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East Germ an Train  Ferry
T h e  E a s t G e rm a n  R ep u b lic  h as p u t  in to  service its  firs t 

c o n tr ib u tio n  to  th e  fleet o f t r a in  fe rries w h ic h  p ro v id e  sea 
co n n ex io n s betw een  th e  ra il n e tw o rk s o f  th e  c o u n tr ie s  b o rd e r
in g  th e  B altic . T h is  vessel, th e  Sassnitz, is n ow  engaged  o n  
th e  S a ssn itz -T re lle b o rg  c ro ssin g  w h ic h  co n n ec ts  E as t G e rm an y  
a n d  Sw eden. A  new  Sw ed ish  vessel fo r  th is  service, the  
Trelleborg, en te red  service la s t year. T h e  Sassnitz is a  tw in -  
screw  m o to rsh ip , a n d  has been b u ilt  a t  R o sto ck  by th e  V E B  
S ch iffsw erft “ N e p tu n ” . In  h e r size a n d  lead in g  p a rticu la rs  
she  is genera lly  sim ila r to  th e  Trelleborg, de ta ils  o f th e  tw o  
sh ip s b e in g  as fo l lo w s :

Sassnitz T  relleborg
450ft. Oin. 452ft. 5in.

61ft. 8in. 61ft. 8in.
17ft. 8in. 17ft. 5in.

7 ,000 to n s  7,000 to n s
9 ,600 b .h .p . 10,000 b .h .p .

18 k n o ts  19 k n o ts
Vessels o n  th is  ro u te  have fo u r  ra il track s, all p assin g  separa tely  
over a w id e  s te rn  to  th e  sh o re  te rm in als . T h e y  m u s t  th u s  
a lw ays do ck  s te rn  firs t, a n d  b o th  th e  Sassnitz a n d  Trelleborg 
have a fte r  d o ck in g  b rid g es a n d  b ow  ru d d e rs . T h e  bow s are 
in  each case o f iceb reak ing  ty pe, w ith  th e  bow  ru d d e r  set in  a 
fo rw ard  fin. T h e  Trelleborg is eq u ip p ed  w ith  a K a M e W a  bow  
p ropeller. T h e  Sassnitz  has an  a rra n g e m e n t o f  G e rm an  o r ig in , 
w h ich  w as developed b y  D r . In g . F . G u tsc h e , o f B erlin . T h e  
p rin c ip le  o n  w h ic h  th e  G u tsc h e  p ro p e lle r  w orks can  best be 
u n d e rs to o d  by  reference to  th e  acc o m p a n y in g  d iag ram . T h e  
p ro p e lle r  has its axis vertica l, a n d  operates in  a  vertica l tu n n e l 
o n  th e  cen tre  line  o f th e  ship . W a te r  en te rs  th e  low er e n d  o f 
th is  tu n n e l by  m eans of tw o  re c tan g u la r  o p en in g s to  p o r t  a n d  
s ta rb o a rd , a n d  is d isch arg ed  to  one side  o r  o th e r th ro u g h  one 
o r  o th e r  o f a second  p a ir  o f o p en in g s  a rra n g e d  to  p o r t  an d

L en g th  o.a. . ..  
B read th  o.a. . . .  
D ra u g h t  
D isp lacem en t 
M a c h in e ry  o u tp u t  
Service  speed

sta rb o a rd  im m ed ia te ly  above th e  in le ts. C o n tro l o f th e  p ro 
p u ls io n  jet is effected by  d irec tin g  i t  to  p o r t  o r  s ta rb o a rd , o r  
eq u ally  to  b o th  sides, by  m ean s o f a h a lf  cy lin d e r w h ich  
ro ta tes  in s id e  th e  v e rtica l tu n n e l a n d  b locks o n e  o r  o th e r  ou tle t. 
T h e  m a n n e r  in  w h ic h  it  operates is m ad e  c lear f ro m  th e  
d iag ram . I t  w ill be ap p rec ia ted  th a t  as w a te r  is d ra w n  eq u ally  
fro m  b o th  sides o f  th e  sh ip , som e p ro p u ls iv e  efficiency is lo st 
as co m p ared  w ith  th e  m o re  co n v en tio n a l system s su c h  as th e  
V o ith -S c h n e id e r, K a M e W a , P le u g er o r  Ja s tra m  designs.— The 
Shipping W orld, 2nd Septem ber 1959; Vol. 141, pp. 123-124.

Diagram showing the layout of the “ G utsche” bow propeller in 
the S assn itz , w ith, on the right, the various positions of the 

control cylinder
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Rotary Regenerative A i r  Preheater
C u rre n t  m a rin e  in te res t in  w aste  h eat recovery  as a m eans 

to  im p ro v ed  o p e ra tin g  econom ics is  fo cu sin g  a tte n tio n  o n  th e  
ro ta ry  regenerative  a ir  p rehea ter. T h e  basic  o p e ra tin g  p r in c i
p le  o f  ro ta ry  regenerative  a ir  p reh ea te r is c o n tin u o u s  c o u n te r 
flow  h eat exchange  betw een  flue  gas a n d  c o m b u s tio n  a ir  fo r  a 
re d u c tio n  in  fuel co s t a n d  a n  increase  in  bo ile r efficiency. A 
h e a tin g  su rface  o f m a n y  th in  m eta l sheets packed  in  a  revo lv 
in g  ro to r  c o n tin u o u s ly  abso rbs heat f ro m  flue gases a n d  
s im u ltan eo u s ly  releases i t  to  co m b u s tio n  a ir. T h e  h eat ex
ch an g e  is m ad e  as b o th  flu id s pass ax ially  a lo n g  separa te  p a th s  
th ro u g h  th e  ro to r. T h e  ro to r  w h ich  revolves a t ab o u t 3 r.p .m . 
is enclosed  in  a gas t ig h t  h o u s in g ; a ir  a n d  flue  gas d u c t 
conn ex io n s are  m ad e  a t  each  e n d  o f  th e  h o usings. T h e  ro ta ry  
regenerative  a ir  p reh ea te r has a  m o re  th a n  35-year h is to ry  in  
s ta tio n a ry  in s ta lla tio n s , w here i t  has  developed a h ig h  level o f

Boiler w ith rotary regenerative air preheater in Barrett 
class transports

p e rfo rm an ce , re liab ility  a n d  availab ility . I n  m arin e  p rac tice , 
these th ree  fac to rs  are o f m o re  th a n  o rd in a ry  im p o rtan ce . 
D esig n  a n d  o p e ra tin g  featu res described  are  app licab le  to  all 
ro ta ry  regenerative  a ir  p reh ea te rs. T h e y  are  desc rip tiv e  o f the  
a ir  p reh ea te rs in  th e  Barrett, U pshur, Geiger a n d  th e  Com et 
a n d  th e  a ir  p reh ea te rs  w h ich  soon  w ill be in sta lled  in  tw o  cargo  
sh ip s o f th e  A m erican  P re s id e n t L in es  a n d  in  tan k e rs  of 
S ta n d a rd  O il C o m p an y  of C a lifo rn ia . I n  a d d itio n  to  p ro 
v id in g  a n  en o rm o u s a m o u n t o f  h e a tin g  su rface  in  a  m in im u m  
o f vo lu m e, th e  ro ta ry  regenerative  p re h ea te r  design  p e rm its  
flex ib ility  in  th e  n u m b er  o f  layers, d e p th  o f su rface , m ate ria ls  
o f fa b rica tio n  a n d  fo rm s of c o rru g a tio n . U n lim ite d  c o m b in a 
tio n s  are  possib le to  m ee t an y  k n o w n  c o n d itio n s . A  ro ta ry  
regenerative  a ir  p reh ea te r occupies a b o u t o n e - th ird  o f  the  
vo lu m e of a tu b u la r  ty p e  u n it  o f th e  sam e cap ac ity  a n d  p e r
fo rm an ce. W ith  su ch  a m ark e d  d ifference in  v o lu m e, i t  is 
n a tu ra l to  expect a  c o rre sp o n d in g  re d u c tio n  in  w eigh t. D e 
p e n d in g  o n  th e  size o f u n i t  u n d e r  co n sid e ra tio n , th e  sav in g  in  
w e ig h t w ith  a ro ta ry  regenerative  a ir  p reh ea te r  can  a m o u n t to  
as m u c h  as 15,0001b. p e r  u n it .— J. W aitkus, M arine News, 
September 1959; Vol. 46, pp. 22-23; p. 68.

Liquid  Fuel and the Gas Turb ine: A  Ten-year Review
In  m a n y  in d u s tr ia l  a n d  m arin e  a p p lic a tio n s  th e  gas tu rb in e  

m u s t r u n  o n  resid u al g rades o f  fuel o il if  i t  is to  com pete  
econom ica lly  w ith  o th e r types o f  p rim e  m o v er. T h e  co m b u s
tio n  of resid u al fuels is fa ir ly  read ily  ach ieved  by  co n v en tio n a l 
m e th o d s, b u t  d ifficu lty  a rises f ro m  fo u lin g  a n d  co rro s io n  of 
th e  tu rb in e  b y  in o rg a n ic  su bstances p re sen t in  su c h  fue ls , th e  
m o st tro u b leso m e e lem ents b e in g  v a n a d iu m  a n d  sod iu m . T h is  
p ro b lem  has been tack led  a lo n g  th ree  m a in  lines, nam ely , 
co m b u s tio n  co n tro l, tu rb in e  c lean in g , a n d  th e  use o f add itives. 
N o n e  of these m eth o d s  has p ro v id ed  a u n iv ersa l so lu tio n , b u t  
i t  is believed th a t  a c o m b in a tio n  o f o n e  o r  m o re  o f th em  co u ld  
be successfu l in  m o st in stan ces , especially  w here  a  su itab le  
design  of tu rb in e  h as  been a d o p te d  in  th e  f irs t in stance. R. F. 
Darling, Journal of the Institu te of Fuel, October 1959; Vol. 
32, pp. 475-484.

Heat Transfer and D raught Loss in Tube Banks of Shell Boilers
T h e  accu racy  of estab lished  d im ension less e q u a tio n s  de

fin in g  th e  h eat tra n s fe r  b y  fo rced  co n v ec tio n  fro m  h o t gases 
flo w in g  th ro u g h  w a te r cooled  tu b es has been  investiga ted . A 
s team in g  in d u s tr ia l  b o ile r w as used  to  d e te rm in e  th e  fac to rs  
invo lved  in  these e q u a tio n s  fo r  th e  p a r tic u la r  co n d itio n s  o c c u rr 
in g  in  th e  tu b e  ban k s o f tu b u la r  shell boilers. T h e  effects o f 
sw irl velocities su p e rim p o sed  o n  th e  n o rm a l tu rb u le n t  flow  
p a tte rn  a re  also d iscussed , a n d  th e  ex p erim en ts  u s in g  p ro m o te rs  
o f su ch  sw irl velocities w ith in  th e  tu b es are  described. 
M e th o d s  o f c o m p u tin g  th e  d ra u g h t  loss in  tu b e  b an k s have 
also been  verified exp erim en ta lly , a n d  design  cu rves a n d  n o m o 
g ram s are given w h ich  enab le  tu b e  b anks to  be designed  w ith 
o u t  lab o rio u s calcu la tio n s.— D . J. I. Roderick, M . V. M urray, 
and A. G. Wall, Journal of the Institu te of Fuel, October 
1959; Vol 32, pp. 450-453.

Injection Equ ipm ent fo r Residual Fuels

T h e  a u th o r  sta tes th a t  th e  successfu l o p e ra tio n  o f h igh  
p e rfo rm an ce  m ed iu m  a n d  low  speed D iesel eng ines o n  residual 
fue ls (su ch  as B u n k e r C ) has been m ad e  possib le  by  h ea tin g  
a n d  c e n tr ifu g in g  th e  fuel a n d  b y  m o d ify in g  th e  in jec tio n  
eq u ip m en t. A fte r  rev iew ing  th e  ch ara c te ris tic s  o f re sid u al an d  
o th e r fuel oils, th e  a u th o r  b riefly  describes c u rre n t  p rac tice  in  
cen trifu g in g , filte rin g , a n d  h e a tin g  B u n k e r C  oil so th a t  i t  is 
delivered  in  a su itab le  c o n d itio n  to  th e  in jec tio n  e q u ip m en t. 
T h e  use  o f lig h t fuel oils fo r  s ta r tin g  a n d  s to p p in g  (a n d  fo r 
id lin g  a n d  o p e ra tin g  a t low  lo ads, in  th e  case o f  lo com otive  
engines) is m en tio n ed . C a rb o n  fo rm a tio n  o n  nozzles , a n d  its 
causes a n d  effects, are b riefly  d iscussed . T h e  h ig h er in jec tion  
p ressu res generally  u sed  w ith  re sid u al fue ls m a y  lead  to  rap id  
erosion  o f c e rta in  in jec tio n  system  c o m p o n e n ts , especially  if  
th ere  is an y  fo re ig n  m a tte r  in  th e  fuel. In c reased  clearances 
m ay  som etim es be necessary. W here  a  ch an g e  is m ade  to  
resid u al oils in  eng ines designed  to  ru n  o n  o th e r  fuel oils, the
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c o m p le te  in jec tio n  system  sh o u ld  be review ed. B asically , th e  
in jec tio n  eq u ip m e n t fo r  resid u al fue ls is th e  sam e as th a t  fo r 
l ig h t  fue ls , b u t  th e  a u th o r  d iscusses som e deta il im p ro v em en ts  
in  in jec tio n  p u m p s  a n d  nozzles to  m eet th e  m o re  s tr in g en t 
re q u irem en ts  o f  th e  resid u al fuels. Im p ro v e d  p u m p  featu res 
in c lu d e  s tro n g e r  c o m p o n en ts  to  w ith s ta n d  th e  h ig h er p ressures, 
e lim in a tio n  o f gaskets, b o tto m  sea tin g  de livery  valves w ith  re
d u ced  d ead  fuel vo lum e, h a rd en e d  baffle r in g s  w h ic h  are free 
to  tu r n ,  a n d  p lu n g e rs  w ith  o p p o site  helices. A d eq u ate  nozzle  
co o lin g  sh o u ld  p rev en t s tu ck  valves a n d  c a rb o n  accu m u la tio n s  
o n  th e  nozzle tip s , a lth o u g h  it is q u estio n ab le  w h e th er d irec t 
nozzle  coo lin g  is alw ays a n  advan tage . T o o  large  a  vo lu m e in  
th e  sac hole betw een  th e  nozzle  valve seat a n d  orifices is an  
a d d itio n a l cause of c a rb o n  fo rm atio n . E xam p les o f  im p ro v ed  
p u m p s  a n d  nozzles a re  sh o w n  d iag ram m atica lly .— Paper by 
P. G. Burman, read at the A S M E  Sem i-A nnual M eeting; 
Paper No. 59-SA -56. Journal, The British Shipbuilding Re
search Association, A ugust 1959; Vol. 14, Abstract N o. 15,644.

