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Vibration of Marine Turbine Blading
T h e  p u rp o se  o f  th is  p a p e r is to  give a general ex p lan a tio n  

o f th e  v ib ra tio n  p h en o m en a  e n co u n te re d  in  tu rb in e  design . D e ­
ta iled  m eth o d s have been o m itted . T h e  b e h av io u r o f  a  v ib ra tin g  
can tilever is expressed in  te rm s  o f th e  e x c itin g  fo rce  a n d  d a m p ­
in g  facto r. T h e  sources o f d a m p in g  a n d  ex c ita tio n  a re  d is­
cussed. Im p u lse  ex c ita tio n  is b riefly  co n sid ered  a n d  th e  reasons 
fo r its d ev asta tin g  effects a re  show n . T h e  p ro c ed u re  o f tu n in g  
lo w -pressu re  b lad in g , to  avo id  reso n an ce  a t th e  low er h a r­
m o n ic s o f  th e  tu rb in e  speed, is ex p la in ed  in  considerab le  detail. 
A n  a p p a ra tu s  fo r  d e te rm in in g  th e  n a tu ra l  freq u en cy  o f b lad in g , 
a n d  a n o th e r  fo r  a p p ly in g  b o th  ten s ile  a n d  a lte rn a tin g  ben  ’in g  
stresses sim u ltan eo u sly , a re  described . T h e  d irec t tensile  stress 
in  th e  tes t is p lo tte d  versus th e  a lte rn a tin g  b e n d in g  stress w h ich  
show s th e  resistance o f  th e  b lad e  to  an y  co m b in a tio n  o f these 
stresses. T h e  designed  stresses fo r  c e r ta in  tu rb in e  b lades a n d  
th e  stresses invo lved  in  several b lad e  fa ilu res  have been p lo tte d  
o n  th is  d iag ram  fo r  p u rp o ses  o f co m p ariso n .— Paper by R. W. 
Nolan, read at the 1949 Annual Meeting of the American 
Society of Mechanical Engineers. Paper No. 49-A-76.

Single Gear Tooth Bending Fatigue Test
In  th is  p a p e r  w h ic h  is co n ce rn ed  w ith  p ro d u c tio n  an d  

te s tin g  o f in d u c tio n  h a rd en in g  o f  gears, re ference is m ad e  to  a 
m ach in e  fo r  a  sing le  to o th  b e n d in g -fa tig u e  test. I n  th is  test 
th e  to rq u e  in  th e  g ear is re sisted  b y  a  lo a d in g  p in  a c tin g  ag a in st 
one  to o th , a n d  th e  stress is cycled  fro m  0  to  m ax im u m . T h is  
test w as developed in  th e  h ope  th a t  i t  w o u ld  a id  in  th e  eva lu a ­

tio n  o f sh o t-p e en in g  a n d  h eat t re a tin g  tec h n iq u e  a n d  m eth o d s , 
a n d  w o u ld  p ro v id e  a m ean s fo r  te s tin g  larg e  gears w h ic h  w o u ld  
o rd in a r ily  re q u ire  larg e  a n d  expensive  fa tig u e  eq u ip m e n t. T h e  
tes t figure  w as p u rp o se ly  m ad e  r ig id  so th a t  th e  te s t w o u ld  
d isc rim in a te  betw een m e ta llu rg ica l variab les p re sen t in  th e  p a r ­
tic u la r  gear b e in g  tes ted  a n d  n o t be affected  b y  variab les in  th e  
su r ro u n d in g  gears a n d  ho u sin g . T h u s ,  v a r ia tio n s  in  in v o lu te , 
t ip  re lief, to o th  in te rferen ce  a n d  c e r ta in  o th e r  m ech an ics  o f 
gearin g  sh o u ld  have neglig ib le effect u p o n  th e  te s t resu lts . P re ­
lim in a ry  d a ta  in d ica te  th a t  th is  new  ty p e  o f te s t c an  be used  
successfu lly  fo r  c o rre la tin g  b e n d in g -fa tig u e  s tre n g th  w ith  sh o t-  
p een in g  a n d  h e a t- tre a tin g  tec h n iq u es  a n d  m eth o d s. T h e  single­
to o th  te s t has ce rta in  advan tages. T e s ts  c an  be m ad e  a t  d ifferen t 
to rq u e  lo ad s o n  th e  sam e gear. B o th  sh o t-p een ed  a n d  u n p een ed  
tee th  c an  be c o m p a red  o n  th e  sam e gear. T h e  f ix tu r in g  is re­
latively  sim ple  a n d  b o th  large  a n d  sm all gears c a n  be checked. 
T h e  tes t is n o t  delayed  by  b reak d o w n  o f co m p o n e n t p a r ts , su ch  
as in  th e  o p p o sed  tra n sm iss io n  test. A lso , re s id u a l stresses can  
be m easu red  o n  th e  sam e gear w h ic h  is te s te d  in  fa tig u e .—
H. B. K now lton and H. P. Kincaid, S.A.E. Transactions, Vol. 
4, January 1950, pp. 116-131.

New Mirrlees Diesel Engine
T h e  la rg est D iesel en g in e  in  th e  “ J ” ra n g e  b u ilt  by  M ir r ­

lees, B ick e rto n  a n d  D a y , L td . ,  w h ic h  has n o w  co m p le ted  tests , 
is a  1 6 -cy lin d er V ee en g in e  w ith  tw o  b an k s o f  e ig h t cy lin d e rs  
in c lin ed  a t  45 degrees, a n d  o n  te s t i t  developed  3,000 b .h .p . a t 
900 r .p .m . I t  is  a  h ig h -p re ssu re , tu rb o -c h a rg e d  en g in e  w ith  a n
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a ir  a fte r-co o le r specially  designed fo r  m arin e  p ro p u ls io n  a n d  
au x ilia ry  d u tie s ; in d u s tr ia l  s ta tio n a ry  d u tie s ; ra il p ow er tra c tio n  
a n d  fo r  oil field d r ill in g  r ig  app lica tio n s . T h is  size o f eng ine 
w as developed as th e  re su lt o f experience ga in ed  a fte r  som e
1,600 h o u rs  o f rig o ro u s  tests o n  a n  in -lin e  6 -cy lin d er version  
o f th e  “ J ” range. T h e  bo re  w as fixed a t 9 Jin . a n d  th e  stroke 
a t lO Jin ., a llo w in g  a  speed range  fro m  600 to  800 r .p .m . fo r  
in -lin e  eng ines o f  six  a n d  e ig h t cy linders . I n  special cases, 
w here  th e  in te rm itte n t lo ad  fa c to r is p re d o m in a n t, i t  m ay  be 
possib le to  increase  th e  r .p .m . to  900. T h e  speed, how ever, 
o f  th e  3, 4, a n d  5 -cy lin d er in -lin e  eng ines a n d  th a t  o f th e  6 a n d  
8 -cy lin d er Vee eng ines w ill be lim ited  to  750 r.p .m . T h e  p ro ­
d u c tio n  m odel o f  th e  “J S S  16V ” eng ine  w ill be available in  
special cases to  develop 2,270 b .h .p . a t 900 r.p .m . B o th  b ed ­
p la te  a n d  c y lin d e r h o u sin g  are  o f fab ricated  steel c o n s tru c tio n . 
T h e  c y lin d e r liners a re  o f th e  w et ty p e  a n d  c h ro m e  hardened . 
T h e y  have a  c o n tin u o u s  u n in te r ru p te d  bo re  a n d  are  free to  
ex p an d  d o w n w ard s  th ro u g h  adequate  w a te r- tig h t jo in ts. T h e re  
are n o  cu taw ay s fo r  valve heads o r  co n n ec tin g  ro d  clearances. 
T h e  p is to n s  are  o f  l ig h t a lloy , w ith  th e  co m b u s tio n  ch am ber 
fo rm ed  in  th e  c row n . E ach  p is to n  carries a  large d iam eter 
f lo a tin g  g u d g eo n  p in , th ree  com p ress io n  rin g s a n d  tw o  scraper 
rings. T h e  eng in e  is to ta lly  enclosed. T h e re  a re  n o  m o v in g  
p a r ts  o u tsid e  th e  covers, a n d , therefo re , no  ex ternal h a n d  lu b r i­
c a tio n  w hatsoever is req u ired .— The Shipping World Vol. 122, 
15th February 1950, p. 193.

Residual Oil and Pulverized Coal
In v es tig a tio n s  in to  th e  use  o f resid u a l oil fo r  gas tu rb in e  

o p e ra tio n  are  carried  o u t u n d e r  th e  g u id an ce  o f th e  A d m ira lty , 
in  c o llab o ra tio n  w ith  th e  N a tio n a l G as T u rb in e  E stab lishm en t. 
B u n k er fuel oil is u n d o u b ted ly  th e  m o st co n v en ien t fuel fo r  gas 
tu rb in es, a n d  if  th e  p ro b lem  o f th e  v a n ad iu m  c o n te n t can  be 
successfu lly  solved it  is likely to  be  w id e ly  used. W o rk  o n  th e  
use o f so lid  fuel in  gas tu rb in e s  is th e  resp o n sib ility  o f th e  
M in is try  o f  F u e l a n d  Pow er. T h e  b u rn in g  of coal as a fuel 
w ill p ro b ab ly  be  confined  ch iefly  to  ap p lica tio n s o f th e  gas t u r ­
b ine  o n  lan d , th o u g h  i t  m ay  also be em ployed  a t sea. T h e re  are 
th ree  m a in  m eth o d s  o f  c o n su m in g  coal in  th e  gas tu rb in e . 
F irs t ly  th ere  is th e  d irec t in te rn a l co m b u s tio n  o f coal in  p u l­
verized  fo rm . A rra n g em e n ts  have been  co m p le ted  w ith  th e  
E n g lish  E lec tric  C o ., L td . ,  fo r  th e  c o n s tru c tio n  o f a  2 ,000 h.p. 
u n i t  o n  th is  p rin c ip le . T h is  w o rk  is associated  w ith  research  
w o rk  a lread y  in  h a n d  a t  th e  F u e l R esearch  A ssocia tion , a n d  it 
w ill also be in te g ra te d  w ith  o th e r  research  in to  th e  in te rn a l com ­
b u s tio n  o f coal o n  a n  ex is tin g  500 h .p . gas tu rb in e  b u ilt  by  
C . A. P a rso n s  a n d  C o., L td .,  N ew castle . T h e  second  m eth o d  
is th e  ex te rn a l co m b u s tio n  o f coal. T h is  can  be ap p lied  e ith e r 
to  th e  c losed  o r  op en  cycle ty p e  o f  gas tu rb in e . So fa r, how ever, 
th e  M in is try ’s p lan s  in c lu d e  o n ly  th e  fo rm er, a n d  a rran g em en ts  
have been m ad e  fo r  th e  deve lo p m en t o f  a n  ex te rn a l c o m b u s tio n  
system  to  be used  in  c o n ju n c tio n  w ith  a n  ex is tin g  500 h .p . gas 
tu rb in e  set w h ic h  w as b u ilt  som e tim e  ago by  J o h n  B ro w n  an d  
C o ., L td .,  C lydebank . T h e  th ird  m e th o d  is tw o -s tag e  in te rn a l 
co m b u s tio n . In  th is , p ro d u c e r  gas is m ad e  fro m  coal a t  o r  
above th e  p re ssu re  req u ired  by  th e  gas tu rb in e  a n d  is th e n  
b u rn e d . A  2 ,000 h .p . set is b e in »  developed o n  th is  basis by 
th e  M e tro p o litan -V ic k e rs  E lec trica l C o ., L td .  F ro m  th e  fuel 
aspect, i t  w o u ld  seem th a t  th e  ch ie f p ro b lem  d e lay in g  th e  a d o p ­
t io n  o f  th e  gas tu rb in e  is  th a t  o f  th e  v a n a d iu m  dep o sits  fro m  
lo w -g rad e  fuel oils. T h e  d ifficu lty  is th a t  th e  v a n ad iu m -b e a r­
in g  sa lts  a re  p re sen t in  th e  fuel in  a  so luble  fo rm , a n d  c a n n o t be 
rem oved  by  c en trifu g in g . U p  to  th e  p resen t, th e  o n ly  successfu l 
m e th o d  o f e lim in a tin g  th em  has been b y  d is tilla tio n , i.e., th e  
p ro d u c tio n  o f  gas o il, w h ic h  increases th e  co st p ro h ib itively . 
A ctive  research  p ro g ram m es to  investiga te  th e  in cidence  o f  so- 
called  v a n ad iu m  co rro s io n  are  in  p rogress a t th e  N a tio n a l G as 
T u rb in e  E stab lish m en t a n d  elsew here, a n d  th e  basic  fa c to rs  o f 
th e  case are b eco m in g  clear. I t  ap p ears  th a t  v a n ad iu m  p e n t-  
ox ide  is th e  ch ie f cause  o f tro u b le , a n d  th a t  th is  sa lt m ay  be 
d eposited  o n  th e  surfaces o f th e  d u c tin g  a n d  tu rb in e  b lades 
w herever th e  tem p e ra tu re  is above its m e ltin g  p o in t,  w h ic h  is 
o f  th e  o rd e r o f 650 deg. C . W h en  in  th e  m o lten  fo rm  th e  
v a n ad iu m  p en to x id e  is believed to  ac t as a “ ca rrie r”  fo r  oxygen

a n d  causes a n  in te r-c ry s ta llin e  b reak d o w n  in  th e  m ate ria l, a n d  
th is  b reak d o w n  m ay  take place q u ite  rap id ly .— The Shipping  
World, Vol. 122 1st February 1950, p. 149.

