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INTRODUCTION

T h e  p u rp o se  o f  th is  p a p e r  is to p ro v id e  an  overall  view o f  d e v e lo p m e n t  in va r ious  assoc ia ted  fields includ ing  tha t  o f  
Royal  N avy  progress  in the gas tu rb in e  field since the  report  in take  a ir  fi ltration, 
m a d e  two years  ag o  at the A S M E  C o n fe ren c e  in Zurich
T h u s  it describes  rap id ly  g row ing  exper ience  with the  aero-  s e r v i c e  e x p e r ie n c e
derived  O ly m p u s  a n d  T y n e  gas tu rb in es  in ships at sea. som e  Six Royal N av y  ships a re  n ow  o p e ra t in g  at sea  with the
o f  the  techn ica l  p ro b lem s  e n c o u n te re d  and  their  solutions,  s t a n d a rd  C o g o g  insta l la t ion  o f  R olls -R oyce  O ly m p u s  T M 3 B  
n ew  engines  u n d e r  d e v e lo p m e n t  an d  also research  a n d  a n d  T y n e  R M  l A eng ines  (Fig. I)16- ,0- 16». Since H M S  Am azon

F ig . I — 7Y//c' 42 destroyer main propulsion m achinery
‘Procurement Executive. Ministry of Defence.
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c o m p le te d  he r  sea tria ls in 1973, she has been  fo l low ed by 
th ree  o th e r  sh ips o f  this  3000 to n n e  Type  21 class: HM S 
A n te lope, A m buscade  an d  Arrow. O f  the larger T ype  42 class 
(4500 to n n e )  H M S  S h e ffie ld  is now  in service a n d  H M S  
B irm in g h a m  goes to sea  very shortly. Som e 11 000 hours  o f  
eng ine  ru n n in g  have  been  ach ieved  in m an y  parts  o f  the 
world  includ ing  the  arctic  a n d  the tropics. H M S  Sheffield , for  
ex am p le ,  has gassed 11 00 0  nau tical  miles at an average  speed 
o f  14 kn a n d  a fuel c o n su m p tio n  o f  ab o u t  1-5 m / l i t r e  (100 
ft /ga l) .  A l th o u g h  effectively a p ro to type  ship at first, she  was 
never  late on an  expec ted  t im e o f  arrival or  d e p a r tu re :  nor 
has she ever  had  to miss a schedu led  exercise for eng ine  room  
reasons.  E xperience  with o th e r  ships has been similar.

Besides these British vessels, there  are also the N e th e r ­
lands N a v y  ships Trom p  an d  De R u vter  a n d  the A rgen tin ian  
Ty p e  42 D es troyer  H ercules, all in service an d  using nearly  
identical O ly m p u s /T y n e  installations.  T he  O ly m p u s  C o d o g  
m ach in ery  in Brazilian, Iranian .  M alaysian  and  Thai  warships 
has been  less h e a rd  of, b u t  it a p p ea rs  to be ru n n in g  well. The  
F rench  C 7 0  corvettes  with C o d o g  O ly m p u s12’ are no t  yet at 
sea b u t  the  c o m p le te  p ropu ls ion  unit  is now u n d e r  test at 
I N D R E T  n e ar  N antes .

M ean w h ile  m o re  eng ine  ru n n in g  con tinues  ashore .  By 
fa r  the  m ost  extensive  is that  o f  the O ly m p u s  in electrical 
p o w e r  g enera t ion  in G re a t  Britain. USA a n d  a b ro ad ,  where  
89 eng ines  have  now  am assed  m o re  than  275 900 hours. Trial  
run n in g  o f  the  O ly m p u s  a n d  Tyne,  sp o n so red  by the Ministry 
o f  Defence ,  c o n t in u e s  bo th  at Rolls -Royce. Ansty. and  the 
N aval  M ar ine  W ing  o f  the  N a t iona l  G a s  T u rb in e  Establish­
m en t  at Pyestock. p r im ar i ly  to prove  m od if ica t ions  before  
their  in troduc t ion  in to  genera l  service (17). A d ifferen t  kind o f  
shore  tria ls ru n n in g  is tha t  o f  the m ach in ery  for the Invincib le  
class “ a n ti - su b m a r in e  c ru iser"  o r  C A H . Here  one  co m ple te  
shaft  set, com pris ing  the  gas turb ines,  together  with main 
reduction  gearing ,  fuel con tro l  sys tems a n d  full scale replicas 
o f  the  sh ip 's  in take  a n d  exhaus t  duc ting ,  has been  subject to 
v iolent m a n o e u v r in g  tria ls to establish its b e h a v io u r  u n d e r  
the most  ex tre m e  trans ien t  c ond it ions  it can  ever  m eet  in 
service (11). T h e  ea r l ie r  m ark  o f  O lym pus,  the T M 1 A . is still 
giving goo d  service in H M S  E xm o u th  and  Bristo l and  has 
ach ieved  a total o f  a b o u t  13 000 hours  runn ing .  T he  very 
m uch  ea r l ie r  G 6  gas tu rb ine ,  which first w ent  to sea in 1961 in 
H M S  A sh a n ti, co n t in u e s  to o p e ra te  in the C o s a g  plan ts  o f  
eight  des t royers  a n d  seven es a n d  has bu ilt  up  a total o f  
93 000 hours.

TECHNICAL PROBLEMS IN SERVICE AND THEIR SOLUTION

As is on ly  to be  expec ted  with new m ach in ery  o f  this 
com plex ity ,  th e re  w ere  so m e  c o m p o n e n ts  that  at first were 
no t  fully satisfactory.  In no  case d id anv  o f  these difficulties 
p reven t  the  eng ines  run n in g :  the ir  effect was genera lly  to 
shorten  c o m p o n e n t  life. So lu t ions  have  been  d e v e lo p e d  for 
all the  m a jo r  p ro b lem s  a n d  are e ithe r  a lready  fitted in all 
engines o r  in process o f  be in g  f i t t e d ,15).

