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First Clark-Sulzer Engine
T h i s  a r t i c l e  r e p o r t s  t e s t  b e d  r e s u l t s  o b t a i n e d  o n  t h e  f i r s t  C l a r k -  

S u l z e r  D i e s e l  e n g i n e  r e c e n t l y  c o m p le t e d  a t  t h e  S o u t h w i c k ,  S u n d e r ­

la n d ,  e n g i n e  w o r k s  o f  G e o r g e  C l a r k  ( 1 9 3 8 )  L t d .  T h i s  e n g i n e  is  

t h e  f i r s t  o f  f o u r  s u c h  e n g i n e s  t o  b e  b u i l t  f o r  i n s t a l l a t i o n  in  f o u r  

s e l f - t r i m m i n g  c o l l i e r s  o f  2 ,5 0 0  t o n s  d .w . ,  b e i n g  b u i l t  f o r  S t e p h e n s o n  

C l a r k e ,  L t d .  T h e  e n g in e  i s  a n  8 - c y l i n d e r  r e v e r s i b l e ,  t r u n k - p i s t o n ,  

s i n g l e - a c t i n g  u n i t  w o r k i n g  o n  t h e  t w o - s t r o k e  c y c l e  w i t h  d i r e c t  

f u e l  i n j e c t i o n .  I t  d e v e l o p s  1 ,1 2 5  b .h .p .  a t  2 2 0  r .p .m . ,  u n d e r  f u l l  

p o w e r  c o n d i t io n s .  E a c h  w o r k i n g  c y l i n d e r  h a s  i t s  o w n  s c a v e n g e  

p u m p  d r i v e n  b y  a  r o c k i n g - l e v e r  f r o m  t h e  m a i n  c o n n e c t i n g  r o d .  

T h i s  a r r a n g e m e n t  w i t h  s e p a r a t e  s c a v e n g e  p u m p s  d r i v e n  f r o m  e a c h  

c y l i n d e r  g i v e s  a  u n i f o r m  d e l i v e r y  o f  s c a v e n g e  a i r ,  q u i e t  s u c t i o n  

a n d  f a v o u r a b l e  b a l a n c e  o f  t h e  r e c i p r o c a t i n g  m a s s e s ,  a n d  r e d u c e s  

t h e  l e n g t h  o f  t h e  e n g i n e  t o  a  m in im u m . E a c h  c y l i n d e r  a n d  p u m p  

f o r m  a n  i d e n t i c a l  u n it .  I n  t h e  s c a v e n g i n g  s y s t e m  e m p lo y e d ,  t h e  

w o r k i n g  p i s t o n  u n c o v e r s  t h e  p o r t s  s h o r t l y  b e f o r e  b o t t o m  c e n t r e  

a n d  c o v e r s  t h e m  a g a i n  a t  t h e  c o m m e n c e m e n t  o f  t h e  c o m p r e s s i o n  

s t r o k e .  T w o  s m a l l  a i r  c o m p r e s s o r s  s u p p l y i n g  c o m p r e s s e d  a i r  f o r  

s t a r t i n g  a n d  r e v e r s i n g ,  a r e  f i t t e d  t o  t w o  o f  t h e  s c a v e n g e  p u m p s .  

T h e  e n g i n e - d r i v e n  p u m p s  a r e  b u i l t  o n  t h e  f o r w a r d  e n d  o f  t h e  

e n g i n e  a n d  c o m p r i s e  t w o  r e c i p r o c a t i n g  p i s t o n - p u m p s  f o r  c o o l i n g  

w a t e r  a n d  b i lg e ,  a n d  a  g e a r - t y p e  o i l  p u m p  f o r  b e a r i n g  l u b r i c a t i o n  

a n d  p i s t o n - c o o l i n g .  T h e  c o n t r o ls  c o n s i s t  o f  o n e  c o m b in e d  s t a r t i n g  

a n d  r e v e r s i n g  l e v e r  a n d  o n e  l e v e r  w i t h  f in e  a d j u s t m e n t  f o r  s p e e d  

r e g u la t i o n .  T h e  c a m s h a f t  i s  d r i v e n  t h r o u g h  s p u r  w h e e l s  w h i c h  

a r e  f i t t e d  a t  t h e  a f t e r  e n d  o f  t h e  e n g in e .  T h e  s t a r t i n g  v a l v e s  o n  

t h e  c y l i n d e r  c o v e r s  a r e  o p e r a t e d  p n e u m a t i c a l l y  a n d  t h e  c o n t r o l  

v a l v e s  r e q u i r e d  f o r  t h i s  p u r p o s e  a r e  f i t t e d  i n  a  c o m m o n  c a s i n g . Cross-section through the Clark-Sulzer engine
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T h e  f u e l  p u m p s ,  o n e  f o r  e a c h  c y l i n d e r ,  a r e  in c o r p o r a t e d  in  o n e  

b lo c k ,  a n d  s i t u a t e d  a s  c l o s e  a s  p o s s ib l e  t o  t h e  c r a n k s h a f t ,  

t h u s  s h o r t e n i n g  t h e  d r i v e ,  w h i c h  i s  b y  g e a r i n g  f r o m  t h e  

a f t e r  e n d  o f  t h e  c r a n k s h a f t .  T h e  p u m p s  a r e  d e s ig n e d  t o  g i v e  

v a r i a b l e  t i m i n g  o f  i n j e c t i o n ,  d e p e n d in g  o n  t h e  e n g i n e  lo a d .— The 
Shipping World, Vol. 121, 23rd November 1949, pp. 556-557.

Fast Cargo Vessel
T h e  f a s t  s i n g l e - s c r e w  m o t o r s h i p  Wanstead i s  t h e  f i r s t  o f  t h r e e  

s i m i l a r  s h ip s  b u i l t  b y  t h e  C a l e d o n  S h i p b u i l d i n g  a n d  E n g i n e e r i n g  

C o . ,  L t d . ,  f o r  t h e  A n t w e r p - C a n a d a  s e r v i c e  o f  W a t t s ,  W a t t s  a n d  

C o . ,  L t d .  T h e  Wanstead i s  s o m e t h i n g  o f  a  n e w  c l a s s  o f  s h ip  

a l t o g e t h e r ,  f o r  a l t h o u g h  d e s ig n e d  f o r  a  s p e c i f i c  t r a d e ,  h e r  d im e n ­

s io n s ,  s p e e d  a n d  c a r g o  e q u i p m e n t  c o u l d  e n s u r e  h e r  f u l l  e m p l o y ­

m e n t  o n  a l t e r n a t i v e  s e r v i c e s ,  s h o u l d  e c o n o m i c  c i r c u m s t a n c e s  s o  

d i c t a t e .  S h e  is  in  e f f e c t  h a l f w a y  b e t w e e n  t h e  1 3 - k n o t  g e n e r a l  

c a r g o  v e s s e l  a n d  t h e  1 7 - k n o t  f a s t  c a r g o  l i n e r .  T h e  s h ip  h a s  b e e n  

b u i l t  t o  t h e  h i g h e s t  c l a s s  o f  L l o y d ’s  R e g i s t e r ,  “ w i t h  f r e e b o a r d ” , 

a n d  h a s  t h e  f o l l o w i n g  le a d i n g  p a r t i c u l a r s : —

L e n g t h  o v e r a l l .....................................................  4 6 8  f e e t

L e n g t h  b e t w e e n  p e r p e n d i c u l a r s  . . .  4 4 0  f e e t

B r e a d t h  m o u l d e d  ..................................... 6 4  f e e t

D e p t h  m o u l d e d  t o  s h e l t e r  d e c k  . . .  4 3 f t .  3 in .

D e p t h  m o u l d e d  t o  s e c o n d  d e c k  . . .  2 7 f t .  6 in .

G r o s s  t o n n a g e ...................................................... 5 ,6 6 4  t o n s

N e t  t o n n a g e  ...................................................... 2 ,7 4 5  to n s

D e a d w e i g h t  c a p a c i t y — a s  o p e n  s h e l ­

t e r  d e c k  s h ip  o n  2 5 f t .  d r a u g h t  8 ,3 0 0  t o n s

B l o c k  c o e f f ic ie n t  . . .  ..................... 0 6 6  a p p r o x .

S t o w a g e  r a t e  .....................................................  7 2 -5  c u .  f t .  p e r  to n

S p e e d  in  s e r v i c e  . . .  . . .  . . .  1 5  k n o t s  

T h e  Wanstead is  p r o p e l le d  b y  a  f i v e - c y l i n d e r  D o x f o r d  o p p o s e d -  

p is t o n  e n g i n e  w i t h  c y l i n d e r  b o r e  a n d  c o m b i n e d  s t r o k e  o f  6 7 0  m m . 

a n d  2 ,3 2 0  m m . r e s p e c t i v e l y ;  in  s e r v i c e  i t  d e v e l o p s  5 ,5 0 0  s .h .p . a t

1 1 0  r .p .m . T h i s  e n g i n e  i s  o f  t h e  i n - l i n e  s c a v e n g e  p u m p  t y p e  a n d  

h a s  b e e n  b u i l t  b y  S c o t t s ’ S h i p b u i l d i n g  a n d  E n g i n e e r i n g  C o .  L t d . ,  

G r e e n o c k .  A  f e a t u r e  o f  t h e  e n g i n e  r o o m  i s  t h a t ,  e x c e p t  in  t h e  

g a n g w a y s  a n d  a t  t h e  c o n t r o l  p o s i t i o n ,  g r a t i n g s  a r e  u s e d  in s t e a d  

o f  t h e  c u s t o m a r y  c h e q u e r  p la t i n g .  A l l  t h e  p i p e w o r k  b e n e a t h ,  w h i c h  

is  p a i n t e d  in  d i s t i n c t i v e  c o l o u r s ,  a c c o r d i n g  t o  d u t y ,  c a n  b e  s e e n .— • 

The Marine Engineer and Naval Architect, Vol. 72, December 
1949, pp. 555-565.

a r e  o f  t h e  r e a c t i o n  t y p e .  T h e  h .p . a n d  l .p .  a s t e r n  t u r b i n e s  a r e  

h o u s e d  in  t h e  m .p .  a n d  l .p .  a h e a d  c a s i n g s .  T h e  g e a r s  a r e  o f  t h e  

i n t e r l e a v e d  t y p e  a n d  t h e  l o w e r  p o r t i o n  o f  t h e  g e a r - c a s e  is  i n c o r ­

p o r a t e d  in  t h e  s h i p ’s  s t r u c t u r e .  T h e  m a i n  c o n d e n s e r ,  o f  t h e  r e ­

g e n e r a t i v e  t y p e ,  is  s l u n g  u n d e r n e a t h  t h e  l.p . t u r b i n e  c a s i n g  a n d  is  

s u p p o r t e d  f r o m  t h e  t a n k  t o p  b y  s p r i n g s .  T h i s  m a i n t a i n s  a  v a c u u m  

o f  2 8 4  i n c h  H g .  u n d e r  s e r v i c e  c o n d i t io n s .  S t e a m ,  a t  a  p r e s s u r e  

o f  52 5 1b . p e r  s q . in .  g a u g e  a n d  a t  a  t e m p e r a t u r e  o f  8 5 0  d e g .  F . ,  is  

s u p p l ie d  f r o m  t w o  o i l - f i r e d  F o s t e r - W h e e l e r  c o n t r o l l e d  s u p e r ­

h e a t e r  b o i l e r s  m a d e  b y  H a r l a n d  a n d  W o l f f ,  L t d . ,  c o m p le t e  w i t h  

a i r  h e a t e r s  a n d  e c o n o m i z e r s  a n d  t h e  n e c e s s a r y  f a n s  f o r  f o r c e d  

a n d  in d u c e d  d r a u g h t .  T h e  b o i l e r s  a r e  in  t h e  e n g i n e  r o o m , w h i c h  

h a s  n o  s e p a r a t i n g  b u l k h e a d ; t h e  b o i l e r  f l o o r  is  o n  a  s l i g h t l y  h i g h e r  

l e v e l  t h a n ,  a n d  d i r e c t l y  a c c e s s i b l e  f r o m ,  t h e  t u r b i n e  m a n o e u v r in g  

p l a t f o r m . — The Shipping World, Vol. 122, 4th January 1950, 
pp. 14-16.

Passenger and Cargo Line Helenus
T h e  s i n g l e - s c r e w  t u r b i n e  d r i v e n  p a s s e n g e r  a n d  c a r g o  l i n e r  

Helenus, t h e  f i r s t  o f  a  n e w  d e s i g n  t o  b e  b u i l t  f o r  A l f r e d  H o l t  

a n d  C o . ,  L i v e r p o o l ,  w a s  r e c e n t l y  c o m p le t e d  b y  H a r l a n d  a n d  W o l f f ,  

L t d . ,  B e l f a s t .  T h e  p r i n c i p a l  d im e n s io n s  o f  t h e  v e s s e l  a r e  a s  
f o l l o w s  :—

L e n g t h  o v e r a l l .....................................  a b o u t  5 2 2 f t .  6 in .

L e n g t h  b .p .................................................................. 4 8 5  f e e t

B r e a d t h  m o u l d e d  .....................  „  6 9  f e e t

D e p t h  m o u l d e d .....................................  „  3 8 f t .  6 in .

G r o s s  t o n n a g e ...................................................  1 0 ,1 2 5  t o n s

T h e  v e s s e l  is  a r r a n g e d  w i t h  o n e  c o m p l e t e  s t e e l  d e c k ,  a  m a i n  d e c k  

f o r w a r d  a n d  a f t  o f  t h e  m a c h i n e r y  s p a c e  a n d  p o o p ,  c e n t r e c a s t l e ,  

f o r e c a s t l e ,  p r o m e n a d e  a n d  b o a t  d e c k s .  T h e r e  a r e  s i x  m a i n  c a r g o  

h o l d s ,  f o u r  f o r w a r d  a n d  t w o  a f t  o f  m a c h i n e r y  s p a c e ; t w o  o f  t h e  

f o r w a r d  h o l d s  ( N o s .  3  a n d  4 )  a r e  a r r a n g e d  f o r  t h e  c a r r i a g e  o f  

i n s u l a t e d  c a r g o .  I n  a d d i t i o n ,  N o .  5  h o l d  i s  a r r a n g e d  a s  a  d e e p  

t a n k ,  a n d  t h e  s p a c e  b e t w e e n  t h i s  a n d  t h e  m a c h i n e r y  s p a c e  i s  d i v i d e d  

t o  f o r m  f o u r  o i l  f u e l  b u n k e r s .  O i l  f u e l  s i d e  b u n k e r s  a n d  s e t t l i n g  

t a n k s  a r e  a l s o  a r r a n g e d  a t  t h e  f o r e  e n d  o f  t h e  m a c h i n e r y  s p a c e ,  

w h i l e  t h e  f o r e  p e a k  a n d  a f t e r  p e a k  t a n k s  a r e  a r r a n g e d  f o r  o i l  

f u e l  o r  w a t e r  b a l l a s t .  T h e  c a r g o  h a n d l i n g  a r r a n g e m e n t s  in c l u d e  

o n e  h e a v y  d e r r i c k  f o r  d e a l i n g  w i t h  5 0 - t o n  lo a d s ,  f o u r  d e r r i c k s  

f o r  1 0 - t o n  lo a d s ,  f o u r  f o r  7 - t o n  l o a d s  a n d  s i x t e e n  f o r  5 - t o n  lo a d s .  

T h e s e  a r e  s e r v e d  b y  t w e n t y - f o u r  e l e c t r i c  c a r g o  w i n c h e s .  T h e  

p r o p e l l i n g  m a c h i n e r y  c o n s i s t s  o f  a  s i n g l e - s h a f t  a r r a n g e m e n t  o f  

t r i p l e - e x p a n s i o n ,  d o u b l e - r e d u c t i o n  g e a r e d  t u r b in e s ,  m a d e  b y  

H a r l a n d  a n d  W o l f f ,  L t d .  T h i s  i n s t a l l a t i o n  i s  c a p a b l e  o f  d e v e l o p ­

i n g  a  s e r v i c e  p o w e r  o f  14 ,0 0 0  s .h .p .  a h e a d  a t  a  p r o p e l l e r  s p e e d  o f  

1 0 6  r .p .m .  I m p u l s e  b l a d i n g  i s  f i t t e d  f o r  t h e  h .p . a h e a d  a n d  t h e  

h .p .  a n d  l .p .  a s t e r n  t u r b i n e s ,  w h i l e  t h e  m .p . a n d  l .p .  a h e a d  t u r b in e s

New  Rudder Design
A  n e w  r u d d e r  d e s i g n  e v o l v e d  b y  M r .  H .  A .  W i l s o n ,  o f  t h e  

E s s o  T r a n s p o r t a t i o n  C o . ,  L t d . ,  h a s  r e c e n t l y  b e e n  t r i e d  o u t  o n  t h e  

A n g l o - A m e r i c a n  O i l  C o . ’ s  1 8 ,0 0 0 -to n s  t w i n - s c r e w  t a n k e r  D. L. 
Harper. T h i s  d e v e l o p m e n t ,  e n t a i l i n g  a n  a d d i t i o n  t o  t h e  m a i n  

r u d d e r  o f  t w o  s p e c i a l l y  l o c a t e d  a n d  s p e c i a l l y  d e s i g n e d  w i n g  

r u d d e r s ,  h a s  b e e n  p r o d u c e d  t o  i m p r o v e  t h e  s t e e r i n g  o f  s e v e r a l  o f  

t h e  c o m p a n y ’ s t w i n - s c r e w  t a n k e r s  in  c o n f in e d  a n d  s h a l l o w  w a t e r ­

w a y s ,  w h e r e  s l o w  s p e e d s  a r e  n e c e s s a r y .  T h e  s t e e r i n g  o f  t w i n -  

s c r e w  s h ip s  u n d e r  t h e s e  c o n d i t i o n s  h a s  b e e n  a  l o n g - s t a n d i n g  p r o ­

b le m .  I n  s o m e  c a s e s  s h ip s ’ r u d d e r s  h a v e  t o  b e  t u r n e d  o v e r  a s  

m u c h  a s  2 0  t o  2 5  d e g r e e s ,  b e f o r e  t h e y  e n t e r  t h e  p r o p e l l e r  r a c e  a n d  

b e f o r e  t h e  r u d d e r s  f e e l  t h e  r e a c t i o n  f r o m  t h e  p r o p e l l e r s .  A  

c r i t i c a l  e x a m i n a t i o n  o f  a l l  t h e  c i r c u m s t a n c e s  s u g g e s t e d  t h a t  i f  

s o m e t h i n g  c o u l d  b e  d e v i s e d  t o  u s e  m o r e  q u i c k l y  t h e  b e n e f i t  o f  t h e  

p r o p e l l e r  r a c e s ,  s t e e r i n g  a t  t h e  s m a l l e r  a n g l e s  o f  h e l m  w o u l d  b e  

i m p r o v e d .  I t  w a s  e v i d e n t  t h a t  n o  g r e a t  b e n e f i t  in  t h i s  d i r e c t i o n  

c o u l d  b e  o b t a i n e d  b y  i n c r e a s i n g  t h e  l e n g t h  o f  t h e  r u d d e r ,  a n d  t h e  

e x p e r i m e n t  w a s  a c c o r d i n g l y  t r i e d  o f  a t t a c h i n g  t w o  s m a l l  a u x i l i a r y  
r u d d e r  b la d e s  in  t h e  m a i n  r u d d e r  in  a  w i n g e d - o u t  f a s h i o n ,  s o  t h a t ,  

w i t h  t h e  r u d d e r  a m i d s h i p s ,  t h e  a u x i l i a r y  b l a d e s  w e r e  j u s t  w i t h i n  

t h e  p r o p e l l e r  r a c e s .  S u b s e q u e n t l y  t r i a l s  d i s c l o s e d  t h a t  in  t h e  t a n k e r

D. L. Harper, t h u s  e x p e r i m e n t a l l y  f i t t e d ,  t h e  d e g r e e  o f  h e l m  

n e c e s s a r y  t o  m a i n t a i n  t h e  s h ip ’ s  c o u r s e  a t  r e d u c e d  s p e e d s  o f  e i g h t  

a n d  s i x  k n o t s ,  e v e n  w i t h  a  s t r o n g  b e a m  w i n d  b l o w i n g ,  w a s  le s s  

t h a n  h a l f  t h a t  p r e v i o u s l y  r e q u i r e d .  T h e  r e c e n t  g r o w t h  o f  t r a f f i c  

t h r o u g h  t h e  S u e z  C a n a l  h a s  f o c u s e d  a t t e n t i o n  i n  g e n e r a l  o n  t h e  

p r o b l e m  o f  s t e e r i n g  l a r g e  t w i n - s c r e w  s h i p s  a c c u r a t e l y  a t  s l o w  

s p e e d s ,  a n d  t h e  t e s t s  w h i c h  t o o k  p l a c e  d u r i n g  t h e  p a s s a g e s  o f  t h e

D. L. Harper t h r o u g h  t h a t  w a t e r w a y  w e r e  o f  g r e a t  i n t e r e s t .  T h e  

m a s t e r  r e p o r t e d  t h a t  b o t h  w h e n  t h e  s h ip  w a s  in  b a l l a s t  a n d  w h e n  

s h e  w a s  l a d e n  i t  w a s  p o s s i b l e  t o  h o l d  t h e  v e s s e l  o n  h e r  c o u r s e  f o r  

m o s t  o f  t h e  t i m e  w i t h  n o t  m o r e  t h a n  5  d e g r e e s  o f  h e l m .  T h e  

s t e e r i n g  q u a l i t i e s  w e r e  d e s c r i b e d  a s  b e i n g  n o t  o n l y  g o o d  b u t  

e x c e p t i o n a l .  S i n c e  t h e  s u c c e s s f u l  t r i a l s  c a r r i e d  o u t  o n  t h e  D. L. 
Harper, t h e  n e w  d e s i g n  o f  r u d d e r  h a s  b e e n  f i t t e d  t o  s e v e r a l  E s s o  

t a n k e r s . — The Shipping World, Vol. 121, December 1949, p. 625.

