu r b o g e n e r a to r s ,  
a s  th e  s o u r c e  of a h igh  q u a lity  in e r t  g a s .  The 
g a s  tu rb in e  e x h a u s t c o n ta in s  a p p ro x im a te ly  15% 
by vo lu m e o f oxygen  and  is  low  in o th e r  c o n ta m in 
a n t s .  The g a s  tu r b in e  a c ts  a s  th e  c o m p r e s s o r  
fo r  th e  in e r t  g a s  sy s te m  and  e l im in a te s  th e  need  
fo r  g a s  c irc u la t in g  fan s fo r  n o rm a l o p e ra t io n .
The oxygen  le v e l is  lo w e re d  by b u rn in g  it  off 
in  an  a f t e r b u r n e r ,  u s in g  th e  s a m e  low  su lp h u r  
fu e l a s  th e  g a s  tu r b in e .

The o p e ra tio n  of th e  p la n t is  a s  show n  in  F ig u re  9. 
The h o t g a s  e m an a tin g  f ro m  th e  a f te r b u r n e r  is 
co o led  by s e a  w a te r  s p r a y  in  th e  co o lin g  to w e r .
The d e m is te r  e f fe c tiv e ly  d r i e s  th e  g a s  b e fo re  
i t  le a v e s  th e  to w e r .  A n oxygen  a n a ly s e r  m o n ito rs  
th e  g a s  p a s s in g  f ro m  th e  co o lin g  to w e r  and  
c o n tro ls  th e  fuel su p p ly  to  th e  a f te r b u r n e r  and 
a l s o  a dum p v a lv e  to  a tm o s p h e re .  A p r e s s u r e  
s e n s o r  in  th e  s a m e  g a s  flow  c a n  a ls o  c o n tro l 
th e  b y -p a s s  o f th e  g a s  up th e  funnel in  th e  ev en t 
o f  o v e r p r e s s u r e .

U sing  a  g a s  tu rb in e  of 2100 h . p .  n o m in a l o u tp u t, 
up to  3 1 ,0 0 0  Nm / h r .  of in e r t  g a s  c a n  b e  o b ta in e d . 
The tu rb in e  c a n  c i r c u la te  th e  g a s  a g a in s t  s y s te m  
to ta l  h e a d s  o f th e  o r d e r  o f 3 .5  m e t r e s  w a te r  
g a u g e  ( in c lu d in g  th e  a f te r  b u r n e r /c o o l in g  to w e r ,  
and th e  d ry  ty p e  d ec k  s e a l  th ro u g h  w h ich  th e  g a s  
is  p a s s e d  to  th e  v e s s e l 's  ta n k s )  and  a t  th is  
b ac k  p r e s s u r e  th e  g a s  tu r b o g e n e ra to r  c a n  s t i l l  
g e n e r a te  a p p ro x im a te ly  600 KW. T h is  is  m o re  
th a n  su f f ic ie n t fo r  th e  s y s te m  e l e c t r i c a l  r e q u i r e 
m e n ts ,  w h ich  a r e  l im ite d  to  th e  p o w er fo r  th e  
coo lin g  to w e r  s e a  w a te r  c i rc u la t in g  pum p and  fo r 
th e  s m a ll  f r e s h  w a te r  c i rc u la t in g  pum p fo r  th e  
a f te r b u r n e r  c o m b u s tio n  c h a m b e r  coo ling  s y s te m .  
The r e m a in in g  g e n e ra te d  p o w er is  a v a ila b le  fo r 
s h ip  s y s t e m s ,  s in c e  th e  g a s  tu r b o g e n e ra to r  
c a n  r e a d i ly  b e  o p e ra te d  in  p a r a l le l  w ith  o th e r  
ty p e s  of g e n e r a to r .
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D uring  th e  g as  f re e in g  of th e  t a n k s , f o r  in s ta n c e  
to  e n a b le  s ta f f  to  g a in  a c c e s s  to  th e  ta n k s  for^ 
m a in te n a n c e  o r  in s p e c t io n , up  to  2 5 ,0 0 0  Nm / h r .  
of f r e s h  a i r  a v a ila b le  by u ti l is in g  a c o m p r e s s o r  
b le e d  f ro m  th e  g a s  tu r b in e  to  d r iv e  an  a i r  e j e c to r .  
The f r e s h  a i r  is  d is t r ib u te d  to  th e  ta n k s  by th e  s a m e  
g a s  p ip ing  s y s te m  u se d  fo r  th e  in e r t  g a s .

A n in te re s tin g  a d a p ta tio n  o f  th e  b a s ic  in e r t  g a s  
s y s te m  w as u t i l is e d  to  p ro v id e  th e  high q u a l i ty , 
low  dew p o in t in e r t  g a s  r e q u ir e d  fo r  L .N .G . 
c a r r i e r s .  A n u m b e r of L .N .G . c a r r i e r s  o p e ra te d  
by S hell r e g u la r ly  ru n n in g  to  Tokyo Bay a r e  
su p p lie d  w ith  in e r t  g a s  a t  th e i r  d e s t in a t io n  by 
a n  in e r t  g a s  b a r g e .  The s y s te m  c o n s is ts  
e s s e n t i a l ly  o f th e  s y s te m  a s  d e s c r ib e d  a b o v e , 
to  w hich  h as  b ee n  added  th e  n e c e s s a r y  r e f r i g e r 
a t io n  and d ry in g  p la n t to  p ro d u c e  an  in e r t  g a s  
o f  a p p ro x im a te ly  1% oxygen  c o n te n t and  -45  C 
dew p o in t. The s o u rc e  o f e l e c t r i c a l  p o w er fo r 
th e  w hole  in e r t  g a s  s y s te m  in c lu d in g  th e  r e f r i g e r 
a t io n  and d ry in g  p la n t ,  and  fo r  th e  b a rg e s  own 
e l e c t r i c a l  r e q u i r e m e n ts ,  is  th e  g a s  tu r b o g e n e ra to r .

A to ta l  o f th i r te e n  g a s  tu r b in e  g e n e r a to r / i n e r t  
g a s  p la n ts  a r e  c u r r e n t ly  in s ta l le d .

The C o n ta in e r is e d  G as  T u rb o g e n e ra to r

O ne o f th e  e a r ly  la n d -b a s e d  a p p lic a tio n s  o f  th e  
2100 h . p .  g a s  tu rb in e  d e s c r ib e d  in  th is  p a p e r  w as 
th e  c o n s tru c tio n  o f a  m o b ile  1 MW g e n e r a to r  s e t  
s u ita b le  fo r  tow ing  b eh in d  a  s ta n d a rd  ro a d  
v e h ic le .  A t ab o u t th is  t im e ,  a  n ee d  a r o s e  w ith  
a  n u m b e r of sh ip o w n e rs  fo r  e a s i ly  t r a n s p o r ta b le  
g e n e r a to r  s e t s  to  b e  a v a ila b le  a t  s h o r t  n o tic e  fo r  
f ittin g  to  e x is tin g  v e s s e l s  w hich  had  e x p e r ie n c e d  
a  m a jo r  m a in  g e n e r a to r  b rea k d o w n  o r  a  s h o r ta g e  
o f e l e c t r i c a l  g e n e ra tin g  c a p a c ity .  The b a s ic  
r e q u ir e m e n ts  w e re  f o r :

a )  a s e lf - c o n ta in e d  g e n e r a to r  p a c k a g e  of 1000 to  
1400 KW c a p a c ity  in  an  a ll w e a th e r  o u td o o r 
e n c lo s u r e .

b )  c a p a b i lity  fo r  's in g le  l i f t '  in s ta l la t io n  w ith  
a  m in im u m  o f a l t e r a t io n  to  th e  v e s s e l ,  and  
a  m in im u m  of o th e r  a d d itio n a l eq u ip m en t 
on  b o a r d ,  to  r e s t r i c t  v e s s e l  dow n t im e  fo r  
f i t t in g .

c )  c a p a b i l i ty  fo r  sw if t t r a n s p o r ta t io n  to  a  s u ita b le  
p o r t  o f e m b a rk a tio n .

The so lu tio n  to  th e  r e q u ir e m e n t  c o n s is te d  
e s s e n t ia l ly  o f ad ap tin g  a  s ta n d a rd  20 foo t x  8 foot 
x 8 foot c o n ta in e r  to  e n c lo s e  th e  g a s  tu r b o g e n e ra to r  
s e t .  The c i r c u i t  b r e a k e r  is  b u il t  on to  th e  
g e n e r a to r ,  an d  a  s m a l l  c o n tro l  ro o m  p ro v id e d  in  
on e  end  o f  th e  c o n ta in e r  to  h o u se  th e  g a s  tu rb in e  
and g e n e r a to r  c o n tro l  c a b in e ts  and th e  s w itc h g e a r  
o p e ra tin g  e q u ip m e n t. A m o d u le  co m b in in g  th e  
g a s  tu r b in e  a i r  in ta k e  and th e  a i r  co o led  lu b r ic a t 
ing o il  c o o le r  is  m o u n ted  on  to p  of th e  c o n ta in e r ,  
a s  is  a  s m a ll  fu e l h e a d e r  ta n k ,  an d  th e  g a s  tu rb in e

e x h a u s t s i l e n c e r  and d u c t fo rm s  th e  on ly  o th e r  
p r o je c t io n  o u ts id e  th e  I .S .O .  20 x 8 x 8 s ta n d a rd  
d im e n s io n s .