OLYMPUS TM3B
C om bustion

T h e  co m b u s t io n  cans  orig inal ly  f itted in the  O ly m p u s  
su f fe red  from  two d isadvantages .  T h ey  p ro d u c ed  visible 
sm oke  in the  eng ine  exhaust,  which  was u ndesirab le  for 
cosm etic  a n d  o th e r  reasons: in add it ion ,  d is tortion  o r  c racking 
p re v en ted  th e i r  lasting for the full life o f  the  engine.

R edes ign  o f  the  b u rn e r  sh ro u d  a n d  c o m bus tion  c h a m b e r  
flares has  r e d u ced  the  visible  sm o k e  considerab ly  and  an 
increased  life will result  from  p reven t ion  o f  ho t  spots.  F u r th e r  
a lte ra t ion  to a ir  d is t r ibu t ion  a n d  b u rn e r  geom etry  should  
e l im in a te  b lack sm o k e  a l toge the r  th ro u g h o u t  the  pow er  
range. A fu r th e r  d e v e lo p m en t  o f  the  co m b u s tio n  ha rdw are ,  
using rings in lieu  o f  shee t  m eta l  spacers  in the  cooling  air  
entr ies ,  offers still g re a te r  m echan ica l  integrity.

L P  C om pressor E n try  G uide B lades
F a t ig u e  c rack ing  was fo u n d  in so m e  o f  these  en try  gu ide  

blades,  d u e  to v ib ra t ion  excited  by the  ro to r  b lad e  passing 
frequency. T h e  solu t ion  has  b e en  to lean the  en try  guide  
blades fo rw ard  so th a t  m ost  o f  the b lade  is fu r th e r  aw ay  from 
the ro to r  and  the  in te rac t ion  is less.

L P  C om pressor S ta to r B lades
T w o  years  ago113* it was re p o r te d  th a t  corros ion  induced

fatigue c racks in the first stage LP co m p re sso r  s ta to r  b lades  
h ad  been  successfully o v e rco m e  by sh ro u d in g  tha t  row. 
U n fo r tu n a te ly ,  fu r th e r  experience  sh o w ed  th a t  a l th o u g h  the  
or ig ina l  type  o f  fa ilure  was p reven ted ,  c rack in g  no w  occurred  
close to the  b lad e  tips d u e  to the  p resence  o f  the  shroud .  
Several  var ia tions  in the  m e th o d  o f  a t tach in g  the  sh ro u d  to 
the b lade  w ere  tried, w i thou t  success,  a n d  it s e e m e d  for  a 
while  as i f  it was an  in trac tab le  p ro b lem .  In the  m e a n t im e ,  
however,  eng ine  tria ls with a very s im ple  p ro tec t ive  b lad e  
coa t ing  show ed  that  this was i tse lf  successful in p re v en t in g  the  
onset  o f  corros ion . T h e  b lades  (at p re sen t  m a d e  o f  FV 520  
stainless steel) a re  sh o t-p een ed ,  v acu b las ted  a n d  c o a ted  with 
R o c k h a rd  lacquer:  ear l ie r  fears th a t  the  lac q u e r  w o u ld  be 
w orn thin an d  e ro d ed  p re m a tu re ly  have  p ro v e d  u n fo u n d e d .  
F u r th e r  im p ro v e m en t  in life has been  o b ta in e d  by using a 
Serm ete l  W  C oa ting ,  and  in d u e  course  a m o re  fu n d a m e n ta l  
change  will be  m a d e  in new  engines,  in tha t  the  b lade  
m ate ria l  will be Inco 718.

F u el C o n tro l Valves
W h en  the orig inal  a ero  O ly m p u s  eng ine  was c o n v er ted  

to a m ar in e  eng ine  its fuel d is tr ibu tor ,  w h ich  orig ina l ly  
d iv ided  a n d  m ete re d  the  fuel to the  ind iv idua l  co m b u s t io n  
cham bers ,  was m a d e  to take  on the  a d d i t io n a l  ro le  o f  
conver t ing  fuel pressure  into a u n iq u e  va lue  o f  fuel flow. T h is  
it d id  q u i te  ad eq u a te ly  except  th a t  it d id  no t  ach ieve  precise 
repea tab i l i ty  o f  fuel flow, a n d  this caused  va r ia t ions  in id ling  
speed  b e tw een  hot a n d  cold engines,  with  co n se q u en t  d iffi­
cult ies in se t t ing  up  the  con tro ls  an d  o th e r  p rob lem s.

T h e  solu tion  has  been  to fit a  p ressuriz ing  valve instead  
o f  the  d is tr ibu tor .  T h e  basic  design o f  a  pis ton  m o v in g  
linearly  in a  sleeve to m e te r  fuel has been  re ta ined ,  the 
p r incip le  o f  using  the  pressure  g en e ra te d  by the  con tro l  
system to posi t ion  the  p is ton  be ing  con s id e red  essential.  
H o w ev e r  th e  force availab le  fo r  ad jus t ing  the  piston position  
to c o r re sp o n d  with a set c h an g e  in p ressu re  w as increased  a n d  
the in h eren t  hysteresis o f  the  valve assem bly  has  been 
red u ced  by a l te ra t ions  in the  d e ta i led  design.

TYNE RM1A
C om bustion

In the  early  years  o f  this  eng ine  its co m b u s t io n  cham bers ,  
like those  o f  the O lym pus ,  suffered  from  rela tively short  lives. 
T h e  lips o f  the  flares used  to e rode  un til  the  flare c oo ling  air  
was no  longer  p roperly  con tro l led  a n d  fa ilure  occurred .  An 
in te r im  im p ro v e m en t  was o b ta in e d  by c h an g in g  th e  flare 
m ate r ia l  to Stell ite  31: a n d  the  p re sen t  s ta n d a rd  o f  can  has a 
redes igned  flare as well,  fe a tu r in g  a d o u b le  flare configuca- 
tion for a d d it io n a l  cooling.