Survey Tender Aestus
T h e  n e w  s u r v e y  t e n d e r  Aestus w a s  r e c e n t l y  c o m p l e t e d  b y  

W  J .  Y a r w o o d  a n d  S o n s ,  L t d . ,  f o r  t h e  M e r s e y  D o c k s  a n d  H a r ­

b o u r  B o a r d .  T h i s  s h i p  e m b o d i e s  m a n y  r e q u i r e m e n t s  s u c h  a s  h i g h  

s p e e d  f o r  h e r  l e n g t h ,  e x t e n d e d  b e a m  t o  a c c o m m o d a t e  t h e  

m a c h i n e r y ,  e t c . ,  a n d  l i m i t e d  d r a u g h t .  T h e  h u l l  f o r m  a n d  p r o p e l l e r  

a r e  t h e  o u t c o m e  o f  t e s t s  i n  t h e  e x p e r i m e n t a l  t a n k  o f  t h e  N a t i o n a l  

P h y s i c a l  L a b o r a t o r y  a t  T e d d i n g t o n .  T h e  f u n n e l  i s  o f  B i r m a -  

b r i g h t  a l u m i n i u m  a l l o y .  A l l  t h e  m a i n  s t r u c t u r e  h a s  b e e n  r i v e t e d ,  

b u t  w x l d i n g  h a s  b e e n  i n t r o d u c e d  i n  m a n y  o f  t h e  i n t e r n a l  s t r u c ­

t u r a l  p a r t s .  T h e  m a i n  p a r t i c u l a r s  o f  t h i s  v e s s e l  a r e  a s  f o l l o w s  : —

L e n g t h  o v e r a l l  ......................................................8 1 f t .  3 in .

L e n g t h ,  b .p .  ...................................................... 7 5  f e e t

B r e a d t h  m o u n d e d  .....................................  1 9 f t .  6 in .

D e p t h  m o u l d e d  ...................................................... 1 0  f e e t

D r a u g h t  lo a d e d  ...................................................... 7  f e e t

T h e  m a i n  p r o p e l l i n g  m a c h i n e r y  c o m p r i s e s  t w o  s e t s  o f  D i e s e l  

e n g i n e s  d r i v i n g  a  s i n g l e  s c r e w  t h r o u g h  m a g n e t i c  c o u p l i n g s  a n d  

r e v e r s e  g e a r .  T h e s e  e n g i n e s  a r e  P a x m a n  M a r k  6 R P L M  s i x -
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c y l i n d e r ,  f o u r - s t r o k e  u n i t s ,  e a c h  h a v i n g  a  c y l i n d e r  b o r e  o f  9 i  in c h  

a n d  a  s t r o k e  o f  1 2  in c h .  E a c h  o f  t h e s e  n o n - r e v e r s i b l e  e n g in e s  

d e v e l o p s  2 2 0  b .h .p .  a t  5 9 0  r .p  .m .,  a n d  a s  e a c h  e n g i n e  h a s  c l o c k w i s e  

r o t a t i o n ,  a l l  w o r k i n g  p a r t s  a r e  i n t e r c h a n g e a b l e .  T h e  t h r o t t l e  c o n ­

t r o l s  a r e  a r r a n g e d  t o  s y n c h r o n i z e  e n g i n e  s p e e d s  a n d  t o r q u e ,  a n d  t o  

r e d u c e  t h e  e n g i n e s  a u t o m a t i c a l l y  t o  i d l i n g  s p e e d  w h e n  t h e y  a r e  d e ­

c lu t c h e d  f r o m  t h e  p r o p e l l e r .  T h e  c o u p l i n g s ,  b y  t h e  B r i t i s h  T h o m -  

s o n - H o u s t o n  C o . ,  L t d . ,  a r e  o f  t h e  s q u i r r e l - c a g e  e l e c t r i c - m a g n e t i c  

t y p e ,  w i t h  o n e  f i t t e d  a t  t h e  a f t e r  e n d  o f  e a c h  e n g in e .  T h e s e  

c o u p l i n g s ,  e i t h e r  o r  b o t h  o f  w h i c h  c a n  b e  o p e r a t e d  b y  p u s h  b u t t o n ,  

p r o v i d e  f o r  a  s m a l l  p e r c e n t a g e  o f  s l i p  w h e n  e n g a g i n g  a  s e c o n d  

e n g i n e  s o  t h a t  e n g a g e m e n t  w i t h o u t  s h o c k  i s  a s s u r e d .  S h o u l d  t h e  

p r o p e l l e r  b e  f o u l e d ,  t h e y  a r e  f l e x i b l e  e n o u g h  t o  p r o t e c t  t h e  

m a c h i n e r y  f r o m  d a m a g e .  T h i s  f l e x i b i l i t y ,  i n  a s s o c i a t i o n  w i t h  t h e  

r e v e r s e - r e d u c t i o n  g e a r ,  p r a c t i c a l l y  e l i m i n a t e s  e n g i n e  t o r s i o n a l  

v i b r a t i o n  e f f e c t s  f r o m  t h e  g e a r  t e e t h  a n d  p r o p e l l e r  s h a f t i n g .  

T h o u g h  n o t  n e c e s s a r i l y  a  f e a t u r e  o f  t h e s e  c o u p l i n g s ,  i t  h a s  b e e n  

f o u n d  p o s s i b l e  t o  s t a r t  a  s e c o n d  e n g i n e  f r o m  t h e  f i r s t  t h r o u g h  t h e  

g e a r  b o x  w i t h o u t  o v e r l o a d i n g  t h e  e q u ip m e n t .  T h e  g e a r  b o x ,  b y  

M o d e r n  W h e e l  D r i v e ,  L t d . ,  i s  o f  t h e  S . L . M .  o i l - o p e r a t e d  r e v e r s e -  

r e d u c t i o n  t y p e ,  h a v i n g  t w o  i n p u t  s h a f t s  r u n n i n g  a t  e n g i n e  s p e e d  

a n d  c a p a b l e  o f  t r a n s m i t t i n g  c o n t i n u o u s l y  t h e  m a x i m u m  p o w e r  o f  

b o t h  m a i n  e n g i n e s  e i t h e r  a h e a d  o r  a s t e r n .  T h e  g e a r  r a t i o  is  

1 - 5 :  1 .— The Shipping World, Vol. 121, 30th November 1949, 
p. 577.

Oil Tanker Progress
A  v a s t  p r o g r a m m e  o f  t a n k e r  t o n n a g e  i s  p r o c e e d i n g  in  B r i t i s h  

s h i p y a r d s .  D u r i n g  t h e  w a r ,  t h i s  c o u n t r y  lo s t  t w o  m i l l i o n  d e a d ­

w e i g h t  t o n s  o f  t a n k e r  s h i p p i n g ,  b u t  b y  t h e  m i d d l e  o f  1 9 4 7  t h e s e  

l o s s e s  h a d  b e e n  m a d e  g o o d ,  a n d  b y  t h e  b e g i n n i n g  o f  1 9 4 8  t h e  

B r i t i s h  t a n k e r  f l e e t  h a d  r e a c h e d  a  f i g u r e  o f  6 0 0 ,0 0 0  d e a d w e i g h t  

t o n s  m o r e  t h a n  in  t h e  m i d d l e  o f  1 9 3 9 . I n  J a n u a r y  1 9 4 9  i t  w a s  

e s t i m a t e d  t h a t  t h e  w o r l d ’s  t a n k e r  f l e e t s  c o m p r i s e d  a  t o t a l  o f  1 ,8 7 2  

v e s s e l s  r e p r e s e n t i n g  a  d e a d w e i g h t  c a r r y i n g  c a p a c i t y  o f  2 3 ,8 1 5 ,0 0 0  

to n s  w i t h  a n  a v e r a g e  s p e e d  o f  1 3  k n o t s .  A t  t h a t  d a t e  t h e r e  w e r e  

4 4 0  t a n k e r s  o f  7 ,4 5 3 ,0 8 0  t o n s  d e a d w e i g h t  u n d e r  c o n s t r u c t i o n  o r  o n  

o r d e r .  O f  t h i s  t o t a l ,  3 8 '3  p e r  c e n t  w e r e  u n d e r  c o n s t r u c t i o n  in  t h e  

U n i t e d  K i n g d o m ,  2 8 -1  p e r  c e n t  in  t h e  U n i t e d  S t a t e s ,  a n d  1 7 - 8  p e r  

c e n t  i n  S w e d e n ;  2 0  p e r  c e n t  o f  t h e s e  n e w  s h ip s  w i l l  h a v e  a  s p e e d  

o f  1 6  k n o t s  o r  m o r e ;  4 8 -2  p e r  c e n t  a r e  o f  1 7 ,0 0 0  t o n s  d e a d w e i g h t  

a n d  o v e r ;  1 1 '2  p e r  c e n t  a r e  o f  2 8 ,0 0 0  t o n s  a n d  o v e r ,  a n d  67  p e r  

c e n t  a r e  o f  3 0 ,0 0 0  t o n s  a n d  o v e r .  F r o m  t h e s e  s t a t i s t i c s  c a n  b e  

s e e n  t h e  t r e n d  t o w a r d s  i n c r e a s e d  s i z e  a n d  s p e e d  w h i c h  is  t a k i n g  

p la c e ,  a s  w e l l  a s  t h e  i m p o r t a n c e  o f  t h e  B r i t i s h  c o n t r i b u t i o n  t o  

w o r l d  t a n k e r  c o n s t r u c t i o n . — R. Hammond, Petroleum, Vol. 12, 
November 1949, pp. 277-280.

Design of Hotel Services for Passenger Ships
T h i s  p a p e r  c o n s i d e r s  in  d e t a i l  s o m e  o f  t h e  p r o b l e m s  i n v o l v e d  

in  t h e  d e s i g n  o f  h o t e l  s e r v i c e s  f o r  p a s s e n g e r  s h ip s .  T h e  e n g i n e e r ­

i n g  r e q u i r e d  m a y  b e  c o n s i d e r e d  a s  t w o  s e p a r a t e ,  b u t  r e l a t e d ,  p r o ­

b le m s .  T h e  f i r s t  is  t h e  d e s i g n  o f  t h e  p l a n t  a n d  e q u i p m e n t  w h i c h  

s u p p l y  t h e  h o t e l  s e r v i c e s ,  s u c h  a s  e l e c t r i c i t y ,  a i r  c o n d i t i o n i n g ,  h e a t ,  

a n d  f r e s h  w a t e r .  T h e  s e c o n d  i s  t h e  p r o b l e m  o f  d i s t r i b u t i n g  t h e s e  

h o t e l  s e r v i c e s  t h r o u g h o u t  t h e  a c c o m m o d a t i o n s .  D i s t r i b u t i o n  m u s t  

b e  a c c o m p l i s h e d  w i t h o u t  c o m p r o m i s i n g  c e i l i n g  h e i g h t s ; a n d  t h e  

p ip i n g ,  d u c t s ,  a n d  w i r i n g  m u s t  b e  l o c a t e d  s o  a s  t o  b e  r e a d i l y  

a c c e s s i b l e  f o r  m a i n t e n a n c e  w i t h o u t  a d v e r s e l y  a f f e c t i n g  a p p e a r ­

a n c e .  T h e  i n s t a l l a t i o n  c o s t s  a r e  i m p o r t a n t  a n d  g o o d  d e s i g n  c a n  d o  

m u c h  t o  r e d u c e  t h e s e  t o  a  m i n i m u m .  T h e  a d d i t io n  o f  a i r  c o n ­

d i t i o n i n g ,  t h e  i m p r o v e m e n t s  in  i n t e r i o r  t r e a t m e n t ,  a n d  g o v e r n m e n t  

r e g u l a t i o n s  c o n c e r n i n g  w a t e r t i g h t  s u b d i v i s i o n  a n d  f i r e  z o n i n g  i n ­

c r e a s e  t h e  d i f f i c u l t i e s  i n v o l v e d  in  d i s t r i b u t i n g  t h e  h o t e l  s e r v i c e s .  

T h e  p o in t  is  m a d e  t h a t  t h e  f u n d a m e n t a l  c h a r a c t e r i s t i c s  o f  t h e  

v a r i o u s  s y s t e m s  o f  d i s t r i b u t i o n  s h o u l d  b e  e s t a b l i s h e d  in  t h e  e a r l y  

s t a g e s  o f  t h e  d e s i g n  o f  t h e  s h ip  s o  t h a t  t h e y  m a y  b e  i n t e g r a t e d  

e f f e c t i v e l y  w i t h  t h e  s u b d i v i s i o n ,  t h e  a c c o m m o d a t i o n ,  a n d  t h e  d e s i g n  

o f  t h e  m a c h i n e r y .  T h e  i m p o r t a n c e  o f  e a r l y  s e t t l e m e n t  o f  t h e s e  

f e a t u r e s  b e c o m e s  g r e a t e r  w i t h  i n c r e a s e  in  s i z e  o f  s h ip ,  t o t a l  c o m ­

p le m e n t ,  a n d  n u m b e r  o f  d e c k s .  I n  t h e  l a r g e r  v e s s e l s  t h i s  m u s t  

b e  e x t e n d e d  t o  i n c l u d e  a d e q u a t e  s t u d i e s  o f  t h e  p r i n c i p a l  le a d s  f o r  

d i s t r i b u t i o n  o f  a i r ,  w a t e r ,  s t e a m ,  a n d  e l e c t r i c i t y  t o  o b t a i n  t h e  

g r e a t e s t  s i m p l i c i t y ,  e c o n o m y ,  s i g h t l i n e s s ,  a n d  e a s e  o f  m a i n t e n a n c e .

I n  t h e  l a r g e r  v e s s e l ,  h a v i n g  s e v e r a l  p a s s e n g e r  d e c k s ,  t h e  u s e  o f  

h o r i z o n t a l  t r a n s v e r s e  z o n e s  a n d  v e r t i c a l  t r u n k s ,  p r o p e r l y  i n t e g r a t e d  

w i t h  t h e  a r r a n g e m e n t s  o f  q u a r t e r s  a n d  s e r v i c e  s p a c e s ,  w i l l  a f f o r d  

g r e a t  a d v a n t a g e s  in  s i m p l i c i t y  o f  d u c t s ,  p i p i n g ,  a n d  c a b l e s ,  w i t h  

i m p r o v e d  f a c i l i t y  f o r  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  a n d  b e t t e r  

a p p e a r a n c e . — Paper by E. P. Worthen and W. H. Muller, read 
at the Annual Meeting of the Society of Naval Architects and 
Marine Engineers, lOth-llth November 1949.

Cargo Distribution in Tank Vessels
R e g a r d i n g  l o n g i t u d i n a l  s t r e n g t h ,  t h e  b u l k  o i l  c a r r i e r  i s  d e ­

s i g n e d  o n  c e r t a i n  b r o a d  a s s u m p t i o n s  w i t h  r e s p e c t  t o  d i s t r i b u t i o n  

o f  l i g h t  s h ip  w e i g h t ,  c a r g o  d i s t r i b u t i o n ,  c a r g o  d e n s i t y ,  a n d  s e a  

c o n d i t io n s .  I t  h a s  a p p e a r e d  p e r h a p s  g e n e r a l l y  i m p r a c t i c a l  t o  i n ­

v e s t i g a t e  t h e  s t r e s s  c o n d i t i o n s  a s s o c i a t e d  w i t h  t h e  i n n u m e r a b l e  

l o a d i n g  a n d  w e a t h e r  c o n d i t i o n s  w h i c h  m a y  o c c u r  in  s e r v i c e .  T h e  d e ­

c i s i o n s  a s  t o  l o a d i n g  d i s t r i b u t i o n  h a v e  b e e n  c o n s i d e r e d  l a r g e l y  

o p e r a t i o n a l  p r o b l e m s ,  a n d  i t  h a s  b e e n  a s s u m e d  t h a t  t h e  o p e r a t o r  

w o u l d  c o n t r o l  t h e  d i s t r i b u t i o n  o f  c a r g o  s o  a s  t o  o p e r a t e  u n d e r  

f a v o u r a b l e  s t r e s s  c o n d i t io n s .  L i t t l e  g u i d a n c e  h a s  b e e n  a v a i l a b l e  

t o  a s s i s t  in  f a v o u r a b l e  s e le c t i o n s  o f  c a r g o  d i s t r i b u t i o n .  W i t h o u t  

s u c h  g u i d a n c e ,  i t  is  e x t r e m e l y  d i f f i c u l t  t o  j u d g e  t h e  e f f e c t  o f  a  

c h o s e n  c a r g o  d i s t r i b u t i o n  o n  h o g g i n g  a n d  s a g g i n g  s t r e s s e s  in  a  

s e a w a y ,  b e a r i n g  in  m in d  t h a t  t h e  w e i g h t  o f  c a r g o  c a r r i e d  is  n o r ­

m a l l y  f r o m  t h r e e  t o  f o u r  t i m e s  t h e  l i g h t  s h i p  w e i g h t .  T h e  p r o ­

b le m  is  m u c h  m o r e  c o m p l i c a t e d  w h e n  h e a v y  d e n s i t y  c a r g o e s  a r e  

c a r r i e d ,  a s  s o m e  t a n k s  a r e  n e c e s s a r i l y  e m p t y ,  a n d  s o u n d  j u d g m e n t  

is  e s s e n t i a l  in  s e l e c t i n g  t h e  l o c a t i o n s  o f  s l a c k  o r  e m p t y  t a n k s .  

W i t h  t h e  r e c e n t  m a r k e d  i n c r e a s e  in  d i m e n s i o n s  o f  o i l  t a n k e r s ,  

p a r t i c u l a r l y  in  l e n g t h ,  c a r g o  d i s t r i b u t i o n  b e c o m e s  a n  e v e n  m o r e  

i m p o r t a n t  c o n s i d e r a t i o n  f r o m  a  l o n g i t u d i n a l  s t r e s s  p o i n t  o f  v i e w .  

T h e  a u t h o r s  d e m o n s t r a t e  t h e  f o l l o w i n g  m a j o r  p r i n c i p l e s  : ( 1 )  T h e  

b a s i c  d e s i g n  s t r e s s  i n c r e a s e s  w i t h  l e n g t h  o f  s h ip .  ( 2 )  T h e  b a s i c  

d e s i g n  s t r e s s  m a y  b e  c o n s i d e r a b l y  e x c e e d e d  in  o p e r a t i o n ,  in  s o m e  

c a s e s  b y  a s  m u c h  a s  5 0  p e r  c e n t .  T h i s  e x c e s s  c a n  a n d  s h o u l d  

b e  a v o i d e d  b y  s u i t a b l e  c a r g o  d i s t r i b u t i o n .  ( 3 )  T h e  c a r r i a g e  o f  

h e a v y  c a r g o e s  in c r e a s e s  t h e  r i s k  o f  h i g h  o p e r a t i n g  s t r e s s e s .  T h i s  

r i s k  i s  a c c e n t u a t e d  in  t h e  l a r g e r  v e s s e l s .  (4 )  W i t h  f a v o u r a b l e  

c a r g o  d i s t r i b u t i o n ,  h e a v y  c a r g o e s  p e r m i t  o p e r a t i o n  w i t h  e q u a l  h o g  

a n d  s a g  s t r e s s e s .  T h e s e  s t r e s s e s  m a y  b e  a s  m u c h  a s  30  p e r  c e n t  

b e l o w  t h e  b a s i c  d e s i g n  s t r e s s .  ( 5 )  O p e r a t i n g  s t r e s s e s  in  t h e  b a l l a s t  

c o n d i t i o n s  m a y  e x c e e d  t h o s e  i n  s o m e  f u l l y  l o a d e d  c o n d i t i o n s .  T h i s  

c a n  b e  o b v i a t e d  b y  a d v a n t a g e o u s  d i s t r i b u t i o n  o f  t h e  b a l l a s t .  ( 6 )  

S t r e s s e s  a t  i n t e r m e d i a t e  d r a f t s  in  s t i l l  w a t e r  m a y  e x c e e d  t h e  m o s t  

f a v o u r a b l e  w a v e  s t r e s s e s  w h e n  f u l l y  l o a d e d .  T h i s  c a n  b e  a v o i d e d  

b y  c o n t r o l  o f  d i s t r i b u t i o n  a n d  s e q u e n c e  o f  l o a d i n g  a n d  u n l o a d i n g  

t a n k s .  T h e  p a p e r  s u g g e s t s  t h e  m o s t  f a v o u r a b l e  c a r g o  d i s t r i b u t i o n  

f r o m  t h e  a s p e c t  o f  l o n g i t u d i n a l  s t r e s s  f o r  s e v e r a l  r e p r e s e n t a t i v e  

m o d e r n  t a n k e r s ,  s o  t h a t  c a r g o  d i s t r i b u t i o n  p a t t e r n s  m a y  b e  e s t a b ­

l i s h e d  f o r  s i m i l a r  t y p e s  o f  t a n k e r s .  T h e  e f f e c t  o f  v a r y i n g  c a r g o  

d e n s i t y  o v e r  a  w i d e  r a n g e  i s  i l l u s t r a t e d . — Paper by J. H. McDonald 
and D. F. MacNaught, read at the Annual Meeting of the Society 
of Naval Architects and Marine Engineers, 10th November 1949.