Bolt Fracture by M e rcu ry  Penetration
T h e  a u th o r  describes a n  in v es tig a tio n  in to  ce rta in  frac tu res  

w h ic h  o c cu rre d  in  th e  th rea d ed  sec tions o f b o lts  fab rica ted  
fro m  a n  a u s ten itic  steel ( 0 4  p e r  cen t C , 18 p e r  cen t M n , 3 pe r 
cen t C r). T h e  service tem p e ra tu re  w as ab o u t 140 deg. F . 
T h e  f ra c tu re  su rface  d iffered  co n sid erab ly  fro m  th a t  o f  an  
o rd in a ry  fa tig u e  fa ilu re . A lth o u g h  fine g ra in ed , i t  w as ro u g h ly  
he lico ida l a n d  very  u n ev en , revea ling  in te rn a l fissures. T h e  
la t te r  b ran ch ed  ir reg u la rly  a n d  w ere in te rcry s ta llin e . S ince 
th e  c o m p o s itio n  a n d  m ech an ica l p ro p e rtie s  o f th e  m ate ria l 
co n fo rm ed  to  th e  specification , it w as su spec ted  th a t  th e  frac 
tu re s  w ere d u e  to  w eaken ing  of th e  g ra in  b o u n d a rie s  by  pene
tra t io n  o f m e rc u ry  fro m  th e  grease used . T h is  grease, k n o w n  
as “b lue  salve” , co n ta in s  m eta llic  m e rc u ry  d ispersed  in  m in u te  
globules. T o  co n firm  th e  th eo ry , v a rio u s lab o ra to ry  tests w ere 
c a rried  o u t. Som e ten sile -te st specim ens w ere fa b rica ted  w ith  
a c en tra l th read ed  p o r tio n  a n d  sub jected  to  c o n s ta n t loads a t 
ro o m  tem p era tu re . I f  th e  cen tra l p a r t  w as su rro u n d e d  b y  a 
m e rc u ry  b a th , fa ilu re  o c cu rre d  a f te r  less th a n  a d a y  a t  lo ad s 
ju s t below  th e  e lastic  lim it. T h e  fra c tu re  su rfaces resem bled 
those  o f th e  service fa ilu res . W ith  b lu e  salve itself, th e  tes t 
b a r  w as still in ta c t  a f te r  280 h o u rs ;  i t  is c o n c lu d ed  th a t  good  
m eta llic  c o n ta c t is a p re re q u is ite  fo r  p e n e tra tio n . A t th e  
service te m p e ra tu re  th is  c o n d itio n  w o u ld  be satisfied, because 
th e  m e rc u ry  in  th e  grease co n g lo m era tes  in to  re la tive ly  large  
bodies o f l iq u id . S im ila r  tests o n  a  refined (n o n -au s ten itic )  
C r -N i-M o  steel gave frac tu re s  a f te r  300 to  700 h o u rs  a t lo ad s 
above y ie ld  p o in t. T h e  fissures r a n  a lo n g  th e  g ra in  b o u n d a rie s  
o f th e  o rig in a l au s ten ite  c rysta ls. I t  th e re fo re  ap p ears  th a t  
steels w ith  a n  au sten itic  c ry sta l p a tte rn  a re  m o re  suscep tib le  to  
p e n e tra tio n  th a n  fe rr itic  steels; i t  is possib le  th a t  a llo y in g  also 
increases th e  su scep tib ility . I n  view  of th is  p h en o m en o n , a n d  
th e  p o iso n o u s n a tu re  o f m ercu ry , i t  is reco m m en d ed  th a t  
m ercu ria l greases sh o u ld  be d isp en sed  w ith  en tire ly .— A. J. 
Goedkoop, Schip en W erf, 10th July 1959; Vol. 26, pp. 432- 
435. Journal, The British Shipbuilding Research Association, 
August 1959; Vol. 14, A bstract N o. 15,660.

Com pute rs fo r Steam Flow  and Heat Balance Com puta tions
A u to m a tic  c o m p u tin g  m ach in es a re  n o w  im p o r ta n t  too ls 

o f  th e  d esig n er in  m ak in g  ra p id  ca lcu la tio n s, s to r in g  a n d  
a cc u m u la tin g  d a ta , e x tra p o la tin g , a n d  o therw ise  assis tin g  in  
m o re  th o ro u g h  steam  flow  a n d  h eat ba lan ce  ca lcu la tio n s  a n d  
studies. Besides b e in g  g re a t tim e  savers, th e  co m p u te rs  p ro 
vide a b e tte r, safer, a n d  less expensive  m e th o d  fo r  th e  designers. 
A m o n g  th e  item s su itab le  fo r  su ch  ca lcu la tio n  a n d  in v es ti
g a tio n  are  h ea t ba lances fo r  v a ria tio n s  in  sh ip ’s speed, fo r 
m o re  th a n  one  ty p e  o f cycle  (su ch  as bleed, n o n -b leed , a n d  
reh ea tin g ), a n d  fo r  a  g iven  cycle a n d  d iffe ren t m ach in ery  
co m b in a tio n s  (su ch  as steam  versus e lectric  d riv en  auxiliaries). 
T h e  c o m p u te r se t-u p  to  be u sed  in  su c h  ca lcu la tio n s m u s t be 
v e rsatile  e n o u g h  to  p e rm it p a ram ete r v a ria tio n s  as w ell as to  
p e rfo rm  th e  necessary  c a lcu la tio n s  a n d  b a lan c in g . T h e  assim i
la tio n  o f  d a ta , su c h  as cu rves o f o p e ra tio n  a n d  ran g e  o f sizes

o f th e  v a rio u s  c o m p o n e n t p a r ts  o f  th e  system , is itself a 
fo rm id ab le  ta sk  in v o lv in g  a ssu m p tio n s  as w ell as th o ro u g h  
in v es tig a tio n  o f th e  m a n y  p ieces o f  e q u ip m e n t in  th e  system . 
T h is  w o rk  m u s t be do n e  fo r  th e  m o st p a r t  w ith o u t  th e  a id  o f 
au to m a tic  e q u ip m e n t. A  c o m p u te r  c an  be u sed  to  sto re  a n d  
acc u m u la te  d a ta  fo r  use  in  h eat b a la n c in g  m a n y  sh ips. A 
c o m p u te r  c an  also  serve to  assist in  e x tra p o la tin g  these d a ta  
fo r  fu tu re  designs. A n  a u to m a tic  c o m p u tin g  device can  be 
used  effectively to  m ake th e  a c tu a l c a lcu la tio n s w hile  v a ry in g  
th e  a p p ro p ria te  p a ram ete rs , lim its , a n d  co n d itio n s . T h e  
c o m p u te r  saves m a n y  m a n -d a y s  o f ted io u s, tim e  c o n su m in g  
calcu la tio n s, a n d  th e  d esig n  w ill be  b e tte r, sa fer, a n d  less ex
pensive. T h e  m a n y  m o re  ra p id  c a lcu la tio n s  th u s  available to  
th e  d esigner w ill enab le  h im  to  in v estig a te  h is desig n  m o re  
th o ro u g h ly  a n d  d e te rm in e  m o re  a ccu ra te ly  th e  o p e ra tin g  c o n 
d itio n s  o f th e  system . A lth o u g h  a c o m p u te r  can  in  no  sense 
design  a system , i t  c an  be u sed  to  o p tim ize  th e  design  by  in 
v es tig a tin g  th e  re su lts  o f th e  v a ry in g  p a ram ete rs  o f th a t  
system . T h e  experienced  designer can  th u s  p re d ic t th e  p e r
fo rm an c e  of h is design  before  i t  is b u ilt. C o m p u te r  re su lts  
c an  a lso  be used  to  ch an g e  a n  e x is tin g  design , a n d  th e  new  
desig n  m ay  a g a in  be investiga ted . I n  th is  w ay  th e  c o m p u te r 
becom es a p o w erfu l to o l fo r  th e  d esig n er.— Bureau of Ships  
Journal, Septem ber 1959; Vol. 8, p. 39.

H yd ro fo il Seacraft

G ru m m a n  A irc ra f t  a n d  its  affiliate, D y n a m ic  D ev elo p 
m e n t In c .,  have s tu d ied  th e  feasib ility  a n d  desig n  o f h y d ro fo il 
seacra ft fo r  fa s t p assenger a n d  carg o  tra n s p o r t.  T h e y  fo u n d  
th a t  su c h  c ra f t  c an  c a rry  p ay lo ad s 10-60  p e r c e n t o f  th e ir  g ross 
w e igh t, o p erate  a t  g re a te r  speeds th a n  fa s t  d isp lacem en t vessels, 
a n d  have accep tab le  p assen g er c o m fo rt in  ro u g h  seas. T h e y  
w ill have a n  8 0 -to n  vehicle read y  fo r te s t  in  m id -1 9 6 0 ; are 
also d es ig n in g  a ch em ica lly  fu e lled  p ro to ty p e  c ra f t ;  a n d  p lan  
to  s ta r t  a  h y d ro fo il b o a t b y  1966. T h e  d esig n  a n d  c o n s tru c 
tio n  o f h y d ro fo il c ra f t  m u s t  fo llo w  a irc ra f t  tech n iq u es because 
h ig h  s tre n g th -w e ig h t ra tio s  a re  req u ired . D esig n  p a ram ete rs  
s tu d ied  in c lu d e  speed (50 -200  k n o ts), d isp lacem en t (100-3 ,000  
to n s), ran g e  (400-3 ,600  m iles), fo il, p o w er p la n t, a n d  p ropeller. 
T w o  basic types o f h y d ro fo il c ro ss sec tions— su b c a v ita tin g  a n d  
su p e rca v ita tin g — w ere ex tensively  inv estig a ted . B est p e r fo r
m an ce  re su lted  f ro m  u s in g  su b c a v ita tin g  sec tions a t  lo w  speeds 
(below  70 k n o ts), a n d  su p e rca v ita tin g  sec tions a t  h ig h er speeds. 
I t  w as d e te rm in ed  b y  a su rv ey  th a t  90 p e r  cen t o f  th e  tim e  
w ave h e ig h ts  a re  20 ft. o r  less in  th e  A tla n tic  O cean . S o , th e  
2 0 -ft. w ave w as ch o sen  as th e  sea s ta te  in  w h ic h  th e  c ra f t  
sh o u ld  o p era te  w h ile  fo il-b o rn e  w ith o u t  h u ll w ave im p ac t. 
B asic desig n  c o n s id e ra tio n s  w ere d isp lacem en t o p e ra tio n , a n d  
fo il-b o rn e  o p e ra tio n  w ith  a n d  w ith o u t  w ave im p ac t. I t  w as 
fo u n d  th a t  th e  lo w  speed d isp lacem en t c o n d itio n , a p p ly in g  
c o n v en tio n a l m a rin e  h u ll loads, w as n o t  c ritica l fo r  th e  
s tru c tu re . T h e  fo il-b o rn e  c o n d itio n  w ith o u t w ave im p a c t—  
w h ich  is th e  n o rm a l o p e ra tin g  c o n d itio n — ap p lies  th e  m ax i
m u m  lo ad s to  th e  fo ils , s tru ts , a n d  a tta c h m e n t s tru c tu re . 
B ecause th e  c o n d itio n  o f  fo il-b o rn e  o p e ra tio n  w ith  h u ll w ave 
im p a c t resem bles a seap lane la n d in g  in  ro u g h  w a te r, N av y  
seaplane h u ll desig n  specs w ere  used . T h is  m e th o d  p e rm its  
local h u ll b o tto m  p re ssu re  to  be d e te rm in ed  fro m  co n sid e ra 
tio n  o f h u ll speed a n d  b o tto m  shape, th e  p o in t  o f  im p a c t, a n d  
m ass effects. U s in g  these  p ro ced u re s , th e  h u ll w e ig h t p e rce n 
tage w as fo u n d  to  average 15 p e r  c en t, decreas in g  o n ly  
s lig h tly  w ith  in c reas in g  g ro ss w eigh t. T h is  figu re  is co n sis
te n t  w ith  th a t  fo r  seap lane h u lls  a n d  lig h t  a llo y  d isp lacem en t 
sh ip s. T h e  best m ate ria l fo r  th e  s tru c tu re  is w eldab le  a lu 
m in iu m  alloy . T h e  n u c le a r  p o w er p la n t— w ith  re la tiv e ly  h ig h  
specific w e ig h t b u t  neg lig ib le  fu e l c o n su m p tio n — is su itab le  fo r  
h y d ro fo il c ra f t  a t ex trem e ranges. F o r  ran g es over 3 ,000 m iles, 
a c losed  cycle, gas coo led  p la n t ,  m o u n te d  in  a n  u n d e rw a te r
p o d , is w o r th y  o f  d e v e lo p m e n t..........  S u c h  a p la n t  c o u ld  be
available w ith in  te n  years. T h e  gas tu rb in e — w hile  a la rg e r  
w e ig h t f ra c tio n  th a n  th e  D iesel— p ro v id es h ig h e r p ro d u c tiv ity  
a t  sh o r t  ranges. C ho ice  o f p ro p u ls iv e  devices w as n a rro w ed  to  
w a te r o r  a ir  p rope llers . I n  m o s t cases, th e  w a te r  p ro p e lle rs
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w ere su p e rca v ita tin g  because o f th e ir  su p e rio r p e rfo rm an ce  
over su b c a v ita tin g  p ro p e lle rs  a t  th e  c ra f t speed involved. 
H ow ever, a ir  p ro p e lle rs  are best su ited  to  h ig h  speed, l ig h t d is
p lacem en t c raft. F o r  a ran g e  of 1,200 n au tica l m iles a n d  100- 
k n o t speed, th e  o p tim u m  c ra f t  has a g ross w e igh t o f 500 to n s , 
uses su p e rca v ita tin g  fo ils , a n d  is pow ered  b y  gas tu rb in e s  a n d  
d r iv in g  a ir  p ropellers . A c ra f t  o f th e  sam e gross w e igh t w as 
d esigned  to  p e rfo rm  th e  sam e m issio n  u s in g  w a ter p ropellers. 
T h is  c ra f t  is s im ila r  in  size, also uses su p e rca v ita tin g  fo ils , b u t 
req u ires  m o re  gas tu rb in e  pow er. T o  exp lore  n u c lear pow ered 
c ra f t ,  a n  o p tim u m  1 ,0 0 0 -to n  c ra f t  w as designed. I t  has su b 
cav ita tin g  h y d ro fo ils , a n d  a n  over 50 ,000-h .p . p o d  m o u n te d  
p o w er p la n t  d r iv in g  one w a te r  p ropeller. T h e  cru ise  speed is 
65 k n o ts .— D . Lowm an, SA E  Journal, Septem ber 1959; Vol. 
67, pp. 42-45.

Russian Concrete  Tankers
I t  is re p o rte d  fro m  V a rn a  th a t  th e  4 ,0 0 0 -to n  d w t. m o to r  

sh ip  Fedya G ubanov, b u ilt  th ere  a t th e  “ G eo rg i D im itro v ” 
sh ip y a rd , has been h a n d ed  over to  th e  Soviet U n io n . She is 
th e  f irs t o f a series o n  o rd e r fo r  th e  Soviet U n io n ;  th e  second, 
Pam yat 26 K om issarov, is rep o rted  to  be ap p ro ac h in g  co m 
p le tio n , a n d  th e  keel o f th e  th ir d  has been laid . O f concrete  
c o n s tru c tio n , these  sh ip s are la rg e r th a n  a n y  p rev io u sly  b u ilt 
in  B ulgaria . T h e ir  sha llow  d ra u g h t p e rm its , how ever, o f th e ir  
use e ith e r a t  sea o r  o n  rivers , th e ir  cap ac ity  in  th e  la tte r  case 
be ing  red u ced  to  2 ,000  ton s.— Tanker Tim es, October 1959; 
Vol. 6, p. 142.