Cas Turbine Self-Starter
T h e  firs t fu lly  a u to m a tic  “ se lf-s ta rte r” fo r a  gas tu rb in e  

in  c en tra l-s ta tio n  service has been co m p le ted  by  th e  S w itch g ea r 
D iv isio n  o f  th e  G enera l E lec tric  C o m p an y . T h e  eq u ip m e n t, 
w h ich  is sa id  to  p e rfo rm , a u to m a tica lly  a n d  in  sequence, th e  
s ta r tin g  a n d  s to p p in g  opera tio n s , w ill be p u t  in  service by  th e  
C en tra l M a in e  P ow er C o m p an y  a t th e  F a rm in g d a le  S ta tio n . A 
3,500-kW . gas tu rb in e , fuelled  by B u n k er “ C ”  o il, w ill be p u t  
th ro u g h  its  n o rm al s ta r tin g  a n d  s to p p in g  sequence by th e  e q u ip ­
m ent. T h e  fo llo w in g  fu n c tio n s  w ill be  a u to m a tica lly  p e rfo rm ed  
by th e  u n i t  in  p ro p e rly  tim ed  sequence: (1) E nerg izes th e  t u r n ­
in g  gear to  “b reak  aw ay” th e  u n it. (2) S ta r ts  th e  c ran k in g  
m o to r  to  b r in g  th e  u n it  u p  to  p a r tia l speed a n d  a c tu a te  th e  a ir 
com presso r. (3) O pens th e  fuel valve. (4) Ig n ite s  th e  fuel. (5) 
A llow s th e  u n it  to  accelerate u n d e r  its  o w n  pow er. (6) T r a n s ­
fers fo r fuel su p p ly  fro m  s ta r tin g  D iesel fuel to  B u n k e r “ C ” fo r 
ru n n in g . A fte r reach in g  n o rm a l speed th e  u n i t  is c o n tro lled  
by  th e  o p e ra to r in  th e  sam e m a n n e r  as a  steam  tu rb in e  to  
sy n ch ro n ize  th e  g en era to r w ith  th e  b u s. T h e  s to p p in g  fu n c ­
tio n s  are a u to m a tica lly  p e rfo rm ed  in  th e  fo llo w in g  se q u e n ce : 
(1) F u e l su p p ly  tran s fe rre d  back  to  D iesel fuel to  p u rg e  th e  
fuel lines o f B u n k er “ C ”  oil. (2) F u e l su p p ly  is g ra d u a lly  re ­
d u ced  u n til  th e  flam e goes o u t. (3) U n i t  coasts to  a  s tan d still. 
W h ile  p ro v is io n  is m ad e  fo r  a n n u a l te s tin g  o f th e  in d iv id u a l 
steps, th e  s ta r tin g  a n d  s to p p in g  sequence is a lw ays a u to m a tic . 
P ro tective  featu res are  in c lu d ed  to  p ro v id e  em ergency  sh u td o w n  
in  case o f ab n o rm al tem p era tu res , fue l, a n d  a ir  p ressu re .—  
Mechanical Engineering, Vol. 72, February 1950, p. 155.

Cleaning the Steam Side of a Condenser
T h e  steam  side o f su rface  co n d en sers  g ra d u a lly  acq u ires  

a c o a tin g  o f grease a n d  d irt. T h is  fo re ig n  m a tte r  h as to  be 
rem oved  o r  th e  co o lin g  w a ter w ill n o t  have  a ch an c e  to  c o n ­
dense th e  steam  unless m u c h  m o re  c irc u la tin g  w a te r  is used. 
T h a t  m eans p o o r  heat tra n s fe r  a n d  p o o r  efficiency. T o  rem ove 
th e  grease a n d  fo reign  p a rtic les, th e  steam  side  o f  th e  con d en ser 
is boiled  o u t  w ith  a s tro n g  so lu tio n  o f b o ile r c o m p o u n d  o r  sal 
soda. U n d e r  n o rm al co n d itio n s , b o ilin g  sh o u ld  n o t  be 
necessary m o re  freq u en tly  th a n  every  2 o r  3 years. B efore bo il­
in g  o u t, d ra in  th e  sa lt-w a te r side. A d d  200 g a llo n s o f  fresh  
w a ter w ith  50 p o u n d s  o f bo iler c o m p o u n d  o r  sal so d a  a n d  
5 g a llons o f kerosene fo r  each  1,000 ga llons o f  w a te r  th e  c o n ­
denser ho lds. T h a t  m eans, th a t  if  th e  c o n d en se r h o ld s  2 ,000 
ga llons o f w ater, y o u  w o u ld  a d d  500 p o u n d s  o f b o ile r c o m ­
p o u n d  a n d  50 ga llons o f kerosene. A ll th is  is ad d ed  to  th e  
steam  side. T h e n  fill th e  steam  side w ith  fresh  w a te r  to  th e  
to p  ro w  o f  tubes. N o w  c u t in  th e  live s team  to  th e  b o ilin g - 
o u t  c o n n ec tio n  a t th e  b o tto m  o f th e  co n d en ser. Boil th e  co n ­
denser fo r  ab o u t 12 ho u rs. M ak e  sure  th e  w a te r  bo ils , a n d  n o t 
ju s t m akes a c rack lin g  so u n d . D ra in  th e  co n d en se r to  th e  
bilges. T h e n  flu sh  o u t w ith  fresh  w a ter u n til  all th e  slu d g e  o r 
sed im en t is c leared  fro m  th e  b o tto m  o f  th e  co n d en ser. B efore 
p lac in g  in  service, m ake a  th o ro u g h  check  fo r  tu b e  leaks. T h is  
b o ilin g  o u t  need be d o n e  o n ly  once in  2 o r  3 years, de­
p e n d in g  o n  th e  steam  side co n d itio n .— Marine Engineering and 
Shipping Review, Vol. 55, February 1950, p. 80.

Dry and W e t  Storage of Boilers
I f  a bo ile r is to  be o u t o f service fo r  a lo n g  tim e  a n d  if  

th ere  w ill be tim e  fo r g e ttin g  th e  bo iler back  in to  serv ice  w h en  
it is to  be steam ed ag ain , i t  is reco m m en d ed  th a t  it be  s to red  
d ry . W h en  s to r in g  d ry , th e  bo ile r is em ptied . T h e n  i t  is 
c leaned  th o ro u g h ly  o n  b o th  th e  fire a n d  w a te r sides. I t  is th e n  
d ried  a n d  closed u p  t ig h t  so m o is tu re  c an n o t e n te r  it. T ra y s  
o f  lim e are  p laced  in  th e  d ru m s  a n d  headers. T h e  lim e absorbs 
a n y  m o is tu re  th a t  m ig h t get in to  th e  boilers o r  th a t  h as been 
sealed in to  th e  boiler. O nce th e  u n i t  is closed , g rea t care  
sh o u ld  be tak en  to  keep all a ir, steam , a n d  m o is tu re  o u t. T h e n  
th e  bo ile r sh o u ld  be opened  u p  a t reg u la r in te rv a ls  a n d  th e  
in te r io r  o f p ressu re  p a r ts  in sp ected  fo r  co rro s io n  a n d  fo r  th e
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condition o f the lime. If the lime is deteriorating, it should 
be renewed. N o t only the boiler, but the air heater, economizer, 
and superheater should be checked and prepared for long-tim e 
storage in this same way. I f  the boiler is to be stored for a 
short period and must be ready on a standby call, it should 
be wet stored. In order that boiler water conditions m ay be 
stabilized and oxygen bubbles cleared from  the boiler water 
surface, the steaming rate of the boiler should be brought down 
while it is still cut in on the line. T hen  build up the alkalinity 
to a m inim um  of 20 grains per gallon. Open the air cock and 
see if the pressure is all out o f boiler. W hen no steam issues 
from  the vent, and before a vacuum  starts to form  in the boiler 
from  cooling down, fill the boiler com pletely so the superheater 
is filled and until water flows from  the air vent on the steam 
drum. M ake sure that the m ake-up water is treated so that 
it also is 20 grains per gallon m inim um  alkalinity. It is good 
practice to de-aerate all m ake-up water for storing boilers. If  
there is a drain line to the steam stop check valve, open it so no 
water gets into the steam line. F ill the boiler until there is 
at least a 10-pound pressure show ing on the steam gauge. In ­
spect the boiler connections for leaks. T hen  make frequent 
boiler water tests for proper alkalinity. I f  not up to standard, 
inject a dilute solution of caustic soda w ith  a hand pump. T o  
be on the safe side, make frequent inspections by  em ptying the 
boiler at set times to check for possible corrosion. I f  there is 
any danger that the engine room  w ill be below the freezing 
point, the boiler should not be wet stored. D u rin g wet storage 
as well as dry storage, a cover should be placed on the stack to 
prevent moisture from  harm ing the fire-side o f the boiler.—  
M arine Engineering and Shipping Review, V ol. 55, February 
1950, p. 80.

Mechanical Vacuum Pumps
In the last few  years there has been an increasing interest 

on the part o f power-house operators and designers in the use 
of mechanical rotary vacuum  pum ps on steam condensers in 
place of steam jet air ejectors. T h is  interest has increased to 
the extent that there are now  a number of units in  operation, 
several more under construction and more under consideration. 
T h e  rotary vacuum  pum p is capable o f air removal over the 
entire range o f pressures, from  atmospheric to  the lowest 
pressure desired. T h e  pum p norm ally used in this type of 
work, as shown in the cross-section, is liquid-sealed and o f the 
duplex type, consisting o f a water-jacketed cylinder in w hich 
there are tw o eccentrically m ounted rotors or pistons, set 180 
deg. apart on a horizontally rotating shaft. T h e  shaft is

mounted on tw o bronze bearings included in the cylinder heads, 
and the shaft extends through one of the cylinder heads for the 
drive w hich is either through a V-belt from  a high-speed m otor 
or by direct connexion to a slow-speed m otor. T h is  type of 
pum p requires some means of sealing and lubrication o f the 
various w orking parts. F o r this purpose a vertical cylindrical 
tank is supplied and is attached to the pum p discharge. T h is  
tank, w hich is generally called a separator tank, is about one- 
third fu ll o f the sealing and lubricating m edium , w hich is sup­
plied at the rate o f a few  gallons per minute. It enters the 
pum p through the bearings and under about 15-lb. pressure. 
Inasm uch as the sealing and lubricating m edium  is under 
pressure, it enters the pum p cylinder at a constant rate where 
it lubricates and seals the w orking parts and passes out through 
the discharge o f the pum p and back into the separator tank. 
In  the separator tank there is a series o f baffles whose function 
it is to separate the gases from  the liquid. W hen large volumes 
of gases are passing through the separator tank, small am ounts 
of the sealing medium are carried along w ith  the discharged 
gases. In  order to save this sealing m edium  an accessory 
separator is placed at the far end o f the discharge line. T h is  
auxiliary separator is called a “ w hirl type of cyclonic”  separator 
and functions m uch the same as a m echanical dust collector. 
A t the discharge side of the pum p there is a series of poppet 
valves through w hich the discharged gases pass. These act 
as check valves in preventing the back flow  o f the gases and 
sealing medium through the pum ping cycle. N orm ally  oil is 
used as sealing liquid.— R. C . Webster, Com bustion, Vol. 21, 
January 1950, pp. 49-51.

Development of High-powered Diesel Machinery
In this review of m odern trends in the development of 

high-powered Diesel m achinery the author refers to  the fact 
that the single-acting four-stroke engine is now used very little 
for the propulsion o f larger ships, as it cannot compete w ith 
two-stroke engines regarding w eight, space requirements, and 
price. O w in g to its simple and robust design, this m ight, how ­
ever, still be preferred in  certain cases, viz., under particularly
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F i g . 1.— F uel consum ption curve for 4-stroke engine with 
intercooled supercharge

difficult service conditions, and w ith  the advent of the high- 
pressure exhaust-turbo-charger w ith  inter-cooling it is not too 
certain that the 4-stroke single-acting engine m ight not again 
prove com petitive to the two-stroke engine. B y  high-pressure 
turbo-charging an output per cylinder of about 1,000 b.h.p. 
could be obtained, and thus w ithout difficulty the output re­
quired for the plants in question. Tests w ith inter-cooled high- 
pressure supercharge conducted in  the research department o f 
the author’s firm have shown that it is possible to increase the 
output of a standard 4-stroke engine, norm ally developing 420 
b.h.p. w ithout any undue heating or wear. Fig. 1 shows the 
fuel consum ption at 500 r.p.m ., and it w ill be noted that the 
consum ption curve is remarkably flat over a large load range, 
and that the lowest fuel consum ption has the favourable value 
of 159 grams per b.h.p. hour.— H . Carstensen, Shipbuilding and 
Shipping Record, V ol. 75, 2nd February 1950, pp. 147-149.