Shipboard Lubrication Problems
T h e  a u t h o r s  r e l a t e  f r o m  t h e i r  o w n  e x p e r i e n c e s  a n d  f r o m  r e ­

c o r d s  o f  t h e  U . S .  N a v y  D e p a r t m e n t  i n s t a n c e s  o f  m a c h i n e r y  

t r o u b l e s  o n  n a v a l  v e s s e l s  w h i c h  w e r e ,  o r  a p p e a r e d  t o  b e ,  l u b r i c a ­

t i o n  f a i l u r e s .  S o m e  o f  t h e  d i f f i c u l t i e s  a r o s e  f r o m  t h e  u s e  o f  t h e  

w r o n g  l u b r i c a n t  o r  i t s  i m p r o p e r  a p p l i c a t i o n ;  s o m e  w e r e  f r o m  i m ­

p r o p e r  b e a r i n g  d e s i g n ,  p r o b l e m s  o f  m e t a l l u r g y ,  o r  a  c o m b i n a t i o n  

o f  t h e s e  a n d  o t h e r  f a c t o r s .  A  f e w  c a s e s  s h o w  t h a t  s o m e  l i m i t i n g  

q u a l i t y  o f  t h e  l u b r i c a n t  w a s  n o t  f u l l y  e v a l u a t e d  in  t h e  d e s i g n  o f  

t h e  u n i t .  H o w e v e r ,  t h e  m a j o r i t y  o f  t h e  d i f f i c u l t i e s  w e r e  d u e  t o  

d i s r e g a r d  o f  s o m e  s i m p l e  p r i n c i p l e  o f  lu b r i c a t i o n .  S i n c e  l u b r i c a ­

t i o n  d e p e n d s  o n  d e s i g n s  a s  w e l l  a s  o n  m a t e r i a l s ,  a  c h a n g e  o f  l u b r i ­

c a n t  a l o n e  w a s  s e ld o m  s u f f i c ie n t  t o  e n s u r e  t r o u b l e - f r e e  o p e r a t i o n . —  

Paper by W. D. Leggett, Jr., G. L. Neely and J. B. Ritch read at 
the Annual Meeting of The Society of Naval Architects and 
Marine Engineers on lOth-llth November 1949.

Cate Valve Motor .
A  n e w  f l u i d - m o t o r  o p e r a t o r  f o r  g a t e  v a l v e s  w h i c h  h a s  b e e n  

d e v e l o p e d  in  t h e  U n i t e d  S t a t e s  i s  s a i d  t o  m a k e  t h e  w i d e r  u s e  o f
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m o t o r - o p e r a t e d  v a l v e s  p o s s ib l e ,  s in c e  t h e  a c t u a t i n g  u n i t  c a n  b e  

a d a p t e d  e a s i l y  t o  s t a n d a r d  v a l v e s  in  s t o c k  o r  t o  v a l v e s  a l r e a d y  

in s t a l le d .  T h e  n e w  d e v i c e  c a n  b e  o p e r a t e d  b y  w a t e r ,  o i l ,  c o m ­

p r e s s e d  a i r  o r  g a s e s ,  a n d  c o n s i s t s  o f  a  m o t o r ,  g e a r  b o x ,  a n d  y o k e ,  

a n d  i s  b o l t e d  t o  t h e  v a l v e  b o n n e t .  T h e  m o t o r  o p e r a t e s  t h e  s te m  

t h r o u g h  t h e  g e a r  b o x ,  d e r i v i n g  i t s  p o w e r  f r o m  f iv e  f l e x i b l e  d i a ­

p h r a g m s  m o u n t e d  r a d i a l l y  a b o u t  a n  e c c e n t r i c  o n  t h e  d r i v e  s h a f t .  

O p e r a t i n g  f lu i d  is  a d m i t t e d  in  r o t a t i o n a l  s e q u e n c e  t o  t h e  f iv e  d i a ­

p h r a g m s  w h i c h  a c t u a t e  p is t o n s  t h a t  t r a n s m i t  t h e  t h r u s t  t o  t h e  

e c c e n t r i c  t h r o u g h  a  r o l l e r  b e a r i n g  m o u n t e d  o n  t h e  s h a f t .  T h e  

m o t o r  i s  b u i l t  f o r  v a l v e  s i z e s  f r o m  4  t o  3 0  in c h .— Petroleum, Vol. 
12, November 1949, p. 293.

Off-design Performance of Turbo-compressor Stage
T u r b i n e  o r  c o m p r e s s o r  s t a g e s  a r e  o f t e n  d e s i g n e d  b y  c o m ­

p a r i s o n  w i t h  a  m a t h e m a t i c a l  m o d e l  w i t h  a  p e r f e c t  f l u i d  a n d  a  

p a r t i c u l a r  f l o w  q u a n t i t y .  E m p i r i c a l  c o r r e c t i o n  f a c t o r s  a r e  r e ­

q u ir e d  f o r  t h e  v a r i o u s  s o u r c e s  o f  d i s c r e p a n c y  b e t w e e n  t h e  m a t h e ­

m a t i c a l  m o d e l  a n d  a n  a c t u a l  s t a g e ,  s u c h  a s  w a l l  a n d  b la d e  f r i c t i o n  

l o s s e s  a n d  t ip  c l e a r a n c e  lo s s e s ,  b u t  s u c h  m o d e l s  a r e  o f  c o n s i d e r a b l e  

u s e  a s  a  b a s i s  o f  c o m p a r i s o n s .  I n  m u l t i - s t a g e  c o m p r e s s o r s  o r  t u r ­

b in e s  t h a t  a r e  r e q u i r e d  t o  o p e r a t e  o v e r  a  w i d e  r a n g e  o f  s p e e d s  

a n d  f l o w  q u a n t i t i e s ,  t h e  i n d i v i d u a l  s t a g e s  a r e  r e q u i r e d  t o  o p e r a t e  

o v e r  a  w i d e  r a n g e  o f  v e l o c i t y  r a t i o s .  S o  f a r  n o  s a t i s f a c t o r y  m o d e l  

h a s  b e e n  p r o p o s e d  f o r  t h e  e f f e c t  o f  v a r i a t i o n  o f  f l o w  q u a n t i t y  

f r o m  t h e  d e s i g n  c o n d i t io n s .  T h i s  p a p e r  p r o p o s e s  a  n u m e r i c a l  

m e t h o d  a n d  c o n s i d e r s  b y  w a y  o f  e x a m p l e  t h e  s i m p l e  p r o b l e m  o f  

a n  i s o l a t e d  s t a g e  w o r k i n g  i n  a  lo n g ,  p a r a l l e l  a n n u l u s  w i t h  a  p e r f e c t  

i n c o m p r e s s i b l e  f lu id .— Paper by IV. Merchant, submitted to The 
Institution of Mechanical Engineers for zvritten discussion, 1949.

Caskets and Bolted Joints
T h i s  p a p e r  c o n s i s t s  o f  a  s t u d y  o f  t h e  l o a d i n g  r e q u i r e m e n t s  o f  

g a s k e t s  in  b o l t e d  j o i n t s ,  w i t h  t h e  o b j e c t  o f  d e v e l o p i n g  a  r a t i o n a l  

b a s i s  f o r  d e s i g n  o f  s u c h  j o i n t s .  S t a r t i n g  w i t h  a n  a n a l y s i s  o f  

g a s k e t  c o n d i t i o n s  f o r  t i g h t n e s s ,  t h e  g a s k e t  f a c t o r  m i s  d e f in e d ,  a n d  

i t s  v a r i a t i o n  w i t h  i n i t i a l  g a s k e t  s t r e s s  a n d  g a s k e t  w i d t h  is  p r e ­

d ic t e d .  T h e s e  t r e n d s  a r e  c o n f i r m e d  b y  a  s u r v e y  o f  t h e  a v a i l a b l e -  

l i t e r a t u r e  d a t a .  I n  a  b o l t e d  j o i n t ,  g a s k e t  s t r e s s  b e c o m e s  a  f u n c t i o n  

o f  t h e  e l a s t i c  c o n s t a n t s  o f  t h e  s y s t e m .  E q u a t i o n s  a r e  d e r i v e d  t o  

p r e d i c t  g a s k e t  a n d  b o l t  s t r e s s e s  r e s u l t i n g  f r o m  t h e  a p p l i c a t i o n  o f  

i n t e r n a l  f l u i d  p r e s s u r e ,  a n d  t y p i c a l  e l a s t i c  r e c o v e r y  c u r v e s  f o r  a n  

a s b e s t o s  g a s k e t  a r e  p r e s e n t e d .  C o n s i d e r a t i o n  i s  g i v e n  t o  t h e  

e f f e c t  o f  g a s k e t  c r e e p  in  a  b o l t e d  j o i n t ,  a n d  t o  t h e  p r o b l e m  o f  

d i s t r i b u t i o n  o f  b o l t  l o a d ,  f o r  w h i c h  a n  a p p r o x i m a t e  t h e o r y  is  

d e r i v e d .  O n  t h i s  b a s i s  a  t e n t a t i v e  n e w  d e s i g n  p r o c e d u r e  i s  p r o ­

p o s e d .  F i n a l l y ,  a  s u m m a r y  o f  d a t a  w h i c h  s h o u l d  b e  o b t a i n e d  f o r  

u s e  w i t h  t h e  n e w  d e s i g n  p r o c e d u r e  is  g i v e n . — Paper by I. Roberts, 
read at the 1949 A.S.M.E. Annual Meeting, Paper 49-A-2.

Repair of Iron Castings
T h e  a u t h o r  d e s c r i b e s  a  r e c e n t l y  d e v e l o p e d  m e t h o d  f o r  r e p a i r ­

i n g  c a s t - i r o n  s e c t i o n s  w i t h o u t  a n y  p r e h e a t i n g  o t h e r  t h a n  s i m p l y  

w a r m i n g  t o  r e m o v e  t h e  c h i l l  b e f o r e  c o m m e n c i n g  t h e  a c t u a l  w e l d ­

i n g .  T h e  t y p e  o f  j o i n t  c o n c e r n e d  w a s  d e s i g n e d  t o  m e e t  a  d e m a n d  

f o r  q u i c k  a n d  e f f e c t i v e  r e p a i r s  t o  c a s t i n g s  t h a t  u s u a l l y  c a n n o t  b e  

w e l d e d  w i t h o u t  d i s m a n t l i n g ,  c o m p l e t e  p r e h e a t i n g ,  a n d  c o n s e q u e n t  

s l o w  c o o l i n g .  E v e n  t h e n  i t  o f t e n  h a p p e n s  t h a t  a l t h o u g h  e v e r y  

p r e c a u t i o n  h a s  b e e n  t a k e n ,  t h e  f in is h e d  c a s t i n g  e i t h e r  b e c o m e s  

b a d l y  d i s t o r t e d ,  o r  i t  m a y  f r a c t u r e  o n  c o o l i n g  d u e  t o  t h e  u n e q u a l  

s t r e s s e s  i n  t h e  m a i n  b o d y  o f  t h e  c a s t i n g .  T h e  i m p r o v e d  m e t h o d  

c o n s i s t s  in  u s i n g  m i l d  s t e e l  t u b i n g  t o  f i t  in s id e  t h e  j o i n t  o r  t o  b e  

p l a c e d  a l o n g s i d e  t h e  f r a c t u r e .  T h e  m e t h o d  h a s  b e e n  a d o p t e d  f o r  

t h e  r e p a i r  o f  h e a v y  f l y w h e e l s ,  p u l l e y  w h e e l s ,  c a s t i n g s  w i t h  o f f s e t  

s p o k e s  a n d  t w o  m a c h i n e d  f a c e s  a s  w e l l  a s  f o r  c r a c k e d  D i e s e l  

e n g in e  c y l i n d e r  b l o c k s .  I n  e a c h  in s t a n c e  t h e r e  w a s  a n  a b r u p t  

c h a n g e  in  s e c t io n .  B r o n z e  a r c  w e l d i n g  e l e c t r o d e s  ( u s i n g  d .c .)  a r e  

t o  b e  r e c o m m e n d e d  a l t h o u g h  g o o d  q u a l i t y  c a s t - i r o n  e l e c t r o d e s  m a y  

a l s o  b e  e m p l o y e d . — G. G. Musted, Welding, Vol. 17, December 
1949, pp. 539-543.

Flame Straightening and Forming Structural Steel
Straightening com plicated pieces and assemblies with the em ­

ployment o f  local heating by the oxy-acetylene flame and the corol­

l a r y  p r o c e s s  o f  f o r m i n g  o r  c a m b e r i n g  s t e e l  p a r t s  b y  l o c a l  h e a t in g ,  

s a v e  t im e  a n d  c o s t  a n d  a c c o m p l i s h  r e s u l t s  t h a t  c o u l d  n o t  b e  

a t t a i n e d  o t h e r w i s e  w i t h o u t  t r e m e n d o u s l y  l a r g e  a n d  c o s t l y  

m a c h i n e r y .  A n  e a r l y  a n d  s t i l l  i m p o r t a n t  u s e  o f  t h e  o x y - a c e t y l e n e  

f l a m e  in  s t r u c t u r a l  w o r k  is  f o r  h e a t i n g  s t e e l  t o  v i s i b l e  r e d  h e a t  

s o  i t  c a n  b e  s t r a i g h t e n e d  w i t h  h a m m e r  b l o w s .  A  m o r e  r e c e n t  u s e  

o f  t h e  o x y - a c t e t y l e n e  f l a m e  h a s  b e e n  f o r  l o c a l l y  h e a t i n g  s t e e l  t o  h o t  

b e n d i n g  t e m p e r a t u r e s  p r e p a r a t o r y  t o  b e n d i n g  in  a  p r e s s  o r  b y  

o t h e r  m e c h a n i c a l  m e a n s .  T h i s  a p p l i c a t i o n ,  w h i c h  is  p o s s ib l e  

w h e r e  t h e r e  i s  a  p l e n t i f u l  s u p p l y  o f  l o w  c o s t  a c e t y le n e ,  p i t s  t h e  

r a p i d  h e a t i n g  o f  t h e  o x y - a c e t y l e n e  f la m e  a g a i n s t  t h e  s l o w e r ,  m o r e  

s o a k i n g  h e a t  o f  le s s  e x p e n s i v e  f u e l s  b u r n e d  in  t o r c h e s  o r  in  o p e n  

to p ,  s l o t - t y p e  f u r n a c e s .  H e a t i n g  t i m e  i s  r e d u c e d  a n d  s h a r p e r  

b e n d in g  a n d  m o r e  a c c u r a t e  l o c a t i o n  o f  b e n d s  c a n  b e  a t t a in e d .  

H e a t i n g  t im e  i s  r e d u c e d  d i r e c t l y  b y  t h e  r a p i d  h e a t i n g  r a t e  o f  t h e  

i n t e n s e  o x y - a c e t y l e n e  f la m e ,  b u t  t h e r e  is  f u r t h e r  s a v i n g  o f  t im e  

a n d  f u e l  b e c a u s e  a  s h o r t  h e a t i n g  t i m e  m i n i m i z e s  t h e  l o s s  o f  h e a t  

i n t o  c o n t i g u o u s  m e t a l  t h a t  i t  is  n o t  n e c e s s a r y  t o  h e a t .  S h a r p e r  

b e n d i n g  a n d  m o r e  a c c u r a t e  lo c a t i o n  o f  b e n d s  r e s u l t  f r o m  t h e  a b i l i t y  

t o  h e a t  o n l y  t h e  m e t a l  w h i c h  m u s t  b e  d e f o r m e d  i n  b e n d in g .  I t  i s  

v e r y  i m p o r t a n t ,  h o w e v e r ,  in  t h i s  u s e  o f  t h e  o x y - a c e t y l e n e  f la m e  t o  

h e a t  s u f f i c ie n t  m e t a l  t o  p e r m i t  b e n d in g  w i t h o u t  e x c e s s i v e  r e d u c t i o n  

in  t h e  t h i c k n e s s  a n d  w i d t h  o f  t h e  p ie c e  b e i n g  b e n t .  F o r  u n -  

s y m m e t r i c a l  s e c t i o n s  t h i s  d e m a n d s  h e a t i n g  o f  t r i a n g u l a r -  o r  

t r a p e z o i d a l - s h a p e d  a r e a s .  A n o t h e r  v e r y  im p o r t a n t  p r e c a u t i o n  f o r  

t h i s  m e t h o d  o f  h e a t i n g  f o r  b e n d in g  o r  f o r  a n y  o t h e r  s c h e m e  o f  

l o c a l  h e a t i n g  is  t o  a v o i d  h e a t i n g  t o  t e m p e r a t u r e s  o f  4 0 0  t o  70 0  

d e g .  F .  a n y  s t e e l  t h a t  h a s  b e e n  s e v e r e l y  c o l d - w o r k e d ,  a s  b y  c o l d -  

f o r m i n g ,  p u n c h i n g  o r  s h e a r i n g .  I n a t t e n t i o n  t o  t h i s  p r e c a u t i o n  c a n  

a l l o w  t h e  d e v e l o p m e n t  o f  s t r a i n - a g e i n g  a n d  c o n s e q u e n t  b r i t t l e  f r a c ­

t u r e  o f  t h e  s t e e l.  A n  e x a m p l e  o f  t h i s  c a n  b e  c i t e d  f r o m  t h e  r e c o r d s  

o f  a  l a r g e  f a b r i c a t i n g  s h o p  in  t h e  f r a c t u r e  o f  s e v e r a l  8 x 8 x  l j - i n c h  

f l a n g e  a n g l e s  f o r  g i r d e r s .  T h e  a n g l e s  w e r e  p u n c h e d  a n d  t h e n  

c u r v e d  b y  c o l d - f o r m i n g  b e f o r e  t h e y  w e r e  t o r c h - h e a t e d  f o r  m a k i n g  

a  s h a r p  a n g u l a r  b e n d .  T h e y  b r o k e  in  b r i t t l e  m a n n e r  t h r o u g h  

p u n c h e d  h o l e s  a b o u t  a  f o o t  f r o m  t h e  c e n t r e  o f  t h e  b e n d  w h i l e  

t h e y  w e r e  b e i n g  f i t t e d  a n d  a s s e m b l e d  w i t h  t h e  w e b  a n d  o t h e r  p a r t s  

o f  t h e  g i r d e r s . — F .  H. D ill, The Welding Journal, New York, Vol. 
28, November 1949, pp. 1,067-1069.

Cooling Rates in A rc W elds
A s  a  r e s u l t  o f  q u a n t i t a t i v e  t e m p e r a t u r e  m e a s u r e m e n t s  in  t h e  

n e i g h b o u r h o o d  o f  a r c  w e l d s  m a d e  in  i - i n c h  s t e e l  p la t e ,  a  s e r ie s  

o f  d i f f e r e n t i a l  e q u a t i o n s  w a s  d e v e l o p e d .  T h e s e  e q u a t i o n s  e x p r e s s  

t h e  t e m p e r a t u r e  d i s t r i b u t i o n  a d j a c e n t  t o  a n  a r c  w e l d  a s  a  f u n c t i o n  

o f  t i m e ,  d i s t a n c e  f r o m  w e l d  c e n t r e  l i n e  a n d  w e l d i n g  v a r i a b l e s .  

G r a p h i c a l  s o l u t i o n s  h a v e  b e e n  in c l u d e d  w h i c h  p e r m i t  c a l c u l a t i o n  

o f  t h e  h e a t i n g  a n d  c o o l i n g  c y c l e s  e x p e r i e n c e d  b y  a n y  p o in t  in  t h e  

v i c i n i t y  o f  a n  a r c  w e l d  in  4 - i n c h  s t e e l  p la t e .  T h e s e  s o l u t i o n s  p r o ­

v i d e  t h e  b a s i s  o f  s u b s e q u e n t  r e p o r t s  i n v o l v i n g  t h e  d e s i g n  a n d  a p p l i ­

c a t i o n  o f  a  t i m e - t e m p e r a t u r e  c o n t r o l  d e v i c e  f o r  e x a c t  d u p l ic a t i o n  
o f  w e l d  h e a t - a f f e c t e d  s t r u c t u r e s . — E. F. Nippes, L. L. Merrill and 
W. F. Savage, The Welding Journal, New York, Vol. 28, Ncn’em- 
ber 1949, pp. 556-s-564-s.