T his p a c k ag e d  g e n e r a to r ,  lan d ed  a s  a s in g le  lif t  
on  a  s im p le  se a tin g  a t  any  c o n v e n ie n t lo c a tio n  
su c h  a s  th e  funnel d e c k , c a n  s u c c e s s fu l ly  o p e r a te  
in  a f o r e - a n d - a f t  o r  a th w a f ts h ip s  p o s it io n .
When th e  e m e rg e n c y  w hich  c a u s e d  th e  r e q u ir e m e n t  
fo r  th e  ad d itio n a l g e n e ra tin g  c a p a c ity  h a s  p a s s e d ,  
so m e  o w n e rs  h av e  e le c te d  to  le a v e  th e  c o n ta in e r  
a s  a  p e rm a n e n t p a r t  o f th e  v e s s e l 's  e q u ip m e n t ,  
and  so m e  h av e  re m o v e d  i t  to  m a in ta in  it  a s  a 
d e p o t s p a r e  a g a in s t  a  s im i la r  e v e n tu a lity  on o th e r  
s h ip s .

A n a i r  t r a n s p o r ta b le  v e r s io n  of th e  c o n ta in e r i s e d  
g e n e r a to r  h as  a ls o  b een  c o n s tru c te d  fo r  m i l i ta ry  
u s e  a s  p o r ta b le  s h o r e  p o w e r fo r  w a r s h ip s ,  in 
w h ich  th e  fu e l ta n k ,  a i r  in le t / lu b e  o il c o o le r  
m o d u le  and e x h a u s t s ta c k  a r e  a ls o  c o n ta in e r i s e d .  
T h is se c o n d  c o n ta in e r  r id e s  V p iggy -back ' on 
th e  f i r s t  in  o p e ra t io n ,  but in  t r a n s i t  is  r e m o v e d  
an d  s e p a r a te ly  lo a d ed  in to  th e  t r a n s p o r t  a i r c r a f t .

T h e re  a r e  tw e lv e  c o n ta in e r i s e d  1000 to  1400 KW 
s e t s  in  s e r v i c e .  The c o n ta in e r i s e d  c o n c e p t h a s  
b e e n  ex ten d e d  to  in e r t  g a s  s y s te m s  to  e n a b le  
th e  g e n e r a to r / i n e r t  g a s  s y s te m  to  b e  r e t r o f i t t e d  
o n  e x is tin g  s h ip s ,  th e  f ittin g  o u t and c o m m is s io n 
ing if  n e c e s s a r y  b e in g  c a r r i e d  o u t a t  s e a  w ith  
m in im u m  in te r ru p t io n  to  th e  v e s s e l ' s  o p e r a t io n .
In  a d d itio n  to  th e  c o n ta in e r i s e d  g e n e r a to r  s e t ,  
th e  a f te rb u r n e r /c o o l in g  to w e r  i s .a l s o  e n c lo se d  
in  a  se c o n d  p a c k a g e  fo r  m o un ting  on  d e c k  in  
a  c o n v e n ie n t lo c a tio n .

G a s  T u rb o - e le c t r ic  C a rg o  Pum p S y s tem  in  T ankers

T he p o w er re q u ire d  fo r  th e  d is c h a r g e  o f c a rg o  
in  any  ty p e  o f ta n k e r  is  a  good  e x a m p le  o f  th e  
p e a k y  a u x i l ia ry  p o w e r r e q u ir e m e n t  p r o f i le  to  
w h ich  th e  a u x i l ia ry  g a s  tu r b in e  c o n c e p t c a n  v e ry  
p r o f i ta b ly  b e  a p p lie d . The p ro d u c t c a r r i e r ,  
w h ich  m a y  b e  invo lved  in  s e v e r a l  s m a l l  p a r c e l  
c a r g o  d is c h a r g e s  a t  r e la t iv e ly  s h o r t  i n t e r v a l s , 
is  a  p a r t i c u la r  c a s e  in  p o in t .  F u r th e r m o r e ,  
th e  co n v e n tio n a l s te a m  tu r b in e  d r iv e n  c a rg o  
pum ping  s y s te m  s u f fe r s  f ro m  th e  d is a d v a n ta g e s  
th a t  i t :

a )  is  r e la t iv e ly  c o s tly  in  t e r m s  o f  fuel
b )  r e q u i r e s  a n  e x te n s iv e  b o i le r  an d  low 

p r e s s u r e  s te a m  s y s te m ,  w h ich  is  a  s o u r c e  
o f m a in te n a n c e  lo a d .

c )  r e q u ir e s  c o n s id e r a b le  p r e p a r a t io n  by s h i p 's  
s ta f f  p r io r  to  and  a f t e r  e a c h  c a r g o  d is c h a r g e  
( f la sh in g  u p , w a rm in g  th ro u g h , d ra in in g  
e t c ) .

In  a  g ro u p  of th r e e  3 0 ,0 0 0  TDW p ro d u c ts  c a r r i e r s ,  
th e  l a s t  o f w h ich  is  n e a r in g  c o m p le t io n , th e  
a l te r n a t iv e  in s ta l la t io n  o f  th e  ty p e  show n  in
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f ig u re  11 h a s  b e e n  a d o p te d , u til iz in g  e le c t r i c a l ly  
d r iv e n  c a rg o  p u m p s , su p p lie d  by two g a s  tu r b o 
g e n e r a to r s  m oun ted  a b a ft th e  fu n n e l.

The n o rm a l o p e ra tio n  fo r  c a rg o  d is c h a rg e  of su ch  
a  s y s te m  is  a s  fo llo w s :

a )  s h i p 's  h a rb o u r  lo ad  is  c a r r i e d  by th e  d ie s e l  
g e n e r a to r .

b )  th e  tw o g a s  tu r b o g e n e ra to r s  a r e  s ta r t e d  
r e m o te ly ,  fro m  th e  c a rg o  d is c h a rg e  c o n tro l 
ro o m . T h ese  two g e n e r a to r s  a r e  ru n  in  
p a r a l le l  but iso la te d  fro m  th e  n o rm a l s h i p 's  
d is t r ib u t io n  s y s te m ,  and a r e  a v a ila b le  fo r  
fu ll load  a p p ro x im a te ly  60 se c o rd s  a f t e r  
in it ia t io n  of th e  s t a r t  p r o c e d u re .

c )  t h e  c a rg o  p u m p s a r e  s ta r t e d  in tu r n  a s  r e 
q u ire d  fro m  th e  c a rg o  d is c h a r g e  c o n tro l 
ro o m .

A v a r ie ty  o f e le c t r i c a l  a r r a n g e m e n ts  a r e  fe a s ib le  
fo r  such  an  in s ta l la t io n ,  inc lud ing  s ta n d a rd  low 
v o lta g e  o r  h igh  v o lta g e  t r a n s m is s io n  w ith  t r a n s 
f o r m e r s ,  and c o v e r in g  d i r e c t  o n - lin e  s ta r t in g  o r  
p h a se d  s t a r t in g .  The s im p le s t  a r r a n g e m e n t ,  
involv ing  th e  m in im u m  a d d itio n a l eq u ip m e n t, and 
no ad d itio n a l e x p e r t is e  on th e  p a r t  o f th e  o p e ra tin g  
s ta f f ,  is  a s ta n d a rd  low  v o lta g e  s y s te m  w ith  d i r e c t  
o n - l in e  c a rg o  pum p m o to r  s t a r t in g ., and th is  is 
p e r f e c t ly  f e a s ib le  o n , fo r  in s ta n c e ,  th e  3 0 ,0 0 0  
to n  p ro d u c ts  c a r r i e r  c h o se n  a s  an  e x a m p le . The 
c a rg o  pum p m o to rs  a r e  o f th e  o r d e r  of 650 KW 
e a c h ,  and th e  v o lta g e  d ro p  and fre q u en c y  d ip  
w hich o c c u r  w hen s ta r t in g  ea ch  c a rg o  pum p is  
not e x p e r ie n c e d  by th e  s h i p 's  e l e c t r i c a l  s y s te m  
and is  w ith in  a c c e p ta b le  l im i t s .  The on e  o p e r a 
tio n a l m ode in  w hich  th e  g a s  tu r b o g e n e ra to r s  and 
th e  s h ip ' s  s y s te m  a r e  co n n e c ted  w hen c a rg o  
pum ping  is  w hen th e  H a rb o u r  D ie s e l is  ou t o f 
c o m m is s io n .  In  su c h  c i r c u m s ta n c e s ,  p ro v id e d  
on ly  3 ou t of th e  4 c a rg o  p u m p s a r e  u s e d ,  th e  
v o lta g e  and f re q u e n c y  v a r ia t io n s ,  w hich  a r e  
e x p e r ie n c e d  by th e  s h i p 's  s y s te m , a r e  w ith in  
C la s s i f ic a t io n  S ocie ty  r e q u ir e m e n ts ,  and  th is  is 
la rg e ly  a t t r ib u ta b le  to  th e  s in g le  sh a ft c o n f ig u ra 
tio n  o f th e  g a s  tu rb in e  w hich  p ro v id e s  fo r  good 
lo a d  r e s p o n s e .