Experimental Closed-cycle Cas Turbine
T h e first part o f this paper describes operating experiences 

obtained on the open cycle experimental 500 h.p. gas turbine 
plant built by  John Brow n and Co. L td . F ollow in g the com ­
pletion o f these tests the circuit was closed by rem oving the
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open-cycle com bustion chamber and replacing it w ith  an air 
heater and by-passing the exhaust from  the turbine into a 
cooler and from  thence re-cycling it into the compressor inlet. 
In  the set-up em ployed that proportion of the exhaust gases 
from  the air heater w hich is used to warm  the com bustion air 
is re-cycled back into the usit, whereas norm ally the gases used 
to heat the com bustion air w ould have been passed up the 
stack, w hilst the uncooled remainder w ould have been re-cycled 
back into the com bustion chamber. T h is  circuit was used 
because it was not possible to obtain at short notice a re­
circulating fan capable o f handling at 600 deg. C . T h e  arrange­
ment used is therefore considerably less efficient than that w hich 
w ould have been em ployed on a plant for industrial use. In  
order to obtain an exact com parison w ith  the open-cycle the 
turbine, the compressor and the re-generator were not modified 
in any w ay and consequently, as the turbine and compressor 
had initially been designed for atmospheric pressure on the 
outlet and inlet ends respectively, it was not possible to raise

the pressure level o f the closed circuit abov atm ospheric on the 
inlet side. It was not, therefore, possible to incorporate all the 
advantages of the closed-cycle. F ig. 20 illustrates a half section 
through the air heater. T h e  unit has been designed for 
atmospheric com bustion and a forced-draught fan  is used to 
take air from  the atmosphere and pass it through the com bus­
tion air pre-heater into the top inlet flange on the com bustion 
chamber. Inside the com bustion chamber the air passes dow n­
wards between the outside and the intermediate walls and re­
turns between the inner and intermediat walls to a space at the 
top o f the air heater from  w hich it is introduced into the com ­
bustion chamber proper through a burner of T o d d  design 
situated on the centre line o f the unit. T h e  gases com ing 
from  the re-circulating fan  enter the com bustion chamber via 
the middle or the lower flange and dampers are provided for 
controlling the am ount of gases entering through these two. 
T h e  gas w hich enters through the lower flange is introduced 
into the com bustion space through holes in the brickw ork sur­
rounding the inner chamber w alls; the gases w hich enter 
through the intermediate flange are m ixed w ith  the com bustion 
air and pass downwards between the outlet and the inter­
mediate walls and then upwards between the intermediate and 
the inner walls. O n the closed circuit side, air from  the re­
generator is led into the central cylindrical header where it is 
divided up  into a number o f header tubes each o f w hich in 
turn is divided into 12 heater tubes. T h e  heater tubes are 
arranged in  groups of three and after the initial radiation pass 
are led to the back of the unit before being w ound forw ard in 
seven passes. . A t  their outlet ends the heater tubes are again 
assembled in groups o f 12 into header tubes w hich lead into 
the cylindrical outlet headers. T h e  com bustion chamber be­
haved excellently and it was possible to  run w ith  over 13 per 
cent C O , and w ith an am ount o f re-circulating gas equal to
1-7 times the am ount of fresh com bustion air. It was very 
interesting to note that when this re-cycled gas was introduced 
through the brickwork the flame was quite norm al but when 
it was all mixed w ith the com bustion air prior to com bustion 
the flame became completely transparent and indeed at the 
first test the observers were under the impression that the flame 
had been put out by the re-cycled gases and it was only  when 
the temperatures remained steady that they realized that com ­
bustion was still carrying on. A s gas analysis showed that the 
C O j was still unaltered and indeed the exhaust from  the stack 
was invisible. Tem perature readings taken on the brickwork 
showed practically no variation from  the top to the bottom  of 
the chamber, the average figure being just under 1,000 deg. C . 
when the plant was running w ith  the designed com bustion gas 
temperature of 1,180 deg. C. A n  exam ination after the initial 
run o f 70 hours on gas oil showed the burners, flame cone and 
brickwork to be in excellent condition w ith  absolutely no carbon 
deposits. A fter the closed circuit had com pleted some 80 hours 
running, the compressor was opened up fo r exam ination but 
was found to be in  a very clean state w ith  no deposits on the 
blading, except for a little fine dust w hich  was foun d to be 
m ostly ferrous oxide and can be assumed to  have come from  
the new piping used on the circuit. N o  measurable difference 
in compressor performance was noted during this running 
period. A  careful examination o f the temperatures and 
pressures in other parts of the circuit showed that there had 
been no alteration to the turbine, the re-generator or to the 
cooler, in fact all the circuit conditions after test were exactly 
as they had been initially.— Paper by J. B. Bucher, read at a 
M eeting of T he Institution of Engineers and Shipbuilders in 
Scotland, 24 January 1950.

Gas Turbine Installation
T h is  invention relates to open-circuit gas turbine installa­

tions w hich involve tw o or more drivin g shafts, from  w hich 
the outputs m ay be either constant or variable, both as regards 
speed and power. It is well known that the efficiency o f a gas 
turbine plant is dependent to a large extent on the output; that 
is to say, the efficiency o f a large plant is generally greater than 
that o f a smaller one o f the same design. A lso, the m anufac­
turin g and installation costs o f a large plant are norm ally less
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than those of two sim ilar plants each o f half the size o f the 
large plant. In  certain cases, such as in a ship having two 
screws, obviously tw o or more driving shafts w ill be required 
to drive these screws. It  is a desideratum to make provision 
whereby tw o or more such driving shafts can be incorporated 
in a gas turbine installation w ith  duplication or m ultiplication 
of the gas turbines, w ithout duplicating the whole plant, and 
thereby lowering the efficiency o f the plant. T h is  invention is 
exemplified in Fig. 1 in  w hich (41) denotes a low  pressure com ­
pressor, (42) denotes an intercooler, (43) denotes an intermediate 
pressure compressor, (44) denotes a second intercooler, and (45) 
denotes a high pressure compressor. T h e  heat exchanger is 
shown at (46), and (47) denotes a first com bustion chamber, and 
(47A) a second com bustion chamber. A  high pressure turbine 
is shown at (48) and a low  pressure turbine at (49), coupled to 
the propellers (50 and 51), respectively. (49') denotes an addi­
tional turbine coupled to the propeller (51'), w orking fluid for 
driving the turbine (49') being received from  the exhaust o f the 
turbine (49). T h e  turbine (49') exhausts to the heat exchanger

(46). In  practice atmospheric air is compressed in the low 
pressure compressor (41) and is then cooled in the intercooler 
(42). O n leaving the intermediate compressor (43), the 
air passes through the intercooler (44) to the high pressure 
compressor (45). From  the latter the air passes through the 
heat exchanger (46) to the first com bustion chamber (47), where 
fuel is burnt in  the air at constant pressure. T h e  heated air 
and the mixed products of com bustion are partially expanded 
in the high pressure turbine (48) driving the compressors (41, 
43, and 45), and the propeller (50), and are then reheated by 
the com bustion of further fuel in the chamber (47A). T h e 
mixed gases are then expanded still further in  the low  pressure 
turbine (49) driving the propeller (51) and finally pass through 
the heat exchanger (46) before being exhausted into the 
atmosphere. T h e  plant can be arranged to drive tw o screws, 
each having the power of the first screw by doubling the output 
o f the air compressor, the coolers, heat exchangers, com bustion 
chambers and high pressure turbine, and by adding a further 
low  pressure power turbine w ith  screw. T h e  last mentioned 
turbine m ay be connected in  parallel w ith  the first low  pressure 
turbine, in w hich case the turbine assembly is a series-parallel 
arrangement.— British Patent N o. 631,863, issued to John 
Brown and Co., L td ., and T. A. Crowe. Com plete specification 
accepted 10th November, 1949.— T he Shipping W orld, Vol. 
122, 8th February, 1950, p. 174.

Bilge Pump
A n  electrically driven bilge pum ping unit is illustrated in 

Fig. 2. T h e  m otor is o f the totally enclosed type, drivin g a 
water pum p as well as an air pum p, the pum p impellers being 
m ounted on a com m on horizontal shaft (3). T h e  air pum p 
(2) is shown on the left and the water pum p (1) on the right. 
T h e  electric m otor (4) drives these through a shaft (5) to w hich

is secured a worm  (6) m eshing w ith  a w orm  wheel (7). W ater­
tight enclosures (8, 9) enable the pum p to w ork submerged, if 
necessary. T h e  overall height o f the unit is less than normal 
for this class o f pum p, thereby provid ing the required clear­
ance to permit a one-piece casing to be lifted clear of the driving 
m otor.— British Patent N o. 626,272, issued to Drysdale and 
C o., L td ., and J. Young.— T he M otor Ship , Vol. 30, M arch 
1950, p. 508.

Hydraulic Drive for Traw l W inches
In  collaboration w ith  the V o ith  T urbin e W orks, the 

author has developed a traw l w inch  drive based upon the 
principle o f the Foettinger transformer. T h is  type of hydraulic 
coupling has an efficiency in  excess o f 80 per cent. In  prin­
ciple the Foettinger transform er consists o f a centrifugal pum p, 
driven by a Diesel engine in this particular case. T h e  pum p 
is built integral w ith a turbine driving the traw l w inch. T h e  
w orking liquid discharged by the pum p is passed to the turbine 
through stationary guide vanes. There is no mechanical coup­
ling between Diesel engine and w inch, the transm ission of 
power being carried out by  the liquid. A  circular throttling 
valve is incorporated in the drive, affording speed control o f 
the w inch. T h e  hydraulic drive is not reversible and a duplicate 
drive for reverse operation is provided. T h e  author considers 
hydraulic couplings o f the V ulcan  type to be unsuitable for 
the traw l w inch operation because o f  their torque charac­
teristics.— F . Suberkrub, Hansa, Vol. 87, 25th February 1950, 
pp. 298-300.

Aims and Achievements of Marine Engineering
In  delivering the W att Anniversary Lecture of the 

G reenock Philosophical Society, D r. S. F. D orey stated that 
the satisfactory application of the gas turbine to  the propulsion 
o f aircraft, did not necessarily point to its early adoption for 
marine purposes. T hose fam iliar w ith  attempts w hich had 
been made in this direction, foresaw only  a specialized applica­
tion in the next few  years; and, even then, w ithout any spec­
tacular advantage— or even any advantage at all— over the fuel 
consum ption o f a m odern oil engine. N o r need there be any 
anticipation of the early application o f atom ic energy for power 
production in the marine sphere. Even w ith  rapid develop­
ment, m any years w ould elapse before nuclear fuel could be 
em ployed to supplement present sources o f power. T h o u g h  
such plants m ight be attractive for naval vessels, so far as the 
mercantile marine was concerned, atom ic energy w ould have 
little influence for a long time to come. Considering the near
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future, it w ould appear that marine engineering had reached a 
period of stability. “ There are” , he said, “ a variety of choices 
open to a shipowner for his propelling m achinery, and the 
merits of each w ill depend largely upon the services for w hich 
ships are required” . L ooking back, it was easy to choose a 
period in w hich progress resulted in a large percentage in sav­
ing o f fuel— and even weight— w ithout sacrifice of reliability. 
But the efficient operation of both steam and Diesel m achinery 
had now  reached a point when no decided advantage, nor even 
appreciable saving, could be expected. G reat attention w ould 
be given to detail; while, as a result o f technical and scientific 
research, more intimate knowledge of the operating and the 
stress conditions m ight be expected to have some slight bearing 
on fuel consum ption, econom y o f material and smoothness of 
running.— T he Shipbuilding and M arine Engine Builder, Vol. 
57, February 1950, p. 115.