Percussion W e ld ing— Iron and Steel
I n  s u m m a r i z i n g  t h e  v a r i o u s  w e l d i n g  p r o c e s s e s  in  u s e  o r  in  

p r o c e s s  o f  d e v e l o p m e n t ,  t h e  a u t h o r s  m a k e  b r i e f  m e n t io n  o f  p e r ­

c u s s i o n  o r  p e r c u s s i v e  w e l d i n g ,  w h i c h  h a s  b e e n  u s e d  o n l y  t o  a  l i m i t e d  

e x t e n t .  T h e  e q u i p m e n t  i s  d i f f i c u l t  t o  b u i l d  a n d  o p e r a t e ,  a n d  t h e  

p r o c e s s  is  c o n f in e d  t o  b u t t - t y p e  j o i n t s  o f  l i m i t e d  s iz e .  N e v e r t h e ­

le s s ,  t h e  p r o c e s s  is  u n i q u e  a n d  o f  c o n s i d e r a b l e  i n t e r e s t  b e c a u s e  b u t t  

w e l d s  c a n  b e  m a d e  w i t h  i n c r e d i b l e  s p e e d ,  i n  a l m o s t  a n y  c o m b i n a ­

t i o n  o f  d i s s i m i l a r  m a t e r i a l s ,  a n d  w i t h o u t  t h e  e x p u l s i o n  o f  a  f in  

o r  f l a s h  a r o u n d  t h e  jo i n t .  T h e  p ie c e s  t o  b e  j o i n e d  a r e  h e l d  a  s h o r t  

d i s t a n c e  a p a r t  in  c l a m p i n g  d ie s  w h i c h  c a r r y  c u r r e n t  a n d  a p p l y  

p r e s s u r e .  T h e  e n d s  t o  b e  w e l d e d  a r e  c a r e f u l l y  p r e p a r e d  f o r  

a c c u r a t e  m a t i n g .  A n  e x t r e m e l y  h e a v y  e l e c t r i c  c u r r e n t  i s  d e l iv e r e d  
( e l e c t r i c a l  e n e r g y  d e l i v e r e d  b y  d i s c h a r g i n g  c o n d e n s e r s )  t o  t h e  

p i e c e s  a s  a  v e r y  s h o r t  im p u l s e ,  p e r h a p s  f o r  o n l y  o n e - t h o u s a n d t h  o f  

a  s e c o n d ,  a n d  f l o w s  a c r o s s  t h e  g a p  b e t w e e n  t h e  p ie c e s  a s  a n  a r c .  

T h e  h e a t  o f  t h i s  h i g h - e n e r g y  a r c  p r o d u c e s  s u p e r f i c i a l  m e l t i n g  o v e r  

t h e  e n t i r e  e n d  s u r f a c e s  o f  t h e  b a r s .  A n  i n s t a n t  a f t e r  t h e  a r c  h a s  

s t r u c k ,  t h e  p i e c e s  a r e  b r o u g h t  t o g e t h e r  w i t h  a n  i m p a c t  b l o w  t o
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c o m p le t e  t h e  w e l d .  T h e  w e l d  f u s i o n  z o n e  a n d  b a s e  m e t a l  h e a t -  

a f f e c t e d  z o n e  t o g e t h e r  c o m p r i s e  o n l y  a  n a r r o w  b a n d  a  f e w  

t h o u s a n d t h s  o f  a n  in c h  w i d e . — 0. II. Henry, G. E. Claussen, and
G. E. Linnert, The Welding Journal, New York, Vol. 28, Novem­
ber 1949, pp. 1,056-1,064.

Bonding A lum inium  to Cast Iron
A  p r o c e s s  f o r  t h e  b o n d i n g  o f  a l u m i n i u m  t o  c a s t  i r o n  h a s  b e e n  

d e v e l o p e d  in  A m e r i c a .  I n  p r o v i d i n g  a  c y l i n d e r  w i t h  a l u m i n i u m  

c o o l i n g  f in s  a  s u i t a b l y  c le a n e d  f e r r o u s  l i n e r  i s  i m m e r s e d  i n  a  b a t h  

o f  m o l t e n  a l u m i n i u m .  W h e n  t h e  l i n e r  h a s  r e a c h e d  t h e  t e m p e r a t u r e  

o f  t h e  a l u m i n i u m ,  i t  i s  c h e m i c a l l y  a t t a c k e d  b y  t h e  l i g h t  a l l o y  a n d  

a n  a l u m i n i u m  r i c h  a l l o y  f o r m s  o n  t h e  f a c e .  T h e  c y l i n d e r  is  r e ­

m o v e d  f r o m  t h e  m o l t e n  a l u m i n i u m  b a t h ,  p l a c e d  in  a  m o u l d ,  a n d  

t h e  a l u m i n i u m  c a s t i n g  i s  p o u r e d  a b o u t  i t .  I t  i s  p o s s i b l e  t o  s a v e  

m a c h i n i n g  o p e r a t i o n s  w h e n  f in s  o f  s u f f i c i e n t  t h in n e s s  a r e  c a s t  o n  

c y l i n d e r  b a r r e l s .  A n  i m p r o v e m e n t  o f  5 0  p e r  c e n t  i n  h e a t  d i s s i p a ­

t io n  a n d  d e c r e a s e  o f  2 5  p e r  c e n t  in  w e i g h t  h a v e  b e e n  a c h i e v e d  o v e r  

a l l - s t e e l  c o n s t r u c t i o n .  T h e  b o n d  i s  c h e m i c a l  o r  m o l e c u l a r ,  t r a n s f e r s  

h e a t  f r o m  o n e  m e t a l  t o  t h e  o t h e r  w i t h o u t  l o s s  a t  t h e  i n t e r f a c e ,  

a n d  a l s o  t r a n s m i t s  s t r e s s .  I t  i s  s t r o n g  a n d  r u n s  u p  t o  V i c k e r s  8 7 5  

d i a m o n d  B r i n e l l  h a r d n e s s .  B o n d  s t r e n g t h s  h a v e  r e a c h e d  17 ,0 0 0 1b . 

p e r  s q .  in .  a n d  s h e a r  8 ,0 0 0 1b . p e r  s q .  in .  o n  t e s t s . — S.A.E. Journal, 
Vol. 57, November 1949, p. 82.

Percussive W e ld ing— Alum inium
R e c e n t  i m p r o v e m e n t s  h a v e  b e e n  m a d e  in  p e r c u s s i v e  w e l d i n g ;  

b u t  b e c a u s e  o f  t h e  p a t e n t  s i t u a t i o n  f u l l  d i s c l o s u r e  o f  t h e  n a t u r e  

o f  t h e s e  i m p r o v e m e n t s  c a n n o t  y e t  b e  m a d e .  H o w e v e r ,  i t  c a n  b e  

s a i d  t h a t  s t o r e d  e n e r g y  w e l d i n g  c u r r e n t  i s  u s e d ,  c a r e f u l l y  m e t e r i n g  

t h e  e x a c t  a m o u n t  o f  e n e r g y  d i s c h a r g e d  d u r i n g  t h e  w e l d  a n d  t h u s  

p e r m i t t i n g  c l o s e  c o n t r o l  o f  a m o u n t  o f  m e t a l  m e l t e d  a t  t h e  w e l d  

i n t e r f a c e .  A l s o ,  in  o r d e r  t o  o b t a i n  t h e  i m p a c t  d e s i r e d  i m m e d i a t e l y  

a f t e r  a p p l i c a t i o n  o f  t h e  w e l d i n g  c u r r e n t ,  t h e  w o r k  i s  h a m m e r e d  

t o g e t h e r  b y  u s i n g  t h e  e n e r g y  s t o r e d  i n  a n  a i r  c y l i n d e r  w h o s e  p is t o n  

i s  c o n n e c t e d  t o  t h e  m o v i n g  e l e c t r o d e .  T h e  p i s t o n  i s  h e l d  b a c k  u n t i l  

t h e  m o m e n t  o f  i m p a c t  b y  m e a n s  o f  a n  e l e c t r i c  s o le n o id .  W e l d i n g  

c o n t r o l  c i r c u i t s  o p e n  t h e  s o l e n o i d  c i r c u i t  a t  t h e  m o m e n t  o f  i m p a c t ,  

s o  a i r  p r e s s u r e  t h e n  i s  f r e e  t o  r a m  h o m e  t h e  p i s t o n  a n d  m o v a b l e  

e l e c t r o d e  c o n n e c t e d  t o  it .  S u c h  a  s y s t e m  p r o v i d e s  p r e c i s e  c o n t r o l  

o f  e v e r y  f a c t o r  i n v o l v e d  i n  t h e  w e l d i n g  o p e r a t i o n .  A m o u n t  o f  

m e t a l  m e l t e d  i s  c o n t r o l l e d  b y  a m o u n t  o f  e n e r g y  s t o r e d  u p  a n d  d i s ­

s i p a t e d  i n  m a k i n g  t h e  w e l d .  M o v e m e n t  o f  t h e  e l e c t r o d e s  a n d  

p r e s s u r e  e x e r t e d  p r i o r  t o  h a m m e r  b l o w  c a n  b e  c o n t r o l l e d  b y  u s u a l  

m e t h o d s .  H a m m e r  b l o w  t i m i n g  c a n  b e  p r e c i s e l y  c o n t r o l l e d  b y  

e l e c t r o n i c  c i r c u i t s  c o n n e c t e d  w i t h  t h e  a c t u a l  a p p l i c a t i o n  o f  w e l d i n g  

c u r r e n t ,  a n d  c a n  b e  a p p l i e d  a t  a n y  d e s i r e d  p o in t  s u c c e e d i n g  a p p l i ­

c a t i o n  o f  w e l d i n g  c u r r e n t .  S t r e n g t h  o f  h a m m e r  b l o w  c a n  b e  

a d j u s t e d  e a s i l y  b y  s e l e c t i o n  o f  a i r  c y l i n d e r  a n d  p r e s s u r e  m a i n ­

t a i n e d  t h e r e i n .  T h e  r e s u l t  i s  a  p r e c i s i o n  f l a s h - w e l d i n g  m a c h i n e .  

T h e  a r t i c l e  i n c l u d e s  m i c r o g r a p h s  o f  a  p e r c u s s i o n - w e l d e d  t u b e  j o i n t  

b e t w e e n  c o p p e r  a n d  a l u m i n i u m  a l l o y  t u b i n g  o f  A - i n c h  o u t s i d e  d i a ­

m e t e r  a n d  t V - i n c h  w a l l .  T h e  w e l d  w a s  m a d e  w i t h  1 ,2 0 0  m i c r o ­

f a r a d  c o n d e n s e r s  c h a r g e d  t o  2 ,2 0 0  v o l t s ,  d i s c h a r g i n g  t o  t h e  w e l d  

t h r o u g h  a  1 ,0 0 0 :  1 r a t i o  s t e p  d o w n  t r a n s f o r m e r  g i v i n g  a p p r o x i ­

m a t e l y  8 0 ,0 0 0  a m p e r e s  a t  2 - 2  v o l t s  d u r i n g  t h e  s e c o n d  f l a s h i n g  

p e r i o d  d u r i n g  w h i c h  a b o u t  i - i n c h  w a s  b u r n t  o f f  e a c h  p ie c e .  T h e  

w e l d  z o n e  m e a s u r e d  o n l y  0 '0 0 0 4 - in c h  a n d  t h e  o r i g i n a l  s t r u c t u r e  

a d j a c e n t  t o  t h e  w e l d  w a s  f o u n d  u n c h a n g e d .  S o m e  s l i g h t  c o l d  

w o r k i n g  o f  t h e  a l u m i n i u m  d u e  t o  t h e  h a m m e r  b l o w  h a d  o c c u r r e d .  

T h e r e  w a s  n o  i n t e r n a l  f l a s h  o n  t h e  w e l d s . — C. Bruno and C. W. 
Birdsall, The Welding Journal, New York, Vol. 28, November
1949, pp. 1,070-1,075.

Refrigerant Leak Detector
I n  a n y  r e f r i g e r a t i o n  s y s t e m  t h e  l o s s  o f  r e f r i g e r a n t  t h r o u g h  a  

c o m p a r a t i v e l y  s m a l l  l e a k  c a n  s o o n  r e n d e r  t h e  e n t i r e  e q u ip m e n t  

i n e f f e c t i v e .  W h e r e  F r e o n  o r  m e t h y l  c h l o r i d e  i s  u s e d  a s  r e f r i ­

g e r a n t ,  o n e  o f  t h e  s e r v i c i n g  d i f f i c u l t i e s  h a s  b e e n  t o  l o c a t e  s m a l l  

l e a k s  q u i c k l y  a n d  a c c u r a t e l y .  W i t h  t h e  T y p e  H  l e a k  d e t e c t o r ,  

m a n u f a c t u r e d  b y  t h e  B r i t i s h  T h o m s o n - H o u s t o n  C o . ,  L t d . ,  m in u t e  

l e a k s  c a n  b e  r a p i d l y  d e t e c t e d .  T h e  i n s t r u m e n t  is  h i g h l y  s e n s i t i v e  

t o  v a p o u r s  o f  h a l o g e n  c o m p o u n d s  a n d  g i v e s  b o t h  a  v i s u a l  a n d  

a u d i b l e  i n d i c a t i o n  o f  a  l e a k  a s  s m a l l  a s  o n e  a t  t h e  r a t e  o f  e v e n

le s s  t h a n  o n e - f i f t i e t h  o f  a n  o u n c e  p e r  y e a r .  T h e  i n s t r u m e n t  c o n ­

s i s t s  o f  a  d e t e c t o r  u n i t  a n d  a  c o n t r o l  u n i t .  T h e  d e t e c t o r  i s  a  h a n d ­

h e l d  p r o b e  w i t h  a  h a n d g r i p  a n d  a  p l a s t i c - t i p p e d  m e t a l  n o z z l e .  T h e  

u n i t  c o n t a i n s  a n  e l e m e n t  s e n s i t i v e  t o  v a p o u r s  o f  h a l o g e n  c o m ­

p o u n d s  ( t h o s e  c o n t a i n i n g  c h l o r i n e ,  b r o m i n e ,  io d in e ,  a n d  f l u o r i n e )  

a n d  a  m o t o r - d r i v e n  i m p e l l e r  w h i c h  d r a w s  a i r  t h r o u g h  t h e  e l e m e n t .  

A  s m a l l  l o u d s p e a k e r  b u i l t  i n t o  t h e  d e t e c t o r  u n i t  e m i t s  a n  a u d i b l e  

c l i c k i n g  s o u n d ,  a n d  w h e n  t h e  s e n s i t i v e  e l e m e n t  d e t e c t s  t h e  p r e s e n c e  

o f  v a p o u r  o f  a  h a l o g e n  c o m p o u n d ,  t h e  f r e q u e n c y  o f  t h e  “ c l i c k i n g ”  

i n c r e a s e s ,  t h u s  g i v i n g  a n  a u d i b l e  in d i c a t i o n .  A  v i s u a l  i n d i c a t i o n  o f  

a  l e a k  is  g i v e n  b y  a n  i n c r e a s e  i n  t h e  m e t e r  r e a d i n g  o n  t h e  c o n t r o l  

u n it .  T h e  a p p a r a t u s  r e q u i r e s  19 0  t o  2 6 0  v o l t s  a . c .  s u p p l y ,  t h e  c o n ­

s u m p t i o n  b e i n g  1 5 0  w a t t s .  I n  a d d i t i o n  t o  t h e  t e s t i n g  o f  r e f r i g e r a ­

t i o n  s y s t e m s ,  t h e  d e t e c t o r  c a n  b e  u s e d  f o r  t h e  p r e s s u r e  t e s t i n g  o f  

t a n k s ,  p ip e s ,  j o i n t s ,  a n d  w e l d s .  T h e  m e t h o d  i s  t o  p r e s s u r i s e  t h e  

s y s t e m  w i t h  a i r  c a r r y i n g  a  s m a l l  q u a n t i t y  o f  “ t r a c e r  g a s ” , s u c h  a s  

c h l o r o f o r m  v a p o u r ,  c a r b o n  t e t r a c h l o r i d e ,  F r e o n ,  e t c .  O n e  a d v a n ­

t a g e  i s  t h a t  a s  s o o n  a s  t h e  r e q u i r e d  p r e s s u r e  i s  a t t a i n e d ,  t e s t i n g  

f o r  l e a k s  c a n  b e g i n  i m m e d i a t e l y ;  t h e r e  i s  n o  w a i t i n g  f o r  l o n g  

p e r i o d s  f o r  w a t e r  t o  s e e p  t h r o u g h  a n y  m i n u t e  h o l e s ,  a s  in  t h e  c o n ­

v e n t i o n a l  h y d r a u l i c  m e t h o d  o f  t e s t i n g . — The Shipping World, Vol. 
122, 4th January 1950, p. 13.

Portable Leak Detector
A  p o r t a b l e  d e v i c e  h a s  b e e n  d e v e l o p e d  i n  t h e  U n i t e d  S t a t e s  f o r  

q u i c k l y  l o c a t i n g  l e a k s  in  p ip e s  a n d  t a n k s .  I t  i s  s a i d  t o  d e t e c t  e v e n  

t h e  s m a l l e s t  p i n - p o i n t  l e a k s  b y  a  s i m p l e  v a c u u m  p r i n c i p l e .  S e a m s  

a r e  c o v e r e d  w i t h  s o a p s u d s  a n d  t h e  i n s p e c t i o n  b o x  w i t h  a  c l e a r  

g l a s s  t o p  a n d  s o f t  r u b b e r  b a s e  i s  l a i d  o v e r  t h e  s e a m .  A  s t r o n g  

v a c u u m  c r e a t e d  w i t h i n  t h e  i n s p e c t i o n  b o x  d r a w s  a i r  o r  g a s  t h r o u g h  

a n y  le a k s ,  c a u s i n g  s o a p  b u b b l e s  t o  f o r m .  T h e s e  i n s t r u m e n t s  a r e  

a v a i l a b l e  i n  a  n u m b e r  o f  s i z e s  a n d  s h a p e s  f o r  in s i d e  c o r n e r s ,  o u t ­

s id e  c o r n e r s ,  a s  w e l l  a s  c i r c u m f e r e n t i a l  a n d  s t r a i g h t  s e a m s . —  

Petroleum, Vol. 12, November 1949, p. 292.

Surface Preparation of M ild Steel Prior to Fabrication
I n  d e a l i n g  w i t h  v a r i o u s  m e t h o d s  o f  s u r f a c e  p r e p a r a t i o n  t h e  

a u t h o r  r e f e r s  t o  h a n d - o p e r a t e d  c o m p r e s s e d - a i r - p r o p e l l e d  s h o t  b l a s t ­

i n g  e q u i p m e n t  w h i c h  i s  t h e  o n l y  t y p e  o f  s h o t  b l a s t i n g  m a c h i n e  

w h i c h  c a n  b e  u s e d  o n  s i t e .  A  r e c e n t  d e v e l o p m e n t  i n  t h e  U n i t e d  

S t a t e s  i s  t h e  V a c u - B l a s t i n g  e q u ip m e n t ,  w h i c h  is  s h o w n  d i a g r a m -  

m a t i c a l l y  in  F i g .  5 . I n  t h i s  c a s e  t h e  s h o t  b l a s t  n o z z l e  i s  s u r ­

r o u n d e d  b y  a  s u c t i o n  h o o d  a n d  a  f l e x i b l e  b r u s h  i s  p r o v i d e d  a r o u n d  

t h e  c i r c u m f e r e n c e  t o  p r o v i d e  a  s e a l .  T h e  c l a i m  is  t h a t  in  t h i s  w a y  

b l a s t i n g  c a n  b e  c a r r i e d  o u t  in  s h o p  w i t h o u t  c r e a t i n g  a  d u s t  n u is a n c e ,

a n d  i t  s e e m s  l i k e l y  t h a t ,  p r o v i d e d  t h e  c o s t  o f  m a i n t e n a n c e  a n d  

s p a r e s ,  w h i c h  is  a d m i t t e d l y  h i g h ,  i s  n o t  e x c e s s i v e ,  s o m e  d e v e l o p ­

m e n t  o n  t h e s e  l i n e s  m i g h t  p r o v e  t o  b e  v e r y  u s e f u l  f o r  t o u c h i n g - u p  

p l a t e s  a n d  s e c t i o n s  w h e r e  t h e  c l a m p s  h a d  s c r e e n e d  t h e m  f r o m  t h e  

s h o t ,  a n d  f u r t h e r m o r e  i t  m i g h t  f in d  u s e  o n  s i t e  f o r  c l e a n i n g  w e l d s  

p r i o r  t o  t h e  a p p l i c a t i o n  o f  t h e  p r o t e c t i v e  c o a t i n g . — Paper by W. A. 
Johnson, read at a meeting of The Institution of Mechanical 
Engneers on 11th November 1949.
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Hot A ir Turbine Ship’s Propulsion Plant
T h i s  r e c e n t  i n v e n t i o n  r e l a t e s  t o  p o w e r  p la n t s  i n c o r p o r a t i n g  

e l a s t i c  f l u i d  ( e . g .  h o t  a i r )  t u r b i n e s  f o r  u s e  in  t h e  p r o p u l s i o n  o f  

s h ip s  a n d  o t h e r  p u r p o s e s .  A s  w i l l  b e  s e e n  f r o m  t h e  a c c o m p a n y i n g  

i l l u s t r a t i o n s ,  t h e  h i g h  p r e s s u r e  t u r b i n e  ( a )  is  a r r a n g e d  t o  d r i v e  

t w o  c o m p r e s s o r s  ( b  a n d  c )  w i t h  a n  i n t e r c o o l e r  ( d )  b e t w e e n  th e m  

a n d  a  l o w  p r e s s u r e  t u r b i n e  ( i )  d r i v i n g  a n  a l t e r n a t o r  ( k )  s u p p l y i n g  

p o w e r  t o  a  p r o p e l l e r  m o t o r  (1). A l t e r n a t i v e l y  t h e  t u r b in e  m a y  

b e  a r r a n g e d  t o  d r i v e  a  s y s t e m  o f  r e v e r s i b l e  g e a r s  o r  a  r e v e r s i b l e  

p r o p e l l e r ,  e t c .  A t m o s p h e r i c  a i r  t a k e n  in  a t  ( b 1)  is  c o m p r e s s e d  in  

s e v e r a l  s t a g e s  t o  a  f in a l  p r e s s u r e  w h i c h  m a y  b e , f o r  e x a m p le ,  a b o u t  