Stability of Ships in Rough Seas
T h is  re p o rt describes th e  in v es tig a tio n s c a rried  o u t  by  th e  

S h ip b u ild in g  R esearch  A sso c ia tio n  o f Ja p a n  in  o rd e r to  estab
lish  a s ta n d a rd  fo r th e  stab ility  o f sh ips. T h e  firs t section , 
w h ich  deals w ith  a n  in v estig a tio n  in to  th e  d a m p in g  coefficient 
of ro llin g , is in  th ree  p a r t s : th e  f irs t gives th e  resu lts  o f  a 
series o f ro llin g  tests c o n d u c ted  o n  m odels w ith  a n d  w ith o u t 
bilge keels; th e  second  p resen ts  a  m e th o d  fo r  e s tim a tin g  the  
ex tin c tio n  coefficient o f ro llin g  ;a n d  the  th ird  gives th e  resu lts  
o f  a  m odel in v es tig a tio n  to  d e te rm in e  th e  resistance to  ro llin g  
w h en  th e  sh ip s ro ll to  a n  angle, c au s in g  im m ersio n  of th e  deck 
edge, th e  fo rced  ro llin g  m e th o d  be ing  used . In  th e  second  
sec tion , th e  resu lts  a re  p resen ted  o f a series o f w in d  tu n n e l 
tests c a rried  o u t  to  s tu d y  th e  effect o f th e  heeling  m o m e n t d u e  
to  w in d  p ressure . T h e  th ird  section  refers to  m eteoro log ical 
d a ta  o f ocean  w aves a n d  w in d  o b ta in ed  in  th e  N o r th  Pacific. 
F ro m  these a n d  o th e r  d a ta , a sim ple  fo rm u la  is developed fo r 
e s tim a tin g  th e  m a g n itu d e  of ocean  waves. T h e  fo u r th  section  
describes ob se rv atio n s a n d  tria ls  c a rried  o u t  o n  a c tu a l sh ip s to  
s tu d y  th e  m eteo ro lo g ica l a n d  o cean o g rap h ical ch arac te ris tics  of 
th e  sea n e a r  Ja p a n . M easu rem en ts  w ere also m ad e  of sh ip  
m o tio n , a n d  th e  ro llin g  ang le  a n d  th e  c ritica l heeling  ang le  of

th e  sh ip  in  ir reg u la r  seas w ere d e te rm in ed . T h e  re su lts  are 
g iven  in  ta b u la r  a n d  g rap h ica l fo rm  a n d  d iscussed . T h e  f ifth  
sec tion  p resen ts  a s ta tis tica l analysis o f th e  re su lts  o f m odel 
experim en ts  to  in v estig a te  th e  ro llin g  o f a sh ip  in  irreg u la r 
seas. I n  th e  final sec tion , th e  fac to rs  a ffec tin g  th e  s ta b ility  o f 
sh ip s are  co n sid ered  a n d  th e  re g u la tio n  fo r  a d eq u a te  stab ility  
specified by  th e  Jap an ese  G o v e rn m e n t a re  d iscussed . A p p ro x i
m ate  form ulae are  g iven  fo r  assessing  stab ility , a n d  a sim ple  
m eth o d  is o u tlin e d  fo r  ex am in in g  th e  safety  c rite ria  in  the  
very  early  stages o f design. T h e  im p o rta n c e  o f a n  u p p e r  lim it 
to  th e  m etacen tric  h e ig h t fro m  th e  v iew p o in t o f  accele ra tio n  is 
em phasized .— Shipbuilding Research Association of Japan, 
Report No. 25, M arch 1959; Journal, The British Shipbuilding  
Research Association, A ugust 1959; Vol. 14, A bstract No. 
15,585.

O rgan ic  Reactor for Nuclear Tanker
In te re s t in  th e  O rg a n ic  R e ac to r fo r  m arin e  p o w er w as 

s tim u la ted  recen tly  w h en  th e  A to m ic  C o m m iss io n  a n n o u n ce d  
its  la te st s tu d y  of a 6 0 ,0 0 0 -d w t, n u c le a r  p o w ered  T -7  tanker. 
A p p ly in g  th e  m o st ad v an ced  O rg a n ic  R eac to r (O M R ) tec h 
n o lo g y  to  th e  s tu d y , th e  A E C ’s c o n tra c to r , A to m ics In te r 
n a tio n a l, developed th e  p re lim in a ry  desig n  fo r a  30 ,000-s .h .p . 
m a in  u n i t  capable o f d r iv in g  th e  sh ip  a t a speed o f  n early  18 
k n o ts . T h e  s tu d y  show ed  th e  re ac to r  to  be w ell ad ap ted  to  
m arin e  service w ith  respec t to  w e ig h t a n d  space re q u irem en ts , 
safety , ease o f o p e ra tio n  a n d  ra p id  co n tro l. T h e  use o f  an  
o rg an ic  liq u id  as m o d e ra to r  a n d  h ea t tra n s fe r  m ed iu m  p ro d u ces  
a  re ac to r w ith  m a n y  a ttrac tiv e  featu res . T h e  h ig h  b o ilin g  
p o in t ran g e  (700-800  deg. F .) o f  th e  o rg a n ic  re ac to r  p e rm its  
o p e ra tio n  o f th e  n u c le a r system  a t a sig n ifican tly  low er 
p ressu re  (1001b. p e r  sq. in . gauge) th a n  th e  w a te r system s 
(1 ,0 0 0 -2 ,0001b. p e r sq. in . gauge). I n  a d d itio n  to  th e  safety  
re su ltin g  fro m  th e  lo w er s to red  en ergy , lo w  p re ssu re  o p e ra tio n  
allow s th e  use o f s im p le r m ech an ica l c o m p o n e n ts  a n d  m u c h  
lig h te r  re ac to r vessels, p ip in g , a n d  assoc iated  e q u ip m en t. T h e  
n o n -co rro s iv e  ch a ra c te r  o f  th e  o rg an ic , even a t elevated  tem 
p e ra tu res , p e rm its  th e  use  o f  low  cost, easily  fab rica ted  
m ate ria ls  in  th e  n u c lea r system . I t  is re la tively  in e r t to  b o th  
c a rb o n  steel a n d  a lu m in iu m , as well as to  m eta llic  u ra n iu m , 
a n d  th e  u ra n iu m  c o m p o u n d s  co n sid ered  m o s t p ro m is in g  fo r 
fuel. T h is  p e rm its  sav ings in  c o n s tru c tio n  co st a n d  th e  use  o f 
fuel c o m b in a tio n s  n o t  p rac tica l fo r w a te r reac to rs . T h e  o rg an ic  
is o n ly  m ild ly  ac tiv a ted  by  exposure  to  n e u tro n s  in  th e  re ac to r 
core. A s a re su lt o f  low  in d u ce d  a c tiv ity  levels in  th e  o rg an ic  
system , m u c h  of th e  n u c le a r p la n t  e q u ip m e n t is accessible fo r 
in sp ec tio n  a n d  m a in ten an ce  d u r in g  o p e ra tio n . T h e  p re lim i
n a ry  design  developed d u r in g  th e  recen t s tu d y  co n firm ed  th a t  
th e  O M R  is a co m p ac t, lig h t w e igh t, re la tive ly  sim p le  u n i t  
p ro m is in g  ease o f o p e ra tio n  c o m b in ed  w ith  safety . F ig . 1 is a 
sim plified  d iag ram  of th e  n u c lea r steam  system . T h e  o rg an ic

F ig . 1— Sim plified flow diagram of nuclear steam system
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F ig . 2— Cross section showing low  pressure construction of 
organic reactor

co o la n t leaves th e  re ac to r a t a te m p e ra tu re  o f  675 deg. F ., 
passes th ro u g h  tw o  steam  gen era to rs , a n d  re tu rn s  to  th e  reac to r 
a t  620 deg. F . C irc u la tio n  is m a in ta in ed  b y  tw o  cen trifu g a l 
p u m p s  w ith  a to ta l  p u m p in g  cap ac ity  o f 26 ,000  g .p .m . T h e  
p r im a ry  c o o lan t system  is designed  fo r  1501b. p e r sq. in . gauge 
a n d  o p e ra tio n s  a t 341b. pe r sq. in . gauge. S team  a t 4501b. pe r 
sq. in. gauge a n d  650 cleg. F . is p ro d u c ed  a t a  to ta l ra te  of 
250 ,0001b ./h r. b y  th e  tw o  steam  gen era to rs , each  c o n sis tin g  of 
a n  ev ap o ra to r, steam  sep a ra to r a n d  superh ea ter. D e ta ils  o f th e  
re ac to r vessel a n d  its  p r im a ry  sh ie ld in g  a re  sh o w n  in  F ig . 2. 
T h e  re ac to r vessel is a vertica l c y lin d e r 9 25 ft. in  d iam e te r  a n d  
22ft. h ig h , d esigned  fo r  3501b. p e r sq. in . gauge a t  750 deg. F . 
I t  is c losed  w ith  a re in fo rced  f la t h ead , b o lted  to  th e  to p  flange. 
T h e  reac to r vessel is su r ro u n d e d  by  a p r im a ry  sh ie ld  com posed  
o f several ra d ia tio n  ab so rb in g  reg ions. T h ese  in c lu d e  tw o  
layers o f lead  to ta llin g  6 in ., 3 ft. o f b o ra te d  w ater, a n d  several 
co n cen tric  steel tan k s  to  p ro v id e  s tru c tu ra l  s u p p o r t  a n d  separa

tio n . T h e  d iam e te r o f th e  o u te rm o st sh ie ld  ta n k  is 18ft. 6in. 
T h e  general a rra n g e m e n t o f th e  sh ip ’s n u c le a r reac to r e q u ip 
m e n t is sh o w n  in  F ig . 4. T h e  reac to r o ccup ies th e  c o m p a rt
m e n t betw een  th e  eng ine  ro o m  a n d  th e  cargo  p u m p  room . 
W ith  th e  re ac to r o p e ra tin g  a t low  p ressu re  a n d  a t  a te m p e ra tu re  
below  th e  a tm o sp h e ric  b o ilin g  p o in t o f  th e  co o lan t, c o n ta in 
m e n t has been m ad e  a n  in h e re n t p a r t  of th e  reac to r c o m p a rt
m e n t design . T h e  co m p le te  n u c lea r steam  system , in c lu d in g  
liq u id  in v en to ry , w eighs o n ly  1,650 to n s . A lth o u g h  heavier 
th a n  co n v en tio n a l bo ilers o f th e  sam e pow er, th e  n u c lea r p la n t  
frees 5 ,200 to n s  o f b u n k e r cap a c ity  fo r  a n  apprec iab le  sav ing  
in  cargo  d ead w eig h t.— M arine E ngineering/Log, A ugust 1959; 
Vol. 64, pp. 90-93.

Propeller Excited H u ll V ib rations
T h e re  a re  th ree  d is t in c t  types o f p ro p e lle r  excited  

v ib ra tio n . Unbalance Vibration  w ill be gen era ted  in  th e  h u ll 
by  u n b a la n ce d  forces o r  m o m en ts , irreg u la ritie s  be tw een  th e  
b lades in  th e  m a n u fa c tu re  o f  th e  p ro p e lle r, a n d  im p e rfec tio n s  
d u e  to  b e n t sh a ftin g . H e re  are in c lu d e d  th e  effects o f  b o th  
m ass u n b a la n ce  a n d  p itc h  u n b a lan ce . T h ese  v ib ra tio n s  w ill a ll 
o c cu r a t  a f req u en cy  eq u al to  sh a ft freq u en cy , a n d  th ey  are n o t  
co n sid ered  in  th is  no te . Blade-Frequency Vibrations re su lt 
fro m  th e  w ake d is tr ib u tio n  in to  w h ic h  th e  p ro p e lle r is o p e ra t
in g  a n d  th e  p resence o f r ig id  su rfaces in  th e  v ic in ity  o f th e  
p ro p e lle r o p e ra tin g  in  u n ifo rm  inflow . H igh-Frequency Vibra
tion— in  a d d itio n  to  th e  fo reg o in g  ty p es , c av ita tio n  co n d itio n s  
m ay  give rise to  a n  ir reg u la r  v ib ra tio n  n o t read ily  classified o n  a 
freq u en cy  basis. A d d itio n a l v ib ra tio n s  m ay  be g enera ted  
lo ca lly  in  th e  p ro p e lle r  b lades by  th e  h y d ro d y n a m ic  forces. 
T h e se  types o f  v ib ra tio n  are  n o t  d iscussed  in  th is  no te. T h e  
a m p litu d e  of th e  v ib ra tio n  gen era ted  in  th e  h u ll f ro m  b lade 
freq u en cy  forces can  be a p p ro ac h ed  fro m  several v iew po in ts. 
T h e  fo llo w in g  are  c o n s id e re d : (a) T h e  h y d ro d y n a m ic  c o n 
d itio n s  o f th e  p ro p e lle r w h ic h  in d u ce  th e  b lade  fo rces, i.e. forces 
o c c u rr in g  a t  a freq u en cy  eq u al to  th e  r .p .m . tim es th e  n u m b er 
o f b lades o r  th e ir  m u ltip le , w ith  a view  to  d e te rm in in g  th e  hu ll 
h y d ro d y n a m ic  c h arac te ris tic s  fo r  decreas in g  these  forces, (b) 
T h e  h u ll s tru c tu ra l  c h a rac te ris tic s  w ith  a v iew  to  p re d ic tin g  
th e  frequencies a n d  n o rm a l m odes, (c) T h e  p re d ic tio n  o f th e  
fo rced  response  o f th e  h u ll w h en  sub jected  to  p ro p e lle r  ex
c ited  fo rces w hose a m p litu d e s  are  k n o w n , e ith e r fo r  re so n an t 
o r  n o n -re so n a n t c o n d itio n s .— A . J. Tachm indji and R. T. 
G oldrick, Journal of Sh ip  Research, June 1959; Vol. 3, pp. 
28-35.
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Japanese-built Train  Ferry fo r Am erican  O w ne rs
I n  Ju ly  1958, th e  keel w as la id  o f th e  tra in  fe rry  C ity  of 

N ew  Orleans a t  th e  y a rd  o f th e  K u re  S h ip b u ild in g  a n d  
E n g in e e r in g  C o m p an y , K u re , Ja p a n , a n d  th e  vessel began  her 
m a id e n  voyage in  A u g u s t o f th is  year. B u ilt fo r  th e  W est 
In d ia  F r u i t  a n d  S team sh ip  C o m p an y , In c ., o f F lo r id a , th e  
vessel is a n  in te re s tin g  exam ple  in  th e  d ev elopm en t o f ro ll-o n , 
ro ll-o ff a n d  c o n ta in e r  sh ip s a n d  has th e  fo llo w in g  lead in g  
p a r t ic u la r s :

L e n g th  overall . . .  . . .  520ft. 4in.
L e n g th  b .p . . . .  . . .  . . .  487ft. 6 in.
B re ad th  m o u ld e d  . . .  . . .  70ft. Oin.
D ra u g h t  d esigned  . ..  . . .  17ft. 6 in. 
D e ad w eig h t cap ac ity  . . .  . . .  6,275 to n s 
Service speed . . .  . ..  . ..  1 8 1 5  k n o ts  

T h e  fe rry , w h ich  w as designed  by  G eorge G . S h a rp  In c ., N ew  
Y ork , c an  c a rry  58 lo ad ed  ra ilw ay  w ag o n s o n  tw o  decks. T h is  
w as ach ieved  b y  th e  use o f a large  l if t  44 ft. 6 in. by  l i f t .  6 in ., 
w e ig h in g  23 to n s  a n d  w ith  a cap ac ity  o f 60 ton s. U s in g  th e  
l if t , 13 w ag o n s can  be p laced  in  th e  low er h o ld , the  rem a in in g  
w ag o n s b e in g  stow ed  in  th e  u p p e r  h o ld . W h en  a t  sea th e  lif t  
p la tfo rm  is stow ed  in  th e  lo w er h o ld  a n d  a steel h a tc h  cover 
closes th e  op en  l if t  sha ft. E lectrica l h o is tin g  m ach in ery  
o perates b o th  th e  l if t  a n d  th e  cover, th e  fo rm er by  m eans of