Geared Steam Turbines for Merchant Ship Propulsion
T h e  author examines the general reasons for fitting steam 

turbine m achinery as main marine propulsion units. Various 
types of plant o f recent data are illustrated and described 
and the reasons stated for preferring com pound turbines w ith

below w ithout detriment to the material, vanadium  pentoxide 
becomes a serious problem at higher temperatures, as apart 
from  fouling it destroys the material o f w hich the tubes are 
formed. Fig. 33 shows a high-pressure turbine w hich is one 
of the turbines in a three-turbine arrangement for m erchant- 
ship propulsion o f 10,000 s.h.p. Som e features are shown in 
this design w hich have been developed for gas-turbine w ork 
These can naturally be applied, as the w orking temperature is 
of the same order. A t Pametrada a second-stage superheater to 
produce steam at temperatures up to 1,200 deg. F. and at a 
pressure of 1,1001b. per sq. in. gauge has already been installed. 
A  turbine to operate under these conditions is in  course o f con­
struction. In  schemes utilizin g steam at 1,200 deg. F. astern 
turbines w ould not be employed. B y  em ploying a separate 
astern casing in the l.p. for astern powers up  to  55 per cent 
o f the full ahead, and tw o asterns h.p. and l.p. fo r higher 
astern powers, it is felt that steam conditions up to 950 deg. F. 
can be handled successfully. Above some such temperature 
other devices such as reversible propellers, hydraulic couplings 
w ith or w ithout idler gears w ould be employed. T h is  w ill 
enable the turbine to run unidirectionally; all manoeuvring 
taking place in the transmission between turbines and propeller.
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T he elim ination of astern turbines, apart from  rem oving 
manoeuvring valves, pipes, etc., has the great design advantage 
of closing in the l.p. bearing centres and allows the critical 
speed of the rotor to be greatly raised; the l.p. turbine can thus 
run faster and handle greater heat drops w hile operating at 
a suitable margin below its critical speed.— Paper by T. W. F. 
Brown, read at a M eeting of the North-East Coast Institution  
of Engineers and Shipbuilders, 10th M arch 1950.

Cyro-propulsion
In the G yro-drive developed by the Oerlikon Co. in 

Switzerland, energy is stored in a heavy flywheel revolving at 
high speed in a casing filled w ith hydrogen in order to  reduce 
disk friction. T h e flywheel is brought up to speed by a three- 
phase m otor of special design. Electrical power generation by 
withdrawal of kinetic energy from  the flywheel is effected by 
using the afore-mentioned m otor as alternator, the current 
generated being transmitted to the propulsion motor. A  fly­
wheel o f 1,000 kg. weight revolving w ith a peripheral speed of

articulated double-reduction gearing. References are made to 
experiments concerning blade and rotor vibration, blade cas­
cade tests, diphragm tests and turbine glands. T h e main de­
velopments to be expected in the future w ill centre on the use 
of still higher steam temperatures at the turbine inlet. In  an 
Appendix to the paper, the author examines the evidence on the 
question o f dissociation of steam and the effect o f steam on 
alloy steels at a temperature o f 1,200 deg. F. Observing that 
this temperature involves a tube temperature of about 1,350 
deg. F. in the superheater, it represents nearly the lim it for
100,000 hours life and reasonable stress values w hich can be 
given by materials developed for use in gas-turbine parts. C ool­
ing of any sort at the high-temperature end o f the steam cycle, 
w ould only reduce efficiency and it is felt that higher tempera­
tures than 1,200 deg. F. cannot be expected at any rate for a 
long time. There is also a new difficulty to surm ount on the 
furnace side of the superheater tubes as while the gases from 
crude residues carrying vanadium  pentoxide can flow past 
superheater tubes at temperatures of about 1,000 deg. F. and
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100 metres per second, possesses an energy of 500,000 mkg. 
By raising the speed to 200 metres per second, the energy is 
increased to 2 m illion mkg. A  proposal to instal a gyro-drive 
in a ferry is illustrated in the accom panying drawing. T h e  
principal data o f this vessel are as fo llo w s: length overall 26 
metres, breadth 4-73 metres, displacement 44 tons, speed 15 to 
18 km. per hour. There w ill be 4 flywheels each storing 6 kW .- 
hours and one propulsion m otor o f  100 h.p. at 480 r.p.m. A t 
a speed o f 15 km. per hour, the energy stored in the flywheels 
w ill be sufficient to  propel the vessel over a distance of 12 km. 
Re-charging of the flywheels at the terminals w ill require 10 
minutes.— C. Ziib lin , Hansa, Vol. 87, 11 th  February 1950, pp. 
242-244.

Atlas Diesel Engine Covernor
In  Fig. 1 is illustrated a servo-m otor converting a control 

movement initiated by the small force o f a centrifugal governor 
into an operation carried out w ith  the required degree o f 
augmented energy and adapted to the fuel regulation o f a 
marine engine. I f  it is desired to alter the speed o f the engine,

the shaft (3) is turned to vary the loading on the spring (9) and 
the piston valve (8) is displaced. T h e  openings (12) o f the 
piston valve (8) are uncovered and oil flows from  the servo­
m otor cylinder (2) through the upper end o f the sleeve (6). 
T h e  spring (14) consequently moves the piston (13) dow n, in 
order to increase the fuel supply to the engine. Sim ultaneously, 
the springs (20, 21) are compressed and the flange (18), together 
w ith the sleeve (6), is m oved dow nw ards until a new position 
o f equilibrium  is reached. Since the sleeve (6) is connected 
to the springs (20), 21) at an intermediate position, a small 
movement o f the piston valve (8), w hich is not actuated by 
forces other than those originating from  the centrifugal weight 
(25) and the spring (9), results in a relatively large movement 
of the piston (13).— British Patent N o. 631,816, issued to A .B . 
Atlas Diesel, Stockholm .— T h e M otor Ship , Vol. 30, M arch  
1950, p. 508.

First Cray Polar Diesel-engined Ship
T h e  G ray  Polar Diesel engined M .S . Spigerborg, recently 

ran trials from  the yard o f W illiam  G ra y  and C o., L td  , W . 
Hartlepool. T h e  main particulars o f the vessel are as follow s:

Length o.a.
Length b.p.
Breadth ...
D epth to  shelter deck ... 
D rau ght (summer) 
Corresponding deadweight 
Gross register 
Im mersion 
L ig h t displacement 
L ig h t draught ... 
Corresponding immersion 
M achinery 
Service speed 

T h e  main engine has seven 
500 m m ., or 19'68 inch, the 
corresponding to 27' 56 inch.

333ft. 2in.
310 feet 
46ft. lOin.
27ft. lO iin .
19ft. Oizin.
3,530 tons 
2,325 tons 
28'65 tons per in.
2,087 tons
8 ft. lin .
24'9 tons per in.
2,145 b.h.p.
12 5 knots 

cylinders w ith  a diameter of 
piston stroke being 700 mm., 
T h e  engine develops its rated

power at 195 r.p.m. and the brake mean effective pressure is 
74 '41b. per sq. in. (5'23 kg. per sq. cm.), the piston speed being 
approxim ately 900ft. per min. T h e  main engine fuel consum p­
tion works out at 0'3531b. per b.h.p. hr. at fu ll load, the daily 
expenditure for all purposes is expected to be under 11 '4  tons. 
T h e  lubricating oil consum ption is O'8 gr. per b.h.p. hr. 
There are tw o blower rotors, one for ahead and the other for 
astern, w ith  an autom atically operated change valve, the m axi­
m um  air pressure being about 2-61b. per sq. in. A t the after 
end of the engine there is a train of gears driving the cam shaft, 
as well as an external shaft for the blower drive, running the 
whole length o f the engine and term inating in a second train 
of gears at the forw ard end, where the blower rotors are located. 
T h e  blowers run at fourteen times the speed o f the crankshaft,F i g . 1.
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and the first increase at the after end is 4 : 1 ,  while the second 
increase at the forw ard train of gears is 3£ : 1. T h e  external 
shaft w hich drives the blower is o f solid bronze, in order to 
damp any vibrations.— T he M otor Ship, Vol. 30, M arch 1950, 
pp. 480A85.

Ceared Steam Engine
T h e “ H am burg”  steam reciprocator developed by Chris­

tiansen and M eyer of H am burg according to a design pro­
posed by Professor Rembold incorporates tw o com pound 
engines operating on the W oolf principle w ith the high pressure

and low pressure cylinders arranged diam etrically opposite as 
shown in the accom panying illustration. In  this w ay the high 
pressure cylinder o f one engine operates on the same crankshaft 
as the low  pressure cylinder of the other engine and vice versa, 
producing a more uniform  torque than otherwise possible. 
T h e pinions of the two crankshafts engage a single gearwheel; 
to the latter is also geared the Bauer W ach exhaust turbine in­
corporating a hydraulic coupling. In  this w ay a com pact de­
sign is achieved. T h e  auxiliaries are main engine driven.— R. 
Christiansen, V D I Zeitschrift, Vol. 92, 11 th  January 1950, pp. 
51-52.

F ig . 1.
(<*)
<!>)
(O
(<*)
w
(/>

H.p. cylinder. 
L.p. cylinder. 
Valve chest. 
Main throttle. 
Steam pipe. 
Steam pipe.

(g ) Ports in l.p. cylinder.
(h) Exhaust turbine inlet. 
(») Change-valve.
(fe) Exhaust turbine outlet. 
(I) Hydraulic coupling.
(m) Turbine pinion.

(«)
<o)
(P)
(9 )
(r )
(*)

Gear wheel. 
Engine pinion. 
Claw coupling. 
Columns.
Cam shaft. 
Planetary gearing.

(*) Reversing handwheel. 
(«) Arresting wheel.
(v) Thrust bearing.
(w)  Lubricating oil pump. 
(*) Oil cooler.
(y) Worm gear.
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Fast Argentine Motorship
T h e Rio dela Plata  is the first o f three fast 10,500 ton 

passenger and cargo m otorships built by  the A nsaldo S.A .

o f tw o  F iat ten-cylinder two-stroke double-acting Diesel 
engines, w ith  a bore and stroke o f 650 mm. and 960 m m ., and 
the power developed by each engine on works test was 12,500

Genoa-Sestri for the A rgentine Flota M ercante del Estado and 
destined for the G enoa-R iver Plate service. T h e  principal par­
ticulars of the vessel a re : —

Length overall ...
Length between perpendiculars ..
M oulded breadth 
M oulded depth to shelterdeck 
M oulded depth to m ain deck 
M ean draught at fu ll load 
G ross tonnage 
Deadw eight capacity 
Capacity, general cargo (bale)
Insulated cargo capacity 
Speed on trials w ith  18,400 b.h.p.
C ruising speed w ith  13,000 b.h.p.
Fuel consum ption at 18 knots for 

all purposes
There are four main cargo holds, each served by one hatch, 
tw o of these being forw ard and tw o aft of the m achinery 
spaces. T h e  refrigerated holds and ’tween-decks adjacent to 
the engine room are notable in having cargo lifts instead of 
the more orthodox handling equipm ent. T h e  article suggests 
that this is an apparently novel feature w hich m ight be more 
w idely adopted as the actual “ parcels”  o f cargo carried in  re­
frigerated compartments are generally small and light, and the 
arrangement should lend itself to the adoption o f a conveyor 
belt loading-discharge system from  the top o f the lift shaft to 
the cold store ashore. T h e  m ain propelling m achinery consists

547ft. 3in.
510ft. Oin.

65ft. 8in.
39ft. 9in.
31ft. lin .
26in. Oin.

10,500 tons, approx. 
8,500 tons, approx. 

269,600 cu. ft.
80,000 cu. ft.

20 knots 
18 knots

68 tons per 24 hours

b.h.p. at 180 r.p.m ., a figure very nearly tw ice the rating of 
these engines at normal service speed.— T he M arine Engineer 
and Naval Architect, Vol. 73, February 1950, pp. 77-78.

Multi-engine Propelled French Cargo Boats
F our 6,000-ton cargo boats each propelled by  a m ulti- 

engine drive incorporating electro-m agnetic couplings are near­
ing com pletion at the yards of the Chantiers de la L oire and 
Chantiers de Penhoet at Saint-N azaire, each yard building 
tw o vessels. A s outlined in the accom panying diagram , four 
reversible Diesel engines (A ), each developing 1,550 h.p. at 250 
r.p.m. are connected to reduction gears (B) through electro­
m agnetic couplings of the A S E A  type, the propeller speed being 
140 r.p.m. There are also tw o auxiliary generating sets (D ) 
o f 1,000 h.p. each at 250 r.p.m. w hich are rig id ly coupled w ith 
the generators (E) o f 600 kW . each. B y  means of the electro­
m agnetic couplings (E) these auxiliary units can be made to 
supply additional propulsive power whenever required, thus 
bringing the total propulsive output to 8,300 h.p. T h e  reversi­
ble Diesel engines (A) and the non-reversing engines (D ) are 
four-stroke cycle six-cylinder units o f  M .A .N .-S .G .C .M . design 
built by the Societe Generale de Constructions M ecaniques, 
Courneuve, and are designated as the G V 6 6  type having a 
cylinder diameter o f 460 mm. and a stroke o f 660 mm. T h e  
main engines and the auxiliary units are of identical design, the 
increased power o f the m ain engines being due to the incorpora­
tion  of Buchi superchargers. T h e  latter were supplied b y  the 
Cie Electro-M ecanique, L e  Bourget.— A . Didierjean, Les
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Nouveautes Techniques Maritimes, 1949; Special Issue of 
Journal de La Marine M archande; pp. 93-95. (See also Annales 
Techniques de la M arine Marchande, Vol. 3, N o. 29, 1949, pp.
232-241).