40 0 1b . p e r  s q . in . a t  f u l l  p o w e r ,  t h e  a i r  b e i n g  c o o le d  b e t w e e n  t h e  

c o m p r e s s i o n  s t a g e s  s o  t h a t  i t  l e a v e s  t h e  c o m p r e s s o r  a t  a b o u t  2C 0  

d e g .  F .  T h e  a i r  l e a v i n g  t h e  l a s t  c o m p r e s s o r  ( g )  p a s s e s  t o  a n  a i r  

r e s e r v o i r  ( m )  f r o m  w h i c h  i t  p a s s e s  t h r o u g h  a  c o n t r o l  v a l v e  ( m 1)  

t o  a n  in d e p e n d e n t ly  f i r e d  h e a t e r .  I n  t h e  d e s i g n  s h o w n ,  t h e  h e a t e r  

c o m p r i s e s  a  f i r s t  s e c t io n  (n )  f o r  h e a t i n g  t h e  a i r  f o r  t h e  h .p . t u r ­

in g ,  t h e  a i r  t e m p e r a t u r e  w i l l  b e  r e d u c e d  a p p r e c i a b l y  b e l o w  t h a t  

u s e d  f o r  m a x i m u m  p o w e r  u n d e r  s t a b l e  c o n d i t io n s ,  f o r  in s t a n c e ,  

f r o m  1,3 0 0  t o  1 ,1 0 0  d e g .  F . ,  t o  p r o v i d e  a  m a r g i n  o f  s a f e t y  w h e n  

r a p i d  c h a n g e s  in  p o w e r  a r e  r e q u i r e d  a n d  f l u c t u a t i o n  in  t e m p e r a ­

t u r e  m a y  b e  d i f f i c u l t  t o  c o n t r o l .  T h e  p o w e r  d e l i v e r e d  t o  t h e  p r o ­

p e l l e r  w i l l  b e  v a r i e d ,  f i r s t ,  b y  t h e  o p e n i n g  o r  c l o s i n g  o f  t h e  h .p . 

t u r b i n e  c o n t r o l  v a l v e ,  t h e r e b y  i n c r e a s i n g  o r  d i m i n i s h i n g  t h e  a m o u n t  

a n d  p r e s s u r e  o f  a i r  p a s s i n g  t h r o u g h  a l l  t h r e e  t u r b in e s ,  a n d ,  

s e c o n d ,  b y  i n c r e a s i n g  o r  r e d u c i n g  t h e  s p e e d  a n d  o u t p u t  o f  t h e  

f u e l  p u m p  s e r v i n g  f u r n a c e  ( o 2)  a n d  c o n s e q u e n t l y  t h e  t e m p e r a t u r e  

o f  t h e  a i r  e n t e r i n g  t h e  l .p .  t u r b i n e .  T h e  t e m p e r a t u r e  o f  

t h e  a i r  e n t e r i n g  t h e  h .p .  a n d  i.p .  t u r b i n e s  w i l l  b e  c o n t r o l l e d  

w i t h i n  c l o s e  l i m i t s  o f  c o - o r d i n a t i n g  t h e  s p e e d  a n d  o u t p u t  o f  t h e  

f u e l  p u m p  o f  f u r n a c e  ( o ')  w i t h  t h a t  t e m p e r a t u r e .  A t  s m a l l  l o a d s  

o r  n o  lo a d ,  v a l v e  ( u 1)  m a y  b e  u s e d  t o  b y p a s s  p a r t  o f  t h e  e x h a u s t  

f r o m  t h e  i .p .  t u r b i n e  o r  f u r n a c e  ( o ')  i n s t e a d  o f  g o i n g  t o  t h e  l.p . 

t u r b i n e ,  a n d  t h i s  a r r a n g e m e n t  a l s o  f a c i l i t a t e s  t h e  u s e  o f  p a r t  o f

b in e ,  a  s e c o n d  s e c t i o n  ( n 1)  f o r  h e a t i n g  t h e  a i r  e x h a u s t e d  f r o m  t h e  

h .p .  t u r b i n e ,  a n d  a  t h i r d  s e c t io n  ( n 2)  f o r  h e a t i n g  t h e  a i r  e x h a u s t e d  

f r o m  t h e  i n t e r m e d i a t e  t u r b i n e  b e f o r e  p a s s i n g  t o  t h e  l o w - p r e s s u r e  

t u r b i n e .  T h e  h e a t e r  s e c t i o n s  a r e  p r o v i d e d  w i t h  t w o  i n d e p e n d e n t ly  

f i r e d  o i l  f u r n a c e s  ( o 1 a n d  o 2) m ,  t h e  p r o d u c t s  o f  c o m b u s t i o n  f r o m  

t h e  f u r n a c e  ( o ')  p a s s i n g  f i r s t  t o  t h e  h e a t e r  s e c t i o n  ( n ' )  a n d  t h e  p r o ­

d u c t s  o f  c o m b u s t i o n  f r o m  t h e  f u r n a c e  ( o 2)  p a s s i n g  f i r s t  t o  t h e  

h e a t e r  s e c t i o n  ( n 2) ,  w h i l e  t h e  f lu e  g a s e s  f r o m  b o t h  f u r n a c e s  p a s s  

t o  t h e  h e a t e r  s e c t i o n  ( n )  f o r  t h e  h .p .  t u r b i n e .  S h o u l d  i t  b e  f o u n d  

t h a t  t h e  t e m p e r a t u r e  o f  t h e  a i r  s u p p l ie d  t o  t h e  h .p .  t u r b i n e  i s  e x ­

c e s s i v e ,  s o m e  o f  t h e  f lu e  g a s e s  m a y  b e  b y - p a s s e d  r o u n d  p a r t  o f  

t h e  h e a t e r  s e c t i o n  ( n )  b y  m e a n s  o f  d a m p e r  ( o 2) .  T h e  a i r  m a y ,  f o r  

e x a m p l e  b e  h e a t e d  t o  1 .3 C 0  d e g .  F .  a t  t h e  t h r e e  t u r b i n e  in l e t s ,  a n d  
t h e  a i r  e x h a u s t e d  f r o m  t h e  l .p .  t u r b i n e  i s  t h e n  p a s s e d  t h r o u g h  t h e  

p ip e s  ( p 1)  t o  t h e  f u r n a c e s  ( o 1 a n d  o 2) ,  t o  b e  u s e d  a s  c o m b u s t i o n  

a i r .  T h e  h e a t e r  i s  p r e f e r a b l y  c o n s t r u c t e d  w i t h  a n  e x t e r n a l  j a c k e t  

( p 2)  t r a v e r s e d  b y  t h e  e x h a u s t  f r o m  t h e  l .p .  t u r b i n e  a s  i t  p a s s e s  

t o  t h e  b u r n e r .  S o  t h a t  t h e  c o m p o n e n t  p a r t s  o f  t h e  t h r e e  t u r b i n e s  

a n d  t h e i r  p i p e  c o n n e x i o n s  a n d  a c c e s s o r i e s  m a y  b e  s u b j e c t e d  t o  t h e  

d e s i g n  t e m p e r a t u r e ,  t h e y  m u s t  b e  g r a d u a l l y  h e a t e d  b e f o r e  p u t t i n g  

t h e  p l a n t  i n t o  a c t i v e  o p e r a t i o n .  I n  t h e  c a s e  o f  m a r i n e  p r o p u l s i o n  

i t  i s  p a r t i c u l a r l y  i m p o r t a n t  t o  a v o i d  t e m p e r a t u r e  f l u c t u a t i o n s  w h e n  
m a n o e u v r i n g  o r  in  c h a n g i n g  lo a d ,  s i n c e  s u c h  f lu c t u a t i o n s  w o u l d  

c a u s e  r a p i d  e x p a n s i o n  o r  c o n t r a c t i o n  w i t h  p o s s i b l e  d e t r i m e n t a l  

c o n s e q u e n c e s .  T o  p r e p a r e  t h e  p l a n t  f o r  s e r v i c e ,  a n  a u x i l i a r y  

D i e s e l  g e n e r a t o r  ( r 3)  is  u s e d  t o  d r i v e  t h e  a i r  c o m p r e s s o r  ( s )  f o r  

t h e  p u r p o s e  o f  p u m p i n g  a i r  i n t o  t h e  a i r  r e s e r v o i r  ( m ) .  T h e  o i l  

p u m p s  ( t 1 a n d  t 2)  a r e  s t a r t e d  u p , t h e  b u r n e r s  i g n i t e d ,  a n d  t h e  r e ­

f r a c t o r y  l i n i n g s  a n d  h e a t e r  e l e m e n t s  r a i s e d  t o  a  s u i t a b l e  t e m p e r a ­

t u r e  b e f o r e  t h e  v a l v e  ( m 1)  is  o p e n e d  t o  a l l o w  a i r  t o  f l o w  t h r o u g h  

t h e  f i r s t  s e c t i o n  o f  t h e  h e a t e r  t o  t h e  h .p .  t u r b i n e  c o n t r o l  v a l v e .  

W h e n  t h e  a i r  h a s  r e a c h e d  a  t e m p e r a t u r e  s u i t a b l e  f o r  a d m i s s i o n  t o  

t h e  t u r b i n e s ,  t h e  h .p .  c o n t r o l  v a l v e  is  o p e n e d ,  v a l v e  ( u 1)  ( s e e  F i g .  

3 )  i s  p a r t l y  o p e n e d  a n d  v a l v e  ( u 2) i s  p a r t l y  c lo s e d ,  t h e r e b y  e n a b l i n g  

t h e  e x h a u s t  f r o m  t h e  i.p .  t u r b i n e  t o  b e  s u i t a b l y  a p p o r t i o n e d  b e ­

t w e e n  t h e  l.p . t u r b i n e  a n d  t h e  f u r n a c e  ( o 1) .  T h e  r a t e  o f  c o m ­

b u s t i o n  i n  t h e  t w o  f u r n a c e s  is  s l o w l y  i n c r e a s e d  u n t i l  a l l  t h r e e  

t u r b in e s  a n d  t h e i r  c o n n e x i o n s  h a v e  r e a c h e d  t h e  d e s i r e d  t e m p e r a ­

t u r e  a n d  t h e  p la n t  i s  t h e n  r e a d y  f o r  o p e r a t i o n .  W h e n  m a n o e u v r -

t h e  p l a n t  f o r  r e s t o r i n g  f u l l  p r e s s u r e  i n  t h e  a i r  r e s e r v o i r  ( m ) ,  w h i c h  

o n  o c c a s i o n s  m a y  b e  a d v a n t a g e o u s . — Brit. Pat. No. 624,948, issued 
to J. Johnson. Complete specification accepted 20th June 1949. 
The Shipping World, Vol. 121, 14th December 1949, p. 624.

Reversible Transmission for Cas Turbines
A  r e v e r s i b l e  t r a n s m i s s i o n  s y s t e m  f o r  g a s  t u r b i n e s  is  s h o w n  

in  F i g .  6 . T h e  m e c h a n i s m  i s  in t e n d e d  t o  e n s u r e  s y n c h r o n i s m  o f  

t h e  e n g a g i n g  c l u t c h  e l e m e n t s  o f  a  r e v e r s e  g e a r  a u t o m a t i c a l l y  w i t h  

t h e  b r a k i n g  o f  t h e  t u r b i n e  f o r  r e v e r s i n g .  T h e  g a s  t u r b i n e  ( 1 )  

d r i v e s  t h e  p r o p e l l e r  s h a f t  (4 )  t h r o u g h  g e a r i n g  i n c o r p o r a t i n g  

c l u t c h e s  (2 , 3 ) .  B y  d i s e n g a g i n g  t h e  c l u t c h  (2 )  o f  t h e  a h e a d  s h a f t  

a n d  e n g a g i n g  t h e  c l u t c h  ( 3 )  a  r e v e r s e  d r i v e  is  o b t a i n e d .  W h e n  i t  is  

d e s i r e d  t o  d r i v e  a s t e r n ,  t h e  g a s  s u p p l ie d  t o  t h e  t u r b i n e  t h r o u g h  t h e  

p ip e  ( 1 1 ,  1 2 )  i s  c u t  o f f  a t  t h e  v a l v e  ( 1 3 ) .  T h e  c l u t c h  ( 2 )  o f  t h e  

a h e a d  s h a f t  (8 )  i s  d i s e n g a g e d ,  a n d  t h e  a s t e r n  c l u t c h  ( 3 )  i s  e n g a g e d  

o n l y  w h e n  t h e  a p p r o p r i a t e  c l u t c h  e l e m e n t s  a r e  in  s y n c h r o n i s m .  A  

c o m p r e s s o r  ( 1 4 )  p r o v i d e s  t h e  n e c e s s a r y  b r a k i n g  a c t i o n ,  g a s  b e i n g  

a d m i t t e d  t o  t h e  h i g h - p r e s s u r e  e n d  (2 0 )  t h r o u g h  a  p ip e  ( I S ) .  W h e n  

t h e  m o m e n t u m  o f  t h e  t u r b i n e  a n d  c o m p r e s s o r  r o t o r s  h a s  b e e n  

a b s o r b e d ,  t h e  g a s  i s  d i v e r t e d  b y  t h e  v a l v e  ( 1 6 )  t o  t h e  l o w - p r e s s u r e  

e n d  ( 2 1 )  o f  t h e  c o m p r e s s o r  b y  w a y  o f  t h e  p i p e  ( 1 7 ) .  T h e  

r e s u l t  is  t h a t  t h e  t u r b i n e  ( 1 )  is  r o t a t e d  in  t h e  o p p o s i t e  d ir e c t io n .  

T h e  c l u t c h  e l e m e n t  ( 1 9 )  i s  d r i v e n  in  t h e  s a m e  d i r e c t i o n  a s  t h e  

e l e m e n t  ( 1 8 ) ,  w h i c h  is  c o m p e l l e d  t o  r o t a t e  in  t h e  a h e a d  d i r e c t i o n ,

d u e  t o  t h e  w a y  o f  t h e  s h ip .  A s  t h e  t u r b i n e  b u i l d s  u p  s p e e d , t h e  

r e v o l u t i o n s  o f  t h e  e l e m e n t s  (9 , 1 0 )  o f  t h e  a s t e r n  s h a f t i n g  s y n ­

c h r o n i z e ,  a n d  t h e  c l u t c h  e l e m e n t s  ( 1 8 ,  1 9 )  a c t  a c c o r d i n g l y ,  w h e r e ­

u p o n  t h e  c l u t c h  ( 3 )  i s  e n g a g e d .  G a s  t o  t h e  c o m p r e s s o r  i s  th e n

F ig . 1.
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c u t  o f f  b y  t h e  v a l v e  ( 1 3 )  a n d  a d m i t t e d  t o  t h e  t u r b i n e ,  f i n a l l y  d r i v i n g  

i t  in  t h e  a h e a d  d i r e c t i o n  a n d  t h u s  t h r o u g h  t h e  p in io n  ( 7 )  t o  t h e  

a s t e r n  s h a f t ,  d r i v i n g  t h e  g e a r w h e e l  ( 5 )  o f  t h e  p r o p e l l e r  s h a f t  (4 )  

a s t e r n . — Brit. Pat. No. 624,180, issued to Vickers-Armstrongs, Ltd. 
and G. Wood. The Motor Ship, Vol. 30, December 1949, p. 366.

Cas Turbine Operation at 1,500 deg. F.
S u c c e s s f u l  o p e r a t i o n  w i t h  i n l e t  g a s  t e m p e r a t u r e s  o f  1 ,5 0 0  

d e g .  F .  h a s  b e e n  a c c o m p l i s h e d  in  t e s t s  o n  t h e  A l l i s - C h a l m e r s  3 ,5 0 0  

h .p .  g a s - t u r b i n e  p l a n t  a t  A n n a p o l i s ,  M d .  T h i s  t u r b i n e  u n i t  is  t h e  

f i r s t  t o  b e  d e s i g n e d  f o r  l o n g - t i m e  s e r v i c e  w i t h  o p e r a t i n g  t e m p e r a ­

t u r e s  a s  h i g h  a s  1 ,5 0 0  d e g .  F .  I n s t a l l e d  a t  t h e  U . S .  N a v a l  E n ­

g i n e e r i n g  S t a t i o n  i n  1 9 4 4 , t h e  e l e m e n t s  o f  t h i s  g a s - t u r b i n e  u n i t  

h a v e  s i n c e  b e e n  o p e r a t e d  in  m o r e  t h a n  3 ,0 0 0  t u r b i n e - h o u r s  o f  

r i g o r o u s  t e s t i n g ,  a n d  h a v e  b e e n  s t a r t e d  a n d  s t o p p e d  m o r e  t h a n  

4 0 0  t i m e s .  S u c c e s s f u l  o p e r a t i o n  o f  t h e  u n i t  a t  1 ,3 5 0  d e g .  F .  w a s  

r e v e a l e d  in  19 4 6 , a n d  s u b s e q u e n t  t e s t s  h a v e  in c l u d e d  o p e r a t i o n  f o r  

s o m e  l e n g t h  o f  t i m e  a t  t e m p e r a t u r e s  r a n g i n g  u p  t o  1 ,5 2 4  d e g .  F .  

T h e  p e r f o r m a n c e  o f  t h e  t e s t  u n it ,  w h i c h  i n c l u d e s  t w o  g a s  t u r b i n e s ,  

a n  a x i a l - f l o w  c o m p r e s s o r ,  a  r e g e n e r a t o r ,  a n d  a u x i l i a r y  e q u ip m e n t ,  

h a s  b e e n  v e r y  s a t i s f a c t o r y  t h u s  f a r ,  t h e  o p e r a t o r s  r e p o r t .  D e s p i t e  

t h e  h i g h  t e m p e r a t u r e s  a t  w h i c h  t h e  u n i t  h a s  b e e n  o p e r a t e d ,  t h e r e  

h a v e  b e e n  n o  f a i l u r e s  o f  b l a d i n g  in  t h e  h i g h - t e m p e r a t u r e  t u r b i n e  

z o n e s .  F r e q u e n t  i n s p e c t i o n s  h a v e  r e v e a l e d  n o  i n d i c a t i o n s  t h a t  t h e  

u n i t  w i l l  n o t  h a v e  a  s a t i s f a c t o r i l y  l o n g  o p e r a t i n g  l i f e .  H e r e t o f o r e ,  

t e m p e r a t u r e s  a s  h i g h  a s  1 ,5 0 0  d e g .  F .  h a v e  b e e n  a c h i e v e d  o n l y  in  

s h o r t - t i m e  t e s t s  o f  t u r b i n e s  o p e r a t i n g  a b o v e  t h e i r  n o r m a l  d e s i g n  

t e m p e r a t u r e s ,  o r  in  s h o r t - l i f e - c y c l e  m a c h i n e s  s u c h  a s  a i r c r a f t  j e t  

e n g in e s ,  in  w h i c h  t h e  a d v a n t a g e s  o f  e x t r e m e l y  h i g h  p o w e r  c o n c e n ­

t r a t i o n  in  a  s m a l l  v o l u m e t r i c  s p a c e  a n d  v e r y  l o w  s p e c i f i c  w e i g h t  

o f f s e t  t h e  r e d u c e d  o p e r a t i n g  l i f e  r e s u l t i n g  f r o m  t h e  h i g h  i n i t i a l  g a s  

t e m p e r a t u r e s  a p p l i e d  t o  l i g h t w e i g h t  m a c h i n e s .  T h u s  a  g r e a t  d e a l  

o f  p r e v i o u s l y  u n a v a i l a b l e  i n f o r m a t i o n  is  b e i n g  o b t a i n e d  f r o m  

t h e  t e s t s  o n  t h e  A n n a p o l i s  e q u ip m e n t .  A m o n g  t h e  m a n y  d e s i g n  

i n n o v a t i o n s  b e i n g  t e s t e d  in  t h i s  i n s t a l l a t i o n  a r e  v a r i o u s  m e t h o d s  

o f  a p p l y i n g  c o o l i n g  a i r  w h e r e b y  h i g h - t e m p e r a t u r e  p a r t s  m a y  b e  

c o o le d  t o  p r o t e c t  t h e m  a g a i n s t  u n d u e  w e a k e n i n g  e f f e c t s  o f  e x ­

t r e m e l y  h i g h  t e m p e r a t u r e s .  O t h e r  d e s i g n  f e a t u r e s  o f  t h e  t u r b i n e s  

h a v e  d e m o n s t r a t e d  t h e i r  s o u n d n e s s  i n  e n a b l i n g  t h e  u n i t  t o  w i t h ­

s t a n d  s u c c e s s f u l  a b n o r m a l  o p e r a t i n g  c o n d i t i o n s  w h i c h  h a v e  

o c c u r r e d  d u r i n g  s o m e  o f  t h e  t e s t s .  P r o b a b l y  t h e  g r e a t e s t  s i g n i f i c ­

a n c e  in  t h e  s u c c e s s f u l  o p e r a t i o n  o f  t h i s  u n i t  a t  a  t e m p e r a t u r e  a s  

h i g h  a s  1 ,5 0 0  d e g .  F .  l i e s  in  t h e  i m p o r t a n c e  o f  h i g h - t e m p e r a t u r e  

o p e r a t i o n  in  i n c r e a s i n g  g a s - t u r b i n e  t h e r m a l  e f f ic ie n c y . — Mechanical 
Engineering, Vol. 71, December 1949, pp. 1,042-1,043.