E n g la n d  a n d  th e  U .S .A . to  in v es tig a te  th e  m o s t su itab le  hu ll 
fo rm  a n d  th e  in flu en ce  o f su b m ers io n  d e p th  o n  resistance. 
F ro m  th e  resu lts  o f  to w in g  ta n k  tes ts  c o n d u c te d  in  E n g la n d  by 
M itch e ll E n g in e e rin g  L td . in  c o n ju n c tio n  w ith  S a u n d e rs  Roe 
L td . ,  i t  ap p ears th a t  a t  larg e  su b m ers io n  d e p th s  th e  sh o rte r  
h u ll w ith  a g rea ter d iam ete r is so m ew h at m o re  fav o u rab le  a t 
speeds u p  to  30-35 k n o ts . A  c irc u la r  c ro ss sec tion  is generally  
to  be p re fe rred , ex cep t in  a few  cases a t  lo w  speeds. 30,000 
h .p . is p ro b ab ly  th e  h ig h est p o w er w h ic h  can  be  absorbed  b y  a 
p ro p e lle r o f  p rac ticab le  size a t  n o rm a l speeds o f  ro ta tio n , 100- 
150 r.p .m . T h e  p ow er c an  p o ss ib ly  b e  d o u b led  a t  speeds of 
400-500 r .p .m . A  d e sc rip tio n  is g iv en  o f a Jap an ese  desig n  fo r 
a  su b m arin e  tan k e r o f 30 ,000 to n s  d .w ., a n d  th is  is c o m p a red  
w ith  a design  developed  by  K o ck u m s. T h e  p r in c ip a l p a r tic u 
lars o f  th e  la tte r  are as fo llo w s :

L e n g th  . ..  . . .  . . .  . . .  502ft.
D iam eter, m ax im u m  . . .  . . .  83 6ft. 
D isp lacem en t, o n  lo ad  w a te r line  46,000 to n s  

su b m erg ed  50,000 to n s  
D ead w eig h t . . .  . . .  . ..  32,000 to n s  
S u b m ersio n  d e p th  . . .  . . .  490ft. 
M a c h in e ry  o u tp u t  . ..  . . .  60,000 h.p .
Speed  su b m erg ed  . ..  . . .  2 8 '5  k n o ts

I t  has a c en tra l p ressu re  cy lin d er, en closed  by  a th in  o u te r

fo u r  cable d ru m s  each  c a rry in g  e ig h t cables. T w o  sets o f e ig h t 
cables a re  a ttach ed  th ro u g h  b rid les to  each  side o f th e  lif t  
p la tfo rm . T h e  l if t  m o to rs  are  designed  fo r  fu ll lo ad  o p e ra tio n  
a t tw o  speeds, 585 r .p .m . a n d  230 r .p .m ., th e  respec tive  horse  
p o w er b e in g  105 a n d  42. E ac h  m o to r  is co u p led  to  th e  cable 
d ru m  by  re d u c tio n  g e a rin g  w h ic h  gives th e  l if t  p la tfo rm  a 
speed o f 1 5 f t ./m in . A  10-h .p . m o to r  operates th e  l if t  sh a ft 
cover a t  71ft. /m in .  P u s h  b u tto n s  co n tro l th e  l if t  b u t  a u to 
m a tic  e q u ip m e n t m akes th e  ch angeover fro m  lo w - to  h ig h 
speed a n d  sto p s th e  l if t  a t  th e  e n d  o f each  ru n . M a in  p ro p u l
s io n  is b y  tw o  d o u b le -re d u c tio n  geared  steam  tu rb in e s , each 
w ith  a  n o rm a l ra tin g  o f 4 ,000 s.h .p . a t  165 r .p .m . a n d  d r iv in g  
tw in  screw s. T h e  m ax im u m  c o n tin u o u s  ra tin g  fo r  each 
tu rb in e  is 4 ,400 s.h .p . a t  170-5 r .p .m .— Shipbuilding and Sh ip
ping Record, 1st October 1959; Vol. 94, pp. 237-239.

Subm arine Tanker— U top ia  o r Reality
Som e general c o n sid e ra tio n s  in  th e  design  of su b m arin e  

tankers, in c lu d in g  lo ad in g  a n d  d ischarge , are b riefly  discussed. 
I t  is sh o w n  th a t  th e  p ressu re  t ig h t  v o lu m e  sh o u ld  be a q u a r te r  
o f  th e  v o lu m e o u ts id e  th e  p re ssu re  hu ll. T h e  f irs t su b m arin e  
tan k e r  w ill be  co stly , b u t  if  these vessels are b u ilt  in  g reater 
n u m b ers  th e  p rice  w ill p ro b ab ly  a p p ro ac h  th a t  o f  th e  c o n 
v en tio n a l tan k er. H ow ever, th e  su b m arin e  tan k e r w ill p ro b ab ly  
a lw ays be  s lig h tly  m o re  costly , p e rh ap s  b y  10 p e r  cen t. S u b 
m arin e  tan k e rs  c a n n o t call a t  th e  u su a l h a rb o u rs  o n  acco u n t 
o f th e ir  deep  d ra u g h t, a n d  special lo ad in g  a n d  u n lo a d in g  
s ta tio n s  w ill th ere fo re  be  necessary. F o r  a su rface  tan k e r 
trav e llin g  a t  n o rm a l speeds, 15-17 k n o ts , th e  fr ic tio n a l resis
tan ce  is a b o u t 65-75 p e r  c en t o f  th e  to ta l resis tan ce ; the  
c o rre sp o n d in g  figu re  fo r  a su b m arin e  ta n k e r  is e stim a ted  to  
be  fro m  85-90  p e r cent. T es ts  are  n o w  b e in g  c a rried  o u t  in

h u ll. T h e re  is a lso  a sm aller p ressu re  c y lin d e r above in  w h ich  
th e  c o n tro l ro o m  a n d  a cc o m m o d a tio n  are  s itu a ted . I n  th e  
low er sec tion  th e re  a re  tw o  a d d itio n a l p re ssu re  cy lin d e rs  w h ich  
c o n ta in  a co m p en sa tin g  ta n k  a n d  p u m p  ro o m . T h e  carg o  is 
c a rried  in  11 oil tan k s , five o f w h ic h  lie in  th e  cen tra l p ressu re  
c y lin d e r w h ic h  also co n ta in s  tw o  re ac to r c o m p a rtm e n ts  a n d  a n  
en g in e  ro o m  a f t.— 5. Rahmberg and G . N ilsson, Teknisk  
Tidskrift 1st M ay 1959; Vol. 89, pp. 465-468. Journal, The 
British Shipbuilding Research Association, A ugust 1958; Vol. 
14, Abstract N o. 15,610.

Pitching Perform ance of S.S. Silver Mariner
T h e  M a rin e r- ty p e  sh ip  is  b e in g  co n sid ered  fo r  c e rta in  

o p e ra tio n s w h ich  re q u ire  a su b s ta n tia l re d u c tio n  o f p itc h in g  
m o tio n  fro m  th a t  o rd in a r ily  experienced  in  a p a r tic u la r  seaway. 
A s a f irs t step  in  th e  in v es tig a tio n  of th is  p ro b lem , a  m odel 
o f th e  M a r in e r  C lass, b o th  w ith  a n d  w ith o u t a n tip itc h in g  fins, 
w as tested  a t th e  D a v id  T a y lo r  M o d e l B asin . F u r th e r  experi
m en ts  w ere c a rried  o u t, fu ll scale, o n  th e  s.s. Silver M ariner, 
w ith o u t a n tip itc h in g  fins, to  d e te rm in e  h e r n o rm a l p itc h in g  
p e rfo rm an ce  charac te ris tics . A t th e  c o n c lu s io n  o f these tria ls , 
a re p o rt  w as issued  o n  th e  general b e h av io u r o f th e  S ilver 
M a r in e r  w ith  respec t to  a n u m b e r  o f m o tio n  param ete rs . 
B ecause th e  resu lts  o f  th e  tria ls  w ere re q u ire d  as so o n  as 
possible, th e  analysis w as so m ew hat p rim itiv e  a n d  th e  p re sen 
ta tio n  abbrev iated . I n  th is  re p o rt  th e  re su lts  o f a  m o re  c o m 
p rehensive  analysis o f th e  p itc h in g  p e rfo rm a n ce  o f  th e  S ilver 
M a r in e r  a re  p resen ted  fo r  a v a rie ty  o f  speeds a n d  h ead in g s  in  
w h a t is u su a lly  called  a “ S ta te  5”  sea— o r, m o re  precise ly , a 
fu lly  developed sea a p p ro p ria te  to  a  w in d  speed of 21 k no ts. 
T h e  re su lta n t in fo rm a tio n  w as tra n s fo rm e d  in to  en erg y  spec tra , 
a n d  a  n u m b e r o f sta tis tics  th a t  describe  th e  sh ip ’s p itc h in g
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w ere co m p u ted . I t  is sh o w n  th a t  v a ria tio n  of h ead in g  is m o re  
in flu en tia l in  p itc h in g  b eh av io u r th a n  is v a ria tio n  o f sh ip  
speed. F o r  th is  sh ip , bow  seas ( ra th e r th a n  head  seas) a n d  
m o d era te ly  h ig h  speeds (18 k n o ts) a t th is  h ead in g  are sh o w n  to  
p ro d u c e  m ax im u m  p itc h in g . P re d ic tio n  o f  m ax im u m  p itc h  
ang le  f ro m  th e  c o m p u te d  sp ec tra  agrees w ell w ith  observed 
m ax im u m  p itc h  angle .— W. M arks, D avid  Taylor M odel Basin 
Report 1293, M ay 1959.

Strength of Th ick  C y linde r Subjected to Repeated Internal Pressure
I n  A p ril 1956 th e  a u th o rs  p re sen ted  to  th e  In s t i tu t io n  of 

M ech an ica l E n g in eers  a p a p e r  e n title d  “ F a tig u e  u n d e r  T ria x ia l 
S tre ss : D ev elo p m en t o f  a  T e s tin g  M a c h in e  a n d  P re lim in a ry  
R esu lts” , a n d  in  S ep tem b er 1956 a su p p le m e n ta ry  p ap er was 
p resen ted  a t th e  In te rn a tio n a l  C o n fe ren ce  o n  F a tig u e  of M etals. 
I n  these pap ers  th e  a u th o rs  rep o rte d  tests c a rried  o u t  o n  c y lin 
ders m ade  fro m  a 2 \  p e r c en t n ick e l-c h ro m iu m -m o ly b d e n u m  
steel, w h ic h  w ere su b jected  to  (u p  to ) 10 m ill io n  re p e titio n s  o f 
in te rn a l oil p ressu re  o f (u p  to ) 20 to n / in .2. S ince  these  papers 
w ere p u b lish ed , a  considerab le  a m o u n t o f  te s tin g  has been 
c a rried  o u t  o n  cy lin d ers  m ad e  fro m  a m ild  steel, a 3 p e r cen t 
c h ro m iu m  steel, a n  au sten itic  sta in less steel, a l ig h t a lloy , a 
n ea rly  p u re  t i ta n iu m , th e  n ick e l-c h ro m iu m -m o ly b d e n u m  steel 
in  a h a rd e r  s ta te , a n d  b o th  th e  n ick e l-c h ro m iu m -m o ly b d e n u m  
steel a n d  th e  c h ro m iu m  steel in  th e  n itr id e d  co n d itio n . I n  a d d i
t io n , tests o f m o re  academ ic  significance have been carried  o u t 
o n  th e  n ick e l-c h ro m iu m -m o ly b d e n u m  steel in  a n  a tte m p t to  
achieve a b e tte r  u n d e rs ta n d in g  of th e  e x tra o rd in a ry  resu lts  
w h ich  have been ob tain ed . T h e  p resen t p a p e r is con cern ed  
m ain ly  w ith  th e  p re sen ta tio n  o f re su lts  (su p p o rte d  by  an c illa ry  
tes ts  o n  each  m ate ria l) w h ich  are  o f im p o rtan ce  in  design. 
P o in ts  o f academ ic  in te res t are d iscussed  o n ly  w h en  th ey  are 
re levan t to  th e  p rac tica l p rob lem . T o  m ake th e  p a p e r reasonably  
se lf-co n ta in ed , a b rie f  su m m ary  o f th e  p rev io u s w o rk  has been 
g iv en .— Paper by J. L. M . M orrison, B. Crossland, and J. S. C. 
Parry, read at a meeting of the Institu tion  of Mechanical 
Engineers on 28th October 1959.

D utch -Bu ilt  Tanker fo r Brazil
T h e  3 3 ,0 0 0 -to n  s team  tu rb in e  tan k e r  Presidente Getulio, 

b u ilt  b y  V ero lm e S h ip y a rd  A lb lasse rd am  L td . ,  A lb lasserdam , 
one o f  th e  firm s o f V ero lm e U n ite d  S h ip y a rd s , fo r  M essrs. 
P e tro leo  B rasile iro  S .A . P e tro b as , R io de Ja n e iro , B razil, has 
en tered  th e  serv ice o f  h e r ow ners. T h e  p r in c ip a l ch arac te ris tics  
o f th e  sh ip  a re  as fo llo w s :

L e n g th  overall 
L e n g th  b .p .
B read th
D e p th  to  u p p erd eck  
D ra u g h t  . . .  . . .  ab o u t 
D ead w eig h t 
C a rg o  cap ac ity

664ft. 6in. 
636ft. 5 |-in. 

85ft. 3 fin . 
46ft. 9in. 
34 ft. 11 in. 

33,000 to n s  
1,570,000 cu. ft.