The g a s  tu r b o - e le c t r i c  c a rg o  pum ping  s y s te m , 
w hen c o m p a re d  w ith  th e  c o n v e n tio n a l s te a m  
s y s t e m , c a n  b e  show n to  b e :

a )  a t  l e a s t  c o m p e ti tiv e  on  c a p ita l and  in s ta l la t io n  
c o s t s , th e  e x te n t o f  s te a m  r a is in g  p la n t 
re g u ir e d  fo r  c a rg o  h ea tin g  o ften  being th e  
d ec id in g  f a c to r .

b )  l ig h te r  and le s s  bu lky
c )  s im p le r  to  o p e r a te  and  m a in ta in
d )  l e s s  c o s tly  to  r u n .  S av ings of th e  o r d e r  o f 

30% a r e  f e a s ib le  ev e n  w hen a c co u n t is  ta k e n  
o f th e  c o s t  p e r  to n  d if fe re n tia l  b e tw e en  r e 
s id u a l fu e l and  C la s s  B d ie s e l .

G as  T u rb in e  D riv e n  P um ps fo r  O ffsh o re  S e rv ic e

C o n s id e ra b le  a t te n tio n  h a s  r e c e n t ly  b e e n  fo c u s se d  
in  th e  o f fsh o re  o il in d u s try  on  th e  p r o v is io n  of 
an  a d e q u a te  f ire f ig h tin g  c a p a b il i ty  on  b o a rd  
su p p ly , s ta n d b y , s e r v ic e  o r  s u p p o r t  v e s s e l s  to  
a u g m e n t, o r  in  a n  e m e rg e n c y  r e p la c e , th e  o n -  
p la tfo rm  f i r e  p ro te c t io n  s y s te m .  The p r im a r y  
r e q u ir e m e n t  is  fo r  v e ry  l a r g e  q u a n ti t ie s  o f w a te r  
c a p a b le  o f  being  p ro je c te d  to  a  su f f ic ie n t  h e ig h t 
and d is ta n c e  to  r e a c h  th e  p la tfo rm  f ro m  s e a  
le v e l .  On v e s s e ls  o f  r e s t r i c t e d  s i z e ,  th e  p r o v i
s io n  o f p o w erfu l pum ping  c a p a b il i ty  fo r  an  e m e r 
gen cy  d u ty , u til is in g  e q u ip m e n t w hich  w ill i n t e r 
f e r e  w ith  th e  d a y - to -d a y  w o rk  o f th e  v e s s e l  a s  
l i t t l e  a s  p o s s ib le ,  is  a  ta i lo r - m a d e  a p p lic a tio n  
fo r  th e  g a s  tu r b in e .

F ig u re  12 show s th e  g e n e r a l  a r r a n g e m e n t  o f a 
g as  tu rb in e  d r iv e n  f i r e  pum p c a p a b le  o f pum pinq
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4000 m / h r ,  o f w a te r  a t  a  d is c h a r g e  p r e s s u r e  of 
110 m e tr e s  W .G . This c a n  b e  u t i l i s e d  in  r e m o te ly  
c o n tro l le d  m o n ito rs  to  p r o je c t  je t s  50 m e t r e s  
h igh  to  d is ta n c e s  o f 150 m e t r e s .  V a r ia t io n s  
in  th e  pum p c a n  of c o u r s e  p ro d u c e  d if fe re n t  
co m b in a tio n s  of q u an tity  and  p r e s s u r e  and 
co n se q u e n tly  of h e ig h t and  r a n g e  o f j e t .

G as  tu rb in e  d r iv e n  p um p  s e ts  o f th is  ty p e  a r e  
a t  p r e s e n t  in  s e r v ic e  in  th e  N o rth  S ea and  h av e  
a l re a d y  b ee n  in s t ru m e n ta l  in  th e  c o n tro l  and 
ex tin g u ish in g  of tw o p la tfo rm  f i r e s .  With a  
sk id -m o u n te d  pum p s e t  u n it \« ig h t o f a p p r o x i
m a te ly  7 .5  to n n e s  and a n  o v e r a l l  le n g th  o f 4 . 16 
m e t r e s , th e  a p p lic a tio n  of th e  g a s  tu r b in e  in  th is  
ty p e  o f v e s s e l  o f fe rs  a n  e f fe c tiv e  s o lu t io n  to  
th e  p ro b le m s  o f:

h igh  p o w e r , s m a ll  s i z e  and  w e ig h t, 
h ig h  s ta r t in g  r e l i a b i l i ty ,  e v e n  in  i n t e r 
m it te n t  u s e ,  w ith  l im ite d  m a in te n a n c e  .

SERVICE EXPERIENCE AND EESIGN MODIFICATIONS

The p e a k - lo p p in g , e m e rg e n c y , o r  s ta n d b y  n a tu re  
o f th e  d u tie s  fo r  w hich  th e  m a r in e  a u x ilia ry  g a s  
tu rb in e  d e s c r ib e d  in  th is  p a p e r  h a s  b e e n  em p lo y ed  
r e s u l t s  in  th e  m a c h in e s  a c c u m u la tin g  ru n n in g  
h o u rs  in  s e r v ic e  a t  on ly  a m o d e s t r a t e ,  w ith  a 
r e la t iv e ly  h igh  n u m b e r  o f s t a r t s : h e n c e  th e  
r a t i o  o f 4670 h o u rs  o p e ra tio n  and  1650 s t a r t s  
a c c u m u la te d  by la te  Ju ly  1976 by o n e  o f th e  
s e ts  d e l iv e re d  in  la te  1973 is  not u n co m m o n .

I t  is  in  th e  in d u s t r ia l  and oil and gas a p p lic a tio n s  
o f th e  m ach in e  th a t  h ig h e r  u t i l is a t io n  h as  
o c c u r r e d .  O ne b a s e  lo ad  m a c h in e  in s ta l le d  in 
1972 had ru n  23200 h o u rs  by la te  1976. H en ce  
i t  is  in s ta l la t io n s  su c h  a s  th is  th a t  show  up a r e a s  
re q u ir in g  d e s ig n  m o d if ic a tio n s .
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A co n tin u a l p ro g ra m m e  o f im p ro v e m e n t to  
in c r e a s e  th e  r e l ia b i l i ty  and o u tp u t o f th e  tu rb in e  
h a s  b ee n  c a r r i e d  o u t. The b a s ic  r o t o r ,  th e  b e a r 
ing s y s te m ,  and th e  re d u c tio n  g e a r  h a s  r e m a in e d  
u n ch a n g ed , h o w e v e r. Im p ro v e m e n ts  w hich  have 
b ee n  m ad e  in c lu d e :

a )  c o m b u s tio n  c h a m b e r  and n o z z le  d e s ig n  
d ev e lo p m e n t to  e n a b le  so m e  of th e  m o re  
d if f ic u lt fu e ls  e n c o u n te re d  in  s e r v ic e  to  
be b u rn e d  s a t i s f a c to r i ly .  T h ese  fu e ls  
had c a u se d  coking  and h a rd  c a rb o n  f o rm 
a tio n  due to  la ck  of fuel c le a n l in e s s  o r  th e  
c o n ta m in a tio n  o f th e  fuel w ith  h e a v ie r  
f r a c t io n s .

b )  in c re a s in g  th e  tu rb in e  v o lu te  th ic k n e s s  and 
a l te r in g  th e  v o lu te  m a te r ia l  fro m  N im on ic  
75 to  H a s ta llo y  X to  co p e  w ith  th e  h ig h e r  
in le t t e m p e r a tu r e s  a s  th e  tu rb in e  ra t in g  
w as in c re a s e d .  The m ethod  of su p p o rtin g  
th e  v o lu te  w as a ls o  im p ro v e d , b a s e d  on 
s e r v ic e  e x p e r ie n c e .

c )  in tro d u c tio n  of m o d e s t a i r  coo ling  of th e  
tu rb in e  n o z z le s  and th e  tu rb in e  sh ro u d  to  
m a in ta in  th e  low m e ta l t e m p e r a tu r e s  w hich 
a r e  so  im p o r ta n t  ev e n  w hen  th e  b e s t  c o b a lt 
b a s e d  a llo y s  a r e  u s e d .  The sh ro u d  m a te r ia l  
w as changed  fro m  FV C ro w n  M ax to  H aynes 
188.

d )  in tro d u c tio n  o f s a c r i f i c i a l  a n t i - c o r r o s io n  
c o s tin g s  in  th e  c o m p r e s s o r  and in d u c e r ,  
u ince  e x p e r ie n c e  h a s  show n th a t  good s ta in 
l e s s  m a te r ia l s  l ik e  FV520 and  17-4Pn 
r e q u i r e  su c h  p r o te c t io n  in  a  m a r in e  e n v iro n 
m e n t.

e )  m o d if ic a tio n  o f th e  c o n tro l  s y s te m  in  th e  
lig h t o f e x p e r ie n c e  to  p ro v id e  g r e a te r  
r e l i a b i l i ty  an d  im p ro v e d  a b i lity  to  w ith 
s ta n d  a d v e r s e  e n v iro n m e n ta l c o n d itio n s  
su c h  a s  v ib ra t io n  and  h u m id ity . M odifi
c a tio n s  in c lu d e  u til is in g  lu b r ic a tin g  o il 
in s te a d  o f fu e l a s  th e  w o rk in g  m e d iu m , and  
th e  in tro d u c tio n  o f h e r m e t ic a l ly  s e a le d  
p lu g - in  re la y s ,a n d  th e  r e s u l t a n t  c o n tro l 
sy s te m  u n d e rw e n t s t r in g e n t  e n v iro n m e n ta l ,  
v ib ra t io n  and r e l i a b i l i ty  te s t in g .