T h e  orig inal  co m b u s tio n  c h am b ers  also p ro v ed  to be 
excellent m an u fa c tu re rs  o f  c a rb o n  n o d u le s  on  the  b u rn e r  
head ,  sw irler  a n d  flare. W hile  there  w as lit tle  effect o n  eng ine  
p e rfo rm an ce ,  the  c a rb o n  nod u les  c o n ta in ed  a  small  p r o p o r ­
tion o f  very ha rd  pyrolit ic  c a rb o n  which  e ro d ed  the  not end 
c o m p o n en ts ,  especially  th e  H P  tu rb in e  b lades  bu t  also the  H P  
an d  LP  nozzle gu ide  vanes  to so m e  ex ten t  (I4>. T his  erosion 
d id  not cause  any  eng ine  o r  b la d e  fa ilures  b u t  it d id 
necessitate  rep lacing  all the  H P  tu rb in e  b lades  at overhau l .  
T h e  p ro b le m  m ay  never  be rem o v ed  a l to g e th e r  bu t  the  new 
s ta n d a rd  o f  co m b u s tio n  w are  a p p ea rs  to  o v e rco m e  it a d e ­
quate ly.

L P  C om pressor: Z ero-stage S ta tors
S o m e  c rack ing  o f  the  zero  stage sta tors  has occurred ,  

especially fo l lowing the  use o f  anti- ic ing  air. T h e re  is a 
p roven  solu tion  to this p ro b le m ,  which  consists o f  radia l  
lac ing wires at the  ends  oi each seg m en t  o f  b lad ing ,  reducing  
the  m a x im u m  stress with in  the  b lade  segm ent.

OTHER IMPROVEMENTS TO OLYMPUS A N D T Y N E  RM. 1A

C u r r e n t  fu r th e r  d e v e lo p m en t  w ork  o n  these  two present-  
day  eng ines  has two objectives. Beside the  obv ious  one  o f  
p ro v id in g  so lu tions to p ro b lem s  aris ing  in service, it is also 
h ighly  d es i rab le  to h ave  a  m o re  genera l  “c o m p o n e n t  im ­
p ro v e m e n t  p r o g r a m m e ” to benefi t  f rom  m o d e rn  techno log i­
cal  a d v an ces  as they  occur. T h is  p ro g ra m m e  aim s to develop  
m o d if ica t io n s  no t  in response  to pa r t icu la r  p ro b le m s  but in 
o rd e r  to increase  the  t im e  b e tw een  o ve rhau ls  a n d  so reduce  
th rough  costs.
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T h e re  m ust  be  a re la t ionsh ip  be tw een  m o n ey  spen t  on 
this  type  o f  w ork  a n d  the  m o n ey  saved  as a result  and  it 
w o u ld  be  nice to k n o w  the b reak -even  point.  T h e re  w ould  
necessarily  be  so m a n y  uncer ta in t ie s  a n d  a ssu m p tio n s  in this, 
though ,  tha t  the  result  cou ld  not be used with co n f id en ce  and  
c o n seq u en t ly  it has not been  a t tem p ted .  In the  absence  o f  any 
such gu id an ce  on the o p t im u m  rate  o f  such sp e n d in g  the 
actual  constra in ts  in the  jo in t  fu n d in g  for this c o m p o n e n t  
im p ro v e m e n t  p r o g r a m m e  c o m b in e d  with tha t  for solving 
p ro b lem s  en co u n te re d  in service, a re  as follows:

Low er L im it:  T h e  cost o f  m ain ta in in g  an ad eq u a te ly  
st rong  e ng ineer ing  team : toge the r  with a p p ro p r ia te  test 
bed  running .

Upper L im it:  T he  relative im p o r tan ce  an d  u rgency  o f  
o th e r  calls on  the funds  available.

It must  be  re m e m b e re d ,  too. tha t  there  is also a substantia l  
read-across  f rom  work  be ing  carr ied  out by the  m a n u fa c tu re r  
on  the  industr ia l  versions o f  the engines.

W o rk  o f  this n a tu re  has been  largely in the  m ate ria ls  
field, p e rh ap s  because  th a t  is o n e  o f  the  a reas  w here  gas 
tu rb in e  techno logy  is ad v an c in g  fastest.  It is a lready  p lan n ed  
to use Inco  718 in p lace  o f  sta inless steel for the  s ta tors  and  
certain h igh t e m p e ra tu re  b lad e  rows in the  O ly m p u s  and 
T y n e  com pressors .  O th e r  m ate r ia ls  are u n d e r  investigation 
(see the Sub-sec t ion:  B lade  M ater ia ls  and  C oa tings)  but are 
no t  cu rren t ly  env isaged  for  these  engines. B lade coating  
im p ro v e m en ts  a re  be in g  p u rsu ed  actively an d  ra inbow  sets 
are ru n n in g  in naval  eng ines  at N G T E  Pyestock. M ater ia l  
ch an g es  in o th e r  eng ines  have  a lready  given sta rtl ing  im- 

ro v em en ts  in life. T h u s  a c h an g e  from N im o n ic  105 to Inco 
38 in the  H P  tu rb in e  b lades  o f  the  industr ia l  A von  has 

resu lted  in a  fou rfo ld  increase  from  a ro u n d  3000 hours  to
12 000 h o u rs  in the  M id d le  East w h e re  bo th  th e  in take  a ir  and  
the  gaseous fuel con ta in  high levels o f  sod ium  a n d  su lpha te .  
In the  ex tre m e  c o nd it ions  o f  civil hovercra f t  o p e ra t io n .  
Pro teus  eng ine  life has  increased from ab o u t  1000 hours  to 
o v e r  5000 ho u rs  as a direct result  o f  m a te r ia l  changes  to X40. 
toge the r  with th e  use o f  be t te r  a ir  in tak e  fi ltra tion systems 
an d  str icter  p ro ced u re s  for c o m p resso r  washing.