W a te r Tube Boiler and Steam Superheater
T h is invention relates to steam superheaters for tw o- 

furnace water tube boilers in  w hich the superheater is fired by 
one furnace located at one side of the steam generating surface, 
and separated from  the latter by a partition composed of water 
tubes. In  this arrangement the gases from  the superheater fu r­
nace flow  into the steam generating furnace, from  whence all 
the gases pass into the main tubs bank and subsequently to  the 
gas outlet. A ccordin g to this invention the superheater furnace 
has in its lower portion, in w hich it is fired, a radiant superheat­
ing section and in its upper portion a convection superheater sec­
tion. T h e latter consists of element loops arranged horizontally. 
In  Fig. 2 numerals (1) and (2) indicate the boiler and superheater 
furnace respectively, and (3) indicates the main evaporating 
tube-bank, there being a lower water drum  (4) and an upper 
drum  (5). T h e  furnace partition consists o f closely spaced 
water tubes (6) connecting the drums (4) and (5). T h e  upper 
portions o f the tubes (6) are more w idely spaced in order to 
perm it the flue gases from  furnace (2) to enter furnace (1) and 
then to flow  from  that furnace over the bank (3) o f the water 
tubes, the furnaces (1) and (2) being fired by  the burners (7) 
and (8) respectively. Saturated steam from  :he upper drum

(5) flows through the tubes (9) w hich line the upper, outer side 
and bottom walls o f the superheater furnace (2) and represent 
part o f the radiant surface of the superheater. A t  their lower 
ends these tubes (9) are connected to  an intermediate header
(10) arranged below the surface, and from  this header other 
radiant tubes (11) extend upw ard, these tubes (11) being inter­
spersed am ong the dow nflow  tubes (9). Steam from  the inter­
mediate header (10) flows upw ards through the tubes (11) the 
upper parts (12) of w hich are bent into a substantially horizontal 
plane and extend across the superheater furnace, being con­
nected by return bends (13) w ith the lowest tube lengths of 
the element loops (14), w hich constitute the convection section 
of the superheater. In  this latter section each element com ­
prises a number o f horizontal tube loops (14), held together by 
the bands (15) or by slip spacers. A s the convection section is 
suspended by its ow n element tubing, its supports are flu id- 
cooled. In a superheater of the design shown in Fig. 2, all 
the tubing w ill drain into the intermediate header (10) w ith  
the result that the whole superheater w ill be self-draining.—

British Patent N o. 632,011, issued to T h e Superheater Co., L td., 
and L. C . Southcott. Com plete Specification accepted 15th  
November 1949.— Engineering and Boiler H ouse Review, Vol. 
65, M arch 1950, pp. 101-102.

The Testing of Boilers
T h e paper makes reference to A dm iralty boiler tests and 

describes the objects of such tests. T yp ica l results are shown 
illustrating the characteristics o f a water-tube boiler under test. 
A  discussion follow s o f the fundam ental measurements involved 
in boiler efficiency testing w ith  a discussion on the probable 
errors encountered. A  sum m ary is given o f the estimation of 
the heat losses to provide a check on  the efficiency measure­
ment. Some of the problems of test measurement are then 
described and the practical difficulties outlined. T h e  measure­
ments dealt w ith include temperature, pressure, moisture, circu­
lation, velocity, dust emission and gas analysis.— R. L . Hayden, 
Transactions, T he Institute of Marine Engineers, V ol. 62, 
February 1950, pp. 85-104; discussion, pp. 10 4 -111.

Shifting Boards for Ballasted Cargo Vessels
T h e author states that very little inform ation appears to 

be available for the guidance of those faced w ith  the problem 
o f designing or fitting shifting boards for retaining solid ballast 
in ships. O n the night of 14 th-15th  September 1948, the 
steamer Leicester, owned by the Federal Steam N avigation  Co., 
L td ., of London, on a ballast voyage from  T ilb u ry  to N ew  
York, and having shifting boards fitted in her ’tween decks 
where the ballast was carried, encounter a hurricane. She 
assumed a list o f some 40 deg. to port, obviously ow ing to 
ballast having shifted, and was abandoned on the follow ing 
night. A fter floating for some days, the ship was picked up 
by salvage tugs and towed to Berm uda, where it was found that 
the shifting boards had failed, and that a large shift o f ballast 
had occurred. T h e  present paper describes in detail the condi­
tion o f the vessel on her arrival at Berm uda, and the nature 
o f the failure o f the shifting boards. T h e  author attempts an 
analysis o f the causes o f failure, and ends by  applying the con­
clusions reached to deriving proposed scantlings and suggesting 
precautions to be taken in designing and fitting shifting boards. 
— Paper by R. A . Beattie, read at a M eeting of the Institution  
of Naval Architects, 30th M arch 1950.

Model Tests on Single-step Planing Surfaces
T h e authors report that no inform ation on tests made on 

stepped planing surfaces has been found in  the literature. T he 
shape o f the wetted surface o f the aft plane, the appropriate 
position of the centre o f pressure, and the effects o f the height 
o f the step and the angle between the tw o planes have only been 
studied in a purely speculative manner. A t high speeds (or 
small loads), the wave m otion is slight, and the aft plane can 
be considered approxim ately to be separate, as if  it moved 
through undisturbed water. A t low  velocities, on the other 
hand, interesting interference phenomena m ust take place. In  
order to elucidate these phenomena in detail, a systematic in ­
vestigation was made at the testing tank of the Royal Institute 
o f T ech nology, Stockholm . From  this investigation it was 
concluded that at a given angle o f incidence, fo r the conditions 
considered, in still water the drag o f p laning surfaces can 
always be reduced and their longitudinal stability can be im­
proved if the planing surface is divided by means of a trans­
verse step o f an adequate size. T h e  drag and the longitudinal 
stability are considerably affected by the position o f the centre 
o f pressure on the bottom  surface, w hich is determined by the 
external forces. In  the case of double planing surfaces, there 
is an optim um  drag range determined by the angle o f incidence 
fo r any velocity at any given load. A n  appropriate height of 
step and a suitable angle between the tw o planing surfaces are 
required in order that the planing surfaces should move w ithin 
this range.— C . Falkem o and J. Adlercreutz, Transactions, 
Royal Institute o f Technology, Stockholm , N o. 24, 1948.

New Forms for Ships’ Sterns
It is well known that a screw works by projecting aft from

F i g . 2.
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a ship’s stern a colum n o f water, but this colum n rotates in the 
same direction as the screw, and the energy needed to make it 
rotate is lost. In  order to recover some o f this energy m any 
engineers have placed ahead of the screw a contra-propeller 
designed to make the water rotate in a direction opposite to 
that o f the rotation of the screw. U p  to the present such 
contra-propellers have been thought of as distributors in a 
helical turbine, and have been composed o f a number o f blades. 
T h e  original idea o f this author lies in finding a design w hich 
w ill allow  the contra-propeller, and the screw w hich follow s it, 
to be placed outside the boundary layer w hich envelops the hull, 
and outside the streams of turbulent fluid w hich the hull leaves 
behind it as it advances. A  contra-propeller so placed in a 
flow  having a velocity potential w ill w ork in quite a different 
manner from  a turbine distributor, and the theory of its action 
can easily be derived from  Prandtl’s vortex theory o f aeroplane 
wings. T h u s the contra-propeller can consist o f tw o blades 
only, so that its resistance to  m otion can be considerably re­
duced. In  order to  obtain this result the author designs the 
after portion of the hull like a “ spoon-back”  entirely convex, 
and w ithout any sternpost, and places under it a “ second hull”  
(w hich is o f the form  o f a thick aeroplane w ing jutting out 
under the “ spoon-back” ) provided w ith  its own stem, “ the 
second stem” , w hich divides the boundary layer enveloping the 
ship’s hull, so as to  throw  it to  one side and to the other of 
the second hull. In  order to form  a contra-propeller w ith  two 
blades it is only necessary to twist the after sections o f this 
“ second hull”  into the shape o f an S. T h e  screw-shaft runs 
through this “ second hull”  and emerges at the centre of its 
trailing edge at the m eeting point o f the tw o blades formed 
by the tw o half loops o f  the S-form  m entioned above. T h e 
“ second hull”  also form s an excellent stabilization find at the 
ship’s stern, and gives it good course-keeping qualities.— Paper 
by P. Carlotti, read at a M eeting of the Institution of Naval 
Architects, 30th M arch 1950.

plied by Ferguson Bros. (Port G lasgow ), L td . Each reel is 
driven by an enclosed steam engine. T h e  reels carry 4,790 
fathom s o f 4 mm. wire and are used to procure samples of 
water and life at various depths, using special nets, bottles and 
instium ents. A  hand-controlled “ off and on”  gu id in g arrange­
ment for the wire is provided to ensure proper w indin g and 
unw inding on and off the reels. T h e  w ire runs out over special 
depth-recording fair-leads attached to  specially designed davits. 
Incorporated in the forw ard set is a L ucas sounding m achine 
driven from  the opposite end of the engine to the reel. T h e 
m ain propelling m achinery was supplied and installed by 
Aitchison, Blair, L td ., Clydebank, and consists o f a single set 
o f triple expansion engines o f 1,300 i.h.p.— T h e Shipping  
W orld, Vol. 122, M arch 1950, pp. 289-290.

Experiments w ith  Models of High Speed Ships
T h e  results are given o f some experiments w hich have been 

carried out w ith a group o f models o f high-speed ships. T h e  
same models were used for the experiments described in a pre­
vious paper o f the author, but they have now  been tested at a 
beam -draught ratio of 2 75. T h e  models have block coefficients 
varying from  0'535 to 0 605 and have been tested at speed- 
length ratios from  O’ 60 to 1-0. In the paper the follow in g 
questions have been the m ain objects o f the research. (1) H ow  
does the longitudinal centre of buoyancy affect the resistance? 
(2) W hich total block coefficient can econom ically be used? (3) 
H ow  should the displacement be divided between the fore-body 
and the after-body, i.e. w hich SF and SA should be selected?—  
Paper by Professor A . F . Lindblad, read at a M eeting of the 
Institution of Naval Architects, 30th M arch 1950.

Fisheries Research Vessel Africana II

Claim ed to be the largest fishery research vessel in the 
w orld, the Africana 11  conform s in  appearance to the latest 
trawler design w ith  the exception that the port side of the 
vessel is occupied by various deep-sea sounding apparatus for 
hydrographic research work. T h e  starboard side is fitted w ith 
the orthodox fishing gear. T h e  principal dimensions of the 
vessel are:

Length overall .................  .. .  205ft. 6in.
Length b.p. ............................................  185 feet
Breadth (moulded) .................  .. .  33 feet
D epth (moulded) ................. .. .  17ft. 6in.
T o n s gross .. . .. .  .. .  . . .  882
T o n s net . . .  .................  ... 249 37

T h e  vessel is equipped w ith  orthodox fishing gear along the 
starboard side, w ith portable fishponds occupying some 250 
sq. ft. o f deck space adjacent to the forw ard gallows. A  stan­
dard heavy capacity “ Bear Island”  traw l w inch, supplied by 
Robertson of Fleetwood, handles the trawl w arps through three 
T yn e  M etal Co. roller bollards, tw o of w hich incorporate 
fathom -recording sheaves and gauges. T h e  trawl w inch is 
capable o f dealing w ith  1,000 fathom s o f 2Jin. F .S .W . rope. 
A t the aft end of the poop deck is mounted a horizontal Clarke, 
Chapm an steam scientific w inch w hich is arranged to w ork in 
conjunction w ith a M eehan scientific davit. T h e  horizontal 
w inch has tw in cylinders o f 4-inch bore by 10-inch stroke driv­
ing a centre barrel and tw o w arp ends through double purchase 
m achine-cut gearing. It exerts a pull o f tw o tons at 80 feet 
per min. from  top layer o f rope w ith  a steam pressure of 
180/2201b. per sq. in. T h e  barrel, accom m odating 1,000 
fathom s of 1-inch circum ference wire rope, is fitted w ith a 
disengaging jaw -clutch and screw band brake, the rope being 
evenly laid by a hand-operated spooling gear. T h e  engine has 
piston-type valves w ith  link m otion reversing gear, all controls 
being grouped at the rear o f the w inch. A  K elvin  electrically 
driven sounding machine is fitted just aft of the scientific w inch 
and handles 360 fathom s of fine 1/16 -in ch  7-strand wire. O n the 
port side w orking deck fore and aft are tw o plankton reels sup­

American Ship Structure Committee
T h e  S hip  Structure Com m ittee established in the U nited 

States represents a joint co-operative effort o f five agencies—  
the U .S . A rm v, N avy, Coast G uard, M aritim e Com m ission and 
Am erican Bureau o f Shipping— to promote stronger and safer 
welded steel ships through research in design, materials and 
w elding methods. Assisted by co-operation w ith  the W elding 
Research Council, the N ational Academ y o f Sciences, the 
National Bureau o f Standards, the Am erican Iron and Steel 
Institute and the British A dm iralty  Ship  W elding Com m ittee, 
it has been possible to reduce the number of fractures occurring 
annually in welded ships to one-tenth o f the number originally 
experienced; to make progress in the introduction o f a ship 
building steel that is more resistant to the type of fractures 
experienced than that form erly in use; and to  accom plish re­
finements in detail ship design w hich lessen the susceptibility 
o f welded ships to  fracture. A lth ough the incidence o f welded 
ship fractures has been significantly reduced, the fracture pro­
blem has not yet been com pletely solved. O ccasional serious 
casualties are still taking place. T h u s, for instance, the A rgen ­
tine T - l  T anker, Capitan, broke in two off Cape Hatteras in 
December 1948. Serious shell and deck fractures continue to 
occur in  various types of welded ships during the winter 
months. T h eie  is a great need for further study o f the condi­
tions w hich affect the resistance of welded ship to fracture. 
T h e  welded ship problem w ill not be solved until completely 
safe, all-welded ships can be mass produced.— Rear Adm iral 
Ellis Reed-H ill, T he W elding Journal, Vol. 29, February 1950, 
pp. 49-s, 73-s.