FUTURE PROSPECTS

F or th e  D ev e lo p m e n t of th e  M a rin e  A u x ilia ry  
G as T u rb in e

F o r an  en g in e  o f th e  ty p e  d e s c r ib e d  in  th is  p a p e r ,  
th e  g e n e ra l  a im s  fo r  f u r th e r  d e v e lo p m e n t a r e  
s e l f  e v id e n t,  n a m e ly , c o n tin u ed  co m p o n en t and 
s y s te m  d e v e lo p m e n t to  f u r th e r  in c r e a s e  r e l i a 
b il i ty  and l i f e .  M o re  s p e c i f ic a l ly ,  r e s e a r c h  
in to  th e  b u rn in g  o f lo w e r g r a d e s  o f fu e l c o n tin u e s . 
The en g in e  is  c a p a b le  o f b u rn in g  e v e n  c ru d e  now , 
b u t th e  a im  o f th e  r e s e a r c h  is  to  r e a c h  th e  p o in t,  
fo r  s u c c e s s iv e ly  lo w e r g r a d e s  o f fu e l,  w h e re  
th e  c o m b in a tio n  o f any fu e l t r e a tm e n t  n e c e s s a r y  
to g e th e r  w ith  th e  ra tin g  a t  w h ich  th e  tu rb in e  ca n

b e  o p e ra te d  fo r  ex ten d e d  l ife  r e p r e s e n t  an  
e c o n o m ic a l p ro p o s i t io n .  F or th e  m a jo r i ty  o f 
m a r in e  a p p lic a tio n s  o f th is  e n g in e , h o w e v e r , th e  
c a s e  fo r  b u rn in g  lo w e r  g r a d e  fu e ls  is  h a r d e r  to  
m a k e , s in c e  th e  p ea k  lopping  o r  e m e rg e n c y  
n a tu re  o f th e  du ty  m i l i ta te  a g a in s t  th e  p ro v is io n  
o f an  o f f-e n g in e  fu e l t r e a tm e n t  s y s t e m ,  w hich  m ay 
be u se d  on ly  fo r  s h o r t  p e r io d s .  The in it ia l  
a c c e p ta n c e  o f th e  r a d ia l  g a s  tu r b in e  by  s h ip 
o w n e rs ,  and  by o p e r a to r s  in  o th e r  f ie ld s ,  to g e th e r  
w ith  th e  in it ia l  o p e ra tio n a l  e x p e r ie n c e ,  h a s  b ee n  
su c h  th a t th e r e  is  a  good c a s e  fo r  ex ten d in g  th e  
co n c e p t to  o th e r  p o w er r a n g e s .  C o n seq u en tly , 
in  1976/77  th e  f i r s t  e n g in e s  o f tw o f u r th e r  g as  
tu rb in e  ty p e s  w ill e n te r  s e r v ic e .  T h e se  e n g in e s :

-  th e  V iking 831 a t  600 -  700 h .p .  w hich  is 
a d a p ta tio n  o f an  in d u s t r ia l  g a s  tu rb in e  
w hich  h as  b ee n  in  s e r v ic e  fo r  13 y e a r s

-  th e  K G -5 a t  3800 -  4500 h .p .  w hich  is  a 
new ly d e s ig n e d  m a c h in e  s im i la r  in 
co n c e p t to  th e  KG- 2 .

a r e  g e n e ra l ly  s im i la r  to  th e  KG-2  d e s c r ib e d  in  
th is  p a p e r  in  d e s ig n  p h ilo so p h y , c o n s tru c t io n  
and in ten d ed  u t i l is a t io n .

F or F u r th e r  A p p lic a tio n s  o f th e  M a rin e  A u x ilia ry  
G as T u rb in e

A p p lic a tio n  o f th e  new g a s  tu r b in e s  r e f e r r e d  to  
above in  th e  f ie ld s  in  w hich  th e  2100 h . p .  en g in e  
h a s  a l re a d y  p ro v e d  s u c c e s s fu l  is  a n  o bv ious 
p r o s p e c t .  In  p a r t i c u l a r , th e  s m a l le r  e n g in e ,  
w ith  a n o m in a l 500 KW r a t in g ,  b r in g s  th e  p o s s i 
b il i ty  o f m a r in e  a u x i l ia ry  g a s  tu r b in e  to  a 
w hole r a n g e  o f sh ip  s iz e s  fo r  w hom  th e  1000 to  
1400 KW m a c h in e  is  too  la r g e .  In  p a r t i c u l a r ,  
an  a t t r a c t iv e  co n c e p t is  th e  c o n ta in e r i s e d  500 KW 
g a s  tu rb o  g e n e r a to r  s e t ,  a p p ro x im a te ly  4 m e tr e s  
lo n g , fo r  u s e  by f le e t  o w n e rs  a s  a  d e p o t s p a r e  
fo r  t r a n s p o r ta t io n  by a i r  to  any sh ip  in  t r o u b le .

T h e re  a r e ,  h o w e v e r , a  n u m b e r  of f e a s ib le  
a p p lic a tio n s  o f th e  e s ta b l is h e d  m a c h in e  w hich  
f u r th e r  i l l u s t r a te  th e  w ide  v a r ie ty  of in s ta l la t io n  
ty p e s  to  w h ich  th e  m a r in e  a u x i l ia ry  g a s  tu rb in e  
c a n  e ffe c tiv e ly  b e  a p p lie d .

a )  A d v an tag e  c a n  b e  ta k e n  o f th e  c h a r a c t e r i s t i c s  
o f th e  e x h a u s t g a s e s  o f th e  r a d ia l  gas tu rb in e
-  q u an tity  (13 K g /s e c  fo r  a  2100 h . p .  g a s  

tu rb in e )
-  te m p e r a tu r e  (550  C a p p ro x . a t  fu ll p o w e r )
-  oxygen  c o n te n t (15 to  16% by v o lu m e ) 
C o n s id e ra b le  p r o m is e  is  show n by th e  co n c e p t 
o f u t i l is in g  th e  g a s  tu r b in e  a s  a  co m b in ed  
tu r b o g e n e ra to r  and  a i r  h e a te r / f o r c e d  d ra u g h t 
fan  fo r  th e  b o i le r  in s ta l la t io n  on  a  s te a m s h ip  
p a r t i c u la r ly  if co u p led  w ith  th e  g a s  tu r b in e s ' 
g a s  b u rn in g  c a p a b i l i t ie s  on  a n  L .N .G . 
c a r r i e r  a s  r e f e r r e d  to  in  (b )  b e lo w , ( s e e  
f ig u re  1 3 ) . The g a s  tu rb in e  c a n  o p e r a te
a s  a  co n v e n tio n a l s ta n d b y  g e n e r a to r ,  e x h a u s t
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- in g  d i r e c t  to  a tm o s p h e re .  A lte rn a tiv e ly  
u n d e r  n o rm a l fu ll p o w er o p e ra tio n  a t  s e a ,  
th e  e x h a u s t g a s e s  a r e  u se d  to  au g m en t o r  
r e p la c e  th e  c o m b u s tio n  a i r  su p p lie d  to  th e  
b o i l e r ,  w h ile  th e  g a s  tu r b o g e n e ra to r  is  s t i l l  
c a p a b le  o f ac tin g  a s  on e  o f th e  v e s s e l 's  
m a in  g e n e r a to r s ,  a t  a m o d e s tly  re d u c e d  ou t-1 
p u t d u e  to  th e  in c re a s e d  b ac k  p r e s s u r e  
f ro m  th e  b o ile r  c o m b u s tio n  s y s te m . The 
a d v a n ta g e s  of th e  s y s te m  o v e r  a co n v en tio n a l 
a r r a n g e m e n t  a r e :

i )  fuel e c o n o m y : d e ta ile d  in d ep en d en t h e a t 
b a la n c e  e v a lu a tio n s  show  p r o s p e c t iv e  
fuel e c o n o m ie s  o f th e  o r d e r  o f 3%.

i i )  re d u c tio n  in  e q u ip m e n t, o r  eq u ip m en t 
c o m p le x ity . The u t i l is a t io n  of th e  g a s  
tu rb o g e n e ra to r  fo r  co m b u s tio n  a i r  
h e a tin g  and  c i rc u la t io n  a llo w s th e  r e 
d u c tio n  in  s iz e  o r  e l im in a tio n  of th e  a i r  
p r e h e a t e r ,  if  f i t te d ,  and th e  fo rc ed  
d ra u g h t fan .