T h e  o th e r  a p p ro a c h  to corros ion  preven t ion ,  n a m e ly  the 
use o f  add it ives in the  fuel,  is also be in g  tried. A n  organ ic  
c h ro m iu m  c o m p o u n d .  N uosyn  C h ro m iu m ,  has been  found  
effective in labora to ry  rig tests an d  eng ine  trials have  so far 
show n  n o  side effects.

T Y N E R M IC

T h e  T y n e  R M 1 C  o r  u p ra te d  T yne ,  cu rren t ly  be ing 
deve lo p ed ,  has 25 p e r  cent  m o re  p o w e r  th an  the  R M 1 A  u n d e r  
tem p e ra te  c o nd it ions  — 3982 k w  (5340 bhp)  instead  o f  3169 
k W  (4250 bhp)  at I5 ° C  a ir  inle t t e m p e ra tu re  — an d  38 pe r  
cent  m o re  p o w e r  in the  tropics  — 3758 kW  (5040 b hp)  instead 
o f  2729 kW  (3660 b h p )  at 3 0 °C  a ir  inlet t e m p e ra tu re .  T he  
essentia l  d i f fe rence  b e tw een  the  two eng ines  is a redes igned  
hot e n d  with m o re  b lad e  cooling. T h e  R M I A  can be 
conver ted  to the  u p ra te d  version by in co rp o ra t in g  a single 
large m o d if ica t io n  in th e  course  o f  overhau l .

T h e  R M 1 C  is now  well on its d e v e lo p m e n t  p ro g ra m m e  
and,  with the  excep tion  o f  o n e  g ro u p  o f  p rob lem s,  the 
p ro g ra m m e  is go ing  sm oo th ly .  Full  p o w e r  has b e en  achieved 
at tne  d es igned  sfc a n d  the  on ly  s ignificant dev ia t ion  from  the 
b ro c h u re  p e r fo rm a n c e  is the  sl ightly lower  LP  co m p resso r  
speed  a n a  the  c o n se q u en t  m arg in a l ly  h ig h er  T E T  at full 
p o w er  d u e  to a  sm all  m ism a tch  o f  the  p o w er  tu ro ine .  Blade 
m eta l  tem p e ra tu re s ,  how ever ,  a re  as p red ic ted  so tha t  the 
basic e ng ine  life has no t  been  affected.

O v e r  1000 hours  o f  d e v e lo p m e n t  testing has been  
co m p le te d  so far, includ ing  a 500 h o u r  co n t in u o u s  e n d u ran c e  
trial.  A 2000 h o u r  e n d u ra n c e  run  will begin  at N G T E  in the 
m id d le  o f  1976. T h e  eng ine  is d u e  to en te r  service with the 
R oyal  N e th e r la n d s  N a v y  in N o v e m b e r  1976 and  with the 
Royal  N a v y  in M arch  1977.

T h e  m a jo r  p ro b lem  a rea  in the  d e v e lo p m e n t  o f  the 
eng ine  has been  erosion  o f  the H P  tu rb in e  b lades  by  carbon ,  
fo rm ed  in the sa m e  w ay  as in the  R M I A .  In the case o f  the 
R M 1 C  how ever ,  the  H P  b lades  were  at first very th in  walled 
— 0 0 5 0 8  m m  ( 0 0 2 0  in) at the lead ing  edge — in o rd e r  to 
achieve  m a x im u m  cooling  (Fig. 2) and  the lead ing  edges o f

Fie;. 2 — Tvne R M  1C H P  turbine  — S ectio n  through  an early  
blade show ing  ih in  leading edge

Fig . 3 — Tvne R M IC  I IP  turb ine  — Section  through present 
blade show ing  stren g th en ed  leading edge

so m e  b lades  were  d e n te d  by the im pact  o f  the  larger carbon  
particles.  In the longer  term  the so lu t ion  lies in the reduction  
o f  the  c a rb o n  fo rm ing ,  as a l re ad y  m e n t io n ed  fo r  the  R M IA .  
bu t  the  b lad e  design has also been  c h an g e d  to increase  the 
th ickness o f  the  lead ing  edge (Fig .  3). This has the effect o f  
e l im in a t in g  the  im pac t  p ro b lem  a l to g e th e r  a n d  ex ten d in g  the 
erosion  life. As there  w as necessarily  som e  de lay  be fo re  the 
new  design o f  the  b lades  cou ld  be  de l ive red ,  the R M I C  
d e v e lo p m en t  eng ines  were  run  on k e rosene  for the i r  initial 
trials,  thus tem p o ra r i ly  avo id ing  the c arbon  p ro b lem  a l to ­
gether.  At p resen t  one  eng ine  has the new b lades  and  it has 
run successfully  on gas oil for a 600 h o u r  e n d u ra n c e  run.

In the early  days o f  the R M I C  d e v e lo p m en t ,  high 
tem p e ra tu re s  were  reco rded  in the  p r im ary  gearbox  thrust 
bearing .  This is a  white  m eta l  b ear ing  w hich  was m ere ly  a 
p lan e  disc for the R M  1 A. T o  take  accoun t  o f  the  h ig h er  speed 
and  thrust  o f  the  R M I C  shaft ,  e ight tap e r  lands were  cut in 
the  white  m eta l  o f  the  p lan e  disc, giving eight h y d ro d y n a m ic  
wedges .  Th is  has run  successfully on trial . A lil ting pad 
bear in g  has also been  des igned  an d  will be tried,  which 
should  be  m uch  m o re  than  a d e q u a te  fo r  the app lica t ion .