Improvements in Mooring Anchors
T h e development o f more efficient m oorings for ships in 

exposed anchorages depends upon the provision of better m oor­
ing anchors. Investigation also shows that w ith  better anchors 
considerable saving m ight be made o f expensive chain cable re­
quired for less exposed anchorages for ships o f the Reserve 
Fleet. Full-scale and model tests were made of the existing 
standard pick type m ooring anchor and other standard designs 
to establish their performance. Several series o f models were 
then tested and the best ones selected for larger scale test. C om ­
plete tests o f one of these designs termed A .M .7  verified that it 
buries rapidly and has a holding pull some four times that of 
the old design m ooring anchor. Anchors o f the A .M .7  design
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are already in  service and future requirements w ill be met by 
anchors o f a similar but further improved type. A  comparison 
is made at each stage between the ship’s own anchoring equip­
ment and the appropriate m ooring equipment.— Paper by K . P. 
Farrell, read at a M eeting o f the Institution of Naval Architects, 
30th M arch 1950.

Thermal Expansion Effects in Composite Ships
T h e problem  o f differential thermal expansion in  ships of 

com posite light alloy-steel construction is discussed in  this 
paper, and it is shown that the longitudinal compressive stresses 
in the decks o f such ships under certain clim atic conditions are 
large enough to w arrant consideration. A  theoretical treatment 
suitable fo r draw ing office use has been developed and is 
described. T h e  results given by this m ethod have been checked 
experim entally in  a comprehensive experiment, and the agree­
m ent foun d was sufficiently close to  justify  confidence in the 
accuracy o f  the method. T h is  experiment is described. Experi­
ments were perform ed on ships to ascertain the nature o f the 
temperature gradients likely to be found in practice and, based 
on these, suggestions are made as to standard temperature con­
ditions to be used in association w ith  the previously mentioned 
calculation. It  is shown that considerable transverse stresses 
m ight be anticipated, but design, based on the quantitative re­
sults given by a method described, should n ullify  these effects 
of transverse expansion.— Paper by E. C . B. C o rh tt, read at a 
M eeting o f the Institution of Naval Architects, 31st March 
1950.

Investigations on Model Anchors
Investigations on  m odel anchors have indicated possible 

methods o f im proving designs in  order to  obtain greater hold­
ing pull. T h e  experiments cover anchors fo r permanent m oor­
ings and for ships’ bower anchors. T h e  holding pull o f the 
A dm iralty  plan m ooring anchor can be increased to at least

four times its present value by m inor m odifications in shape 
and fluke angle. T h e  separation between the fluke and shank 
is very im portant and there is an optim um  value. T h e  holding 
pull o f the A dm iralty standard stockless bower anchor and 
similar designs can be increased three-fold by small changes. 
T h e  instability w hich occurs w ith  nearly all designs can be 
overcome by a suitable arrangement o f stabilizing fins and 
dihedral in fluke section. T h is  superiority of holding p ull is 
maintained at short scope. Breaking out force is shown to  be 
roughly the same as that required for the A dm iralty standard 
stockless anchor for the same holding pull. These conclusions 
are based on experiments in sand and apply equally well with 
m inor modifications for any material in w hich the anchors can 
bury.— Paper by H . L . Dove, read at a M eeting of the Institu­
tion of Naval Architects, 31st M arch 1950.

27,000-ton Supertankers
O f seven 27,000-ton tankers ordered in  January 1948 by 

Tankers N avigation Co. from  Sun  Shipbuilding and D ry  D ock 
Co., Chester, Pa., four units had been delivered before the close 
of 1949. T h e  leading particulars are: 628 feet length overall; 
600 feet between perpendiculars; 82ft. 6in. breadth m oulded; 
summer draft 32ft. 5in.; displacement 35,000 tons; contract 
speed 16 knots; speed on trial 16-85 knots. Each vessel is 
driven by a single screw w ith  m achinery aft. T h e  design is 
featured by a cruiser stem , a single continuous steel deck, and 
a forecastle, bridge and poop erection. T h e  hull is framed 
longitudinally, except that the peaks, forw ard deep tanks, double 
bottoms, after portion o f the m achinery space, and the fore­
castle and poop are tranversely framed. T h e  hull is all-welded 
except for the fo llow in g: O n each side of the ship two deck 
seams, the deck stringer angle, the lower sheer strake seam, the 
upper and lower seams o f the bilge strake, and the seam o f the 
flat keel to garboard, are riveted from  the vicin ity  o f the for­
ward cofferdam to the vicin ity  o f the w ing bunker tanks. Angle
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connexions of two side keelsons and one deck girder each side 
are also riveted to the shell and deck, respectively, fo r about 
the same length as the seams. T h e  main propelling m achinery, 
built by D e L aval Steam T urbin e  C o., consists o f cross-com ­
pound steam turbines and double reduction gears, driving the 
single-screw shaft. It was designed for 12,500 normal shaft 
horsepower at 112  propeller revolutions per m inute at contract 
draft, and 13,750 m axim um  continuous shaft horsepower at 
125-7 r.p.m ., w ith  steam at 5851b. per sq. in. gauge and 790 
deg. F. at the high-pressure steam chest and 28-5in. H g  vacuum , 
for both conditions, while bleeding 10,0001b. o f steam per hour 
from  the crossover pipe at about 501b. per sq. in. abs. Flexible 
coupling o f the enclosed, all-m etal, gear type are provided be­
tween the turbines and their high-speed pinions. Each vessel 
has tw o Babcock and W ilco x boilers, tw o-drum  type, each w ith  
an economizer, superheater, and internal desuperheater. (There 
is no external desuperheater.) T h e y  are set side by  side on a 
boiler flat in the after part o f the m achinery space, w ith the 
firing aisles forw ard, and passage between boilers to the after 
boiler room. T h e  furnace side w all, roof, and rear w all are 
water cooled. Each boiler is designed for a norm al evaporative 
rate o f 52,5001b. o f steam per hour, w ith  a superheater outlet 
pressure o f  6001b. per sq. in. gauge and temperature o f 800 deg.
F ., for a guaranteed efficiency of 87-5 per cent. T h e  tempera­
ture of feedwater to econom izer is 240 deg. F. T h e  designed 
overload evaporative rate is 78,7501b. of steam per hour w ith  a 
steam temperature o f 825 deg. F. Inasm uch as the estimated 
steaming requirement for all purposes at 12,500 s.h.p. for 
normal sea conditions is 101,9921b. per hour, the boiler capacity 
has considerable m argin.— M arine Engineering and Shipping  
Review, Vol. 55, M arch 1950, pp. 40-50.

Review of Ship Model Data
In a previous paper read tw o years ago the authors pre­

sented results obtained w ith  single-screw ship models during the 
war. These results illustrated “ optim um ”  curves o f resistance 
and propulsive efficiency. Since that time there have been tw o 
m ajor changes in the m ethod of estim ating ship powers at the 
N ational Physical Laboratory, T ed d in gto n ; the first is using 
the propulsive coefficient at the ship-trial loading instead o f at 
the model self-propulsion loading; the second is using a trip  
wire to  obtain turbulent boundary-layer flow  over the model 
surface. N either change is com pletely satisfactory. There is 
some scale effect on the propeller thrust and torque coefficients 
and in the wake speed w hich makes the simple ship and model 
comparison inaccurate. W ith  the turbulent boundary layer the 
model residuary resistance can be measured more precisely but 
the extrapolation to ship total resistance needs further research. 
These changes remove tw o o f the m ain inconsistencies o f the 
model experiments and represent a substantial step in ensuring 
that comparative model results are correct. W ith  this firmer ex­
perimental basis, future changes in extrapolation to  the ship w ill 
be less im portant. In  the meantime this paper is intended to 
show that design changes and by comparisons of old and new 
methods to allow  adjustm ent of m arginal allowances.— Paper by 
A. Emerson and N . A . W itney read at a M eeting of the N orth-  
East Coast Institution o f Engineers and Shipbuilders, 24th 
February 1950.

Testing Resistance to Cavitation Erosion
A n  article by Y . Bonnard and E. Josso in “ M etaux et 

Corrosion”  describes an apparatus for the rapid determination 
of the cavitation-erosion resistance o f  metals. T h e  test specimen 
is tigh tly  screwed into the end o f a vertical nickel tube w hich 
vibrates in a H .F . alternating m agnetic field. T h e  test specimen 
is immersed (2 mm.) in the test liquid (sea-water, soft-water, 
etc.), and as a result o f the rapidly alternating (7,000-10,000
c./s.) changes in  pressure o f the liquid film  in contact w ith  the 
lower face o f the specimen, rapid cavitation erosion occurs, e.g. 
the loss in w eight o f a tin specimen after 30 min. in sea water 
at 20 deg. C . was 24 mg. D etails o f experiments w ith  a high- 
nickel brass, two bronzes containing 12 and 16 per cent tin, 
respectively, and three steels in cludin g an 18 :8 and a 13 per 
cent chrom ium  steel, are presented, and it is shown that the

m ost satisfactory criterion for assessing their cavitation-erosion 
resistance is the hourly loss in  w eight during the third and fifth 
hour o f  testing in soft water (20 deg. C.). T h e  test appears 
suitable for giving indications w ith  regard to choice of suitable 
materials and it is pointed out that neither the m echanical pro­
perties, m icrostructure, nor corrosion-resistance bear any direct 
relationship to the behaviour o f the metals under conditions of 
cavitation erosion.— M etallurgical Abstracts, Institute of M etals, 
Vol. 17 , February 1950, Part 6, p. 444.

Circular Cylinder Stresses
A lth ough the theory o f thermal stresses in thin  tubes is 

well known, the equations for stress are not readily applicable 
to  most practical problems. T h is  paper is concerned w ith  the 
elastically restrained cylinder w ith  temperature expressed as a 
function o f the axial length. Relatively simple stress equations 
m ay be obtained fo r the long cylinder w ith  (1) linear thermal 
gradient, and (2) constant temperature difference between cylin ­
der and end restraint. W ith  the trend tow ard higher operating 
temperatures of industrial equipm ent, it becomes increasingly 
im portant to  predict thermal stresses. Com ponents o f  this 
high-temperature m achinery are often cylindrical, as, for 
example, the hollow  shafts and bearing casings o f  steam and 
gas turbines. Such parts m ay frequently be treated as elastically 
restrained thin cylinders, and thermal gradients approximated 
by (1) linear gradient or (2) constant temperature difference be­
tween cylinder and end restraint. (1) W hen heat transfer by 
convection and/or radiation is considerable, the temperature 
varies as a hyperbolic function  of the axial length. A  rigorous 
stress analysis becomes very cumbersome. G enerally, however, 
conduction predominates, and departure from  the linear 
gradient w ill be fairly  small. (2) T h e  case o f a constant tem ­
perature difference between cylinder and attachment is rarely 
encountered; but its solution is m athem atically identical w ith 
that for the shell and restraint at uniform  temperature, but w ith  
different coefficients o f expansion.— M . Kornhauser, Journal of 
the American Society of Naval Engineers, V o l 62, February 
1950, pp. 55-62.