b ) The 2100 h .p .  g as  tu rb in e  d e s c r ib e d  in th is  
p a p e r  h a s ,  in  i ts  in d u s t r ia l  and  o i l - a n d -g a s  
a p p l ic a t io n s ,  a c h ie v e d  c o n s id e ra b le  s u c c e s s 
ful e x p e r ie n c e  ru n n in g  on v a r io u s  g r a d e s  and 
ty p e s  of n a tu ra l  g a s .  A m a r in e  g as  tu r b o 
g e n e r a to r  is  a l re a d y  a t  s e a  f it te d  w ith  a 
dual fuel s y s te m  c a p a b le  of b u rn ing  e i th e r  
d ie s e l  o r  n a tu ra l  g a s  fu e l, and th e  a p p l ic a 
tio n  o f th is  c a p a b ility  in  L .N .G . and L .P .G . 
v e s s e l s  w ill b e  r e a d i ly  a p p a re n t .  The 
fo llow ing  a r e  a t t r a c t iv e  p o s s ib i l i t i e s :

i)  d u a l fuel g a s  tu rb o g e n e ra to r  fo r  s ta n d b y  
o r  b a s e  lo ad  g e n e ra tio n  c a p a b le  of 
b u rn in g c a rg o  b o il-o f f .

i i )  a s  in  ( i )  b u t w ith  th e  a d d itio n a l c a p a b ility  
o f  u til is in g  th e  g a s  tu rb in e  e x h a u s t
in  a n  in e r t  g as  p la n t .

i i i )  a s  in  ( i ) ,  bu t in  th is  c a s e  u til is in g  th e  
e x h a u s t g a s  a s  th e  c o m b u s tio n  a i r  su p p ly  
to  th e  v e s s e l 's  b o i l e r s ,  a s  ctescribed
in  ( a )  ab o v e .

c )  W hen, and in d eed  if ,  th e  d em an d  fo r  V .L .C .C .  
and  U .L .C .C .  v e s s e ls  r e v iv e s ,  th e r e  a r e  
a t t r a c t iv e  p o s s ib i l i t i e s  in  th e  e x te n s io n  of
th e  g a s  t u r b o - e le c t r i c  c a rg o  pum ping  
a r r a n g e m e n ts  d e s c r ib e d  fo r  a  p ro d u c ts  
c a r r i e r  e a r l i e r  in  th is  p a p e r .  This e x te n s io n  
m ay  w e ll in c lu d e  th e  c o m b in a tio n  o f e l e c t r i 
c a l ly  d r iv e n  and  d i r e c t  g a s  tu rb in e  d r iv e n  
p u m p s .

CONCLUSIONS

The m a r in e  a u x i l ia ry  r a d ia l  g a s  tu rb in e  o f fe r s  a 
v ia b le  so lu tio n  to  in s ta l la t io n  d e s ig n  p ro b le m s  
r e q u ir in g  a p r im e  m o v e r  w ith  h ig h  p o w e r - to -  
w eig h t and  p o w e r - to -v o lu m e  r a t i o s ,  good r e l i a b i 
l i ty  and low m a in te n a n c e  r e q u i r e m e n ts ,  w ith  
p a r t i c u la r  e m p h a s is  on  p ea k  lo p p in g , s ta n d b y  and 
e m e rg e n c y  a p p lic a tio n s .

In it ia l  o p e ra tin g  e x p e r ie n c e  h a s  ju s t i f ie d  th e  
a p p lic a tio n  of th e  r e s e a r c h  and d e v e lo p m e n t e f fo r t  
w hich h as  b ee n  and is  being  e x p e n d e d , and  in d ic a te s  
th a t  th e r e  sh o u ld  b e  a co n tin u in g  and  expand ing  
r e q u ir e m e n t  fo r  th is  ty p e  of p r im e  m o v e r .
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APPENDIX I

S om e f ig u re s  r e la t in g  to  th e  2100 H .P .  g a s  tu rb in e

P e r f o r m a n c e :

C o m p r e s s o r :

2100 h .p .  -  I .S .O .  S ta n d a rd  
co n d itio n  -  15 C a m b ie n t
p r e s s u r e  r a t io  a c r o s s  c o m p r e s s o r  
and  d if fu s e r  a s s e m b ly  4 :1  

: a i r  m a s s  flow  a t  n o rm a l fu ll
p o w e r 13 K g /s e c  (22 4 0 0  c . f . m .  ) 

T u rb in e  : n o rm a l tu rb in e  r o to r  sp e e d  
18000 r . p . m .

S ta n d a rd  re d u c t io n  g e a r  o u tp u ts  1500 r . p . m .
1800 r  . p .  m . 

G o v ern in g  : e l e c t r i c a l  g e n e ra t io n ;  ty p ic a l 
p e r f o rm a n c e :
S tead y  s t a te  f re q u e n c y  +_0.25% 
T ra n s ie n t  f re q u e n c y  (fu ll  load  
a p p lic a tio n  o r  sh e d d in g )  +_ 1% 
R eco v ery  to  s te a d y  s t a te  4 se c o n d s
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F uel s y s te m  : l )  (L iqu id  fu e l)  s u c tio n  f i l te r  
s iz e  40 m ic ro n
H igh p r e s s u r e  f i l te r  10 m ic ro n  
M ax. p r e s s u r e  70 K p /c m  
M inim um  p r e s s u r  a t in le t 
to  on en g in e  s y s te m  -  lm  W .G . 
M ax. p r e s s u r e  15m W .G .
Fuel v a lv e  l im i te r  ty p e : 
W oodw ard 1907
A c tu a to r  ty p e : W oodw ard EG3P 
Fuel co n su m p tio n  a t  fu ll load  : 
8 x 1 0  K c a l /h r .  _+_ 5%

2) O th e r  o p tio n s : g a s e o u s  fuel 
s y s te m .

: dual fuel s y s te m  
Lube o il s y s te m  : m a in  pum p c a p a c ity  185 1 /m in  

a t  13 .5  K p /c m
A u x . pu m p  R a p a c ity  60 1 /m in  
a t  2 K p /c m
M ain  f i l te r  s iz e  5 m ic ro n s  
Lube o il ta n k  v o lu m e : 3 2 0 l i t r e  

S ta r t  s y s te m  : 1) c o m p re s s e d  a i r :  c o n su m p 
tio n  p e r  s t a r t  25 Nm 
m in im u m  s ta r t in g  ^ i r  
p r e s s u r e  7 K p /c m

2 ) A .C .  e l e c t r i c  m o to r ,  
m o to r  ra t in g  50 KW

3 ) O th e r  o p tio n s : D .C .  e l e c 
t r i c ,  (p e t ro l  eng in e ) .

APPENDIX II

M a te r ia ls  o f  C o n s tru c tio n  o f 2100 H .P .  r a d ia l

T u rb in e  housing
a s s e m b ly

g as  tu rb in e

In le t housing

C o m p re s s o r
c o v e r

D if fu se r

P la te  d if fu s e r

T u rb in e  c a s in g

C o m b u stio n
c h a m b e r

V o lu te

W elded s te e l  c o n s tru c tio n  -  
a lu m in iu m  c o a te d

S a lt w a te r  r e s i s t a n t  a lu m in iu m  
a llo y  c a s tin g  
The b la d e  s e g m e n ts  a r e  
p r e c is io n  c a s t  in  a lu m in iu m  
b r o z e  a l lo y . The r e a r  
su p p o r t  p la te  is  m a ch in e d  
f ro m  s te e l .  The fo rw a rd  
s u p p o r t  p la te  is  n o d u la r  c a s t  
i r o n .  The su p p o r t  p la te s  
a r e  s u r f a c e  t r e a te d  w ith  a 
c o r r o s io n  r e s i s t a n t  c o a tin g . 
F a b r ic a te d  f ro m  1 .5  m m  
s te e l  b la d e s  -  a lu m in iu m  
c o a te d .
W elded s te e l  c o n s tru c t io n  -  
a lu m in iu m  c o a te d .

C o n s is ts  of a  f la m e  tu b e  and 
a  c o m b u s to r  h e a d . W elded 
h e a t r e s i s t a n t  n ic k e l b a s e  
a l lo y .  NIMONIC 75.
W elded f a b r ic a tio n  in  h e a t 
r e s i s t a n t  n ic k e l b a s e  a l lo y : 
HASTELOY X .

C o m p re s s o r  s e a l  
p la te

H ea t sh ie ld

E x h au st c a s in g  
and  d if fu s o r

C o m p re s s o r  
in d u c e r  w heel

I m p e l le r

T u rb in e  w heel

E x d u ce r w heel 
R o to r c la m p  b o lts  

and p r e s s u r e  
r in g s

: T his is  a b o lte d  a s s e m b ly  of 
th e  fo llow ing c o m p o n e n ts :
-  f ro n t n o z z le  r in g
-  n o z z le  g u id e  v an e s
-  coo ling  s e g m e n ts
-  tu rb in e  housing
The f ro n t n o z z le  r in g  is  
m a ch in e d  fro m  a c e n t r i -  
c a s t in g  in F .V .  HR CROWN 
MAX m a te r i a l .  This is  a 
h igh  te m p e r a tu r e  c h ro m e  
n ic k e l a llo y  s t e e l .