M a in  p ro p u ls io n  m a c h in e ry :
“ D e S chelde” /P a r s o n s  steam  tu rb in e  

in s ta lla tio n  o f 13,750 s.h .p . a t 112 r .p .m .
T h e  sh ip , w h ic h  has been c o n s tru c te d  to  L lo y d ’s R egister o f 
S h ip p in g , 100 A1 “ c a rry in g  p e tro leu m  in  b u lk ” , carries  liq u id  
carg o  in  11 tr ip le - ta n k  c o m p a rtm e n ts  w ith  a to ta l c ap ac ity  o f
1 ,570,000 cu . ft. T h e  m a in  p u m p  ro o m  a n d  en g in e  ro o m  are  
s itu a ted  a f t o f  th e  carg o  section . F o rw a rd  o f th e  cargo  section  
th ere  are a  d ry  carg o  h o ld , tw o  deep  tan k s  su itab le  fo r  th e  
carriage  o f fuel o il a n d  a n  a u x ilia ry  en g in e  ro o m  a n d  p u m p  
room , th e  la tte r  v en tila ted  by  m ean s o f ax ia l flow  fan s  w h ic h  
are  d riv en  by  g a s tig h t m o to rs . T h e  carg o  sec tion  as w ell as 
th e  oil bu n k ers  in  th e  eng in e  ro o m  have  been c o n s tru c te d  in  
acco rdance  w ith  th e  lo n g itu d in a l system  o f fram in g , w h ile  
th e  n o rm al tran sv erse  f ra m in g  system  has been ippLied in  th e  
fo re  a n d  a fte rsh ip . T h e  sh ip  is o f a ll-w e ld ed  c o n s tru c tio n , 
excep t fo r th e  s tr in g er ang le  a n d  th e  u p p e r  a n d  lo w er edges o f 
th e  b ilge  strakes. W ith  a view  to  ach iev in g  s tre n g th  o f c o n 
s tru c tio n  as w ell as to  save w e ig h t, all lo n g itu d in a l a n d  tra n s 
verse b u lk h ead s  are  o f th e  c o rru g a ted  typ e , w ith  s tr in g ers  
w ith o u t  stiffeners. T h e  lo n g itu d in a l b u lk h ead s have h o rizo n ta l

co rru g a tio n s  v a ry in g  in  d e p th ; th e  tran sv erse  bu lk h ead s have 
v e rtica l c o rru g a tio n s  o f eq u al d ep th . T h e  to p d eck  is la rg e ly  
c o n s tru c ted  o f a lu m in iu m  alloy . T h e  m a in  p ro p u ls io n  
m ach in ery  con sis ts  o f  a “D e  S chelde” steam  tu rb in e  in s ta lla 
t io n  of P a rso n s  M a rin e  T u rb in e  C o m p a n y  design , w h ic h  w as 
delivered  a n d  assem bled b y  V ero lm e E n g in e e r in g  C o m p an y , 
a n d  d rives th e  sing le  p ro p e lle r  th ro u g h  “ D e  S chelde”  d o u b le 
re d u c tio n  gearing . T h e  in s ta lla tio n  co n sis ts  o f a n  h .p . tu rb in e  
a n d  a n  l.p . tu rb in e  w ith  b u ilt- in  a s te rn  tu rb in e . T h e  n o rm a l 
o u tp u t  o f  th e  in s ta lla tio n  is 13,750 h .p . a t  112 r .p .m . o f  th e  
p ro p e lle r sh a ft, th e  m a x im u m  o u tp u t  b e in g  15,100 s .h .p . a t 
115 r .p .m . T h e  p ro p u ls io n  m ach in ery  opera tes  in  c o n ju n c tio n  
w ith  tw o  “ D e  S ch e ld e” -C o m b u s tio n  E n g in e e r in g  steam  bo ilers, 
f itted  w ith  fu lly  a u to m a tic  B ailey c o n tro l, in c lu d in g  so o t-  
b low ers, co m b u s tio n  a n d  feedw ater c o n tro ls  a n d  panels. T h e  
steam  p re ssu re  a t  tu rb in e  in le t is 42 k g ./s q . cm . a t  a  su p e r
h e a te r  te m p e ra tu re  o f  425 deg. C . T h e  m a in  c o n d en se r is 
p laced  u n d e r  th e  l.p . tu rb in e ;  i t  h as a  v a c u u m  o f 28 ;5-in . 
m erc u ry . T h e  bo ilers have a n o rm a l ev ap o ra tio n  cap a c ity  p e r 
bo ile r o f  27 ,500  kg. o f steam  p e r  h r . T h e y  are  p ro v id ed  w ith  
flue gas hea ted  a n d  steam  h ea ted  a ir  heaters. S team  fo r  th e  
au x iliaries o b ta in ed  fro m  th e  su p e rh ea te r  is passed  th ro u g h  a 
d e su p e rh ea te r  in  th e  steam  d ru m  o n  its  w ay  to  th e  v a rio u s 
re d u c in g  g ro u p s .— H olland Shipbuilding, A ugust 1959; Vol. 8, 
pp. 36-38.

Diesel Electric Fire F ighting Tug

T h e  a d v e n t o f  th e  su p e rta n k e r  a n d  th e  m o n s te r  tan k e r  
h as led  in  som e cases to  th e  tu g  cap ac ity  a t  o il te rm in a ls  
b eco m in g  o u ts tr ip p e d . T h e  e n o rm o u s b u lk  o f  a lad en  su p e r
tan k e r req u ire s  a very  h ig h  b o lla rd  p u ll  a n d  c o rre sp o n d in g ly  
h ig h  pow er. O n e  o f th e  ch ie f oil lo ad in g  p o in ts  in  C e n tra l 
A m erica  is C a rd o n  in  V enezuela  a n d  th e  la te s t tu g  to  e n te r  
service a t  th e  S hell te rm in a l th e re  is th e  Cardon, re cen tly  
de livered  by  L o b n itz  a n d  C o. L td . o f R enfrew . D u r in g  the  
co u rse  o f  h e r n o rm a l service a t  th e  re finery , th is  114ft. c ra f t

Cross section through one of the M irrlees-JL SSM 6 six-cylinder 
turbocharged engines which form  part of the main propelling  

machinery in tug  C a rd o n
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m ay  be called  u p o n  to  a c t as a fire float. C o m prehensive  
e q u ip m e n t is p ro v id ed  fo r  th is  p u rp o se , in c lu d in g  fo u r  P yrene  
m o n ito rs  h a v in g  a  to ta l  o u tp u t  o f 7 ,200 gal. pe r m in . T h ese  
m o n ito rs  a re  o f  d u a l-p u rp o se  desig n  h a v in g  bypass fo am  in 
d u c to rs  a t  th e  base o f th e  pedesta ls. O p e ra tio n  o f a lever 
selects e ith e r fo am  o r  w a te r  w h ich  is p ro jec ted  th ro u g h  360 
degrees. T h e y  are  su p p lied  by  tw o  2 2 5 -h .p . m o to r  d riv en  
“ P u lso m e te r”  fire p u m p s  w h ic h  can  d isch arg e  a t a ra te  of 
3,300 gal. p e r m in . a t  1501b. p e r sq. in . O v er 3,000 gal. o f 
foam  c o m p o u n d  can  be  carried . Specia l a tte n tio n  has been 
p a id  to  m anoeuvrab ility , a n d , to  fac ilita te  th is  a t low  speeds, 
a P leu g er A k tiv  ru d d e r  is fitted . T h is  is fitted  w ith  a  100-h .p . 
su b m erg ed  m o to r  a n d  p ro p e lle r w ith in  a stream lin ed  nozzle 
a n d  can  be m oved  over a sw eep o f 180 degrees betw een  p o rt  
a n d  s ta rb o a rd  w h ile  m an ceu v rin g  slow ly. T h e  th ru s t  developed 
b y  th is  p ro p e lle r  is u sed  to  give a p o w erfu l steerin g  im pu lse  
even w h en  th e  speed  th ro u g h  th e  w a te r is insu ffic ien t fo r 
steerage. T h e  P leu g er ru d d e r  is also  o f  considerab le  u se  in  
c o u n te ra c tin g  th e  side  th ru s t  developed  w h en  th e  fire m o n ito rs  
a re  p layed  o n  th e  beam . P o w er fo r  th is  m o to r  is  derived  fro m  
a D iesel a lte rn a to r  d r iv en  by a R olls-R oyce  D iesel engine. T h e  
h u ll is o f a ll-w elded  c o n s tru c tio n  a n d  is u n u su a l in  b e in g  fitted  
th ro u g h o u t its len g th  w ith  a b a r  keel. T h e  M e tro p o lita n -  
V ickers c o n s ta n t c u rre n t  D iesel e lectric  p o w er p la n t  enables th e  
Cordon  to  en joy  a lm o st m ax im u m  efficiency a t th e  tw o extrem es 
o f tu g  d u ty ;  b o lla rd  p u ll a n d  ru n n in g  free. T h e  p ro p e lle r 
speed is in d ep e n d en t o f  th e  g e n era to r speed a n d  so th e  p ro 
peller design  need  n o t  be  a co m p ro m ise  fo r  these  c o n flic tin g  
d em an d s  as is th e  case w ith  d irec t co u p led  steam  o r  D iesel 
engines. T h e  p ro p e llin g  m ac h in e ry  consists o f tw o  M irrlee s-  
M e tro v ick  4 20-kW . 7 5 0 -r.p .m . p ro p u ls io n  g en era to rs  su p p ly in g  
c u r re n t  to  a  d o u b le -a rm a tu re  1 ,000-s.h .p . p ro p e lle r m o to r. 
T h e  M irrlee s  eng ines a re  JL S S M 6  s ix -cy lin d e r tu rb o ch a rg ed  
lo n g  stroke  versions o f  th e  p o p u la r  9 f - in . bo re  m o d el (1 2 i- in . 
stroke , as ag a in s t lO jin . o f  th e  s ta n d a rd  900 r .p .m . m odel). 
T h e y  develop  730 b .h .p . a n d  a re  fitted  w ith  B ru sh  tu rb o 
chargers. T h e y  are  d irec tly  co u p led  to  a s in g le -a rm a tu re  420- 
kW . p ro p u ls io n  g en era to r, fo rce  v en tila ted  fro m  th e  eng ine  
ro o m  su p p ly  fan s  a n d  a lso co u p led  in  tan d e m  to  a 60-kW . 
110-volt d .c. c o n s ta n t c u r re n t  g en era to r. T h e  p ro p u ls io n  
g en era to rs  are  sep ara te ly  excited  by  “ M e tad y n e ” exciter sets so 
th a t  a c o n s ta n t c u rre n t o f 700 am ps, is developed  a t  all load ings 
w ith  vo ltage  v a ry in g  fro m  0 to  600 d e p en d e n t u p o n  th e  load. 
T h e  D iesel eng ines a n d  th e ir  tw o  tan d e m  d riv en  g en era to rs  are 
m o u n te d  o n  a w elded u n d e rfra m e . T h e  p ro p e llin g  m o to r  is 
a rra n g e d  fo r  a speed  o f 110 to  140 r .p .m ., d e p en d in g  w h e th er 
th e  tu g  is ru n n in g  free o r  tow ing . T h e  ad v an tag es o f  a co n 
s ta n t c u r re n t  system  in  th is  case a re  th re e fo ld : firstly , it enables 
th e  p ro p u ls io n  m o to r  to  be  c o n tro lled  “ah ead ” o r  “ a s te rn ” , 
s im p ly  by  v a ry in g  its  field c u rre n t in  s tre n g th  a n d  d irec tio n ; 
second ly , by  a su itab le  c irc u it  a rran g em en t, i t  is possib le to 
en su re  th a t  th e  p ro p u ls io n  m o to r  w ill deliver c o n s tan t pow er, 
d e p en d e n t o n  th e  c o n tro lle r  p o sitio n  over th e  speed ran g e  
fro m  50 to  100 p e r c e n t;  th ird ly , i t  is possib le  b o th  to  p ro p e l 
a n d  use  th e  fire  p u m p s  w ith  o n ly  one m ain  g en era to r in  c irc u it, 
if  necessary . C o n s ta n t p o w er co n tro l is available fo r  b o th  
“ah ea d ” a n d  “a s te rn ” d irec tio n s . C o n tro l is possib le  fro m  
e ith e r th e  b r id g e  o r  th e  en g in e  ro o m , selection  b e in g  achieved 
b y  th e  b r id g e /e n g in e  ro o m  ch angeover sw itch  situ a ted  in  th e  
eng ine  ro o m  c o n tro l desk.— Gas and Oil Power, Septem ber 
1959; Vol. 54, pp . 242-243.

Bicera Blade-type B low er
T h e  B icera b lad e -ty p e  b low er is a m ach in e  w o rk in g  o n  an  

en tire ly  new  p rin c ip le . T h is  w as evolved fro m  a s tu d y  of 
co m p ress io n  processes a n d  th e  rea liza tio n  o f th e  need  fo r a 
b e tte r, b u t  n o t  m o re  expensive, m ach in e  th a n  th e  R o o ts-ty p e  
b low er. W h en  th e  new  a n d  a ttrac tiv e  com p ress io n  cycle was 
d iscovered , i t  w as developed  in  its  m o s t e lem en tary  fo rm , so 
th a t, in  a d d itio n  to  b e in g  a p ro to ty p e  te s t m ach in e, i t  a lso  bore  
a close resem blance  to  th e  possib le  fu tu re  com m erc ial m ach in e  
b u i lt  to  a lim ited  cost. A  w ide  ran g e  of design  variables exists 
a n d  it  sh o u ld  be reco g n ized  th a t  th e  m ach in e  described  h e re 
w ith  is n o t  th e  o n ly  fo rm  in  w h ich  th e  p rin c ip le  can  be app lied .

F ig .  1— D escriptive diagram of m ode of operation 
of Bicera blower

C o n tin u o u s  in le t a n d  de livery  processes a t  c o n s ta n t velocity  
a n d  a n  efficient co m p ress io n  p rocess w ere  th e  ob jects o f th e  
design . I n  th e  in te res ts  o f  low  co st a n d  re liab ility , i t  w as 
th o u g h t  necessary  to  b reak  aw ay  fro m  th e  n o rm a l tw o -ro to r  
ty p e  o f m ach in e  w h ich  req u ire s  a cc u ra te  p h a s in g  a n d  an  
a tte n d a n t  expensive  g ear tra in . In tak e , c o m p ress io n  a n d  
delivery  processes take p lace  in  a n  a n n u la r  c h an n e l fo rm ed  in 
a ro to r. A t a ll tim es th is  ch an n e l is d iv id ed  a t  tw o  p o in ts  (1) 
a n d  (2), as sh o w n  in  F ig . 1. T h e  d iv is io n  (1) is a local c o n 
s tr ic tio n  of th e  ch an n e l a n d  th e  o th e r, (2), a th in  b lad e  w h ich  
can  tu rn  o n  its ow n  s ta tio n a ry  axis. W h e n  p o sitio n ed  across 
th e  ch an n e l, th is  b lade  fo rm s a b lockage; so th a t  th e  rev o lv in g  
o f th e  co n str ic tio n  ac ts  like a p is to n , c au s in g  a n  increase  in  
ch an n e l v o lu m e on th e  one side a n d  a decrease  on  th e  o th er, 
g iv in g  in tak e  a n d  de livery  th ro u g h  p o r ts  in  th e  w alls o f  the  
channel. B efore  th e  rev o lv in g  p is to n  reaches th e  b lade, the  
la tte r  is tu rn e d  th ro u g h  90 deg., so th a t  i t  is cap ab le  o f p assin g  
th ro u g h  a n a rro w  slo t in  th e  p is to n  as i t  passes over th e  blade. 
A  sequence o f b lades gives c o n tin u o u s  seals, b o th  in  th e  p is to n  
a n d  as p a r ti t io n s  d iv id in g  th e  ch an n e l, as sh o w n  in  F ig . 2. 
D u r in g  ro ta tio n  o f th e  one  b lad e  re la tive  to  th e  n ex t, th e  space 
betw een  th em  varies, a n d  th is  fe a tu re  m ay  be  u sed  to  o b ta in  
in te rn a l co m p ress io n , as is also  sh o w n  in  F ig . 2. F re sh  charge  
taken  in  a t  (a) is tra p p e d  as v o lu m e  (b) a n d  th e n , by  m ak in g  
th e  ch an n e l converge, th is  space is sealed , a n d  th e  a ir  c an  be 
com pressed  d o w n  to  v o lu m e (c) befo re  th is  becom es p a r t  o f the

F ig .  2 — M odified form of Bicera blower giving  
internal compression
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F ig . 3— Arrangem ent of Bicera blower, having alternate 
blades replaced by spacing pieces

de liv e ry  space  (<i) . I n  o rd e r to  re d u ce  th e  p ro d u c tio n  costs, 
th e  desig n  w as m odified , as sh o w n  in  F ig . 3. I n  th is  design , 
a lte rn a te  b lades hav e  been  rep laced  b y  s ta tio n a ry  sp a c in g  pieces 
( /) ,  w h ic h  m a in ta in  th e  seal in  s lo t (e).— The Shipbuilder and 
M arine Engine-Builder, O ctober 1959; Vol. 66, pp. 585-589.