Cear-tooth Stresses at High Speed
I f  the m axim um  stress in a gear tooth is less than the 

fatigue lim it fo r the material, the tooth should not fail even 
after indefinitely prolonged running. Fatigue data collected in 
the conventional w ay suggest that the number o f stress cycles 
required to  cause failure o f a given material under any par­
ticular stress is independent of the tim e-rate o f repetition of 
stress. It  should therefore be permissible to  stress any gear, re­
gardless of its speed, up to  the fatigue lim it for its material, 
although this suggestion m ay need m odification because o f the 
difference between the im pulsive nature of the application of 
load to a gear, and the more gradual fluctuation o f stress in  a 
fatigue-test-specim en o f the W ohler type. W here high-speed 
gears have failed under stresses apparently lower than the fatigue 
lim it, it becomes necessary to consider whether the actual stress 
was as low  as had been supposed. Errors o f pitch and profile 
in gear teeth m ay cause actual stresses to  be higher than nominal 
stresses by  an am ount that increases w ith  speed in  any particular 
installation, up to a lim it that w ould not be exceeded even at 
infinite speed. T h e  nom inal permissible stress (corresponding 
to the mean transm itted torque) should therefore take account 
of probable errors in the teeth H igh  tooth-loads m ay also be 
induced by running a geared system in a condition approaching 
that o f resonance w ith  some type of vibration. In  general, this 
danger is more likely in  high-speed installations than in others, 
and it is not always wise to follow  the usual practice o f ignoring 
its possibility.— Paper by W . A . T u p lin , rea l at a M eeting o f  
T h e Institution of M echanical Engineers, 10th M arch 1950.

Dry Film Lubrication
Considerable strides have been made in  the past 10 years 

in the technique o f lubricating rubbing surfaces by  means of 
dry, slippery films. T h e  original w ork o f H uges and W h ittin g- 
ham carried out during the recent w ar show ing the effect o f 
chemical films on m etallic surfaces has been more recently con­
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firmed by w ork done in the U nited States. T h e British in­
vestigators showed that the form ation of oxide, sulphide and 
other products on  steel rubbing surfaces brings about a reduc­
tion o f the coefficient o f friction. T w o  types of iron oxide w ith 
different effects have been noted by the Am erican workers, one 
of these oxides on steel facilitating lubrication, while the other 
contributes to friction. T h o u g h  the beneficial effect o f thin, 
chemical films on certain metals has been established by friction 
testing, the exact reasons w h y lubrication should be improved 
thereby are not clear. Various explanations have been put fo r­
w ard, w hich rely upon the fact that oxidation products on a 
metal surface discourage adhesion o f rubbing faces. T h e  crystal 
structure o f these products undoubtedly has a bearing on the 
w ay they reduce friction, for such structure form s the hardness 
and ability, or otherwise, o f the oxidation products to cleave 
when rubbed. G ood examples of the two extremes are the sul­
phide film  form ed on iron, w hich facilitates lubrication, and the 
oxide film form ed on alum inium , w hich is both hard, abrasive 
and non-lubricating. Recent studies by the N ational A dvisory 
Com m ittee fo r Aeronautics o f the U .S .A . have confirmed some 
im portant facts about graphite films in lubrication. T h eir ex­
periments showed that for lubricating dry films, the friction co­
efficient o f rubbing faces falls sensibly w ith  increasing speeds. 
T h e  effect is so marked as to unmistakable and is in  line w ith 
earlier w ork done in  Britain  and elsewhere. T h e y  have also 
shown that there is no appreciable increase in the coefficient of 
friction  for increasing loads up  to moderately high values. T h e 
fact that friction does not increase w ith load for drv rubbing 
surfaces is in accordance w ith theory. One singular advantage 
o f a dry, slippery film  is that there is little difference between 
static and kinetic friction. T h is  is im portant where a 
mechanism m ust offer a sensitive response to input energy. A  
high static friction  w ould lower appreciably the sensitivity o f 
the equipment and where the rubbing faces are required to start 
and stop m otion frequently, such a high friction  value w ould 
prove a serious handicap. W h y static friction  should be high 
compared w ith kinetic friction for oil films is not quite clear 
but the fact remains that the two values are usually o f a m uch 
different order of m agnitude. T h is  applies to journal bearings, 
plane rubbing faces and wherever the relative m ovement of tw o 
rubbing faces is involved. It has been know n for m any years 
that a thin  film  o f pure graphite between rubbing faces gives a 
coefficient of friction, w hich compares favourably w ith  fatty 
oils under boundary conditions. It is now  custom ary to use 
a dispersion o f “ dag”  colloidal graphite in  alcohol, or other 
volatile liquid, to form  a thin, dry film on rubbing surfaces. 
T h e  parts to be treated can be brushed w ith  this dispersion, 
dipped into a bath, or treated by any other convenient method. 
T h e film  dries rapidly at room temperature and adheres well to 
most metals. In  addition, it can be used on non-m etallic faces 
such as plastics, rubber, glass and m etallic faces such as plastics, 
rubber, glass and almost any solid surface being particularly 
useful fo r those materials, upon w hich oil cannot be used. One 
particular advantage of a thin, graphite film  o f this kind is that 
it resists temperatures up  to 600 deg. C .— M echanical W orld, 
Vol. 127, 3rd February 1950, pp. 119-120.

Arc W e ld ing  in Spanish Naval Shipyards
T h e development o f electric arc w elding as applied to ship 

construction can be considered in  three successive phases, w hich 
are as fo llow s: (1) T h e  w elding o f miscellaneous small parts 
and structures o f secondary importance. (2) T h e  welded fabri­
cation of bulkheads, oil fuel bunkers, engine and auxiliary seat- 
ings, deck-houses, etc. (3) T h e  w elding of the structural parts 
o f prim ary im portance such as shell plating, cellular double 
bottoms, tank tops, decks, etc., thus form ing the all-welded ship. 
Spanish naval construction at the present time has arrived at 
the second phase, w hich is the combined welded and riveted 
type, and it is difficult to  forecast whether the third phase w ill 
one day be reached in Spain, since it is not know n whether the 
ship o f the future w ill be all-welded or a com bination of weld­
in g  and riveting. In  the Cartegena shipyard of the Empressa 
N acional “ Bazan”  electric arc w elding is being used for the 
construction of warships, both surface vessels and submarines,

the first constituting a combination of units details o f w hich 
cannot be disclosed on account of their secret nature. T he 
follow ing items, however, are w elded: the shell and main deck, 
w hich form  the m ain part o f the ship girder, have their trans­
verse joints welded while in the lower decks the transverse and 
longitudinal joints are also welded. T h e  stringers and girders 
w hich so greatly contribute to the longitudinal strength of the 
ship have their butts welded and are riveted to the shell and 
deck longitudinally. T h e  bulkheads, complete w ith  stiffeners, 
are all-welded w ith the exception o f the boundary angles, which 
are riveted to the bulkhead and shell. A ll the principal and 
auxiliary engine seats are welded, as well as their connections 
to the frames, for the purpose o f greater resistance to vibration 
and also to improve the watertight qualities o f the tanks formed 
by the walls o f the seatings. T h e superstructures are also 
welded, together w ith  miscellaneous items such as hatchways, 
pillars, ladders and all fittings, including w atertight collars at 
bulkheads and decks. T h e  Cartagena shipyard has also on 
hand the construction o f a certain number of submarines w ith 
all-welded pressure hulls, in w hich riveting is used only on a 
few  removable plates for the chamber o f the principal motors, 
and also on the thinner plates of the outer shell.— A . V. N unez, 
T he Welder, Vol. 18, October/Decem ber 1949, pp. 81-84.

Joining of Aluminium Alloys
A t the present time riveting is the principal method of 

joining the alum inium  alloys. A  f-in ch  diameter rivet in 5 
cent alum inium  magnesium alloy is the m axim um  size which 
can be closed cold, econom ically, to form  a countersunk point. 
T h is  can be done by hand hammer, pneumatic tool and hydraulic 
m achine, although larger sizes can be closed by hydraulic means 
provided that the power is available. H eating of the rivet in­
creases the speed of closing and makes it possible for larger 
diameters to be used; however, this requires to be done in a 
therm ostatically controlled furnace as the temperature must not 
exceed 450 deg. C. and the alloys do not change colour w ith  the 
rise of temperature, so there are no means o f gauging the tem­
peratures as is so readily done w ith steel. A lthough the fact 
that certain sizes of alum inium  alloy rivets can be driven cold 
is o f some econom ic benefit, there are arguments for ignoring 
this and for using hot driven rivets. In  the case o f riveted steel 
joints the fayin g surface rusts up and there is a strong clam ping 
effect o f the hot driven steel rivet when cold so that the joint 
w ill carry a considerable load before slip takes place. In  con­
trast, the alum inium  alloy joint does not rust up and the cold 
driven rivet has not the same clam ping effect, so that there is 
is almost immediate slip under load w hich w ill then be taken by 
the rivets loosening. From  these considerations is appears that 
hot driven alum inium  alloys rivets should be used for joints 
w hich take repeated stresses. A lth ough alum inim um  and its 
alloys have been welded for m any years, the process has not 
been used in  the structural field, ow in g to a number o f causes. 
One o f the m ain troubles has been the question of the use of 
flux. T h is  is necessary to protect the weld, but it is equally 
necessary to ensure that all flux  residue is removed from  the 
weld ow ing to the danger o f corrosive attack. T h is  has meant 
that fillet w elding could not be incorporated in the design owing 
to the possibility of the flux  being entrapped, so that only butt 
welds were permissible. A nother consideration is the strength 
of the w eld itself, as the deposit, being o f cast structure, is much 
weaker than the parts joined, although it is possible partly to 
compensate for this. T hen  there is the effect of heat upon the 
metal in the neighbourhood o f the w eld; in  the case of the 
heat-treated alloys the strength gained through heat-treatment is 
lost and the strength o f the alum inium  magnesium alloys is as 
annealed, and these facts have placed an obvious restriction 
upon design. G as w elding has been w idely accepted for many 
applications o f the non-stressed type, such as ducting, and con­
siderable technical progress has been made in this field. Electric 
arc w elding has not made the same advancement and generally 
only dow n-hand w elding is possible, although some vertical 
welds have been made. T h e speed o f w elding is high compared 
w ith that o f steel so that the heat-effected zone is smaller. T he 
advent o f the A rgonarc gas method o f w elding has opened the
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door to the m uch greater possibility of a wider acceptance of 
the alloys by shipbuilders, and it certainly holds out hope that 
the method will solve m any o f the existing difficulties. Argonarc 
welding has already been used for ship construction in Canada, 
and the nine vessels built fo r the Y angtze River service had 
aluminium alloy superstructures, and w elding was Extensively 
used in their construction, gas w elding, spot w elding, metal arc 
and A rgon  gas w elding being employed.— L  Watkins, The  
Shipping W orld, Vol. 122, 1st M arch 1950, pp. 221-229.

Flame Cutting
A utom atic flam e-cutting processes can be divided into three 

m ajor shape groups; straight lines, circles, and shapes other 
than the first two. T h e  selection of the type of shape-cutting 
machine is largely determined by the kinds of shapes to be 
produced. A n y  one o f the standard types o f template tracing 
cutting machines can produce virtually any shipe, but if suffi­
cient volum e of w ork is contemplated, special equipment w ill be 
found to have im proved perform ance from  the standpoint of 
speed o f handling and accuracy in the finish piece. F or 
example, a circular template w ill produce circular pieces, but it 
is significant to note that a circular bevel cannot be cut from  a 
template because o f the fixed angle o f  the torch. Therefore, if 
a part is to be bevelled, two complete set-ups are required w ith 
the accom panying loss o f time. If, on the other hand, a 
machine is built whereon the piece is rotated, square edge cuts 
or bevel cuts at any desired angle can be produced w ith  equal 
facility. M u ch  has been said and w ritten about the advantage 
of stack cutting— the process o f cuttin g a number o f pieces in 
a stack at one time. T h is  method has been abandoned by the 
firm w ith  w hich the author is connected in favour of m ultiple 
torch cutting whenever high production of identical pieces is 
required. In  the first place, m uch time is consum ed in the pre­
paration o f the stack o f raw material. T h e  plates or sheets must 
be in very close contact and hence m ust be more than usually 
flat. T h ey must be pressed tightly  together and secured by 
w elding or clamping. G aps between adjacent plates w ill usually 
interrupt the flame cut, w ith  the resultant probable spoilage o f 
some pieces and the necessity for reassembly o f the stack for a 
new start. In  the second place, it is very difficult to maintain 
constant dimensions in the finished pieces from  the top to the 
bottom  o f the stack. I f  close dimensional tolerances and a high 
degree o f accuracy are required, the author has found that stack 
cuttin g produces far too m any rejects.— J. T . Lewis, Jr., The  
W elding Journal, Vol. 29, February 1950, pp. 116-120.