The tu rb in e  n o z z le  g u id e  
v a n e s  a r e  p r e c is io n  c u t fro m  
c o b a l t - b a s e  a llo y  : X40 
(H S 3 1 ).
The co o lin g  s e g m e n ts  a r e  
p r e c is io n  c a s t  fro m  F .V . HR 
CROWN MAX m a te r i a l .

The tu r b in e  h ousing  is  m a n u 
fa c tu re d  a s  o n e  p a r t  f ro m  
e i th e r  a c e n tr ic a s t in g  in  
NIM OCAST PEj-10 o r  fro m  
HAYNES 188 H y d ro fo rm e d  
w eld e d  p la te .

T he c o m p le te  tu r b in e  housing  
a s s e m b ly  is  s e c u r e d  by m e a n s  
o f  NIMONIC 90 b o lts  and 
W aspaloy  n u ts .

M a th in e d  s te e l  p la te  w ith  a 
c o r r o s io n  r e s i s t a n t  c o a tin g . 
T h re e  c o m p r e s s o r  s e a l  r in g s  
on  th e  f ro n t  f a c e .
7 s e g m e n ts  o f h ig h  te m p e r a tu r e  
c h r o m e  n ic k e l a llo y  s t e e l :
F .V .  HR CROWN MAX ( ty p e  
309 ) m a ch in e d  f ro m  a  c e n t r i 
c a s t in g .

M ade o f h e a t r e s i s t a n t  s t a in 
l e s s  s t e e l .

P re c is io n  c a s t  13% c h ro m iu m
-  c o b a lt  s te e l
M ach in ed  F .V .  520 (B) c h r o m 
ium  -  m o lybdenum  s te e l  
M ach in ed  by EDM and  m illin g  
p r o c e s s ,  c h ro m iu m -c o b a l t  
n ic k e l 'WASPALOY '
P re c is io n  c a s t  a llo y  713 LC

M ach in ed  f ro m  fo rg in g s  in 
n ic k e l b a s e  a llo y  NIMONIC 90
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G a s  T u rb in e  C o n tro l and M on ito ring  S ystem

The 24 V DC c o n tro l s y s te m  functions p r im a r i ly  
to  se q u e n c e  o p e ra tin g  s y s te m s  d u rin g  s t a r t / s t o p  
and n o rm a l o p e ra t io n ;  to  p ro v id e  n e c e s s a ry  
p ro te c tio n  d u rin g  a l l  p h a s e s  o f o p e ra t io n ,  and 
to  p ro v id e  in d ic a tio n  of c r i t i c a l  p a r a m e te r s  
d u rin g  o p e ra tio n .

D uring  n o rm a l o p e ra tio n  a l a r m ,  w ithou t shu tdow n , 
is  g iv e n  w hen th e r e  i s ;

-  in c re a s in g  v ib ra tio n  leve l
-  in c re a s in g  lube  oil te m p e r a tu re
-  in c re a s in g  e x h a u s t te m p e r a tu r e
-  d e c re a s in g  lube  o il p r e s s u r e
-  p ic k -u p  f a ilu re s

To e n s u re  p ro te c tio n  of th e  tu rb in e ,  shu tdow n 
w ill o c c u r  w hen t h e r e  i s :

-  o v e rs p e e d
-  low lu b e  o il p r e s s u r e
-  h igh  lube o il t e m p e r a tu re
-  high e x h a u s t te m p e r a tu re  *
-  f la m e -o u t
-  h igh  v ib ra t io n  le v e l *
-  low lu b e  o il r e s e r v o i r  le v e l *
-  p ic k -u p  f a i lu re s  *

* not fo r  e m e rg e n c y  s e t s .

The seq u en c in g  s y s te m  c o n tro ls  th e  tu rb in e  d u ring  
s t a r t / s t o p  and  n o rm a l o p e ra t io n  by m e a s u r e 
m en t o f o v e r s p e e d ,  v ib ra t io n  and e x h a u s t te m p 
e r a tu r e .  The m e a s u re m e n ts  a r e  c o m p a re d  
w ith  p r e - s e t  r e f e r e n c e  v a lu e s ,  w hich  r e p r e s e n t  
a la r m  l im i t s .  When a la rm  lim its  a r e  e x c e e d e d , 
th is  is  show n by a  f i r s t  ou t in d ic a tio n  on  th e  
f ro n t o f th e  c o n tro l p a n e l .

This lig h t w ill in d ic a te  th e  c a u s e  o f th e  a l a r m .
The s y s te m  is  b a s e d  on  r e la y s  fo r  e a s e  o f  m a in 
te n a n c e .  The r e la y s  a r e  h e rm e tic a l ly  s e a le d  
and of p lu g - in  ty p e .

P r in te d  c i r c u i t s  a r e  u se d  in  th e  m o n ito rin g  s y s te m  
and a  t e s tc a r d  c a n  be in s e r te d  fo r  t e s t in g /  
s im u la tin g  p u r p o s e s .

The fo llow ing th r e e  p a r a m e te r s  a r e  e le c tro n ic a l ly  
m o n ito re d :
a )  S peed : m a g n e tic  p ic k -u p s  fo r  sp e ed  

s e n s in g  a r e  f it te d  a t  th e  end o f th e  tu rb in e  
r o to r .  The s y s te m  h a s  tw o in d ependen t 
c i r c u i t s ,  e a ch  w ith  s e p a r a te  sp e e d  p ic k 
u p s .

b )  V ib ra tio n : th e  s e n s o r  is  a n  a c c e le r o m e te r ,  
b u ilt  in to  th e  end of th e  r o to r  b e a r in g  
h ousing  and s ig n a ls  fo r  a l a r m ,  sh u t-d o w n , 
s y s te m  f a i lu re  and  in d ic a tio n  a r e  p ro v id e d .

APPENDIX III c )  E xhaust g as  te m p e r a tu r e :  th e rm o c o u p le s
a r e  f it te d  in  th e  e x h a u s t o u t le t ,  fo r  se n s in g  
th e  e x h a u s t g a s  t e m p e r a tu r e ,  and s ig n a ls  
fo r  a l a r m ,  sh u t-d o w n , lig h t u p , s y s te m  
f a i lu r e  and in d ic a tio n  a r e  o b ta in e d .

Lube o il te m p e r a tu r e  is  m o n ito re d  by tw o s w itc h e s ,  
one fo r  a la r m  and on e  fo r  sh u t-d o w n . T h ese  
sw itc h e s  a r e  f it te d  in to  th e  lu b e  o il in le t l in e ,  
u p - s t r e a m  o f th e  tu rb in e  b e a r in g s .  Lube o il 
p r e s s u r e  is  m o n ito re d  by m e an s  o f th r e e  
s w itc h e s ,  w hich e n s u re  c o r r e c t  o il p r e s s u r e  
in  th e  sy s te m  b e fo re  s ta r t in g  and a ls o  c o r r e c t  
o p e ra tio n  of a la r m  and shu tdow n  s ig n a ls .  Lube
o il le v e l is  m o n ito re d  by a le v e l d e te c to r  w hich  
is  s i tu a te d  in  th e  lube o il r e s e r v o i r ,  and w hich  
p ro v id e s  th e  s ig n a l fo r  a la rm  o r  sh u td o w n  w hen  
th e  o il le v e l is  too  low .

In  ad d itio n  to  th e  W oodw ard g o v e rn o r  th e  fu e l 
s y s te m  h a s  d o u b le  sh u t-o f f  v a lv e s  o p e ra tin g  
in d ep en d en tly  to  p r o te c t  a g a in s t  o v e r s p e e d  and  
th e  lu b e  s y s te m  h a s  c o n tin u o u s  lu b e  o il p r e s s u r e  
le v e l and  te m p e r a tu r e  m o n ito r in g .

The lube and s t a r t  s y s te m s  a r e  in te r lo c k e d  to  
p re v e n t s t a r t  b e fo re  th e  a u x i l ia ry  lu b e  pum p 
h a s  b u ilt  up p r e s s u r e .
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Fig 1 —C ross-sec tion  of KG2-3 engine

1 R e d u c tio n  g e a r  
2 . Turbine s h a f t
3  A ir  in le t
4  Com pressor
5  C om bustion ch a m b e r  
6. Turbine
7  E x h a u s t d if fu s e r  
8 . F uel in le t

Fig.2 —Principle of o p e ra tio n  of 2 1 0 0  hp
a ll-rad ia l g a s  tu rb ine (K ongsberg KG-2)

S h a f t  horsepower versus a jr  inlet tem perature:
2 3 0 0 - --------------r

2200-------------------
2100------------------

2000----------------
/POO-j-----------
moo---
1 7 0 0 ------------------

1 6 0 0 ------------------

1 5 0 0 - 1----------------
-10 O

A ir in le t temperature, °C

^ 9

A ir  in le t pressure loss, mm H /D

Fig.3 — KG2~S p v rfo rm a n c * and co rre c tio n  fa c to rs

CO
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a  £ 
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Exhaust back pressure, mm H20



Fig. 4  —External view of K G 2 -3  engine with generator

F ig .5 — K G 2-3 rotor
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Fig.6 —G enera to r arrangem ent for la rge  ta n k e r  with (a) diesel g e n e ra to rs  (b) diesel g e n e ra to rs  and gas tu rb o -
a l te rn a to rs
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f ir e d f i r e d
boiler boiler

S low  s p e e d  
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I— , j E m ergency  
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(a) S te a m  tu rb ine  d r iven  cargo  pum ps

D iesel
g en e ra tin g
s e t s
3 x 5 0 0 k W

S te a m
tu rb in e
driven
ca rg o
pum ps

& L.P.
b o iler
( if cargo

T heating
L- required)

4 5 0  kW

EW

■ E m ergency h a rb o u r  
O Q ]  | d ie se l g e n e ra to r
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Slow  sp eed B —©1
main d iese l B —®

E H S
El—0 .