Transient Flow of Cases
A l t h o u g h  p r o b l e m s  r e l a t i n g  t o  n o n - u n i f o r m  f l o w  o f  a  c o m ­

p r e s s i b l e  f l u i d  h a v e  b e e n  t a c k l e d  b y  a  n u m b e r  o f  w o r k e r s ,  i n ­

v e s t i g a t i o n s  h a v e  g e n e r a l l y  b e e n  l i m i t e d  t o  t h e  s t u d y  o f  o n e ­

d im e n s io n a l  n o n - v i s c o u s  a d i a b a t i c  f l o w .  T h i s  t y p e  o f  f l o w ,  h o w ­

e v e r ,  is  a s s o c i a t e d  w i t h  s o  m a n y  p r o b l e m s  e n c o u n t e r e d  b y  

m e c h a n i c a l  e n g i n e e r s  t h a t  a n  e a s y  a n d  r e l i a b l e  m e t h o d  o f  s o l u t i o n  

i s  e x t r e m e l y  im p o r t a n t .  T h e  m e t h o d  o f  c h a r a c t e r i s t i c s  d e s c r i b e d  

in  t h i s  p a p e r  p r o v i d e s  a  c o m p a r a t i v e l y  s i m p l e  m e t h o d  o f  s o l v i n g  

s u c h  p r o b l e m s  b y  a  g r a p h i c a l  p r o c e s s .  I t  c o n s i s t s  e s s e n t i a l l y  in  t h e  

s im u l t a n e o u s  c o n s t r u c t i o n  o f  t w o  c o r r e s p o n d i n g  d i a g r a m s  : ( a )  t h e  

s t a t e  d i a g r a m  s h o w i n g  t h e  c h a n g e s  in  t h e  s t a t e  o f  t h e  f l u i d  p r o d u c e d  

b y  s p r e a d i n g  d i s t u r b a n c e s ,  a n d  ( b )  t h e  p o s i t i o n  d i a g r a m  d e p i c t i n g  

t h e  s p r e a d i n g  o f  t h e  d i s t u r b a n c e s .  T h e  g r a p h i c a l  c o n s t r u c t i o n  o f  

t h e s e  d i a g r a m s  is  b a s e d  u p o n  c e r t a i n  s p e c i a l  m a t h e m a t i c a l  p r o ­

p e r t i e s  o f  t h e  e q u a t i o n s  w h i c h  d e s c r i b e  t h e  m o t io n  a n d  e n a b l e  

b o u n d a r y  c o n d i t i o n s  c o r r e s p o n d i n g  t o  a n y  p a r t i c u l a r  p r o b l e m  t o  

b e  r e a d i l y  t a k e n  i n t o  a c c o u n t .  A p p l i c a t i o n s  i n c l u d e  t h e  p h e n o m e n a  

o c c u r r i n g  i n  i n t e r n a l  c o m b u s t i o n  e n g i n e  e x h a u s t  a n d  i n t a k e  p ip e s ,  

in  p a r t i c u l a r ,  t h o s e  r e l a t i n g  t o  t h e  K a d e n a c y  s y s t e m  o f  s c a v e n g ­

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

t h e  e m p t y i n g  o f  c y l i n d e r s ,  in  p u l s a t i n g  r a m  j e t  e n g i n e s  a n d ,  in  

g e n e r a l ,  in  a n y  e n g i n e  m a k i n g  u s e  o f  t h e  i n t e r m i t t e n t  f l o w  o f  
g a s e s .  T h e  p h e n o m e n a  o c c u r r i n g  in  l o n g  i n d i c a t o r  p a s s a g e s  d u r i n g  

t e s t s  o n  h i g h - s p e e d  e n g in e s  a l s o  c o m e  w i t h i n  i t s  s c o p e . — Paper by 
J. Kestin, submitted to The Institution of Mechanical Engineers 
for written discussion, 1949.

Heat Transfer and Fluid Friction in Viscous Flow Across Tube 
Banks

I n  t h e  c o u r s e  o f  a  r e s e a r c h  p r o g r a m m e  o n  t u b u l a r  h e a t  e x ­

c h a n g e r s ,  p r e s s u r e  d r o p  a n d  h e a t - t r a n s f e r ,  d a t a  a r e  r e p o r t e d  f o r  

h e a t i n g  a n d  c o o l i n g  a  m e d i u m - v i s c o s i t y  o i l  f l o w i n g  a c r o s s  b a n k s  

o f  v e r t i c a l  t u b e s  i n  s e v e n  t e s t  e x c h a n g e r s .  T h e  a p p a r a t u s  v a r i a b l e s  

i n c l u d e  e q u i l a t e r a l  t r i a n g l e ,  i n - l i n e  s q u a r e ,  a n d  s t a g g e r e d - s q u a r e  

a r r a n g e m e n t s ; t u b e  s i z e s  o f  l - i n c h  a n d  1 - i n c h  o u t s i d e  d i a m e t e r ; 

a n d  p i t c h  r a t i o s  o f  1  -25 a n d  1 -5 0 . T h e  r e s u l t s  a r e  s h o w n  b o t h  

in  s i m p l e  p l o t s  o f  p r e s s u r e  d r o p  a n d  c o e f f i c i e n t  o f  h e a t  t r a n s f e r  

v e r s u s  t h e  r a t e  o f  f l o w  a n d  in  g e n e r a l i z e d  c o r r e l a t i o n s .  T e n t a t i v e  

c o r r e l a t i o n s  a r e  p r o v i d e d  f o r  f r i c t i o n  a n d  h e a t  t r a n s f e r  w h i c h  

b r i n g  t h e  d a t a  f o r  t h e s e  s e v e n  t u b e  b a n k s  s o m e w h a t  c l o s e r  t o g e t h e r  

t h a n  p r e v i o u s  c o r r e l a t i o n s .  I n  a  c o m p a r i s o n  o f  t h e  h e a t - t r a n s f e r  

c o e f f i c i e n t  v e r s u s  p u m p i n g  p o w e r  l o s s  p e r  u n i t  s u r f a c e  a r e a ,  t h e  

s m a l l e r - d i a m e t e r  t u b e s  a t  t h e  s m a l l e r  p i t c h  r a t i o  g a v e  t h e  b e s t  

p e r f o r m a n c e .  T h e  d a t a  i n c l u d e  t h e  f o l l o w i n g .  W h e n  t h e  p i t c h  

is  i n c r e a s e d  f o r  a  g i v e n  a r r a n g e m e n t  a n d  t u b e  s i z e  : a t  c o n s t a n t  

v e l o c i t y  t h e  p r e s s u r e  d r o p  i s  l o w e r ,  a t  c o n s t a n t  v e l o c i t y  t h e  c o ­

e f f ic ie n t  o f  h e a t  t r a n s f e r  i s  l o w e r ,  a n d  a t  c o n s t a n t  p u m p i n g  p o w e r  

l o s s  t h e  c o e f f i c i e n t  o f  h e a t  t r a n s f e r  is  s l i g h t l y  l o w e r .  W h e n  t h e  

t u b e  d i a m e t e r  i s  i n c r e a s e d  f o r  a  g i v e n  a r r a n g e m e n t  a n d  a  c o n s t a n t -  

p i t c h  r a t i o : a t  c o n s t a n t  v e l o c i t y  t h e  p r e s s u r e  d r o p  i s  l o w e r ,  a t  

c o n s t a n t  v e l o c i t y  t h e  c o e f f ic ie n t  o f  h e a t  t r a n s f e r  i s  l o w e r ,  a n d  a t  a  

c o n s t a n t  p u m p i n g  p o w e r  l o s s  t h e  c o e f f i c i e n t  o f  h e a t  t r a n s f e r  is  

c o n s i d e r a b l y  l o w e r .  T h e  h i g h e s t  c o e f f i c i e n t s  o f  h e a t  t r a n s f e r  w e r e  

o b t a i n e d  w i t h  t h e  s m a l l e r  t u b e  s i z e s  a n d  t h e  s m a l l  t u b e  p i t c h e s  

in  t h e  s t a g g e r e d  a r r a n g e m e n t s . — Paper by O. P. Bergelin et al, 
read at the 1949 A.S.M.E. Annual Meeting; Paper No. 49-A-87.

Sea W a te r  Laundering
D u r i n g  W o r l d  W a r  I I  e m e r g e n c y  m e a s u r e s  w e r e  t a k e n  

b y  t h e  U n i t e d  S t a t e s  N a v y  a n d  t h e  U n i t e d  S t a t e s  A r m y  S u r g e o n  

G e n e r a l  t o  d o  l a u n d e r i n g  a b o a r d  s h ip s  w i t h  s e a  w a t e r .  T o w a r d  

t h e  e n d  o f  1 9 4 4  t h e  p r o b l e m  b e c a m e  s o  u r g e n t  t h a t  t h e  A r m y  

Q u a r t e r m a s t e r  G e n e r a l  u n d e r t o o k  a n  i n t e n s i v e  r e s e a r c h  p r o g r a m m e  

t o  p r o v i d e  t h e  b e s t  a v a i l a b l e  p r o d u c t s  a n d  t o  d e v i s e  p r o c e s s e s  f o r  

t h i s  t a s k .  T h i s  p a p e r  d e s c r i b e s  t h e  w o r k  d o n e  b y  a n d  f o r  t h e  

Q u a r t e r m a s t e r  t o  t h i s  e n d . T h e  l a c k  o f  a c c e p t e d  l a b o r a t o r y  

m e t h o d s  f o r  m e a s u r i n g  d e t e r g e n c y  w a s  c o n s i d e r e d  a  b i g g e r  

h a n d i c a p  t h a n  t h e  c r i t i c a l  s h o r t a g e  o f  d e t e r g e n t  p r o d u c t s .  A n  

e x t e n s i v e  p r o g r a m m e  w a s  u n d e r t a k e n  t o  a d v a n c e  t h e  t e s t  m e t h o d s ,  

t o  e v a l u a t e  a l l  d e t e r g e n t s  t h a t  c o u l d  b e  m a d e  a v a i l a b l e  in  q u a n t i ­

t i e s  n e c e s s a r y  f o r  m i l i t a r y  r e q u i r e m e n t s ,  a n d  t o  d e v i s e  o p t i m u m  

w a s h i n g  p r o c e d u r e s  f o r  u t i l i z i n g  t h e  m o s t  p r o m i s i n g  o n e s .  T h e  

w o r k  w a s  d o n e  in  t h r e e  p h a s e s  : ( 1 )  l a b o r a t o r y  d e t e r g e n c y  t e s t s ,  (2 )  

f u l l  s c a l e  l a u n d r y  o p e r a t i o n s  w i t h  s y n t h e t i c  s e a  w a t e r ,  a n d  (3 )  

c o n f i r m a t i o n  o f  p e r t i n e n t  f in d in g s  u n d e r  a c t u a l  u s e  c o n d i t i o n s  'w i t h  

s e a  w a t e r .  A s  a  r e s u l t ,  f o u r  p r o d u c t s  w e r e  a p p r o v e d  a s  s u i t a b l e  

f o r  m i l i t a r y  n e e d s  o f  s e a  w a t e r  l a u n d e r i n g ,  a n d  i m p r o v e d  l a u n d r y  

f o r m u l a s  w e r e  d e v e l o p e d  f o r  a l l  t h e  m a j o r  c l a s s i f i c a t i o n s  o f  

m i l i t a r y  c l o t h i n g . — T. H. Vaughn, et al., Industrial and Engineer­
ing Chemistry, Vol. 41, January 1949, pp. 112-119.

Boiler Feed Pumps for Marine Service
T h e  c o n s t r u c t i o n  o f  b o i l e r  f e e d  p u m p s  o f  t h e  c e n t r i f u g a l  t y p e  

f o r  m a r i n e  s e r v i c e  h a s  e x p e r i e n c e d  a  r a p i d  e v o l u t i o n  in  r e c e n t  

y e a r s .  B o i l e r  p r e s s u r e s ,  f e e d w a t e r  t e m p e r a t u r e s  a n d  s p e e d s  h a v e  

g o n e  u p  a n d  w i l l  c o n t in u e  t o  g o  u p .  T h e  s p a c e  a v a i l a b l e  a n d  t h e  

w e i g h t  r e q u i r e d  h a v e  b e e n  r e d u c e d .  T h e  p u m p  d e s i g n e r  h a s  u s e d  

t h e  e x p e r i e n c e  g a i n e d  i n  t h i s  a n d  o t h e r  f i e l d s  t o  p r o d u c e  p u m p s  

a n d  t u r b i n e s  t o  m e e t  t h e  r e q u i r e m e n t s  o f  c o n t i n u o u s  d u t y ,  w i t h  

h i g h  e f f ic ie n c y  a s d  r e l i a b i l i t y .  T h e  p r e s s u r e  p e r  s t a g e  i s  l i m i t e d  

t o  t h e  s t r e n g t h  o f  t h e  r o t a t i n g  p a r t s  a n d  r e s i s t a n c e  t o  e r o s i o n  o f  

t h e  m a t e r i a l s  u s e d ,  p r o v i d i n g  a v a i l a b l e  s u c t i o n  c o n d i t i o n s  d o  n o t  

i m p o s e  r e s t r i c t i o n s  o n  t h e  s p e e d  a n d  c a p a c i t y .  N o r m a l  e n g i n e e r ­

i n g  c o n s e r v a t i s m  o f  n o t  u s i n g  s t a g e  p r e s s u r e s  i n  e x c e s s  o f  s o m e  

a r b i t r a r y  v a l u e s  f r e q u e n t l y  l i m i t s  t h e  p r e s s u r e  p e r  s t a g e ,  a l t h o u g h  

t h e  d e v e l o p m e n t  o f  t h e  c h r o m e  s t e e ls ,  t o g e t h e r  w i t h  i m p r o v e d  

t e c h n i q u e s  in  c a s t i n g ,  f a b r i c a t i n g ,  a n d  b a l a n c i n g  p e r m i t  a p p r e c i a b l y  

g r e a t e r  s t a g e  p r e s s u r e s  t h a n  t h o s e  u s e d  in  p r e s e n t  m a r i n e  p r a c t i c e ,  

w i t h o u t  d a n g e r  o f  c o r r o s i o n ,  e r o s io n ,  o r  v i b r a t i o n .  T h e  n e c e s s i t y  

o f  h a v i n g  c a v i t a t i o n - f r e e  o p e r a t i o n  o v e r  a  w i d e  r a n g e  o f  c a p a c i t y
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F ig . 4.—Three-stage pumping unit zvith three bearings and integral shaft for pump and turbine.

r e q u i r e s  a  d e f i n i t e  m i n im u m  s u c t i o n  p r e s s u r e  in  e x c e s s  o f  t h e  

v a p o u r  p r e s s u r e .  T h i s  e x c e s s  p r e s s u r e  is  a f f e c t e d  b y  f l u c t u a t i o n s  

in  w a t e r  t e m p e r a t u r e ,  s u c t i o n  p r e s s u r e ,  p i p i n g  l o s s e s  a n d  o t h e r  

f a c t o r s ,  a n d  is  c a l l e d  t h e  “ n e t  p o s i t i v e  s u c t i o n  h e a d ” , i t s  r e q u ir e d  

v a l u e  d e p e n d i n g  u p o n  s p e e d  a n d  c a p a c i t y  o f  t h e  p u m p . T h e  

p u m p s  m u s t  b e  d e s i g n e d  t o  m e e t  t h e s e  c o n d i t i o n s  w i t h o u t  c a u s i n g  

v i b r a t i o n  o r  p r e s s u r e  s u r g e .  A s i d e  f r o m  s t r e n g t h  c o n s i d e r a t i o n s  o f  

t h e  r o t a t i n g  p a r t s  a n d  m a t e r i a l  e r o s io n ,  t h e  d e c i d i n g  f a c t o r s  a r e  

“ n e t  p o s i t i v e  s u c t i o n  h e a d ”  a n d  t h e  s p e c i f i c  s p e e d  o f  t h e  p u m p  

i m p e l l e r s .  S p e c i f i c  s p e e d  is  a  g u i d e  t o  t h e  o b t a i n a b l e  p u m p  

e f f i c i e n c y  a n d  t o  t h e  h e a d  p e r  s t a g e  t h a t  i s  p r a c t i c a l ,  a n d  t o  t h e  

n u m b e r  o f  s t a g e s  r e q u i r e d .  T h e r e  i s  a  c l o s e  i n t e r r e l a t i o n ,  f o r  

m o s t  s a t i s f a c t o r y  o p e r a t i o n ,  b e t w e e n  h e a d  p e r  s t a g e ,  c a p a c i t y  a n d  

t h e  n e t  p o s i t i o n  s u c t i o n  h e a d .  F o r  s h i p b o a r d  i n s t a l l a t i o n  t h e  

s m a l l e s t  u n it ,  w i t h o u t  s a c r i f i c e s  o f  r e l i a b i l i t y  a n d  s e r v i c e a b i l i t y  

i s  u s u a l l y  t h e  m o s t  d e s i r a b l e  o n e .  T h i s  in  e f f e c t ,  c a l l s  f o r  a  h ig h  

r o t a t i v e  s p e e d  a n d  c o m p a c t  d e s ig n .  T h e  a u t h o r  s h o w s  a  f o u r - s t a g e  

p u m p  w i t h  f l e x i b l e  c o u p l i n g .  A l l  f o u r  i m p e l l e r s  a r e  o f  t h e  

s i n g l e - s u c t i o n  t y p e ,  t h e  f i r s t -  a n d  t h i r d - s t a g e  i m p e l l e r s  f a c e  t o w a r d  

t h e  o u t b o a r d  e n d ,  t h e  s e c o n d -  a n d  f o u r t h - s t a g e  i m p e l l e r s  f a c e  
t o w a r d  t h e  i n b o a r d  s id e ,  t h u s  g i v i n g  a x i a l  b a l a n c e  o f  t h e  r o t o r .  

W a t e r - c o o l e d  s t u f f i n g  b o x e s  a r e  u s e d .  O n  t h i s  f o u r - s t a g e  p u m p , 

t h e  i n t e r s t a g e  c o n n e c t i o n s  a r e  m a d e  b y  w e l d i n g  o n  c r o s s o v e r  c o n ­

n e c t io n s .  T h i s  t y p e  o f  u n i t  is  p a r t i c u l a r l y  a d a p t e d  f o r  h i g h -  

p r e s s u r e  a n d  h i g h - t e m p e r a t u r e  a p p l i c a t i o n s ,  s i m i l a r  t o  t h o s e  u s e d  

in  r e c e n t  t a n k e r s  a n d  p a s s e n g e r  v e s s e l s .  F i g .  4  s h o w s  a  3 - s t a g e  

p u m p i n g  u n i t  w i t h  t h r e e  b e a r i n g s  a n d  i n t e g r a l  s h a f t  f o r  p u m p  a n d  

t u r b in e .  A l l  i m p e l l e r s  a r e  o f  t h e  s i n g l e - s u c t i o n  t y p e .  A x i a l  

b a l a n c e  is  o b t a i n e d  b y  a r r a n g i n g  t h e  f i r s t -  a n d  s e c o n d - s t a g e  i m ­

p e l l e r s  s o  t h a t  t h e  i n l e t s  f a c e  in  o p p o s i t e  d i r e c t i o n s  a n d  t h e  t h ir d -  

s t a g e  i m p e l l e r  w i t h  a  w e a r i n g  r i n g  o n  t h e  b a c k .  T h i s  d e s i g n  is  

s u i t a b l e  f o r  h i g h e r  d i s c h a r g e  p r e s s u r e s  t h a n  c a n  b e  h a n d le d  b y  a  

t w o - s t a g e  p u m p  o r  f o r  a  l o w e r  n e t  p o s i t i v e  s u c t i o n  h e a d  a t  t h e  

s a m e  d i s c h a r g e  p r e s s u r e  t h a n  a  t w o - s t a g e  p u m p .— F. Fritscher, 
Marine Engineering and Shipping Revieiv, Vol. 55, January 1950, 
pp. 62-66.

New Swedish Oil Engine
T h e  n e w  B o l i n d e r  t y p e  W A  m a r i n e  m o d e l  is  a  l o w  c o m ­

p r e s s i o n  t w o - s t r o k e  c r a n k c a s e  s c a v e n g i n g  e n g in e ,  b u i l t  i n  p o w e r s  

o f  1 4 5  b .h .p .  a t  3 2 5  r .p .m .,  a n d  2 0 0  b .h .p .  a t  2 8 0  r .p .m .  N o  r e d u c ­

t io n  g e a r s  a r e  b e i n g  u s e d  w i t h  t h e s e  n e w  e n g in e s ,  r e v e r s i n g  b e i n g  

b y  m e a n s  o f  a  r e v e r s e  g e a r  o r  b y  r e v e r s i b l e - b l a d e  p r o p e l l e r .  