Brazing
A  recent article published in Tcm pil Topics  discusses 

brazing processes and their applications. B razing is usually 
defined as a group o f metal joining processes wherein the filler 
meral is a nonferrous or alloy w h o tt m elting point is higher 
than 1,000 deg. F ., but is lower than that o f the metals or 
alloys being joined. Brazing, unlike w elding, does not require 
that the surfaces o f base metals bs melted; it differs from  solder­
ing, frequently termed soft soldering, in that the latter method 
makes use o f filler metals w hich melt below 700 deg. F . Some 
confusion has resulted from  the long use of the term “ hard 
soldering”  to denote brazing in w hich the silver alloys w hich 
melt from  about 1,150 to 1,600 deg. F. are used. B razing de­
pends on the limited diffusion of the filler metal into the clean 
surface, hot, solid base metal. T h is  is in contrast w ith fusion 
w elding in w hich interm elting o f the surfaces o f the base metal 
and the filler metal takes place to form  an integral joint. T h e  
brazing process is w idely used because a great m any metals 
can be joined effectively in that manner w ith a m inim um  of 
filler material and at relatively low  temperatures compared w ith 
welding. Sim ple carbon steels as well as cast iron, copper, 
nickel, M onel, Inconel, brass, bronze and other metals are com ­
m only brazed. Dissim ilar metals, even w ith  wide variations 
in m elting points m ay be joined by brazing. Great economies 
often result from  m aking repairs on broken massive machine 
parts of cast iron, malleable iron or steel by brazing “ in place” ; 
not only is the scrapping of expensive heavy parts thus avoided, 
but the “ dow n tim e”  of the m achine is minimized. B razing

materials com m only used fall into tw o broad g ro u p s: silver 
base and copper base alloys. T h e  relatively low  m elting points 
o f the eutectics o f the silver-copper and silver-copper-zinc alloys 
and their excellent flow  characteristics allow  their use for nearly 
all metals. T h e  m elting points o f these alloys range from  about 
1,150 to 1,600 deg. F . T h e  copper base brazing com positions 
generally contain a considerable percentage o f zinc and m ay 
also include nickel, tin  and phosphorus. These alloys melt 
from  about 1,600 to 2,100 deg. F ., and are generally available 
as wire, sheet, powder or lum ps, to provide the form  best suited 
for every application. Copper and copper alloys are com ­
m only brazed w ith  lower m elting bronze filler metal. N ickel 
alloys are joined by using silver brazing alloys.— T he W elding  
Journal, Vol. 29, February 1950, pp. 155-156.

W eld ing  M etallurgy— Peening of W e lds
O ccasionally welds are peened. I f  the weld is peened at a 

white heat the steel w ill be so soft that the hammer w ill sink 
deep into the weld and the grain size w ill not bs changed greatly. 
If  peening is done at a dull red heat (slightly above the transi­
tion temperature) the grain size w ill be refined greatly. Below 
a dull red heat, peening cold works the metal and, w hile in­
creasing its strength, impairs the ductility. C old  w ork distorts 
the grains and makes the weld subject to cracking. Peening 
w ill be most effective if the weld is at a dull red heat. H ow ­
ever, after the welder has completed a section o f the weld, the 
weld is hot at the end but relatively cold at the starting point. 
I f  the peening is to be done by the operator, he w ill probably 
cold w ork the start o f the weld and hot w ork the hot end of 
the weld at too high a temperature to secure m axim um  grain 
refinement. I f  he can reheat the weld to the proper tempera­
ture or if  a helper follow s him  at the proper distance w ith  a 
hammer, peening can be done at the correct temperature, if at a 
considerable expense. I f  peening is to be effective, the coarse 
grains in the heat-affected zone also should be refined by hot 
w ork (peening). A n y  attempt by  the operator to hot w ork the 
heat-affected zone so as to penetrate throughout w ill reduce the 
thickness at the heat-affected zone, w hich m ight be counteracted 
by upsetting the plate along the scarves before welding. U p ­
setting is expensive. Peening, therefore, must be confined to 
the weld, if it is em ployed at all. Fortunately, there is a simpler 
and more effective means of refining the grain size and raising 
the ductility  o f steel welds than peening. Instead of m aking 
the w eld in a single pass, several smaller beads are used to fill 
the weld groove. T h e  first bead and heat-affected zone is heated 
not far above the transition (critical) range by the second bead. 
In  this w ay the grain size of the second bead is refined by the 
third bead, and so on. T h e  final bead is a reinforcing bead 
so that throughout its thickness the grain size o f the weld and 
heat-affected zone is small. Single-layer submerged-arc welds 
are made in steels and under conditions such that their coarse 
grain size is offset by other factors. Peening m ay be used for 
other purposes than to refine the grain size. Peening spreads 
the weld and, if  correctly applied, w ill counterbalance the 
normal contraction due to welding. Peening thus controls dis­
tortion, that is, the change in dimensions o f the part due to 
welding. Peening also m ay be used to hammer dow n rein­
forcement. Blowholes, if present, m ay be sealed up by peening, 
but it is far wiser to correct the conditions leading to the blow ­
holes than to accept them and attempt to remove them to an 
uncertain extent by  peening.— O. H. Henry, G . E. Claussen and
G . E. Linnert. T h e  W elding Journal, Vol. 29, February 1950, 
pp. 139-149.

Buckling of Compressed Steel Member
T h is report contains a review o f the fundam ental problems 

met w ith  in the design o f compressed structural members. 
Buckling o f centrally compressed bars is briefly dealt w ith , and 
methods are given for calculating the critical load both for 
buckling w ithin the elastic lim it and for buckling in the inelastic 
region. Bars subjected to the simultaneous action o f an axial 
compressive force and a bending moment are treated at m uch 
greater length, and comparisons are made between the critical 
loads calculated on  different assumptions regarding the elastic
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and plastic properties o f materials. T h e  theoretical results are 
verified by  tests made on bars and frames on a model scale. 
T h e  authors put forw ard general principles to be used as a 
basis o f new Swedish tentative standard specifications for the 
design of compressed members. T h e  main point o f these speci­
fications lies in the fact that compressed members are designed 
on the assumption of a definite initial deflection. A  special 
chapters deals w ith  built-up members, particularly batten-plate 
struts and colum ns.— G . W astlund and S. G . Bergstrom, 
Transactions o f T he Royal Institute o f Technology, Stockholm , 
N o. 30, 1949.

Relative Ductility in W e lded  Ship-plate
A n  investigation was made to determine the dependence o f 

zones o f low  ductility  in weldments upon the steel and upon 
the w elding conditions and heat treatment. T h e  ductility was 
evaluated by means o f eccentric notch-bar tension tests con­
ducted at various low  temperatures. A  zone of low  ductility 
was found in tw o low -carbon ship-plate steels at a distance of 
0-3-0-4 inch from  the w eld centre line when the weldments 
were made on f- in c h  thick plate w ith  100 deg. F . preheat and 
interpass temperature. A  400 deg. F . preheat and interpass 
temperature im proved the ductility  in the critical zone, lowering 
the transition temperature from  20 to —45 deg. F . A n  1,100 
deg. F . postheat practically eliminated the zone o f lowered 
ductility, the transition temperature being lowered to —70 deg. 
F . Tem perature measurements made during w elding showed 
that the critical ductility  region had not been heated above the 
lower critical temperature. N o  change in m icro-structure could 
be noted between the critical zone and the unaffected base plate. 
M icro-hardness tests showed only slight hardening in  the em­
brittled region. T h e  occurrence o f the embrittled region is 
thought to  be due to some subcritical temperature phenomena 
w hich m ay be the super-saturation and precipitation o f carbon 
or carbides from  the alpha phase.— L . J. K linger and L . J. 
Ebert, T he W elding Journal, Vol. 29, February 1950, pp. 
59-s-73-s.

Effect of Fatigue on Transition Temperature
T h is report concerns an investigation to  determine if prior 

fatigue w ould affect the transition temperature curves in im pact 
o f ship steels. Tests were made on tw o shipbuilding steels. A  
com bination fatigue-im pact specimen was designed and used. 
T h is  specimen was round w ith  a circum ferential notch and 
could be tested in im pact by  saw ing off the tapered ends 
necessary fo r holding in the fatigue machine. A s testing p ro­
ceeded, it was foun d that fatigue cracks were developing at the 
base o f  the notch both above and below the endurance limit. 
W hen specimens were cyclically  stressed so as to avoid fatigue 
cracks, the resulting transition curve showed little deviation 
from  the original curve presumably due to the low  stress o f 
the prior fatigue. A  series o f specimens o f one o f the tw o steels 
tested were prestrained in tension prior to  testing in  impact 
w ith  a marked shift o f the transition curve resulting.— J. M . 
Lessels and H . E. Jacques, T he W elding Journal, V ol. 24, 
February 1950, pp. 74-s-83-s.

Stresses in Tanker Members
T h e H ardy-C ross m ethod o f mom ent distribution on frame 

rings is applied to the transverse frame rings o f tw o modern 
tankers fo r several conditions o f loading and draught. T h e 
variation o f m om ent o f inertia and section m odulus over the 
length o f the members is taken into account and curves of bend­
ing m om ent and stress distribution are draw n fo r each member. 
Positions of peak stress are clearly brought out. T h e  methods 
used for obtaining the carry-over factor and the stiffness of 
each member and fo r calculating the fixed end moments are 
indicated in Appendices to  the paper.— Paper by H . J. Adams,

read at a M eeting of the Institution of Naval Architects, 30th 
M arch 1950.

Buoyancy Characteristics
T h is  article compares the rate of water absorption w ithin 

a 24-hour period for three low  density cellular materials when 
immersed in water under tw o different water pressures or heads. 
T h e  actual buoyancy remaining in these materials up to tw enty- 
four hours under the same conditions is also shown. Curves 
depicting water absorption and retained buoyancy plotted 
against time graphically show the results of test. Phenolic 
foam, cellular hard rubber and balsa w ood are the materials 
tested. Three different densities o f phenolic foam  (1-9, 2-6 and
8-81b. per cu. ft.) were used. Cellular hard rubber and balsa 
w ood having average densities of 6-9 and 8-91b. per cu. ft. 
respectively were used in the tests. Significant conclusions 
drawn from  the tests are (a) that cellular hard rubber is superior 
to the other tw o materials tested in rate o f water pick-up and 
retention of buoyancy, (b) the rate of water pick-up and reten­
tion o f buoyancy for the phenolic foam s and balsa w ood are 
fairly  similar, and (c) the buoyancy retention o f the lighter 
density (l-91b. per cubic foot) is slightly higher than Mlsa 
w ood and the other two densities o f phenolic foam .— H . J. 
Stark, J. A . Alpert and T . L . Shoemaker. Journal of the 
American Society of Naval Engineers, Vol. 62, pp. 139-144.

Combustion in V itiated  Atmospheres
T h is  series o f papers deals w ith  com bustion in vitiated or 

oxygen deficient atmospheres, that is, in air w hich has lost a 
portion of its oxygen in a previous com bustion process and 
w hich is contam inated w ith  the products o f combustion. There 
are three principal fields in the realm o f gas turbine combustion 
w hich require an understanding o f the effect o f vitiation, 
namely, com bustion research, aero-gas-turbine practice and in­
dustrial practice. It has been a com m on experimental technique 
in the study o f com bustion in hot gas streams to use a prim ary 
or “ slave”  com bustion chamber to heat the air. T h e  assump­
tion has been made that when products o f com bustion are pre­
sent in the air stream used, they have little effect upon the ex­
perimental results. T o  confirm  or deny the validity of this 
assumption was one of the objects o f the w ork described in this 
series of papers. T h e  introduction of open cycles using reheat 
or com bustion in  stages raises the question whether the com ­
bustion process in  the later stages is similar to  that in pure air. 
W ill flame length, stability and com bustion efficiency remain 
unaltered if the same design o f stabilizer is used? T h e  use of 
“ pressure-combustion furnaces”  as air heaters in closed cycle 
plants raises further questions o f interest. It has been suggested 
that exhaust gases should be recirculated to the furnace to 
dilute the incom ing charge and m aintain the gas temperature 
at a level com patible w ith  the heat exchanger design. W ill this 
adversely affect the flame length and stability o f com bustion? 
T h e  authors conclude that the effects o f vitiation arise chiefly 
from  the decrease in flame temperatures involved and from  the 
increase in the air/fuel ratio required for chem ically correct 
combustion. In  general, vitiation increases the time required 
for evaporation, m ixing, heating and com bustion of the fuel. 
In  com bustion by stages the later com bustion chambers require 
special design. In  particular a greater prim ary air flow  and 
lower mean velocity through the prim ary zone are required. 
In an industrial gas turbine flame length m ay be shortened 
slightly if the recirculated gases are added before the prim ary 
com bustion chamber. T h is  involves the danger of non-in- 
flam m ability if the recirculation is excessive.— J. Burr and B. P. 
M ullins, Fuel, Vol. 28, N o. 8, 1949, pp. 18 1-187; J. Barr, Fuel, 
Vol. 28, No. 9, 1949, pp. 200-205; B  P. M ullins, Fuel, Vol. 28, 
No. 9, 1949, pp. 205-207; J. Barr and B. P. M ullins, Fuel, No.
10, 1949, pp. 225-231.