Gas turbm e  
g e n e ra tin g  s e ts  
2 x 1 4 0 0  kW

Cargo pum ps

(b) Gas tu rb o e /e c tn c  cargo  pum ps

Fig. 11 — A lte rn a tiv e  a rran g e m en ts  fo r ca rg o  pumping system  fo r 
3 0 0 0 0  TDW p ro d u c ts  c a rr ie r
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Fig. 12 —G as turbine driven fire pump 4 0 0 0  m3/h r  a t  110 m e tre s  W.G.

: q.14— Isometric view of
7 0 0  h.p. m arine auxiliary 
g as  turbine 
(Kongsberg Viking 831)

Fig. 13 — G as tu rb ine  a s  g e n e ra to r  drive and  boiler a ir  h e a te r  and  fo rced  d rau g h t fan

1. A ir  in ta k e  J .  G as g e n e ra to r  tu rb ine  5 . P o w e r  tu rb in e  7. R e d u c tio n  g e a r  
2 . C om pressor 4 . C om bustor 6 . E x h a u s t o u tle t  8 . S ta r t e r  m o to rs

P. F uel pum p 10. Lub. o il pum p

Fig. 15—Principles of o p e ra tio n  of 4 0 0 0 h .p .  marine auxiliary gas tu rb ine  (Kongsberg K G -5)



DISCUSSION

MR. E.W. ARMSTRONG said that a good account had 

been given of the concept, design and application 

of a class of engine designed from the outset to 

cope with a marine environment. Regarding 

applications, the paper had brought out the 

importance of seeking market opportunities where 

the particular attributes offered by the gas 

turbine, i.e. compactness, rapid and reliable 

starting, air bleed capability, etc, would be of 

maximum value. However, he would like to have 

heard more about the costs associated with this 

form of powerplant, in relation to alternative 

solutions such as diesels. It was well known that 

one of the problems of the gas turbine in the 

smaller size range was that of achieving a 

competitive first cost. A typical small gas 

turbine would also have had a considerably higher 

fuel consumption than a diesel engine. Alternatively 

the attributes to which he had just referred, 

could be important in off-setting these disadvan

tages. Would the author discuss this question of 

the balance of costs further ?

The paper was essentially concerned with the 

commercial field, where the use of gas turbines as 

the main propulsion units of merchant ships had so 

far been very limited. By contrast, in many navies 

the gas turbine was increasingly used for main 

propulsion, although it appeared not to be spreading 

as quickly as an auxiliary powerplant. Therefore, 

what were the author's views on the prospects for 

gas turbines for auxiliary duties in naval applica

tions ?

Correspondence

MR. C.J. LINNELL said that the author had 

provided an interesting and valuable paper for 

reference on the use of gas turbines as marine 

auxiliaries.

However, the writer thought it must be remarked 

that this was not a complete summary of the state 

of the art on marine or industrial gas turbines, 

nor the only method of achieving the required 

result for the application engineering. As this 

paper should be read by all the marine engineering 

fraternity, the writer would appreciate the author's 

comments so as to allow for a more balanced compar

ison of the excellent virtues and capabilities of 

gas turbines versus any other method of creating 

rotary power.

The many other types of simple cycle gas turbines, 

other than the radial gas turbine, seemed to have 

been given poor coverage. From the author's assump

tions that the KG2 and KF5 were purpose built for 

the aforementioned applications, Mr. Linnell found 

the appearance of the Viking 831 Combined Centri

fugal (radial) axial unit, somewhat out of place, if 

any validity could be attached to the previous 

assumptions. Given that there was validity for this 

machine, and therefore for other methods of 

constructing gas turbines, would the author comment 

on them ?

Further to the author's noted existence of units 

of 500 h.p, 2100 h.p. and 45 000 h.p. there had been 

and still were a large number of other powers, both 

below and between the aforementioned, available 

should any engineer require them. Whilst it could 

be controlled more precisely than vice-versa, what 

were the author's comments concerning the introduc

tion of complexities such as clutches, into a single 

shaft machine, in applications of high torque 

starting loads, i.e. fire pumps ?

Whilst the three sizes of gas turbines were 

recorded, would the author comment on the use of 

more than one turbine into a gearbox to provide the 

required single shaft output power/rev/min the 

effect on the efficiency of such a system in the 

area appertaining to fuel consumption and control. 

Would there be a possibility of partial versus full 

machine downtime for service/redundancy ? Would the 

author compare radial versus axial turbine, overall 

thermal efficiency ?

Regarding future development, while the burning 

of lower grade fuels could be an apparent cost 

benefit on the fuel side, what was the resulting 

service life and overhaul cost in comparison with 

that of a machine run on a higher grade, distillate 

fuel ? Could the author give his views on the 

future development for the marine industry of a 

compact, high overall thermal efficiency, low 

maintenance, low initial cost, high reliability, 

rotary power source ?

CDR. P.W.W. RIDLEY, M.I.Mar.E, said that electri

cal generators in the Royal Navy were peculiar, in 

that they were sized to absorb essential electrical 

loads, thrown over in the event of the loss of 

another of the ship's generators. Under normal 

conditions, generators were run at 60 per cent or 

less; a situation in which the specific fuel
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consumption of all but the most highly complex 

cycle gas turbines compared poorly with those of 

equivalent diesel engines. Calculations for oper

ations in a typical Royal Navy frigate showed that 

annual fuel consumption for electrical generation 

would double at least if a change was made from 

diesels to any of the simple, marine auxiliary, gas 

turbines at present available. Nothing in the 

paper refuted this argument.

Of course the s.f.c. characteristics could be 

greatly improved by the adoption of a complex cycle 

such as a combined gas turbine and waste heat 

supplied steam turbo alternator. However, the Royal 

Navy's view was that such plants as might be 

suitable for its purpose required considerable 

development before the penalties of increased 

complexity and maintenance, coupled with reduced 

reliability, would make them competitive with 

diesels of similar specific fuel consumption. In 

an age where balances always had to be struck, and 

those in a warship were more intricate than most, 

the overriding attraction of the gas turbine 

appeared to lie in its fundamental simplicity. 

Compromising this simplicity only served to 

weaken the case for the gas turbine itself. Never

theless, the R.N. continued to monitor developments 

in the field of auxiliary marine gas turbines and 

would certainly investigate any promising new design. 

AUTHOR'S REPLY

In thanking Mr. Armstrong for his contribution, 

the author agreed that the comparative costing of 

the competing diesel and gas turbine auxiliary 

systems was very important in any evaluation of the 

feasibility of either system for merchant marine 

installations. A generalized direct comparison 

between the capital costs of the tw© prime movers 

was not easy since:

a) for the gas turbine, until it was 

more widely accepted as an auxiliary 

prime mover, the number of frame 

sizes of machine was limited. Hence 

the capital cost of the installation, 

if expressed as a £ 's/horse power 

figure, would be radically affected 

by whether the particular power being 

considered fell on or near a specific 

gas turbine frame size;

b) for the diesel, the capital cost of 

the engine would be radically 

affected by the type and, more 

particularly, by the rated speed of

the diesel being used in the comparison.

As a very broad generalization, if comparing a 

specific frame size of gas turbine with the equiv

alents in a variety of diesel engine types, the gas 

turbine in terms of capital costs was about equal 

to a medium speed diesel generator drive, cheaper 

than a slow speed and more expensive than a small 

high speed machine.

However, as Mr. Armstrong suggested the direct 

comparison of capital costs alone was not strictly 

relevant, as it was the through-costing of the 

installation over the operating life of the vessel 

which was important, covering as it did the capital, 

the installation, the operation and maintenance 

costs for the system. Nor was it simply a question 

of comparing a diesel driven auxiliary system with 

the same system in which the diesel had been substi

tuted by the gas turbine: to take full advantage of 

the particular attributes of either type of prime 

mover would probably require re-design of the whole 

auxiliary system. It was, therefore, important to 

ensure that the whole system costs were compared.