S o m e .ten ta t iv e  p lans have been  m a d e  for d evelop ing  a 
l ight-weight  h ighly ra ted  version o f  the  Tyne,  the  R M 2 D .  for 
use in hovercra f t  o r  hydrofoils .  T h e  o u tp u t  w ould  p robab ly  
be  ab o u t  4470 kW  (6000 bhp).

SMIA
This  eng ine  is a m arin ized  der iva tive  o f  the Rolls- 

R o y c e /D D A  T F 4 I  a e ro  eng ine  which pow ers  the C orsa i r  
airc raf t  o f  the US N av y  an d  U S A F.  T he  TF41 is the  most 
pow erfu l  va r ian t  o f  the Rolls -Royce Spey fam ily  and  so 
benef i ts  to som e  ex ten t  f rom  the  13-5 million flying h o u rs  tha t  
this has d o n e  in civil an d  m il i ta ry  aircraft .

T h e  m ar in e  eng ine  (Fig. 4) has a  co n t in u o u s  ra ting  o f  
11 000 k W  (14 750 b h p )  up  to 8 6 ° F  — 8948 k W  (12 000 b h p )  
at 100°F —  with an abili ty  to p ro d u ce  up  to 14 000 kW  
(18 770 b h p )  for short  periods.  T h e  sfc is 0-24332 k g /k W h  
(0-400 l b / n p  h) at 11 000 kW  (1 4 7 5 0  b h p )  with good  
par t- load  fuel c o n su m p tio n .
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T h ere  are  several ways o f  using this engine  in warsh ips  o f  
the future:

a) a  p a ir  o f  such engines.  C o n  a h . on each shaft  o f  a 
frigate, thus c o m b in in g  a high full pow er  capab il i ty  
with a very good  efficiency at cruise speeds  (when 
on ly  o n e  eng ine  w ould  be running) ,  the extra 
re liability  inheren t  in having two eng ines  p e r  shaft 
a n d  the  logistic adv an tag es  o f  hav ing  bo th  engines 
the sam e:

b)  fo r  h i g h e r  s h a f t  p o w e r s ,  th e  SM 1A c o u l d  b e  u s e d  as  
a c r u i s e  e n g i n e .  C o g a g . w i th  a la r g er  e n g i n e  s u c h  as  
th e  O l y m p u s  o r  th e  F T 9 :

c) in hydrofo ils  o r  large hovercraft.

P re l im inary  d e v e lo p m e n t  o f  the SM I A started early  in
1975. Rig testing in se lected  a rea s  is now  in h a n d  as part  o f  
the projec t  de f in i t ion  phase .  Initial prov ing  o f  the eng ine  is 
p lan n ed  to be  fo l low ed by e n d u ra n c e  testing both at Ansty 
and  at N G T E  Pyestock. An industr ia l  version o f  this engine 
has also been  bu ilt  and  run, which prov ides useful in fo rm a ­
tion for the  m ar in e  engine.

In the ear ly  stages o f  d e v e lo p m en t  several interesting 
technical  decis ions have  had  to be m ad e .  T h ey  have been 
based  on  fa r  w id e r  criteria  than  those  which som etim es  
govern  design decisions,  though  all the factors con ce rn ed  are 
pa r t  o f  en g in eer in g  in the  b ro a d  sense. These  decisions,  on 
such m at te rs  as LP c o m p resso r  design, c o m p resso r  b lade  
m ateria ls ,  p o w er  tu rb in e  speed  an d  n u m b e r  o f  stages, the use 
o f  e lectronic  fuel con tro l  sys tems an d  the form o f  the air  
in take  an d  exhaus t  volutes,  have had to prov ide  an o p t im u m  
ba lance  b e tw een  the  rela tive  im p o r tan ce  o f  som e o r  all o f  the 
fo l lowing p a ram ete rs :

1) Specif ic  fuel co n su m p tio n :
2) eng ine  size:
3) f lexibili ty o f  p e r fo rm a n ce  in d if fe ren t  roles (e.g. 

m u lt i -en g in e  installations):
4) p red ic ted  re liability  in the m ar in e  en v iro n m en t :
5) d eg ree  o f  risk inheren t  in an y  change  from the 

a e ro -en g in e  design:
6 ) un i t  cost o f  p r o d u c t io n  engines:
7) cost o f  o verhau l :
8) cost  o f  d ev e lo p m en t .

A new design o f  LP  c o m p resso r  c o n ta in in g  five stages is 
be ing  d ev e lo p ed  in p re fe ren ce  to c ro p p in g  the orig inal  aero  
eng ine 's  bypass stages. It has been  show n to p rov ide  very 
significant im p ro v e m en ts  in effic iency a n d  p a r t- load  p e r fo r ­
m an ce  an d  also rem oves  a n y  necessity fo r  LP bleed. T he  
r e m a in d e r  o f  the  gas g e n e ra to r  is the sam e  as in the TF41 
except  fo r  m a te r ia l  c h an g es  in h e re n t  in m arin iza t ion .

T h e  choice  o f  two stages fo r  the p o w er  tu rb in e  design is 
the o u tco m e  o f  extensive  o p t im iza t io n  s tudies  a n d  provides:

i) m in im u m  overall  length a n d  w id th  o f  the 
installation:

ii) sa tis factory  cyclic life:
iii) m in im u m  unit  cost.

It a lso possesses sufficient p e r fo rm a n ce  f lexibili ty to 
m atch  with o th e r  eng ines  in m ult i -un it  a r ran g em en ts .