The A tom ization  of Fuel Jets

T h e  efficiency o f  th e  w o rk in g  cycle o f  th e  D iese l eng ine 
dep en d s , to  a con sid erab le  degree, o n  th e  effectiveness o f fuel 
a to m iza tio n . A fte rb u rn in g , w h ic h  freq u e n tly  o ccu rs , is in  
m o st cases d u e  to  insu ffic ien t a to m iza tio n  o r to  in ad e q u a te  
m ix in g  o f th e  fu e l w ith  a ir. S m o o th  a n d  co m p le te  co m b u s
tio n  is fa c ilita ted  b y  p ro v id in g  a m ix tu re  w ith  a g o o d  m ac ro 
s tru c tu re , i.e. a u n ifo rm  d is tr ib u tio n  o f fu e l w ith  th e  sam e fu e l/  
a ir  ra tio  in  a ll p a r ts  o f th e  co m b u s tio n  space, a n d  a good 
m ic ro s tru c tu re , i.e. fine a n d  h o m o g en eo u s a to m iza tio n . F in e 
ness o f a to m iza tio n  is c h a rac te rized  b y  th e  m ean  d ro p le t d ia 
m ete r, a n d  h o m o g en e ity  by  th e  d e v ia tio n  of th e  d ro p le t d ia 
m ete rs  f ro m  th is  m ean  value . I n  h ig h  speed D iesel engines 
th e  a m o u n t o f tim e  availab le  fo r  m ix tu re  fo rm a tio n  is very  
b rie f  (3 to  5 m illi-sec), so th a t  th e  ch ara c te ris tic  fea tu res o f th e  
jet, i.e. its  d e p th  o f p e n e tra tio n , sp ra y  ang le , a n d  th e  d is tr ib u 
t io n  o f  fuel w ith in  th e  jet, a re  im p o r ta n t.  T h ese  featu res 
d ep en d  o n  design  fac to rs , su c h  as nozzle  desig n  a n d  co m b u s
tio n  ch am b er geom etry , a n d  o n  n u m ero u s  p h y sica l facto rs, 
su ch  as th e  v isco sity  o f th e  fu e l, th e  in jec tio n  p ressu re , th e  
c o u n te r  p ressu re  o f  th e  m e d iu m  in to  w h ic h  th e  fu e l is in jected , 
a n d  a ir  m ovem en t. T h e  b reak in g  u p  o f  a jet o f in jec ted  fuel 
in to  fine d ro p le ts  is th e  re su lt  o f c o m p lica ted  processes, th e  
m ech an ism  o f w h ich  is n o t  ye t fu lly  clarified. I t  is k n o w n ,
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F ig . 1— Types of jets produced by various outflow velocities

how ever, th a t  th e  je t is a c ted  u p o n  by  in te rn a l a n d  e x te rn a l 
fo rces, w h ic h  u ltim a te ly  cause i t  to  d isin teg ra te . A s soon  as 
th e  jet is in jec ted  in to  th e  co m b u s tio n  ch am b er, i t  is su b jec ted  
to  th e  in flu en ce  of ex te rn a l aero d y n a m ic  forces. A ir  re sistan ce  
tries to  tea r p a rtic les o u t  o f th e  liq u id  a n d  to  d is ru p t  th e  jet 
su rface . T h is  d is ru p tin g  a c tio n  increases in  in te n s ity  w h en  
th e  jet su rface  is n o t  sm o o th , i.e. w h en  it  c o n ta in s  in itia l d is 
tu rb an c es  d u e  to  in ad e q u a te  su rface  fin ish  o f th e  nozzle, to  
co n d itio n s  p rev a ilin g  a t  th e  in le t a n d  o u tle t  edges o f th e  nozzle, 
a n d  to  its  le n g th /d ia m e te r  ra tio . T h e  su rface  ten s io n  o f th e  
fuel a n d  th e  cohesive  fo rces be tw een  th e  in d iv id u a l sec tions 
o f  th e  jet o p p o se  these  e x te rn a l fo rces. I n  a d d itio n , th e re  a re  
in te rn a l fo rces d u e  to  tu rb u le n t  flow  co n d itio n s , a n d  these  a re  
o f  co n sid erab le  im p o rtan ce . T h e  v e lo c ity  vec to rs  h av e  a c o m 
p o n e n t p e rp e n d ic u la r  to  th e  d ire c tio n  o f  flow , c o n tr ib u tin g  to  
d is in te g ra tio n . P a rtic le s  in  tu rb u le n t  a n d  p u lsa tin g  m o tio n  
su b d iv id e  th e  je t in to  sections, a n d  a lso  cause a  sp re ad in g  o f th e  
sp ray  p ro p o rtio n a l to  th e  p u lsa tio n  velocity . F ig . 1 show s th e  
ch ara c te ris tic  fo rm s o f  je t d is in te g ra tio n . A t v e ry  low  o u tflo w  
velocities, th e  je t h as a  sh o rt, c o m p a c t sec tion , a n d  th e  d ro p le ts  
b reak  aw ay  o w in g  to  g ra v ity  (F ig . 1(a)). W h en  th e  velocity  
is in creased , th e  c o m p a c t sec tio n  becom es lo n g er, a n d  sy m 
m etrica l r ip p le s  a p p ea r over its  len g th  (F ig . 1(b)). W ith  a 
fu r th e r  increase  in  velocity , th e  len g th  o f th e  c o m p a c t section  
decreases, a n d  th e  d is tu rb an ces  becom e a sy m m e tric a l (F ig . 1(c)). 
B eyond  a c e rta in  velocity , th e  jet envelope beg ins to  d is in teg ra te  
im m ed ia te ly  a fte r  em erg in g  fro m  th e  nozzle. A still fu r th e r  
increase  in  v e loc ity  increases th e  q u a lity  o f a to m iza tio n  an d  
a lso w id en s th e  cone  ang le  (F ig s. 1(d) a n d  1(e)). T h e  veloci
ties a t  w h ic h  these  ch ara c te ris tic  p a tte rn s  a re  fo rm ed  d ep en d  
o n  th e  p h y sica l p ro p e rtie s  (i.e. v iscosity , su rface  ten s io n , etc.) 
o f  th e  fu e l; how ever, th e  L /D  ( le n g th /d ia m e te r )  ra tio  o f th e  
nozzle  a lso  h as a  co n sid erab le  in flu en ce ; tes ts have  sh o w n  th a t,  
w ith  nozzles h a v in g  a sm all L /D  ra tio , th e  c h a ra c te r  o f th e  
flow  d ep en d s co n sid erab ly  o n  th e  in le t co n d itio n s  (p in tle  p o si
tio n , etc.). I n  th is  case, th e  flow  c h arac te ris tic s  are  n o t  fu lly  
defined  b y  th e  R eyno lds n u m b er. T h e  d is tr ib u tio n  is n o n -  
u n ifo rm  a lo n g  th e  len g th  a n d  th ro u g h o u t th e  c ross sec tion  of 
th e  jet. I n  th e  case o f a c y lin d rica l ho le , th e  e m erg in g  jet 
sp read s o u t  c o n tin u o u s ly , as a  re su lt  o f larg e  in te rn a l p u lsa 
tio n s  a n d  also  because  o f th e  aero d y n a m ic  forces a c tin g  o n  its 
f ro n ta l area. T h e  d ev e lo p m en t o f th e  je t p ro b a b ly  o ccu rs  in  
th e  fo llo w in g  m an n e r. A t th e  b e g in n in g  o f in jec tio n , th e  
ve loc ity  o f  th e  em erg in g  p a rtic le s  is ra p id ly  re d u ce d  b y  a ir 
re sis tan ce ; a t  th e  sam e tim e, how ever, m o re  fav o u rab le  c o n 
d itio n s  are c rea ted  fo r  su b seq u en t p a rtic les. A t a  c e rta in  d is 
tan ce  th e  p a rtic le s  s itu a te d  in  f ro n t  a re  d r iv e n  to w a rd s  th e  sides 
by  a ir  re sistan ce  a n d  are  rep laced  by  o th e rs  w h ic h  still have 
suffic ient k in e tic  energy. T h ese , in  tu r n ,  soon  lose m o st o f 
th e ir  energy , a n d  th e  p rocess rep ea ts  itself. T h e  a ir  carried  
aw ay  b y  th e  p a rtic le s  o n  th e  jet su rface  a lso takes p a r t  in  th e  
a to m iza tio n  process. M o reo v er, th e  c o n ce n tra ted , large  scale 
in te rn a l tu rb u le n ce  o c c u rr in g  in  th e  v ic in ity  o f th e  su rface  
red u ces th e  co m p actn ess o f th e  jet. T h u s ,  a c o m p a c t c en tra l 
core  w ith  co n sid erab le  en erg y  is fo rm ed  a t th e  c en tre  o f th e  
jet. T h e  p a rtic les  m ove ro u n d  th is  co re  a n d  g ra d u a lly  reach  
th e  o u te r  su rface , d ecreas in g  in  size a n d  lo s in g  th e ir  velocity . 
T h ese  sm all p a rtic les  a re  th en  capab le  o f ra p id ly  a d a p tin g  
them selves to  th e  ve lo c ity  o f th e  a ir  s tream . T h u s ,  good  
m ix in g  c o n d itio n s  a re  o b ta in ed .— G. Sitkei, A cta Technica 
Academiae Scientiarum Hungaricae, 1959; Vol. 25, N os. 1-2, 
pp. 87-117. The Engineers’ D igest, Septem ber 1959; Vol. 20, 
pp. 363-368.

H un tin g  of W a te r  Level in Float-contro lled Deaerators
O p e ra tin g  d ifficu lties en co u n te re d  w ith  a  d eae ra tin g  feed 

h ea ter d u r in g  fu ll scale tes t bed tr ia ls  o f a  com ple te  p ro to ty p e  
m a in  p ro p u ls io n  m ac h in e ry  in s ta lla tio n  are described , to g e th e r 
w ith  th e  ev en tu a l successfu l rem edy . T h e  w a te r level co n tro l 
system  o f th e  d eae ra to r is an alysed  m ath e m a tic a lly  a n d  a 
c rite rio n  fo r  stab le  o p e ra tio n  estab lished . C o m p ariso n  of th e  
th eo re tica l a n d  observed b e h av io u r o f  th e  d eae ra to r show s 
reasonab le  agreem ent. P ra c tic a l fac to rs  a ffec ting  th e  v a lid ity  
o f th e  th eo ry  are  exam in ed  a n d  su g g estio n s m ad e  fo r  im -
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p ro v em en ts  in  design . Som e rem ark s o n  c o m m o n  deaerato r 
design  p rac tices a re  m ad e  in  th e  l ig h t o f test bed experience. 
T h e  exam ple  o f th is  d eae ra to r is u sed  to  illu s tra te  a n  in tro 
d u c tio n  to  m o re  general analy tica l m eth o d s. T h e  need fo r 
these  in  m o d e rn  steam  p la n t  design  w o rk  is exp la ined , to 
g e th e r w ith  th e  obstacle  to  th e ir  use im p o sed  by  o u r  p re sen t 
ig n o ran ce  o f th e  k in e tic  ch arac te ris tics  o f c o m m o n  p la n t item s. 
— Paper by A. J. M orton , subm itted to  the Institu tion of 
Mechanical Engineers for w ritten discussion, 1959.

Characteristics of Large-size Fiat Engine
T h e  p rin c ip a l ch arac te ris tics  o f  th e  large-size  F ia t  tu rb o 

ch arg ed  tw o -s tro k e  en g in e  a re  re p ro d u c e d  below . T h is  eng ine 
h as a  cy lin d e r b o re  o f 900 m m ., a p is to n  stro k e  o f 1,600 m m ., 
a n d  a  m ax im u m  m .e.p . o f 10 kg. p e r c m . \  I t  w ill be seen th a t  
th e  ra ted  o u tp u t  p e r c y lin d e r is 1,900 b .h .p . a n d  th a t  in  th e

Principal characteristics of Fiat engine with a 900-m m. 
bore and piston stroke of 1,600 mm.

h ig h e r  p o w er ran g es th e  en g in e  is b u ilt  w ith  six, seven, n in e  
a n d  eleven cy lin d ers , th e  la tte r  g iv in g  a b o u t 21 ,000 b .h .p . a t  
118 r .p .m ., th e  m ean  p is to n  speed b e in g  6-3 m . p e r  sec. A 
n in e -c y lin d e r en g in e  o f  these  d im en sio n s is n o w  b e in g  co n 
s tru c te d  fo r  in s ta lla tio n  in  a 3 5 ,0 0 0 -to n  tan k e r ow ned  by 
A chille  L a u ro  S .p -A ., th is  h a v in g  a service ra tin g  o f 1,700 
b .h .p . p e r  cy lin d er. I t  w ill be  read y  fo r  sh o p  tria ls by  th e  end  
o f th is year.— The M otor Ship, March 1959; Vol. 39, p . 591.

Nuclear Ship Savannah
T h e  n .s. Savannah’s p ressu rized  w a ter reac to r system  is 

ra ted  a t  74 M W  (m illio n  w a tts). In  a d d itio n  to  th e  reac to r, 
th e  system  com prises a p re ssu rize r vessel a n d  tw o  p r im a ry  
co o lan t loops. E ach  lo o p  co n ta in s  tw o  can n ed  m o to r  p u m p s, 
one  h ea t ex ch an g er, tw o  check a n d  tw o  s to p  valves. T h e  
re ac to r is m o d era ted  a n d  cooled  by  lig h t w a ter a t  1,7501b. p e r 
sq. in. abs. I t  is fu e lled  w ith  u ra n iu m  oxide ( U 0 2) o f  ab o u t 
4 '4  p e r c en t e n ric h m e n t in  u ra n iu m  235, c lad  in  sta in less steel 
rods. T h e  active  co re  is ap p ro x im ate ly  a r ig h t c irc u la r  cy lin 
de r w ith  a n  eq u iv a len t d iam e te r o f 62in. a n d  a h e ig h t o f  66in 
T h e  core is m ad e  u p  o f 32 fuel e lem en ts (8 5in. sq.), each  one