S t a r t i n g  is  b y  e l e c t r i c  s t a r t e r  o r  c a r t r i d g e  a n d  a i r ,  a n d  B o l i n d e r  

r a p i d - h e a t i n g  l a m p s  a r e  f i t t e d  a s  a  s t a n d b y  t o  a s s i s t  s t a r t i n g  in  

c o l d  w e a t h e r .  T h e  f u e l  i n j e c t o r s  e m p l o y  a  n e w  B o l i n d e r  p r i n c i p l e  

— w h i c h  p r o v i d e s  t w o  d i f f e r e n t  t y p e s  o f  s p r a y  a c c o r d i n g  t o  lo a d  

r e q u ir e m e n t s .  A  h a n d - o p e r a t e d  l e v e r  f i t t e d  t o  e a c h  i n j e c t o r  c l o s e s  

t h e  c e n t r a l  s p r a y  o r i f i c e  a t  l i g h t  l o a d s  a n d  t h e  f u e l  is  t h e n  i n j e c t e d  

t h r o u g h  t w o  s i d e  o r i f i c e s  w h o s e  j e t s  i m p i n g e  o n  t h e  h o t t e s t  p a r t  

o f  t h e  c o m b u s t i o n  c h a m b e r  s u r f a c e  a n d  t h u s  m a i n t a i n  a  s u f f i ­

c i e n t l y  h i g h  t e m p e r a t u r e  t o  e n a b l e  t h e  e n g i n e  t o  a c c e p t  f u l l  lo a d  

i m m e d i a t e l y .  A t  f u l l  l o a d  t h e  l e v e r  i s  m o v e d  t o  a  p o s i t i o n  w h i c h  

a l l o w s  t h e  c e n t r e  s p i n d l e  t o  l i f t  a n d  u n c o v e r  t h e  f u l l - l o a d  c e n t r a l  

s p r a y  o r i f i c e .—Gas and Oil Power, Vol. 44, December 1949, 
p p . 374-375.

Storage Additive Type Lubricants
I n  t h i s  a r t i c l e ,  w h i c h  d e a ls  w i t h  t h e  s t o r a g e  a n d  h a n d l in g  o f  

l u b r i c a n t s  i n  g e n e r a l ,  r e f e r e n c e  is  i n c l u d e d  t o  p r e c a u t i o n s  t o  b e  

t a k e n  in  s t o r i n g  a d d i t i v e  t y p e  lu b r i c a n t s  i n  t h e  s h i p p i n g  d r u m  i t s e l f ,  

u s i n g  a  h a n d  p u m p  f o r  r e m o v a l  o f  t h e  c o n t e n t s  w h e n  n e e d e d . 

T h i s  m e a n s  t h a t  o i l  d r u m s  m u s t  b e  s e t  u p  o n  e n d . T h e  p r o c e d u r e  

is  p e r f e c t l y  s a t i s f a c t o r y  p r o v i d e d  t h e r e  i s  n o  c h a n c e  o f  w a t e r  

g e t t i n g  in t o  t h e  l u b r i c a n t ,  e s p e c i a l l y  i f  i t  c o n t a i n s  a n  a d d i t iv e .  

S t r a i g h t  m i n e r a l  o i l s  a r e  n o t  a d v e r s e l y  a f f e c t e d  b y  a  l i t t l e  m o i s t u r e  

— t h e y  m a y  b e c o m e  c l o u d y ,  b u t  a f t e r  s t a n d i n g  f o r  a  f e w  d a y s  t h e y  

c l e a r  u p  a s  t h e  m o i s t u r e  s e t t l e s  t o  t h e  b o t t o m .  M o i s t u r e ,  h o w ­

e v e r ,  i s  a  s e r i o u s  c o n t a m i n a n t  w h e n  a n  o i l  c o n t a i n s  a d d i t i v e s ,  m o s t  

o f  w h i c h  a r e  w a t e r  s e n s i t i v e .  C o n t a c t  w i t h  w a t e r  m a y  r e m o v e  

s o m e  t y p e s  o f  i n h i b i t o r s ,  a n d  a l s o  a f f e c t  t h e i r  s t a b i l i t y .  I f ,  t h e r e ­

f o r e ,  a  t u r b i n e  o r  h y d r a u l i c  o i l ,  o r  a n  a d d i t i v e  m o t o r  o i l ,  o r  p r e ­

s e r v a t i v e  o i l ,  i s  t o  b e  s t o r e d  in  t h e  s h i p p i n g  d r u m ,  w i t h  t h e  d r u m
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s t a n d i n g  o n  e n d  t o  e n a b l e  r e m o v a l  o f  t h e  c o n t e n t s  b y  p u m p  o r  la d l e ,  

e x t r a  p r e c a u t i o n s  m u s t  b e  t a k e n  t o  s e e  t h a t  n o  m o i s t u r e  a c c u m u ­

l a t e s  o n  t h e  h e a d  o f  t h e  d r u m ,  o r  c a n  b e  s p l a s h e d  o r  s p r a y e d  in t o  

it .  A  g o o d  t i g h t  b u n g  a n d  s e a l  o n  a  d r u m  i s  e x c e l l e n t  a s s u r a n c e  

t h a t  t h i s  w o n ’ t  o c c u r ;  a  t i g h t  o i l  p u m p  f i t t i n g  in  t h e  b u n g  h o l e  o f  

a n  o i l  d r u m  h e l p s  p r o t e c t  t h i s  t y p e  o f  l u b r i c a n t .  A b o v e  a l l ,  d o  

n o t  s t o r e  a d d i t i v e  t y p e  l u b r i c a n t s  w h e r e  t h e y  c a n  b e  e x p o s e d  t o  

m o i s t u r e  e i t h e r  f r o m  r a i n ,  h o s i n g  o r  d r ip .  K e e p  d r u m s  o n  t h e i r  

s id e  u n t i l  t h e  c o n t e n t s  a r e  t o  b e  u s e d .  K e e p  t h e m  u n d e r  c o v e r ,  

p r e f e r a b l y  i n d o o r s ,  b e c a u s e  e v e n  t h e  b e s t  o f  c l o s u r e s  d o  n o t  

g u a r a n t e e  f r e e d o m  f r o m  w a t e r  c o n t a m i n a t i o n  i f  a  d r u m  s t a n d s  

“ h e a d s - u p ”  w i t h  w a t e r  o n  t o p .— Lubrication, Vol. 4, No. 7, 1949, 
PP. 1-12.

Progress in High Duty and A lloy Cast Iron
I t  h a s  l o n g  b e e n  k n o w n  t h a t  i f  t h e  c a r b o n  in  c a s t  i r o n  i s  r e ­

t a i n e d  in  t h e  c o m b in e d  f o r m ,  t h a t  is  t h e  i r o n  i s  w h i t e  a s  c a s t ,  

t h e n  w i t h  s u i t a b l e  c o m p o s i t i o n s ,  b y  a  s p e c i a l  t y p e  o f  a n n e a l i n g  

h e a t  t r e a t m e n t  k n o w n  a s  m a l l e a b i l i t y ,  t h e  g r a p h i t e  c a n  b e  m a d e  

t o  s e p a r a t e  g r a d u a l l y  f r o m  t h e  m e t a l ,  a n d  u n d e r  t h e s e  c o n d i t io n s  

i t  a s s u m e s  a  n o d u l a r  f o r m ,  o r  a s  c o m p a c t  c l u s t e r s  o f  f in e  g r a p h i t e .  

T h e  b e n e f ic ia l  e f f e c t  o f  r e n d e r i n g  t h e  g r a p h i t e  n o d u l a r  is  s e e n  a t  

o n c e  in  t h e  e n h a n c e d  p r o p e r t i e s  o f  m a l l e a b l e  c a s t  i r o n .  A c c o r d i n g  

t o  t h e  p r o c e s s e s  u s e d ,  t h e  t e n s i l e  s t r e n g t h  o f  m a l l e a b l e  v a r i e s  f r o m  

a b o u t  2 0 -3 0  t o n s  p e r  s q . in .,  a n d  t h e  i r o n  h a s  a  m e a s u r a b l e  e l o n g a ­

t i o n  o f  5  p e r  c e n t  o r  u p w a r d s ; o f  g r e a t e s t  i m p o r t a n c e  is ,  h o w e v e r ,  

i t s  i n c r e a s e d  t o u g h n e s s  o r  s h o c k  r e s i s t a n c e .  F o r  m a n y  y e a r s  p a s t  

f o u n d r y m e n  h a v e  r e a l i z e z d  t h a t  t h e r e  w o u l d  h e  a  g r e a t  a d v a n t a g e  in  

a n y  p r o c e s s  w h i c h  w o u l d  le a d  t o  t h e  p r o d u c t i o n  o f  g r e y  c a s t  i r o n ,  

a s  c a s t ,  w h i c h  w o u l d  h a v e  t h e  p r o p e r t i e s  o f  m a l l e a b l e ,  a s  a  r e s u l t  

o f  t h e  g r a p h i t e  b e i n g  in  a  m o r e  c o m p a c t  f o r m .  I t  is  t h i s  g o a l  

w h i c h  h a s  n o w  i n  r e c e n t  t i m e s  b e e n  r e a l i z e d .  S t u d i e s  m a d e  b y  

t h e  i n v e s t i g a t o r s  o f  t h e  B r i t i s h  C a s t  I r o n  R e s e a r c h  A s s o c i a t i o n  

l e d  t o  t h e  d e v e l o p m e n t  o f  a  p r o c e s s  i n  w h i c h  n o d u l a r  s t r u c t u r e s  

c o u l d  b e  p r o d u c e d  b y  t h e  a d d i t i o n  o f  c e r i u m  t o  t h e  m o l t e n  a l l o y s .  

A n o t h e r  p r o c e s s  f o r  t h e  p r o d u c t i o n  o f  s p h e r o i d a l  g r a p h i t e  c a s t  

i r o n  h a s  b e e n  d e v e l o p e d  i n  t h e  U n i t e d  S t a t e s  b y  t h e  I n t e r n a t i o n a l  

N i c k e l  C o m p a n y .  T h e  b a s i s  o f  t h i s  w o r k  w a s  t h e  d i s c o v e r y  o f  

e f f e c t i v e  m e t h o d s  o f  i n t r o d u c i n g  m a g n e s i u m .  T h e  m a g n e s i u m  p r o ­

c e s s  c a n  b e  a p p l i e d  w i t h  g r e a t  a d v a n t a g e  t o  a l l  e n g i n e e r i n g  t y p e s  

o f  g r e y  c a s t  i r o n  p r o d u c e d  in  t h e  f o u n d r y .  F o r  o p t i m u m  r e s u l t s ,  

h o w e v e r ,  c a r e f u l  c o n t r o l  o v e r  c o m p o s i t i o n  is  e s s e n t i a l .  T h e  p r o ­

c e s s  i s  s i m p l e  a n d  s a f e ,  a n d  c a n  b e  a p p l i e d  in  o r d i n a r y  f o u n d r y  

p r a c t i c e  w i t h o u t  i n t e r f e r i n g  w i t h  n o r m a l  p r o d u c t i o n .  T h e  f o u n d r y  

p r o p e r t i e s  o f  t h e  m e t a l  a r e  g o o d ,  a l t h o u g h  s p e c i a l  p r e c a u t i o n s  a r e  

n e c e s s a r y  t o  m e e t  t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  t h e  n e w  ir o n ,  

s u c h ,  f o r  e x a m p l e ,  a s  i t s  r a t h e r  h i g h e r  s h r i n k a g e  a s  c o m p a r e d  t o  

o r d i n a r y  g r e y  i r o n .  E x p e r i e n c e  t o  d a t e ,  h o w e v e r ,  h a s  s h o w n  t h a t  

i t  c a n  b e  a p p l i e d  w i t h o u t  s u b s t a n t i a l  m o d i f i c a t i o n ,  t o  t h e  n o r m a l  

t y p e s  o f  c a s t i n g s  m a d e  in  t h e  f o u n d r y .  T h e  f l u i d i t y  o f  t h e  m e t a l  

i s  g o o d ,  a n d  i t  h a s  n o w  s u c c e s s f u l l y  b e e n  a p p l i e d  t o  t h e  p r o d u c ­

t i o n  o f  s i n g l e  c a s t i n g s  u p  t o  2 0  t o n s  w e i g h t  o n  t h e  o n e  h a n d ,  a n d  

t o  l i g h t  r e p e t i t i o n  c a s t i n g s  o n  t h e  o t h e r ,  w h e r e  p r o d u c t i o n  r u n s  o f  

m a n y  t h o u s a n d s  h a v e  b e e n  s u c c e s s f u l l y  m a d e .  T h e  n e w  s p h e r o i d a l  

g r a p h i t e  c a s t  i r o n ,  in  t h e  c a s t  c o n d i t io n ,  h a s  a  t e n s i l e  s t r e n g t h  o f  

o v e r  4 0  t o n s  p e r  s q .  in .,  w h i l s t  u n d e r  p a r t i c u l a r l y  f a v o u r a b l e  c o n ­

d i t i o n s  m u c h  h i g h e r  s t r e n g t h s  m a y  b e  a c h i e v e d .  A s  c a s t ,  t h i s  

t e n s i l e  s t r e n g t h  i s  a s s o c i a t e d  w i t h  a  h i g h  y i e l d  p o in t ,  a n d  e l o n g a ­

t i o n  g e n e r a l l y  f r o m  2 - 5  p e r  c e n t  f o r  i r o n s  w i t h  a  p e a r l i t i c  m a t r i x .  

O f  g r e a t e r  i m p o r t a n c e ,  h o w e v e r ,  i s  t h e  m a r k e d  s h o c k  r e s i s t a n c e  

s h o w n  b y  t h e  i r o n  a s  m e a s u r e d  b y  a n  i m p a c t  t e s t ; i t  i s  u s u a l l y  

f i v e  t o  t e n  t i m e s  t h a t  o f  o r d i n a r y  i r o n . — A. B. Everest, Metal­
lurgist, Vol. 41, December 1949, pp. 84-88.

Steam Atom izing Burners
S t e a m  a t o m i z a t i o n  w a s  t h e  e a r l i e s t  s u c c e s s f u l  m e t h o d  o f  

b u r n i n g  f u e l  o i l .  H o w e v e r ,  t h e  i n e f f i c i e n c y  o f  t h e  e a r l y  s t e a m  

a t o m i z i n g  b u r n e r s  a n d  t h e  s u c c e s s f u l  d e v e l o p m e n t  o f  a  p r e s s u r e  

a t o m i z i n g  b u r n e r  m a d e  t h e  o l d  s t e a m  a t o m i z i n g  b u r n e r s  le s s  

p o p u l a r .  I t  w a s  u s e d  m a i n l y  f o r  b u r n i n g  v e r y  h e a v y  o i l s  a n d  r e ­

s i d u e s  f r o m  c r a c k i n g  p r o c e s s e s .  R e c e n t l y ,  h o w e v e r ,  t h e  s t e a m  

a t o m i z i n g  b u r n e r  h a s  b e c o m e  m o r e  p o p u l a r .  T h e  t y p e  o f  o i l  w h i c h  

h a s  b e e n  s o ld  i n  r e c e n t  y e a r s  k n o w n  a s  B u n k e r  C  h a s  c a u s e d  

f o r m a t i o n s  o f  s l a g  o n  s u p e r h e a t e r  t u b e s  r e q u i r i n g  f r e q u e n t  o u t a g e s

a n d  c l e a n i n g s .  T h e  s t e a m  a t o m i z i n g  b u r n e r  h a s  r e d u c e d  c o n s i d e r ­

a b l y  t h e  t e n d e n c i e s  f o r  b u i l d i n g  u p  t h i s  s l a g .  T h e  l a r g e  a m o u n t  

o f  w a t e r  c o n s u m e d  b y  t h e  o l d  b u r n e r s  w a s  a  d i s a d v a n t a g e ,  s o m e  

t y p e s  u s i n g  u p  t o  1 0  p e r  c e n t  o f  t h e  s t e a m  g e n e r a t e d .  T h e  p r e s e n t -  

d a y  s t e a m  a t o m i z i n g  b u r n e r s  u s e  le s s  t h a n  o n e  p e r  c e n t  o f  t h e  

s t e a m  g e n e r a t e d  f o r  a t o m i z a t i o n .  T h i s  m e a n s  t h a t  f o r  e v e r y

1,0 0 0 1b . o f  s t e a m  g e n e r a t e d  a b o u t  74 1b . is  u s e d  f o r  a t o m i z a t i o n .  

W i t h  t h e  r e g u l a r  s t r a i g h t  m e c h a n i c a l  a t o m i z i n g  b u r n e r ,  t h e  r a n g e  

o f  c a p a c i t y  i s  a b o u t  2  t o  1 . W i t h  t h e  s o - c a l l e d  w i d e  r a n g e  p l u n g e r  

t y p e  o r  r e t u r n  f l o w  t y p e  b u r n e r s ,  t h e  r a n g e  o f  c a p a c i t y  i s  in  t h e  

n e i g h b o u r h o o d  o f  4  t o  1 . H o w e v e r ,  w i t h  t h e  s t e a m  a t o m i z i n g  

b u r n e r s ,  a  c a p a c i t y  r a n g e  o f  1 0  t o  1 o r  I S  t o  1  i s  e a s i l y  o b t a i n e d .  

S t e a m  a t o m i z i n g  b u r n e r s  a r e  e n t i r e l y  s u i t a b l e  f o r  e i t h e r  h a n d  

o r  a u t o m a t i c  o p e r a t i o n .  I t  i s  u n n e c e s s a r y  f o r  t h e  f i r e m e n  o r  t h e  

c o m b u s t i o n  c o n t r o l  t o  a d j u s t  t h e  a t o m i z i n g  s t e a m  p r e s s u r e .  T h e  

f i r e m e n  o r  c o n t r o l  m e r e l y  r e g u l a t e  t h e  o i l  p r e s s u r e  a s  r e q u i r e d  a n d  

t h e  a t o m i z i n g  o i l  p r e s s u r e  a u t o m a t i c a l l y  f o l l o w s  a t  2 0 1b . p e r  s q . 

in . h i g h e r  t h a n  t h e  o i l  p r e s s u r e .  T h i s  r e l a t i o n s h i p  i s  m a i n t a i n e d  u p  

t o  a  m a x i m u m  a t o m i z i n g  s t e a m  p r e s s u r e  o f  13 0 1 b . p e r  s q . in .  g .  A t  

t h i s  p r e s s u r e ,  t h e  o i l  p r e s s u r e  i s  1 1 0 1 b . p e r  s q .  in .  g .  T h e  o i l  

p r e s s u r e  c a n  b u i l d  u p  f r o m  t h e r e  t o  i t s  m a x i m u m ,  n o r m a l l y  30 0 1b . 

p e r  s q .  in .  g . ,  a n d  t h e  a t o m i z i n g  s t e a m  p r e s s u r e  w i l l  r e m a i n  c o n ­

s t a n t  a t  13 0 1b . p e r  s q . in .  g .— IV. B. H ill, Pacific Marine Review, 
Vol. 46, December 1949, pp. 108-109, 128.

Stabilization Reduces Ship’s Roll
S h i p  s t a b i l i z a t i o n  t e s t s  a r e  n o w  b e i n g  c a r r i e d  o u t  a b o a r d  t h e  

m in e  s w e e p e r  U . S . S .  Peregrine ( s e e  E n g i n e e r i n g  A b s t r a c t s ,  

S e p t e m b e r  1 9 4 9 , p . 9 5 ) .  A  m o d e l  o f  t h e  d e v i c e  h a s  

b e e n  t e s t e d  a t  S t a n f o r d  U n i v e r s i t y .  A s  a  r e s u l t  o f  t h e  t e s t i n g ,  

i n s t r u m e n t a t i o n  a n d  a n a l y s i s  o f  t h e  m o d e l ,  t h e  e n g i n e e r s  h a v e  

m a d e  s o m e  d i s c o v e r i e s  a b o u t  l o c a t i n g  t h e  s t a b i l i z e r  a b o a r d  s h ip .  

T h e y  h a v e  f o u n d  t h a t  t h e  c r o s s  d u c t  o f  t h e  s t a b i l i z e r — t h e  l in e  

t h r o u g h  w h i c h  w a t e r  i s  m a d e  t o  f l o w  f r o m  o n e  t a n k  t o  t h e  o t h e r  

— s h o u l d  b e  p l a c e d  a b o v e  a  s h ip ’ s  c e n t r e  o f  g r a v i t y .  I n  t h i s  p o s i ­

t io n ,  t h e  f o r c e  o f  t h e  w a t e r  t r a v e l l i n g  in  t h e  d u c t  a i d s  t h e  s t a b i l i z a ­

t i o n  p r o c e s s .  T h i s  m e a n s  t h a t  t h e  d u c t  s h o u l d  b e  r e l a t i v e l y  s m a l l  

i n  o r d e r  t o  i n c r e a s e  t h e  a c c e l e r a t i o n  f o r c e  o f  t h e  w a t e r  b e i n g  

t r a n s f e r r e d  f r o m  o n e  t a n k  t o  t h e  o t h e r .  I f  t h e  d u c t  m u s t  b e  

p l a c e d  b e l o w  a  s h i p ’ s  c e n t r e  o f  g r a v i t y ,  i t  s h o u l d  b e  m a d e  a s  

l a r g e  a s  p o s s i b l e  t o  m i n i m i z e  t h e  f o r c e  o f  t h e  w a t e r ’ s  a c c e l e r a t i o n  

in  t h e  d u c t-— a  f o r c e  w h i c h  in  t h i s  c a s e  i s  i n  t h e  o p p o s i t e  d i r e c t i o n  

o f  t h e  f o r c e  n e e d e d  t o  s t a b i l i z e  t h e  s h i p . — Pacific Marine Reviezv, 
Vol. 46, December 1949, pp. 81, 130.