The fact remained that, with reference to the 

specific 2100 h.p. gas turbine which had been 

considered in the paper, no shipowner chose the gas 

turbine in the 100 plus installations for which it 

had been selected because he had an altruistic desire 

to be a technical innovator. For each installation 

which represented a new type of installation for 

that gas turbine, an economic evaluation was carried 

out to identify the financial advantages and ensure 

that the chosen system maximized these. The author 

would be happy to discuss any of these studies, 

suitably disguised to preserve commercial confiden

tiality, with Mr. Armstrong or any other interested 

engineer. Part of the problem of providing a general

ised comparison was that one of the important factors 

influencing the overall costs was the cost of instal

lation, covering the labour and facilities involved 

in lifting and positioning the equipment, the weight 

and costs of the supporting structure, and the care 

and time involved in alignment. Although clearly 

less expensive for the gas turbine, estimates from 

shipyards and repair yards for the costs of labour 

and material involved did vary very widely.

With reference to Mr. Armstrong's query about 

naval auxiliary gas turbines, the author was indebted 

to Cdr. Ridley for his clear and concise statement of 

current R.N. policy regarding the feasibility of gas 

turbogenerators in warships. The following points 

were, the author believed, relevant background:
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a) The R.N. had had perhaps more 

experience than anyone else in 

the operation of marine gas 

turbogenerators, before 

abandoning them in the current 

new classes of warships.

Operating experience, bearing 

in mind the state of the art 

at the time of their installa

tion , w a s , after some fairly 

extensive teething troubles 

had been overcome, quite suc

cessful, and they were ulti

mately popular with the oper

ators themselves.

b) By rejecting gas turbogener

ators i n , for instance, the 

current group of new frigates 

(Type 42, Type 21 and Type 22) 

the R.N. were by no means 

following a universal trend.

The US Navy, in the "Spruance"

Class, and the Canadian Navy 

in the DDH 280, both utilized

gas turbogenerators, with waste heat 

utilization for steam generation.

It was the waste heat boiler which 

offered *he simplest and most 

effective method of rendering the 

gas turbogenerator a very efficient 

machine. With specific reference 

to R.N. installations, however, 

there appeared to be a further 

problem in achieving a balance 

between steam demand and electrical 

power demand. To the best of the 

author's knowledge, in the various 

studies carried out for the R.N. of 

auxiliary prime mover waste heat 

utilization, diesel or gas turbine, 

it never proved possible to achieve 

a satisfactory compromise in recent 

projected installations, with the 

possible exception of HMS "Exmouth" 

where, perhaps significantly, a gas 

turbogenerator/waste heat boiler 

package was adopted.

c) It seemed clear that, with the 

exception of the "total energy" 

approach referred to above, there 

were two ways in which gas turbo

generators might once more find 

favour with the R.N. One was the 

discovery of an adaptation of the 

gas turbine which improved its 

s.f.c. without, as Cdr. Ridley had 

pointed out, compromising the basic 

advantage of simplicity. Investig

ation of various possibilities was 

a continuous activity including, in 

the case of the author's company , 

some studies in conjunction with 

M0D(N). It would be misleading to 

suggest an imminent breakthrough 

but progress was promising although 

some complication of the machine 

was inevitable. The second possib

ility for the re-introduction of gas 

turbogenerators is a re-appraisal of 

the warship electrical generation 

philosophy. The current arrangement 

had all generators arranged for either 

base load or standby duties, with no 

generators specifically designated as 

emergency. If the philosophy was 

revised to have certain generators 

designated as base load and others as 

emergency, action load, or standby, 

the adoption of compact and simple gas 

turbogenerators for the latter duty 

could

- reduce machinery space and 

weight requirements

- reduce maintenance load

without adversely affecting reliability 

and probably with an improvement in 

frequency/voltage control on sudden 

load variation.

With reference to Mr. Linnell's lengthy and 

valuable contribution, he had almost raised a 

sufficient number of points for a full reply to 

constitute a new paper to the Institute. The 

author was the first to agree that the paper was 

not a complete study of the state of the art of 

marine gas turbines, and that there were many other 

types of simple cycle gas turbines which could have 

been included although non e , the author would suggest, 

that had found so extensive an application in 

specifically marine auxiliary installations as those 

covered in the paper.

The author appreciated Mr. Linnell's puzzlement, 

after reading the case made in the paper for radial
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gas turbines which were originally specifically 

designed for marine installations, in finding 

reference to a 500 kW gas turbine which was not 

entirely radial nor originally marine. The explan

ation was basically one of compromise: the author's 

company, in utilizing its main research and develop

ment resources on the 4500 h.p. machine to augment 

the 2100 h.p. machine, also had a need to achieve to 

a shorter timescale a 500 h.p. frame size. The 

adoption of an existing engine which had already 

achieved a very extensive record of running hours 

and reliability in a wide range of environments, and 

the application to this engine and its packaging of 

all the experience of the design and material selec

tion acquired from other specifically marine engines 

and applications, was a swift way of achieving a 

marinized gas turbine in this power range. To this 

extent, the three stage axial turbine and a two stage 

radial compressor configuration was an already 

established fact. However, it was worth noting that, 

with reference to this particular configuration, the 

small size of the gas turbine itself, in relation to 

the reduction gear by which it was supported, 

resulted in any variation in length of the turbine, 

due to the selection of a radial or axial form for 

either the compressor or turbine having only a second 

order influence over the overall size of the turbine/ 

gearbox prime mover package. The selection of a two 

stage radial compressor also illustrated the same 

point.

Obviously had either of these particular config

urations been selected for the 2100 h.p. gas turbine, 

the size of which relative to its gearbox was consid

erably greater, the effect on unit size would have 

been correspondingly increased. As always, the pro

cess of design was a compromise, in this case between

- for the radial configuration, shorter 

machine length, more robust rotor 

construction, larger gas passages and,

- for the axial configuration, longer 

machine length;

- for multi-stage arrangement but probable 

better overall efficiency depending on 

the application.

The basic gas turbine design choice between single 

shaft or twin shaft (separate power turbine) const

ruction was similarly a choice between the identifi

able advantages of each option for specific applic

ations, as witnessed by the decision by the author's 

company to design the new 4500 h.p. machine as 

either a single or twin shaft machine. The relative

characteristics were:

for the single shaft machine, a high degree 

of output speed and power control, 

shorter engine, fewer bearings but 

virtually constant speed operation 

and low starting torque capab lit y ; 

and for the two shaft machine, greater

operational flexibility in terms of speed 

variation, power turbine output variation 

(e.g. stalled operation etc.) but more 

complex design arrangement and less 

immediate power output control.

With reference to Hr. Linnell's query regarding 

the use of more than one turbine i n , for instance, 

a twin engine/single driven unit application, was 

of course a feasible proposition and had been 

employed with success. The advantages in terms of 

flexibility of operation and improved part load fuel 

consumption would be self-evident, since the fuel 

consumption of one 500 kW machine on full load in a 

2 x 500 kW twin installation was obviously consider

ably better than a single 100 kW set at 50 per cent 

load. Although the system standby or redundancy 

capability of the twin engine set was no doubt 

theoretically better, the proven reliability of the 

single gas turbine set was high enough to make this 

gain a second order consideration.

It was not necessary of course to employ a gear

box to combine the outputs of the two machines. The 

author's company was building generator sets with 

twin 2100 h.p. gas turbine inputs to a single 

generator, in which the gas turbines, which were 

"handed", would drive into opposite ends of the 

generator.

With reference to the requested statement on the 

comparative efficiencies of axial and radial 

turbines: tests by the author's company and several 

published data confirmed that there was no signifi

cant difference in the design point efficiency of 

radical and axial turbines. The off-design effici

ency characteristic of radial turbines matches the 

propeller load curve w ell, and offered in certain 

cases an advantage over the axial turbine. For 

other applications where linear characteristics 

were important (e.g. traction) the axial turbine 

characteristic was better suited.

The question of burning lower grade fuels 

revolved largely around the composition of the 

specific lower grade fuel and what proportion of 

the constituents were the ones most liable to have 

deleterious effects in the turbine. The gas

1 43



turbines described in the paper were, in general, 

capable of burning almost any grade of fuel down to 

crude, by a combination of the provision of fuel 

treatment and the de-rating of the engine to maintain 

the cycle temperatures within the range acceptable 

with respect to that particular fuel composition.

Once the nature of the fuel was known, the relevant 

ancillary system, de-rating, and operational regime 

to maintain reliable operation could be determined. 

However, in marine applications, it was not often 

that the additional costs represented by:

- the fuel treatment system

- the de-rating of the engine

- any additional compressor washing, or 

turbine maintenance periods

were counterbalanced by the saving in fuel costs, 

particularly in those many marine installations 

where the gas turbine was performing a peak lopping,

standby, or emergency duty with correspondingly low 

annual running hours.

Mr. Linnell's listing in his last paragraph of 

the desirable characteristics for the future devel

opment of the marine gas turbine was an apt o n e , and 

it could be argued that among the gas turbines 

currently available there were several which achieved 

any two or three of these targets. In respect of the 

(predominently) radial machines described in the 

paper, for instance, they represent achievement of 

compactness, reliability, and low maintenance and, 

with increased acceptance and greater quantity 

production, would hopefully pass from their reason

able initial cost to the desired "low" rating. We 

were then left with the problem previously discussed 

and assiduously pursued, of improving the thermal 

efficiency without, by increasing complication, 

compromising any of the targets already achieved.
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