co n sis tin g  o f 164 fu e l ro d s  0-5 in. d iam eter. R eac tiv ity  co n tro l 
is p ro v id ed  b y  21 c ru c ifo rm  sh ap ed  c o n tro l ro d s, each  w ith  
an  effective len g th  o f 66in . T h e  ro d s  a re  a co m p o site  o f b o ro n  
a n d  sta in less steel p lates, enclosed  in  sta in less steel jackets. 
T h e ir  c ru c ifo rm  shape  enables th em  to  m ove in  o r  o u t  o f th e  
fuel m ass, a c tu a ted  by  e lec tro -m ech an ica l co n tro l. B o ro n  is an  
e lem ent th a t  c an  re s tr ic t th e  fission  p rocess a n d  th ereb y  co n tro l 
th e  heat release. W h en  th e  ro d s  a re  w ith d ra w n , n e u tro n s  
em itted  by  th e  n u c le a r fuel b o m b ard  s u r ro u n d in g  fissionable 
u ra n iu m  atom s. W h en  a n e u tro n  strikes th e  n u c leu s  o f an  
a to m , th e  a to m  sp lits  in to  tw o  o r  m o re  fission  frag m e n ts  an d  
several n e u tro n s . T h is  ch an g e  of m ass releases en erg y  w h ich  
pro d u ces heat. S ince ad d itio n a l free n e u tro n s  are released 
to  b o m b ard  o th e r  n u cle i, th e  process is se lf-su s ta in ig n  in  
th e  p resence o f sufficient fissionable m ate ria l (c ritica l m ass). 
Inversely , by  lo w erin g  th e  ro d s, th e  fiss io n in g  a c tio n  is 
red u ced  p ro p o rtio n a te ly . I n  th e  fu ll-d o w n  p o s itio n  the  
ch a in  reac tio n  is sh u t off com ple te ly . T h e  Savannah’s 
e lectro -m ech an ical ro d  c o n tro l d riv e  w ill be  able to  in se r t 
th e  ro d s a t a m ax im u m  ra te  o f 15 in . pe r m in u te . H ow ever, 
in  case o f em ergency  th e  re ac to r sa fe ty -m o n ito r in g  system  
w ill au to m a tica lly  in itia te  a “ sc ram ” in se r tio n  w h ic h  w ill 
b r in g  th e  ro d s  to  th e  fu ll-d o w n  p o s itio n  in  a to ta l e lapsed 
tim e  o f on ly  1-6 seconds. T h e  h e a t g en era ted  b y  fission  in  th e  
reac to r is absorbed  by  d em in era lized  w a te r  w h ic h  is c ircu la ted  
th ro u g h  th e  reac to r in  tw o  c losed  loops, each  of w h ic h  has 
tw o  c irc u la tin g  p u m p s  a n d  a  h e a t exchanger. T h is  is th e  
p r im a ry  system . T h e  p r im a ry  lo o p  w a te r  is m a in ta in ed  a t a 
c o n s ta n t p ressu re  o f 1,7501b. p e r sq. in . by  a p re ssu rized  vessel. 
T h e  la tte r  is fitted  w ith  b o th  e lectrica l h ea ters  a n d  sp ra y  coolers 
to m a in ta in  a u to m a tica lly  th e  desired  o p e ra tin g  c o n d itio n . By 
keep ing  th e  p r im a ry  loop  u n d e r  h ig h  p ressu re , th e  p r im a ry  
w a ter can  be hea ted  to  h ig h  tem p e ra tu re  w ith o u t  b o iling . T h is  
h ea t th en  is tran s fe rre d  in  th e  h e a t ex ch an g er to  w a te r  u n d e r  
m u c h  low er p ressu re  (secondary  loop) cau s in g  i t  to  flash  in to  
steam . T h is  is p ip ed  to  th e  p ro p u ls io n  tu rb in e s , tu rb o g en e ra 
to rs  a n d  a u x ilia ry  steam  lines. W ith  th e  tu rb in e s  p ro d u c in g  
th e ir  n o rm a l o u tp u t  o f 20 ,000  s .h .p . a n d  th e  e lectrica l load  
a t 2 ,200 k W , th e  reac to r pow ers w o u ld  be 63 5 M W . T h is  
w o u ld  re q u ire  242 ,2001b ./h r. o f steam  a t 4901b. p e r  sq. in . abs. 
to  be  gen era ted , o f  w h ich  186,6101b ./h r. w o u ld  be co n su m ed  
by  th e  m ain  tu rb in es. (U n lik e  th e  c o n v en tio n a l h ig h  p ressu re  
steam  p lan ts  w h ich  p ro d u c e  su p e rh ea ted  steam , th e  Savannah’s 
p la n t p ro d u ces d ry , sa tu ra ted  steam .) A t th is  o u tp u t  th e  
p r im a ry  c o o lan t flow  w o u ld  be  8 ,000 ,0001b ./h r. w ith  a  m ean  
tem p e ra tu re  rise  th ro u g h  th e  re ac to r  o f  22-8  deg. F . T h e  
feedw ater te m p e ra tu re  to  th e  steam  d ru m  w o u ld  be 347 deg. F . 
M arine Engineering/Log, A ugust 1959; Vol. 64, pp. 75-84.

Gas Tu rb ine  fo r L iberty Ship
E arlie r  th is  year a series o f  d e m o n s tra tio n s  to o k  p lace  a t 

th e  eng ine  w orks o f  th e  Societe  des A teliers e t C h a n tie rs  de 
B re tag n e  w here  a 3 ,500-s.h .p . m arin e  p ro p u ls io n  gas tu rb in e , 
o rd e red  by th e  F re n c h  M in is try  o f M e rc h a n t  M a rin e  a n d  
in ten d ed  fo r  rep o w erin g  a L ib e rty  sh ip , w as u n d e rg o in g  tests. 
T h e  designed  o u tp u t  o f th e  p la n t , 3 ,500 s.h .p . a t  105 r .p .m ., is 
in te n d e d  to  give a s ta n d a rd  L ib e r ty  sh ip  a con sid erab le  ad v an 
tage in  speed over th e  c o n v en tio n a l steam  m ach in ery , a n d  th e  
o p en  cycle a n d  m ax im u m  tem p e ra tu re  o f  700 deg. C . m eet 
th e  req u irem en ts  fo r  lo n g  life. T h e  A .C .B .-R a teau  gas tu rb in e  
has been u n d e r  c o n s tru c tio n  fo r  som e co n sid erab le  tim e  an d  
erec tio n  o n  th e  tes t bed  w as first co m m en ced  in  1955. A s th e  
a cc o m p an y in g  d ra w in g  m akes p la in , i t  is o f  tw o -sh a ft  design . 
T h e  h ig h  p ressu re  se t com prises h .p . a ir  co m p resso r, h .p . gas 
tu rb in e , h .p . co m b u s tio n  ch am b er a n d  a steam  s ta r tin g  tu rb in e . 
T h is  set is f re e -ru n n in g  a n d  u n c o n n ec te d  to  th e  o u tp u t  sh a ft. 
T h e  lo w -p ressu re  set co m p rises th e  l.p . co m p resso r, th e  l.p. 
tu rb in e , th e  l.p . a ir  cooler, th e  l.p . c o m b u s tio n  c h am b er an d , 
again , a  steam  s ta r tin g  tu rb in e . T h is  set t ra n s m its  i ts  o u tp u t  
to  a n  A .C .B . variab le  p itc h  p ro p e lle r th ro u g h  d o u b le -re d u c tio n  
locked tra in  re d u c tio n  gears. T h e  h eat e x ch an g er is a rra n g e d  
betw een th e  h .p . co m p resso r a n d  th e  h .p . co m b u s tio n  cham ber. 
T h e  gases leav in g  th e  l.p . tu rb in e  a t 420 deg. C . a re  reduced  
to  ab o u t 200 deg. C . w hile  ra is in g  th e  te m p e ia tu re  o f th e  a ir
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Schematic diagram of cycle w ith  conditions at various stages 
corresponding to  700 deg. C. m aximum . A  bypass allows the 
h.p. compressor to  draw  air directly from  the atmosphere and 
the h.p. turbine to  discharge to  the funnel, thus enabling the 
free running charging set to  be started and run independently  

of the l.p. power turbine set

delivered  b y  th e  h .p . co m p resso r f ro m  a b o u t 160 deg. C . to  
ab o u t 378 deg. C . T h e  s ta r tin g  tu rb in e s  a n d  m o st o f  th e  
au x iliaries c o n ce rn ed  w ith  th is  p la n t  are d riv en  b y  steam  in  
o rd e r to  u tilize  to  th e  m ax im u m  possib le  ex ten t th o se  fittin g s  
a lready  o n  th e  sh ip . T h e  tw o  ax ia l-flo w  co m p resso rs a re  of 
sim ila r general design. T h e y  a re  b o th  o f 15 stages a n d  have 
a p ressu re  ra tio  o f 3 to  1. T h e  casings a re  en tire ly  w elded 
a n d  th e  ro to r  discs are f itte d  w ith  b lades p re c is io n -ca s t by  th e  
lo st w ax  process. A ll th e  h .p . co m p resso r b lades w ere in d i
v id u a lly  w eighed  b efo re  assem bly  a n d  th e  ro to rs  w ere  sta tica lly  
a n d  d y n am ica lly  ba lan ced .— The M arine Engineer and Naval 
A rchitect, Septem ber 1959; Vol. 82, pp. 353-356.

N e w  Cargo  Vessel fo r  Ellerm an Lines
T h e  la test sh ip  to  be co m p le ted  b y  A lex an d er S te p h en  a n d

S o n s L td . ,  L in th o u se , is a  general a n d  re frig e ra ted  sing le
screw  m o to r  cargo  vessel, th e  C ity  of Melbourne. B u ilt fo r  
E lle rm a n  L in es  L td . ,  th e  C ity  of M elbourne  is a  new  class of 
sh ip  spec ia lly  d esigned  fo r  service betw een  th e  U n ite d  K in g 
d o m , C a n ad a  a n d  A u stra lia . S h e  has a d ead w e ig h t o f 12,300 
to n s  a n d  a serv ice speed o f  17 k n o ts . O n  S ep tem b er 12, th e  
C ity  of M elbourne  sailed o n  he r m a id e n  voyage fro m  L iv e r
pool. T h e  C ity  of M elbourne  is p o w ered  by  a tw e lv e-cy lin d er 
S te p h e n -S u lz e r  D iesel eng in e— one o f  th e  m o st p o w erfu l m arin e  
D iesel eng ines in  th e  w o rld . D u r in g  tes t b ed  tr ia ls  a t  L in t 
ho u se  earlie r th is  year th e  en g in e  developed  18,000 b .h .p .— an 
o u tp u t  w h ich  c o u ld  p ro b ab ly  have  been  exceeded h a d  th e  
d y n am o m ete rs  been su itab le  fo r  a  h ig h er load . T h e  en g in e  is 
n o w  ra te d  a t 14,000 b .h .p ., so  i t  is fa irly  o bv ious th a t  m u c h  
h ig h er speeds th a n  17 k n o ts  c o u ld  be reach ed  if  necessary.
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T h e  p rin c ip a l p a r tic u la rs  o f th e  C ity  of Melbourne a re  as 
fo llo w s :

L e n g th  o.a. . . .  
L e n g th  b.p .
B read th , m o u ld e d  ... 
D e p th  to  2 n d  deck 
D ra u g h t 
D ead w eig h t 
G ro ss  to n n ag e  
M a c h in e ry  o u tp u t  ... 
Service speed 
C a rg o  c ap a c ity :

Bale
R efrigerated

545ft. Oin. 
510ft. Oin. 

71ft. Oin. 
33ft. 6 in. 
28 ft. 9-Jin. 

12,300 to n s 
9,920 to n s 

14,000 b .h .p . 
17 k n o ts

560,670 cu. ft. 
164,260 cu. ft.

th ro u g h  w h ich  a ir  is fo rced  due  to  th e  vessel’s fo rw a rd  m o tio n . 
T h e  d u c t is sw ep t u p  ju s t fo rw a rd  o f th e  u p tak es, so e n tra in in g  
th e  fu n n e l gases a n d  c a rry in g  th em  w ell above th e  p o in t a t 
w h ich  th ey  can  descend  over th e  deck. I n  a  p o w erfu l c ross 
w in d , how ever, th e  fu ll effect o f these  a ir  slo ts is lost. T h e  
pro p o sa l is to  a rran g e  th e  u p p e r  p a r t  o f th e  fu n n e l to  be 
ro ta tab le  so th a t  th e  axis can  be tra in ed  to  th e  re su lta n t angle 
o f sh ip  veloc ity  a n d  w in d  speed a n d  d irec tio n . T h e  a rran g e 
m e n t w ill be c lear fro m  th e  acc o m p a n y in g  sketches, w h ich  
show  th a t  th e  up tak es rem a in  s ta tio n a ry , su itab le  seals be ing

T h e  C ity  of M elbourne h as been c o n s tru c ted  as a com plete  
su p e rs tru c tu re  vessel w ith  a raked  stem , c ru ise r s te rn  a n d  th ree  
raked  m asts , g iv in g  a tr im  ap p earance  to  th e  su p e rs tru c tu re . 
T h is  is a f t  o f a m id sh ip s  to  su it  th e  p o sitio n  of th e  p ro p e llin g  
m ach in ery , w h ich  has been a rra n g e d  betw een  N os. 4 a n d  5 
ho lds a n d  a f t  o f  am id sh ip s. T h e  vessel has been b u ilt  to  
L lo y d ’s R egister class 100 A1 w ith  re frig e ra tio n . T h e  p ro 
p e llin g  m ach in ery  in  th e  C ity  of M elbourne consists  o f a 
tw e lv e-cy lin d er ty p e  R S A D  76 S te p h en -S u lz e r tu rb o ch a rg ed  
tw o -s tro k e  D iesel eng in e  d esigned  fo r  o p e ra tio n  o n  b o ile r fuel. 
T h e  eng in e  has a  bore  o f 760 m m . a n d  1 ,500-m m . stroke. A s 
p rev io u sly  m en tio n ed , over 18,000 b .h .p . a t  126 r.p .m . was 
developed w h ile  th e  eng ine  w as o n  th e  tes t bed, a n d  the  
service ra tin g  o f 14,000 b .h .p . a t 114 5 r.p .m . allow s p len ty  
o f  p o w er to  be k ep t in  reserve. T h is  is th e  second  eng ine  
o f  th is  desig n  to  be b u ilt  b y  A lexander S tep h en  a n d  Sons L td .,  
w hose f irs t S u lz e r eng ine  o f th is  ty p e  w as a seven-cy linder 
u n i t  o f 8,750 b .h .p . o u tp u t  in sta lled  in  th e  British Fulmar. 
T h is  en g in e  w as dera ted  to  7 ,500 b .h .p . in  service. T h e  
a d m iss io n  o f a ir  in to  th e  cy lin d ers is co n tro lled  by  th e  to p  
edge of th e  p is to n s , a n d  in  o rd e r to  re ta in  suffic ient a ir in  
th e  cy lin d ers  fo r  co m b u s tio n  the  ex h au st p o rts  are closed by 
m eans o f ex h au s t valves a t  the  e n d  o f th e  scaveng ing  process 
before th e  p is to n s  close th e  scavenge p o rts . M ech an ica lly  
o p e ra ted  se m i-ro ta ry  ty p e  ex h au s t valves are tim ed  to  allow  
a fte r  c h arg in g . T h e  fo u r  tu rb o ch a rg e rs  are o f th e  S u lzer 
R T .6 7  type  a n d  th e  eng ine  is tu rb o ch a rg ed  on  th e  pu lse  
system . G as leav in g  th e  tu rb in e s  is led in to  a w aste  heat 
bo iler to  genera te  steam  fo r sh ip ’s services. A b o u t 4,2001b. o f 
s team  p e r h r. a t 1001b. pe r sq. in . is p ro d u c ed  a t n o rm al 
service pow er.— The Shipping W orld, 7th October 1959; Vol. 
141, pp. 219-221.

Rotatable Funnel fo r Sm oke Deflexion
T h is  a rtic le  describes a novel m eans o f overco m in g  th e  

tro u b le  d u e  to  sm oke d r iv in g  d o w n  o n  the  passenger decks o f 
large  liners. I t  re fers p a r tic u la r ly  to  th e  “ L asc ro u x ” ty p e  of 
fu n n e l w h ich  h as  been fitted  in  a n u m b er o f F re n c h  a n d  
I ta lia n  p assenger liners. T h e  bo iler u p tak es a n d  D iesel eng ine  
ex h au s t are ca rried  th ro u g h  th e  cen tre  o f th e  fu n n e l, th e  
o u te r  cas in g  o f  w h ic h  has a large  a p ertu re  in  th e  f ro n t

These three sketches show how the uptakes remain stationary 
in the centre of the funnel while the upper part of the casing 

is rotated to  resultant of w ind and ship m otion
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p ro v id ed  be tw een  th e  m o v in g  a n d  s ta tic  p a rts . M a rio  C h iab ra , 
La M arina Mercantile, A p ril 1959.— The M arine Engineer 
and N aval Architect, Septem ber 1959; Vol. 82, p. 363.