ASSOCIATED GAS TURBINE RESEARCH AN D  DEVELOPMENT

Blade M ateria ls a n d  C oatings
T he  large a m o u n t  o f  Ministry  o f  D efence  sponsored  

work in this vast field form s a subject o f  its own an d  canno t  
be m ore  than  m en t io n ed  here.  It includes:

a) investigations into  the  m ec h an ism  o f  ho t  corros ion :
b) screening o f  new  m ate ria ls  by  corros ion  a n d  erosion 

tests, cas tabil i ty  trials, th in section p ro p e rty  trials,  
deposi tion  tria ls etc:

c) d e v e lo p m en t  o f  the ion-p la t ing  process:
d) s tudy  o f  un id irec t ional  so lid if ication  in corros ion-  

resistant m ateria ls :
e) t i tan ium  alloy corros ion  in the m ar in e  e n v iro n m en t .

Som e o f  the results  o f  this work have been  r e p o r t e d 13- ln- 
12. 18) F u r th e r  results  were  p re sen ted  at the  3rd C o n fe ren ce  
on G a s  T u rb in e  M ater ia ls  in the  M ar in e  E n v iro n m en t,  held 
at Bath University  (E n g lan d )  in S e p te m b e r  1976.

Silencers
T h e  full scale e n d u ra n c e  tria ls o f  frigate u p tak e  

silencers,,:!) have co n t in u e d  an d  those  for the  th rough  deck 
cruiser  have been  run  c o n c u r r e n t ly 15*. T h e  Insti tute fo r  S ound  
and  V ibra tion  Research  at S o u th a m p to n  Universi ty  has 
en ab led  the subject to be  a p p ro ac h ed  with s o m e th in g r n o r e  
than  pu re  em pir ic ism  a n d  N G T E 's  exper ience  in silencing 
aero  engines  is being re -e x a m in e d  to d e te rm in e  its a p p l i c a b i ­
lity to sh ip  installations.

E ngine H ealth  M onitoring
This  is be ing  in tro d u ced  into gas tu rb in e  sh ips on the 

lines e xp la ined  at the last A S M E  c o n fe re n ce ^ 1.

INTAKE AIR FILTRATION

Sa lt C onten t o f  the  M arine A tm osphere
It is c lear  tha t  to know w ha t  effectiveness is req u ired  o f  a 

filter to en ab le  it to p roduce  an  accep tab le  a ir  puri ty  at engine 
inlet,  the expected  salt con ten t  o f  the a ir  ou ts ide  shou ld  be 
know n. U n fo r tu n a te ly  this is c om plica ted  bv m an y  factors 
includ ing  height  above  sea level, hum id i ty ,  recent history o f  
the a ir  m ass  a n d  sea c o nd it ions  a n d  above  all by the wind 
velocity. To  ob ta in  a m ean in g fu l  set o f  d a ta  for a tm ospher ic  
salt  con ten t  a large sam p lin g  p ro g ram m e  is necessary.

Som e d a ta  were  p u b l ished  as early  as 1965 bv K a u fm an ,  
w h o  was ab le  to su p p le m e n t  them  two years later*91. His 
figures, in con junc t ion  with so m e  others ,  were  then taken by 
N G T E  an d  a table  was p ro d u c ed 01 which has been used by
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T\HI 1 1 — C urrent standard m arine aerosols
W ind

Velocity (knots) 20 30 40
Particle size

ranae  in microns % ppm % ppm % ppm
< 2 1-4 0 0 0 3 8 0-1 0 0 0 3 8 0-007 0-0038

2 to 4 4-6 0 0 1 2 2 0-6 0-0212 0-07 0-0377
4 to 6 10-9 0 0 2 8 6 3-9 0 1 4 0 4 I I 0-5585
6  to 8 13-8 0 0 3 6 4 8-5 0-3060 3-8 1-9

8 to 10 13-8 0 0 3 6 4 12-0 0-4320 7 3-5
10 to 13 15-G 0 0 4 1 6 18 0-6480 16 8-0

13 + 39-3 0-1040 56-9 2 0 4 8 6 72 36-0
T O T A L 100 0-2630 100 3-6 100 50

them  as a s ta n d ard  th ro u g h o u t  all their  testing since 1971. It is 
r e p ro d u ced  here  as Tab le  I an d  d is regards  anv  sh ip -genera ted  
spray. Its o r ig ina tors  did not c la im  that  it was necessarily 
right,  on ly  that  it was the  best su m m ary  o f  the  then  availab le  
ev idence ,  e rr ing  if  an y th in g  on the pessimistic  (i.e. saltv) side. 
Som e o f  the d a ta  in Tab le  I a re  show n g raph ical ly  in Fig. 5.

A dd i t iona l  d a ta  are now avai lab le  from a tw elve-m onth  
sam p lin g  p ro g ra m m e  carr ied  ou t  at th ree  ocean w ea th e r  
sta tions in the N orth  A tlan tic  to the west o f  the British Isles 
(Fig. 6 ). T h e  work  was carr ied  out by Lt. Cdr .  R. F. Lovett as 
a  M.Sc. project in associat ion  with H er io t -W at t  University.

P ig .  5 — Sail content of the m arine atm osphere  
X G T li  standard  figures

Fig. 7 p rovides a su m m a ry  o f  this new in form at ion ,  
p lo tted  in the  sa m e  form as the  N G T E  d a ta  in Fig. 5. It will 
be  seen that  the N. A tlan tic  total salt concen tra t ion  figures are 
m u ch  lower  than  those  in the  N G T E  survey and  that the 
g rad ien t  o f  the line d raw n  th rough  them  is less steep. T he  
figures for salt  in d rop le ts  up  to 4 m ic rons  in d ia m e te r  are 
also lower  for m uch  o f  the range,  bu t  the g rea te r  slope o f  
Lovett 's  curve  suggests tha t  at h igher  wind speeds the effect 
o f  small  d rop le ts  m ay  be g rea ter  than  was previously su p ­
posed. It is in teres ting  that  at w ind speeds be low  ab o u t  15 kn 
(8  m /s e c )  no spray  o r  aerosol salt is genera ted  and that  af te r  
ab o u t  12 hours  at this condit ion  the  a tm o sp h e r ic  salt con ten t  
falls to very low levels, which must, therefore ,  be the norm in 
m an y  parts  o f  the world.

D esp ite  the d i ffe rences  be tw een  Lovett 's  results  and 
those  o f  the N G T E  co m p i la t io n  o f  prev ious data ,  the two are

LOCATION OF < l //EATHFR STATIONS.

I i n .  6 - S o r th  A tla n tic  a tm ospheric sah  
sam pling trials I.neat ions

F I ( r . 7 — Salt cunt cm  of the  m arine atm osphere  — 
V A tla n tic  data, com pared w ith \ G T t .  standard
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not in serious conflict.  C erta in ly  the d e libe ra te ly  pessimistic 
f lavour  o f  the  earl ier  figures is b o rn e  out. bu t  most  clearly 
there  em e rg es  the  need  for m o re  da ta .  It will also be 
in te res t ing  to see a  full analysis a n d  in te rp re ta t ion  o f  Lovett’s 
m ate ria l .  W ork  short ly  to be  pub l ished '201 will also throw 
m o re  light on the subject.

D em ister Testing
T h e  dem iste rs  cu rren t ly  be ing  fi tted to P.oyal Navy  ships 

a re  o f  the  th ree  stage type11- ,:i) in which a first stage inertial 
s e p a ra to r  (to rem ove  coarse  spray  and  free water)  is followed 
by a second  stage o f  felted fibre which  coalesces very small  
particles into d rop le ts  large enough  to be  s topped  by the final

F lo .  8 — Olympus three stage demisiers, 
comprising eight standard units

inertial vane  se p a ra to r  (Fig. 8). T he  A m e r ic an  N a v y  view is 
tha t  the first stage is u nnecessa ry  if the  in tak e  is in an 
a d eq u a te ly  p ro tec ted  loca tion181. N e i th e r  navy  is q u i te  sure, 
the a u thors  believe,  and  the  Royal N av y  is d e l ib e ra te ly  
playing safe.

T h e  presen t  th ree-stage  system was se lec ted  as a result o f  
rig testing at N G T E  a n d  sim ifar  testing still c o n t in u e s  so as to 
assess the p e r fo rm a n ce  o f  the various “ im p r o v e d ” versions 
put fo rw ard  by d if fe ren t  m an u fac tu re rs .  T h e  rig itself, 
toge the r  with the test p ro ced u re s  a n d  m e th o d s  o f  analysis, 
were dev e lo p ed  by the N aval  M ar ine  W ing  o f  N G T E .  T h ey  
have been  described  at length in a p a p e r " 1, ba sed  on 
u n p u b l ish ed  work by C u t la n d  an d  Boulton . T h e  following 
account  d raw s heavily  u p o n  it.

The  rig (Fig. 9) has been  des igned  so tha t  a ir  o f  
con tro l led  t e m p e ra tu re  and  hum id i ty ,  f lowing at selected 
velocities can  be exposed  to va r iab le  a m o u n ts  o f  w a te r  
load ing  in which there  is so m e  l imited  m ea su re  o f  con tro l  
over  the input  particle  size. T h e  salt co n ce n tra t io n  and  
particle  size d is t r ibu t ion  can be m ea su re d  bo th  u p s t re am  a n d  
d o w n s tre am  o f  the fi lter be ing  tested.

Fici. 10 — Total water handling capability o f  a filler 
lair /low is measured in lures per sec per 

metre o f  drain i rough length)

Conical Fine
intake Humidity aero so/ 

spray

H eavy
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Filters on test are rou tine ly  subjected  to fou r  different  
tria ls to m easure :

1) pressure  d rop :
2 ) w a te r  han d lin g  ability:
3) filter effectiveness u n d e r  coarse  sprav:
4) filter effectiveness u n d e r  tvpicaf l ine  particle 

condit ions.

T h e  w a te r  han d lin g  tests serve to give a b road  indication 
o f  the f i lter’s abili ty to w iths tand  the o ve r load ing  by sprav 
an d  w a te r  to which it m ay  be exposed  in heavv seas. No 
a t tem p t  is m ad e  to assess the  filter 's  efficiency num erica l ly  
u n d e r  these  condit ions:  the  c riterion  is the point  at which 
w a te r  b re ak th ro u g h  occurs  suffic iently  fo r  visible spray  to 
ap p e a r  d o w n s tre am  o f  the  filter.  Each lest o f  the  series 
d e te rm in e s  at w hat  a ir  velocity the  b reak th r i  j g h  occurs for a 
given w a te r  loading. Fig. 10 show s a typical plot o f  results.

T he  tests o f  effectiveness u n d e r  coarse  spray  are designed 
to m ea su re  the effic iency o f  the  filter w hen  exposed  to a 
c o n t in u o u s  w a te r  spray  such as the  “ p re -w et t in g "  used in 
w arsh ips  to rinse aw ay  rad ioac t ive  fall-out.  T he  test is m ore  
precise than  th a t  for w a te r  h an d lin g  capabil i ty  bu t  does not 
have all the  re f inem en ts  o f  the fine particle  trial. M e a su re ­
m en ts  at the sam p lin g  po in ts  d o w n s tre am  o f  the filter, using 
Case lla  C ascad e  Im pac to rs  an d  M illipore  Filters, en ab le  a 
plot to be m a d e  o f  salt c o n cen tra t io n  (p p m  by weight  in air) 
at each particle  size b a n d  for a series o f  a ir  velocities. Such a 
plot is show n in Fig. 1 I for a typical filter. It is n o tab le  that  
the salt c oncen tra t ions  passing the filter u n d e r  the  verv severe 
condit ions,  though  far in excess o f  the  s ta tu to ry  0  01 pp m  for 
no rm al  condit ions,  a re  with in  o n e  o rd e r  o f  d ifference.