M ulti-ra tio  Reverse Reduction Gears fo r Tugs and Traw lers

W . J. Y arw o o d  a n d  C o. L td . o f  N o r th w ic h  have recen tly  
la u n c h ed  th e  m o to r  tu g  Sir William Luce  fo r  th e  A d en  P o r t  
T ru s t .  T h e  c ra f t is p ropelled  by  tw o  R u s to n  7 V E B X M  
engines, each  ra te d  to  develop 630 b .h .p . a t  500 r.p .m . an d  
tra n s m ittin g  th e ir  com b in ed  pow er to  th e  sing le-screw  th ro u g h

w ith  th e ir  respective  gear w heels w ith in  w h ic h  are th e  oil 
op e ra ted  c lu tch es  w h ic h , in  tu r n ,  are keyed to  th e ir  shaft. 
A t th e  a f te r  e n d  o f  th is  seco n d ary  sh a f t  is th e  secondary  
p in io n  w h ic h  engages w ith  th e  m a in  g ear w heel. T h e  reverse 
tra in  is, o f  course , tak en  th ro u g h  th e  id ler. A ll th e  sh afts 
are c a rried  in  p la in  w h ite  m eta l lin ed  b earin g s, lu b r ic a tin g  
o il b e in g  su p p lied  b y  m o to r  d riv en  in d e p e n d e n t oil p u m p s 
th ro u g h  th e  necessary  s tra in e rs , coolers a n d  re g u la tin g  valves. 
C o n tro l oil p ressu re  is fed  th ro u g h  a cock  h av in g  positio n s 
fo r  a s te rn , s to p , f irs t speed ah ead  a n d  second  speed ahead.

Plan at prim ary and secondary shaft level of tw o-speed ahead 
M .W .D . type  2M W R 5 tw in -inpu t gear box showing arrange

ment of first- and second-speed trains

Size 46 ty p e  S C D  “ F lu id r iv e ” co u p lin g s  a n d  a tw o -ra tio  ahead  
“ H in d m a r c h /M W D ” gear u n it. T h e  first speed ahead  ra tio  
is 3 49 to  1, th e  second  speed ah ead  ra tio  is 2 7 2  to  1 an d  
th a t  fo r  a ste rn  is 3-52 to  1. T h e  a rra n g e m e n t o f th e  gears 
can  best be seen fro m  th e  a cc o m p a n y in g  illu s tra tio n . E ach  
of th e  tw in - in p u t  sh a fts  carries th ree  p in io n s  w h ic h  engage

O il is led  to  th e  d is tr ib u to r , w hen ce  i t  passes to  th e  c lu tc h  
fo r  th e  p a r tic u la r  m o tio n  selected. I so la tin g  valves enable 
e ith e r one  o r  th e  o th e r  o f th e  eng ines to  be c u t  o u t  of 
service. M o s t o f th e  c o n tro l gear is tak en  to  th e  b rid g e .— The 
Marine Engineer and N aval A rchitect, Septem ber 1959; Vol. 
82, p. 362.

C om piled and published by the Institu te of M arine Engineers



190

Patent Specifications
Hatch C ove r

T h is  h a tc h  cover, as sh o w n  in  F igs. 1-4, com prises a 
n u m b e r  o f  cover m em b ers (1), a n d  til t in g  a n d  s lid in g  yokes (2) 
p ro v id ed  w ith  p in s  (3) w h ic h  a re  in se rted  in  n o n -ro ta tab le  
m an n e r  in to  th e  en d  cover m em ber ( la ) .  T h e  la tte r  is tilted  
a b o u t its  lo n g itu d in a l axis u p  to  a c e rta in  ang le  re la tively  to

FIG 2

j '

& iiii

th e  slidew ay (10), a n d  th e  s lid in g  a n d  t il t in g  yokes (2) arc 
secu red  to  th e  en d  cover m em ber o n  b o th  sides, a n d  so as to 
be r ig id  ag a in s t ro ta tio n , by  m eans o f th e  in se rted  p in s (3). 
F ix ed  to  th e  s lid in g  a n d  til t in g  yokes (2) a re  ropes (4) by 
m eans o f w h ich  th e  cover m em bers (1) can  be p u lled  to g eth e r 
to  fo rm  a cover m em b er assem bly (5). T h e  ang le  o f a d ju s t
m e n t o f th e  e n d  cover m em bers ( la )  is selected so th a t  the 
m in im u m  fo rce  is req u ired  o n  th e  rope . By m eans of th e  
spacers (9) (fo r exam ple  ch a in s) p ro v id ed  o n  th e  low er ch o rd s 
o f  th e  cover m em bers (1), all th e  cover m em bers (1) t i l t  succes
sively, s lid in g  on  th e  slidew ays (10) ab o u t th e ir  lo n g itu d in a l 
axis, u n t i l  th e  c losu re  m em ber (11) bears ag a in st th e  s to p  (12).

F t G  3

S u b seq u en tly  th e  s lid in g  a n d  til t in g  yokes (2) b ear ag a in st 
th e  trav e l l im itin g  m eans (6) (F ig . 3). T h e  sp a c in g  betw een 
th e  sto p s (12) a n d  th e  trav e l l im itin g  m ean s (6) is so selected 
th a t  th e  cover m em b er assem bly  (5) is p ressed  tog eth e r. T h e  
first cover e lem en t ( lb )  is s to p p ed , fo r  exam ple , by  d isp lacem en t 
o f  th e  h in g e  b o lt  (13). W ith  th e  a id  o f ro p es  (7), over pu lleys 
(14), th e  s lid in g  a n d  til t in g  yokes (2), w ith  th e  assem bly  (5), 
a re  sw u n g  a b o u t th e  p iv o ts  (8) o u t  o f  th e  h a tc h  a p e rtu re .—  
British Patent No. 821,912 issued to  VEB Schifjbau, Projekt 
and Konstruktionsbiiro, Berlin. C om plete specification pub
lished 14th October 1959.

Steering C on tro l for M arine C ra ft
T h is  in v en tio n  relates to  a s teerin g  co n tro l a rran g em en t 

fo r  m arin e  c ra ft, th e  co n tro l h a v in g  o p p o site ly  ro ta tin g  vertica l 
d r iv in g  shafts. In  th e  device a cc o rd in g  to  th e  in v en tio n  one 
c lu tc h  is p ro v id ed  fo r  each  d riv en  bevel gear, as sh o w n  in  the  
d iag ra m m a tic  re p re sen ta tio n . T h e  c lu tch es are  p laced  betw een 
th e  d riv en  bevel gears a n d  th e  o p p o site ly  ro ta t in g  vertical 
d r iv in g  sh a fts e x ten d in g  to  th e  u n d e rw a te r  h o u sin g . I f  one

c lu tc h  is p a rtia lly  d isengaged , steerin g  is assisted  o r  in itia te d  
in  th e  d irec tio n  o f ro ta tio n  o p p o site  to  th a t  o f  th e  d isen g ag ed  
c lu tch . A lso, th e  d irec tio n  o f steer c an  be ch an g ed  th ro u g h  
180 degrees, th a t  is, f ro m  ahead  to  a s te rn  fo r  in s tan ce , by  
press b u tto n  c ircu its  h a v in g  paw l o r  s to p  se ttin g s. T h e re  is 
no  u p p e r  lim it to th e  d r iv in g  p o w er w h ic h  th e  s te e rin g  c o n tro l 
w ill h a n d le  re liably , since  by  m eans o f th e  servo-effect th e  
eng in e  p o w er is d irec tly  u sed  fo r  s tee rin g  so th a t  a n  eng ine  
p ow er of, fo r  in stan ce , 1,000 h .p . c an  be c o n tro lled  very  easily. 
T h e  tw o  d riv en  bevel gears (1, 2) each  b ear one  p a r t  o f  a 
c lu tc h  (5, 6). T h e  o th e r  p a r ts  o f  th e  tw o  c lu tch es a re  co n 
nected  to  o p p o site ly  ro ta tin g  vertica l d r iv in g  sh a fts  (3, 4), d is
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posed  o n e  in s id e  th e  o th er. H en ce , w h en  th e  c lu tch es (5, 6) 
a re  engaged , trie bevel gears (1, 2) are  n o n -p o sitiv e ly  conn ec ted  
to  th e  d r iv in g  sh a fts  (3, 4). T h e  c lu tch es a re  so  co n triv ed  th a t  
th e ir  h o ld in g  to rq u e  is s lig h tly  g rea te r th a n  th e  to rq u e  to  be 
tran sm itte d . A  g ear w heel (9) o n  th e  s tee rin g  g ear (7) engages 
w ith  a g ear w heel (10) o f an  u n d e rw a te r  h o u s in g  (11). As 
th e  s tee rin g  g ear is tu rn e d  in  one  o r  th e  o th e r  d irec tio n , th e  
c lu tc h  assoc iated  w ith  th e  sh a f t  ro ta t in g  in  th e  o p p o site  d irec 
tio n  o f steer is d isengaged  th ro u g h  th e  co n n ex io n  (12 o r  13). 
B ecause o f th e  se rv o -ac tio n , th e  en g in e  d rives th e  u n d e rw a te r 
h o u s in g  th ro u g h  th e  o th e r  sh a ft, w h ic h  ro ta tes  in  th e  sam e 
d irec tio n  as th e  d irec tio n  o f steer, so th a t  th e  s tee rin g  co n tro l 
acts m ere ly  as a sh ift-m e m b er a n d  can  th e re fo re  c o n tro l a large 
p o w er very  easily. T o  o b v iate  u n e q u a l s tee rin g  m o v em en ts , a 
p re fe rab ly  h y d ra u lic  d a m p in g  m em b er (8) is co n n ec ted  in to  the  
steerin g  gear.— British Patent N o. 822,204 issued to VEB  
Schiffbau, Projekt and K onstruktionsbiiro, Berlin. C om plete  
specification published 21st October 1959.

N e w  Type of General C a rgo  Ship

T h is  in v en tio n  em bodies a new  desig n  o f  general cargo  
sh ip , th e  h u ll p ro v id in g  ad eq u a te  s tre n g th  a n d  h a v in g  a m u lt i
p lic ity  o f h a tch es o f su b s ta n tia lly  th e  sam e area as th e  
sy m m etrica l h o ld s th ey  cover. I t  a lso  em bodies a m u ltip lic ity  
o f c ranes, o r  c ran e  l if t in g  devices o r  c ran es o n  p iers o r  barges, 
o r  o th e r  sh ip b o a rd  cranes o n  a n  eq u iv a len t m as t-b o o m -w in ch  
system , capable  o f ro ta tio n  a n d  o f reach in g  o v er th e  side o f th e  
sh ip  a n d  d ro p p in g  genera l ca rg o  ( in c lu d in g  c o n v en tio n a l 
c o n ta in e rs) in to  an y  p a r t  o f a n y  ca rg o  h o ld  d irec tly . I t  a lso  
em bodies th e  use o f  h in g ed  be tw een-deck  sec tions in  th e  sy m 
m etrica l h o ld s  o f  a p p ro x im a te ly  th e  sam e area as th e  m ain  
ha tch es fo r  su p p o r t in g  o r  a r ra n g in g  th e  carg o  in  tiers. 
R e fe rrin g  to  F igs. 1 a n d  2 , th e  fo rem o st h a tc h  (17) is served 
b y  a fo re  c ran e  (18), w h ile  p a irs  o f  c ranes (19 a n d  20) are  
affixed to  th e  tran sv erse  beam s (16) o r  o th e r  p o rtio n s  o f th e  
h u ll o r  s tru c tu re  o f  th e  sh ip . T h ese  in te rm ed ia te  c ran es (19, 
20) serve carg o  spaces w h ic h  are be tw een  th e  lo n g itu d in a l
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b u lk h ead s  a n d  th e  in n e r  h u lls  o f  th e  sh ip . A n  a ft c ran e  (21), 
sh o w n  in  F ig . 2 , is a lso used  to  service th e  h o ld  (5) in  F ig . 1, 
th e  a f te r  c ran e  (21) b e in g  a lso  illu s tra te d  in  F ig . 1.— British  
Patent N o. 822,135 issued, to  Friede and G oldm an Inc. 
C om plete specification published 21st October 1959.

Life Saving Apparatus for Subm arine C ra ft

T h is  in v en tio n  relates to  life sav in g  a p p a ra tu s  fo r  su b 
m arin e  c ra f t  a n d  has fo r  its o b jec t to  p ro v id e  o n  th e  o u tsid e  
o f th e  p re ssu re  h u ll  o f th e  c ra f t m eans fo r  ca rry in g  an  in fla t
able d in g h y  a n d  fo r  co n vey ing  th e  la tte r  to  th e  su rface  w hen  
th e  c ra f t  is su b m erg ed , in  response  to  o p e ra tio n  o f a co n tro l 
inside th e  p re ssu re  h u ll. A fu r th e r  ob ject is to  p ro v id e  m eans 
w h ich  w ill serve as a m ark e r b u o y  fo r  th e  c ra f t  w h en  su b 
m erged  a n d  fo r s u p p o r t in g  a te lep h o n e  cable. I n  F igs. 1 
a n d  2 th e  h o u s in g  fo r th e  co n ta in e r (10) o f  a n  in fla tab le  d in g h y
(11) co m p rises a  free  f lo o d in g  c y lin d rica l c o m p a rtm e n t (12) 
b u ilt  in to  th e  su p e rs tru c tu re  (13) o f  th e  su b m arin e . T h e  co m 
p a r tm e n t (12) m ay  b e  c losed by  a cover (15) h in g ed  a t  (16). 
In  th e  base o f th e  c o m p a rtm e n t (12) a ho llow  tru n c a te d  cone 
of steel (25) is a rran g ed . T h e  space betw een th e  side o f the  
cone  (25) a n d  th e  side o f th e  c o m p a rtm e n t (12) serves as a 
stow age fo r  co ilin g  d o w n  a m o o rin g  line  (26) fo r a tta ch in g  
th e  d in g h y  c o n ta in e r  (10) to  th e  h u ll  (14). T h e  m o o rin g  line 
(26) w h ich  is p re fe rab ly  o f flexible steel ro p e  m ay  in co rp o ra te  a 
te lep h o n e  cable led in to  th e  h u ll  via  a p re ssu re  t ig h t  cable 
g lan d  (29). S h o u ld  th e  co n ta in e r (10) be  released fro m  its 
c o m p a rtm e n t (12) in  th e  su b m arin e  w h en  su b m erg ed , th e  
p is to n  ro d  (55) w ill be h e ld  in  th e  p o s itio n  sh o w n  u n t il  th e  
w a te r p ressu re  in  th e  cy lin d e r (57) is insu ffic ien t to  overcom e 
th e  effect o f  sp r in g  (59). T h e re a f te r  th e  p is to n  ro d  (55) w ill 
m ove to  th e  r ig h t  a n d  th e  lever (51) w ill a c tu a te  th e  o p e ra tin g  
head  to  release th e  com pressed  gas in to  th e  d in g h y . U n d e r  
th e  fo rce  exerted  b y  th e  in f la tin g  d in g h y  th e  shear p in s h o ld in g  
th e  tw o  h em isp h eres to g e th e r w ill sh ea r a n d  th e  in fla tin g

F ig . 2 .

d in g h y  w ill be released  fro m  th e  c o n ta in e r, a lth o u g h  i t  w ill 
re m a in  a tta ch e d  to  i t  by  th e  p a in te r  line  (63).— British Patent 
N o. 819,795 issued to R. F. D . C om pany L td ., IV. G. A . Jones 
and K . C. Bowmer. C om plete specification published 9th 
Septem ber 1959.

f i g .  J.

These extracts from  British Patent Specifications are reproduced by permission of the Controller of H .M . Stationery Office. 
(C om plete British Specifications can be obtained from  the Patent Office, 25, Southam pton Buildings, London, W .C.2.

Price 3s. 6d. each, both inland and abroad.)
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