Particle size, fim

I k .  . I 1 — Filler effectiveness under coarse sprav

T h e  filter effectiveness u n d e r  the  cond it ions  norm ally  
met with at sea. w hen  all the  a tm o sp h e r ic  salt is in the form o f  
relatively small  particles,  has p ro b a b ly  the greatest  influence 
on the life o f  the eng ine  an d  it is for this reason that the 
m e th o d s  used for assessing it a re  the most com prehens ive .  
T h e  salt d rop le ts  a re  in tro d u ced  into the  a ir  stream solely 
from the aerosol spray  a tom izer .  Salt co ncen tra t ion  and  
particle  size are m easu red  both u ps t ream  a n d  dow ns tream  o f  
the filter. T he  total mass o f  salt  collected  by the m ill ipore  
filter and  the particle  size d is t r ibu t ion  ind ica ted  by the  stages 
o f  the im p a c to r  p e rm i t  the cu m u la t iv e  pe rcen tage  d is tr ibution  
by m ass to be calcu la ted .  Plots such as that  in Fig. 12 are then 
m a d e  for  each a ir  velocity. F rom  these are der ived  the 
pe rcen tag e  co n tr ib u t io n  bv each o f  seven particle  size bands. 
T hese  c on tr ibu t ions ,  toge the r  with the  total m ean  c o n ce n tra ­

tions a l read y  o b ta in ed ,  give the c o n cen tra t io n  (in p p m )  for 
each size b and ,  both before  a n d  a f te r  the filter.  F ro m  these 
the Penetra tion  is c alcu la ted  for each size b a n d .  Pene tra t ion  
( =  I — efficiency) be ing  def ined  as

d o w n s tre am  concen tra t ion  
ups tream  concen tra t ion

By plotting the ind iv idual  p en e t ra t io n s  for each size 
b and  against input  co n cen tra t io n s  a n d  then  referring  to the 
s ta n d ard  m ar in e  a tm o sp h e re  con ten t  in T ab le  I (o r  w ha teve r  
m ay  u l t im a te ly  su p e rsed e  it) it is poss ib le  to calcu la te  the 
p red ic ted  q u a n t i ty  o f  salt (in p p m )  that  the filter w ou ld  pass 
u n d e r  the  cond it ions  expec ted  at var ious wind speeds  at sea 
(Fig. 13). By c o m p a r in g  these  p red ic t io n s  with the acceptable  
limit o f  0  01 pp m .  the su itabi l i ty  o f  the fi lter for n o rm al  ship 
use can be assessed.

f l G .  12 — Sm all particle  d istribution for an air velocity of
() m/s

F i g .  13 —Predicted throughputs of salt for a filler, com pared  
with the acceptable lim it of <)■()/ ppm
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As all the filters tested at N G T E  are o f  com m erc ia l  
origin it is not possible to d ivulge anv o f  the  actual results. 
Recent  trials have  been on som e  “c o m p a c t"  units  in which 
the space  previously  considered  necessary be tw een  the first 
and  second stages is om it ted ,  thus giving a sm alle r  th ree  stage 
system. Fu tu re  work  is p lan n ed  to tackle the quest ion  o f  icing 
up. and  also the p ro b lem  o f  dry  salt a ccum ula t ion  in filters 
u n d e r  c ondit ions  o f  a b n o rm a l ly  low hum idity .

Sea E xperience with D emisiers
Building t im es for ships have been such that  there  as vet 

has been no exper ience  at sea  with the  three  stage demisters.  
It has. there fo re ,  not been possible to c o m p a re  the condit ion  
o f  engines in these installations with the ear l ie r  ones  which 
w ere  p ro tec ted  only  by the less effective c o m b in a t io n  o f  an 
inertial first stage fo l low ed by p o lypropy lene  mesh, where  
salt deposi ts  have occurred  on the vanes  o f  the  in take  cascade 
bend.

C om pressor W ashing Intervals
T h e  presence  o f  salt  deposits  in the com pressors  has two 

effects.  Firstly,  by affec ting  its. ae ro d y n am ics  it changes the 
eng ine  p e r fo rm a n ce  a n d  reduces its o u tp u t :  this is at least 
par tly  a te m p o ra ry  condit ion  in that su b seq u en t  wash ing  w ill 
restore most  if  not all o f  the lost power.  Secondly, though ,  a 
heavy salt d eposi t  will shed  f ragm en ts  which then pass fu r ther  
d o w n  the eng ine  a n d  im pac t  on the hot surface  o f  the tu rb ine  
b lades  w here  they will init iate corros ion’" 1. W ater  washing 
can p reven t  the  b u i ld -u p  o f  salt to d e tach ab le  and  hence 
d a m a g in g  levels a n d  the p ro b lem  is to find the right 
c o m p ro m ise  be tw een  too  frequen t  washing, which in te rrup ts  
the  ship 's  o p e ra t io n  unnecessarily ,  and  not wash ing  often 
enough ,  with a co n seq u en t  p e rm a n e n t  reduction  in engine 
life and  pe rfo rm ance .

Tria ls  a re  be ing  u n d e r ta k en  to m easu re  the  salt co n ce n tra ­
tion that  com p resso rs  d ischarge,  with d ifferen t  washing 
intervals, in o rd e r  to:

i) fu r th e r  u n d e rs tan d  the  m echan ism  o f  hot corrosion 
bv salt:

ii) o p t im ize  the  wash ing  interval in service.

LOGISTIC SUPPORT

T h e  logistic  su p p o r t  o f  gas tu rb ine  w arsh ips  is the subject 
o f  a separa te  p a p e r " 91. Perhaps  the most interesting aspect, 
though  not necessarily  the  most im por tan t ,  is the fact that the 
O ly m p u s  gas g e n era to rs  used by th ree  E uropean  navies are 
now  held  in c o m m o n  o w nersh ip  by all th ree  and  a llocated 
im part ia lly  be tw een  all the ships concerned .
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