Considerations in Provision and Operation of Overseas M ail Service
T h e  a u t h o r  d i s c u s s e s  a  n u m b e r  o f  o p e r a t i n g  p r o b l e m s  a n d  t h e i r  

s o lu t io n s .  R e f e r r i n g  t o  t h e  a b n o r m a l  in c i d e n c e  o f  p r o p e l l e r  s h a f t  

f a i l u r e s  d u r i n g  t h e  p a s t  f e w  y e a r s ,  t h e  p o in t  i s  m a d e  t h a t  s t r e s s  

i n v e s t i g a t i o n s  h a v e  n o t  in d i c a t e d  i n e v i t a b l e  f a i l u r e .  W h a t e v e r  

t h e  m e a s u r e  o f  t h e  a n a l y s e s ,  t h e  e f f e c t  o f  c o r r o s i o n ,  i f  p r e s e n t  e v e n  

in  s l i g h t  d e g r e e ,  i s  s e r i o u s l y  t o  a g g r a v a t e  p r o n e n e s s  t o  f a t i g u e  

f a i l u r e .  R u b b e r  w a t e r s t o p s  a t  t h e  f o r w a r d  f a c e  o f  t h e  p r o p e l l e r  

a r e  o f  t w o  m a i n  t y p e s .  I n  o n e  c a s e  c o m p r e s s i o n  o f  t h e  r u b b e r  

i s  f i x e d  b y  t h e  p r o p e l l e r  n u t ,  in  t h e  o t h e r ,  b y  a  g l a n d  r i n g  i n d e p e n ­

d e n t l y  a d j u s t e d .  B o t h  t y p e s  h a v e  s e v e r a l  m o d i f i c a t i o n s .  R u b b e r  

i s  t h e  o n l y  s u i t a b l e  m a t e r i a l .  T h e  r u b b e r  r i n g  s h o u l d  b e  e n d l e s s ,  

a n d  c o n s e q u e n t l y  m u s t  b e  p l a c e d  o n  d i e  s h a f t  b e f o r e  t h e  p r o p e l l e r .  

I t  c a n n o t  b e  r e n e w e d  w i t h o u t  r e m o v i n g  t h e  p r o p e l l e r ,  a n  o p e r a ­

t i o n  w h i c h  g e n e r a l l y  e x t e n d s  t h e  n o r m a l  t i m e  in  d r y - d o c k .  S u r v e y  

r e q u i r e m e n t s  a r e  m e t  b y  e x a m i n a t i o n  a t  i n t e r v a l s  o f  t h r e e  y e a r s .  

P h y s i c a l  f e a t u r e s  o f  r u b b e r  h a v e  w i d e  v a r i a t i o n s  in  h a r d n e s s ,  r e ­

s i l ie n c e ,  a n d  in  p l a s t i c i t y .  A l l  r u b b e r  i s  s u b j e c t  in  t i m e  t o  p l a s t i c  

f l o w  u n d e r  p r e s s u r e .  C h a n g e  o f  f o r m  c o n s e q u e n t  u p o n  p l a s t i c  

f l o w  d i m i n i s h e s  r e s i s t a n c e  w a t e r  s e e p a g e .  T h e  n a t u r e  o f  r u b b e r  

i s  s u c h  t h a t  t h e  r i n g  m u s t  b e  f in is h e d  t o  d i m e n s i o n s  in  a  s u i t a b l e  

m a c h i n e  b e f o r e  i t  r e a c h e s  t h e  d r y - d o c k .  I f  d e l a y  is  t o  b e  a v o i d e d  

t h e  r i n g  s h o u l d  b e  a v a i l a b l e  w h e n  t h e  p r o p e l l e r  i s  w i t h d r a w n .  

D u r i n g  t h e  p a s t  f i v e  o r  s i x  y e a r s ,  c o i n c i d e n t  w i t h  t h e  l o s s  o f  p r o ­

p e l l e r s  i n  v e s s e l s  b u i l t  i n  w a r t i m e ,  s h a f t s  o f  o t h e r  v e s s e l s  o f  

v a r y i n g  a g e s  w e r e  c o n d e m n e d  o n  a c c o u n t  o f  f a t i g u e  c r a c k s ,  

e i t h e r  a d j a c e n t  t o  t h e  a f t e r  e n d  o f  t h e  l i n e r ,  o r  t o  t h e  f o r w a r d  e n d  

o f  t h e  t a p e r  b o r e  o f  t h e  p r o p e l l e r  b o s s .  A t  e a c h  o f  t h e s e  p o s i t i o n s  

t h e r e  is  s t r e s s  c o n c e n t r a t i o n  i n  c o n j u n c t i o n  w i t h  g a l v a n i c  a c t i o n
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b e t w e e n  c o p p e r  a n d  s t e e l  i f  s e a - w a t e r  i s  p r e s e n t  t o  a c t  a s  e l e c ­

t r o l y t e .  Q u a n t i t i e s  o f  w a t e r  w e r e  r e g u l a r l y  f o u n d  w h e n  t h e  p r o ­

p e l l e r  n u t  w a s  r e m o v e d .  T h e  p r o p e l l e r  c a p  is  u s u a l l y  o f  l i g h t  

s t r u c t u r e  w i t h  w i d e l y  s p a c e d  f a s t e n i n g  t o  t h e  b o s s ,  m a k i n g  a  p o o r  

j o i n t .  I n v e s t i g a t i o n  f o l l o w e d  a s  t o  t h e  p o s s i b i l i t y  o f  w a t e r  p a s s i n g  

f r o m  t h e  in s id e  o f  t h e  c a p  b e t w e e n  t h e  f a c e  o f  t h e  n u t  a n d  t h a t  o f  

t h e  p r o p e l l e r .  S l i g h t  d a m a g e  w a s  id e n t i f ie d  f r o m  t h e  b o x  w e d g e s  

s e t  b e t w e e n  n u t  f a c e  a n d  p r o p e l l e r  f a c e  t o  d r i v e  t h e  p r o p e l l e r  

h o m e  o n  t h e  t a p e r  b e f o r e  t h e  n u t  w a s  f i n a l l y  s e t  u p .  N o n e  o f  

t h e s e  i n v e s t i g a t i o n s  d i s c o v e r e d  f a u l t  s u f f i c ie n t  t o  e x p l a i n  t h e  

a b n o r m a l  c h a n g e .  W a r - t i m e  w o r k m a n s h i p  a s s o c i a t e d  w i t h  p r o -  

p e l l e r - s h a f t  e x a m i n a t i o n  in  f o r e i g n  p o r t s  w a s  a t  f i r s t  s o u g h t  a s  

e x p l a n a t i o n ,  b u t  t h e  c o n d i t io n  w a s  f o u n d  l a t e r ,  in  c a s e s  w h e r e  

a p p a r e n t l y  p r o p e r  c a r e  h a d  b e e n  g i v e n  w h e n  t h e  p r o p e l l e r  w a s  

p r e v i o u s l y  r e m o v e d  a n d  r e p l a c e d .  T h e  c a u s e  o f  t h e  c h a n g e  w a s  
o b s c u r e .  F u r t h e r  s e a r c h  f o r  t h e  c a u s e  o f  t h e  c h a n g e  r e c a l l e d  t h a t  

i n  t h e  y e a r s  i m m e d i a t e l y  p r e c e d i n g  t h e  1 9 3 9 - 4 5  w a r  t h e r e  h a d  b e e n  

a  g e n e r a l  c h a n g e  f r o m  p r o p e l l e r s  w i t h  b r o n z e  b la d e s  a n d  s e p a r a t e  

s t e e l  b o s s e s  t o  i n t e g r a l  s o l i d - b r o n z e  p r o p e l l e r s .  T h e  c h a n g e  w a s  

f a v o u r e d  b y  h i g h e r  p r o p u l s i v e  e f f i c i e n c y  o f  t h e  s o l i d  p r o p e l l e r ,  o n  

a c c o u n t  o f  t h e  s m a l l e r  b o s s ,  a  d i f f e r e n c e  o f  t h e  o r d e r  o f  3  p e r  c e n t  

o r  a n  a n n u a l  s a v i n g  in  t h e  c o s t  o f  f u e l  o f  £ 3 ,0 0 0 -£ 4 ,0 0 0  f o r  a  s h ip  
o f  2 5 ,0 0 0  g r o s s  t o n s  w i t h  b o i l e r  f u e l  a t  £ 4  p e r  t o n .  F u r t h e r  i n ­

v e s t i g a t i o n  e s t a b l i s h e d  n o t  o n l y  t h a t  t h e  c o r r o s i o n  w a s  c o n f in e d  

t o  t h e  s o l i d  p r o p e l l e r s ,  b u t  t h a t  i t  a p p l i e d  t o  e a c h  s o l i d  p r o p e l l e r  

in  a  g r e a t e r  o r  le s s  d e g r e e  w i t h o u t  e x c e p t i o n .  T h e  c o r e d  s p a c e  in  

t h e  s o l i d  p r o p e l l e r  c o n t a i n s  a i r  a t  a t m o s p h e r i c  p r e s s u r e  w h e n  t h e  

p r o p e l l e r  i s  a s s e m b l e d  in  d r y - d o c k .  I m m e d i a t e l y  t h e  v e s s e l  f l o a t s ,  

t h e r e  i s  a n  e x t e r n a l  s t a t i c  h e a d  o f  1 0 - 1 5  f e e t  o f  w a t e r ,  a n d  a d d e d  

p r e s s u r e  i m p u l s e  a s  t h e  s h ip  p i t c h e s  in  s e r v i c e .  B a l a n c e  o f  

p r e s s u r e  in s i d e  a n d  o u t s i d e  t h e  p r o p e l l e r  b o s s  r e q u i r e s  t h a t  o n e -  

t h i r d  t o  o n e - h a l f  o f  t h e  c o r e d  s p a c e  in s i d e  t h e  b o s s  s h a l l  b e  f i l l e d  
w i t h  w a t e r .  A c c e s s  m a y  b e  p a s t  m i n u t e  e r r o r  in  t h e  f i t  o f  t h e  

r u b b e r  r i n g ,  f a u l t  i n  t h e  m a t i n g  f a c e s  o f  p r o p e l l e r  n u t  o r  b o s s ,  

o r  p a s t  t h e  b a c k l a s h  c l e a r a n c e  o f  t h e  s c r e w  t h r e a d  o n  t h e  s h a f t .  

I n  t i m e ,  p r e s s u r e  w i l l  b e  b a l a n c e d  b y  w a t e r  e n t e r i n g  t h e  b o s s .  

T h e r e  is  n o  c o r r e s p o n d i n g  c o n d i t i o n  in  t h e  b o s s  w i t h  s e p a r a t e  

b la d e s  w h e r e  t h e  b o s s  f i t s  o v e r  t h e  w h o l e  o f  i t s  l e n g t h .  T h e  

o b v i o u s  m e a n s  o f  p r e v e n t i o n  i s  t o  o m i t  t h e  c o r e d  r e c e s s  o r  t o  

e n s u r e  t h a t  a f t e r  a s s e m b l y  t h e  s p a c e  i s  c o m p l e t e l y  f i l l e d  w i t h  n o n -  

c o r r o s i v e  g r e a s e  o r  o t h e r  s u i t a b l e  m a t e r i a l .  I t  i s  s u g g e s t e d  t h a t ,  

h a d  t h e  p r o p e l l e r  b o s s e s  b e e n  f i t t e d  o v e r  t h e i r  w h o l e  l e n g t h  in  

“ L i b e r t y ”  a n d  o t h e r  v e s e l s ,  f e w  p r o p e l l e r s  w o u l d  h a v e  b e e n  lo s t . —  

Twenty-second Thomas Lowe Gray Lecture, delivered by J. Gray,
C.B.E. at the Institution of Mechanical Engineers, 20th January
1950.

Design and Performance of A ir  Injector
T h e  a i r  i n j e c t o r ,  in  i t s  v a r i o u s  f o r m s ,  i s  a  d e v i c e  w h i c h  h a s  

m a n y  a p p l i c a t i o n s  i n  e n g i n e e r i n g  p r a c t i c e ,  a n d  s e v e r a l  a t t e m p t s  

h a v e  b e e n  m a d e  t o  a n a l y s e  i t s  m o d e  o f  a c t i o n ,  s o m e  o f  t h e s e  h a v i n g  

b e e n  s u p p o r t e d  b y  e x p e r i m e n t a l  w o r k .  M o s t  o f  t h e  e x p e r i m e n t a l  

r e s u l t s  a v a i l a b l e  a r e  r e l a t e d  t o  e j e c t o r s  in  w h i c h  r e l a t i v e l y  h i g h -  

p r e s s u r e  s t e a m  is  u t i l i z e d  a s  t h e  d r i v i n g  f lu id ,  b u t  e v e n  in  t h e s e  

c a s e s  t h e  i n f o r m a t i o n  p r o v i d e d  is  r e s t r i c t e d  t o  a  n a r r o w  f ie ld .  T h e  

i n v e s t i g a t i o n  d e s c r i b e d  r e l a t e s  t o  a n  a i r  e j e c t o r  e m p l o y i n g  a s  t h e  

d r i v i n g  f lu i d  a i r  a t  a  r e l a t i v e l y  l o w  p r e s s u r e ,  n o t  e x c e e d i n g  4 0 1b . 

p e r  s q . in .  ( a b s .) ,  a n d  c o v e r i n g  a  w i d e  r a n g e  o f  o p e r a t i n g  c o n d i t io n s  

b y  m e a n s  o f  i n t e r c h a n g e a b l e  n o z z l e s .  T w o  d i s t i n c t  e x p e r i m e n t a l  

a r r a n g e m e n t s  w e r e  b u i l t — o n e  f o r  t h e  s e t  o f  c o n d i t i o n s  in  w h i c h  

t h e  e j e c t o r  d r a w s  in  a  r e l a t i v e l y  s m a l l  q u a n t i t y  o f  s u c t i o n  f lu id  

a n d  p u m p s  i t  t h r o u g h  a  r e l a t i v e l y  h i g h  p r e s s u r e - r a t i o ,  a n d  t h e  

o t h e r  c o v e r i n g  c o n d i t i o n s  i n  w h i c h  t h e  q u a n t i t y  o f  s u c t io n  f lu id  

is  m u c h  l a r g e r ,  b u t  t h e  p r e s s u r e - r a t i o  i s  q u i t e  s m a l l .  F o r  a  g i v e n  

i n i t i a l  p r e s s u r e  a n d  q u a n t i t y  o f  d r i v i n g  f lu id ,  t h e  r a t e  o f  m a s s  f l o w  

o f  s u c t i o n  f l u i d  d e p e n d s  c h i e f l y  o n  t h e  d i a m e t e r  o f  t h e  c o m b i n i n g  

t u b e ,  i n  w h i c h  t h e  d r i v i n g  a n d  s u c t i o n  f l u i d s  m i x ;  in  t h e  e x p e r i ­

m e n t s ,  t h e  r a t i o  o f  c o m b i n i n g  t u b e  a r e a  t o  d r i v i n g  n o z z l e  a r e a  w a s  

v a r i e d  in  t w e l v e  s t e p s ,  c o v e r i n g  a  r a n g e  o f  a r e a  r a t i o s  f r o m  1 -4 4  

t o  1 ,1 1 0 - 0 ,  a n d  c o m p r e s s i o n  r a t i o s  r a n g i n g  f r o m  a b o u t  2  t o  a b o u t  

1 -0 0 1 . E f f o r t s  w e r e  m a d e  t o  f in d  t h e  b e s t  p r o p o r t i o n s  o f  t h o s e  

p a r t s  o f  t h e  e j e c t o r  w h i c h  e x e r t  a  m a j o r  in f lu e n c e  o n  p e r f o r m a n c e ,  

a n d  c e r t a i n  c o n c l u s i o n s  a r e  d r a w n  f r o m  t h e  r e s u l t s  o f  t h e  e x p e r i ­

m e n t s .  T h e o r e t i c a l  a s p e c t s  o f  t h e  p r o b l e m  a r e  b r i e f l y  d is c u s s e d .—

Paper by L J. Kastner and J. R. Spooner, submitted to The Insti­
tution of Mechanical Engineers for written discussion, 1950.

Fluid Flow Measurement
S e v e r a l  a d v a n t a g e s  o v e r  t h e  p r i m a r y  e le m e n t s  in  c u r r e n t  u s e  

a r e  c l a i m e d  f o r  a  n e w  p r i m a r y  e l e m e n t  f o r  f lu id  f l o w  m e a s u r e ­

m e n t  m a n u f a c t u r e d  b y  t h e  B e t h l e h e m  F o u n d r y  a n d  M a c h i n e  C o m ­

p a n y .  A m o n g  t h e s e  i s  g r e a t e r  s i m p l i c i t y  i n  c o n s t r u c t i o n  a n d  

o p e r a t i o n  a r i s i n g  f r o m  t h e  s h o r t  l e n g t h  o f  t h e  t u b e  ( n o r m a l l y  le s s  

t h a n  t w o  p ip e  d i a m e t e r s )  a n d  i t s  f r e e d o m  f r o m  s t r a i g h t  r u n  l i m i t a ­

t i o n s  in  r e g a r d  t o  p ip e  b e n d s  a n d  e l b o w s .  G r e a t e r  e c o n o m y  i s  s e ­

c u r e d  t h r o u g h  t h e  n e g l i g i b l e  r e s i s t a n c e  t o  f l o w  o f  t h e  t u b e ,  w h i c h  

r e d u c e s  lo s s  o f  h e a d .  G r e a t e r  r a n g e ,  h i g h e r  a c c u r a c y  a n d  s i m ­

p l i f i e d  m e t e r i n g  o f  g a s e s  a n d  v a p o u r s  a r e  o t h e r  a d v a n t a g e s  o f  t h e  

n e w  e l e m e n t .  T h e  f l o w  t u b e  c o n s i s t s  e s s e n t i a l l y  o f  a  s h o r t  t u b e  

e q u ip p e d  w i t h  t w o  g r o u p s  o f  p r e s s u r e  n o z z l e s  a r o u n d  t h e  in n e r  

p e r i p h e r y — o n e  g r o u p  p o i n t i n g  u p s t r e a m ,  t h e  o t h e r  d o w n s t r e a m .  

T h e s e  n o z z l e  g r o u p s  a r e  c o n n e c t e d  b y  c o m m o n  p r e s s u r e  r in g s ,  

f r o m  w h i c h  c o n n e x i o n s  a r e  m a d e  t o  t h e  h i g h  a n d  l o w  s id e  o f  a  

s t a n d a r d  f l o w  m e t e r .  W h e n  t h e  t u b e  is  i n  o p e r a t i o n ,  a  t o t a l  h e a d  

e q u a l  t o  t h e  s t a t i c  h e a d  m in u s  s o m e  c o m p o n e n t  o f  \ e l o c i t y  h e a d  is  

i m p r e s s e d .  T h e  d i f f e r e n t i a l  h e a d  im p r e s s e d  o n  t h e  m e t e r  i s  t h e  
d i f f e r e n c e  b e t w e e n  t h e s e  t w o  h e a d s .— Abstract from Energy, U.S.A., 
Vol. 11, No. 5, 1949, p. 5; Engineers’ Digest, Vol. 11, No. 1, 
January 1950, p. 31.

Diesel Electric Propulsion of Ships
T h e  a u t h o r  s u r v e y s  t h e  f ie l d  o f  a p p l i c a t i o n  o f  D i e s e l - e l e c t r i c  

p r o p u l s i o n  a n d  d e s c r i b e s  t h e  v a r i o u s  e l e c t r i c  t r a n s m i s s i o n  s y s t e m s  

a v a i l a b l e .  O f  r e c e n t  i n s t a l l a t i o n s  t h o s e  in  t h e  d r e d g e r s  Mersey 
No. 26 a n d  Mersey No. 27 a r e  d i s c u s s e d  a t  s o m e  l e n g t h .  T h e  

a u t h o r  c o n c l u d e s  t h a t  f o r  s h ip s  u p  t o  a b o u t  4 ,0 0 0  h .p .  D i e s e l -  

e l e c t r i c  p r o p u l s i o n  i s  j u s t i f i e d  w h e n  s p e c i a l  f e a t u r e s  a r e  r e q u i r e d .  

T h i s  f o r m  o f  p r o p u l s i o n  o f f e r s  a d v a n t a g e s  n o t  a v a i l a b l e  w i t h  a n y  

o t h e r  f o r m  w h e n  t h e r e  i s  a  l a r g e  a m o u n t  o f  m a n o e u v r i n g  c o m p a r e d  

w i t h  f u l l  p o w e r  r u n n i n g ,  w h e n  t h e r e  is  a  l a r g e  d e c k  m a c h i n e r y  

l o a d  w h i c h  m a y  b e  r e q u i r e d  s i m u l t a n e o u s l y  w i t h  p r o p u l s i o n  o r  

w h e n  a  s p e c i a l  p r o p e l l e r  c h a r a c t e r i s t i c  i s  w a n t e d .  I f  n o n e  o f  t h e s e  

f e a t u r e s  is  p r e s e n t  a n d  i f  D i e s e l  p r o p u l s i o n  i s  r e q u i r e d ,  e i t h e r  t h e  

d i r e c t  D i e s e l  o r  s o m e  f o r m  o f  m e c h a n i c a l  t r a n s m i s s i o n  is  g e n e r a l l y  

t h e  m o r e  e c o n o m i c a l  s o lu t i o n . — Paper by E. L. N. Totvle, read 
at a Meeting of The Institution of Engineers and Shipbuilders in 
Scotland, 1st November 1949.

Arc Underwater W e ld ing
T h e  a p p l i c a t i o n  o f  a r c  u n d e r w a t e r  w e l d i n g ,  t h o u g h  i t  i s  n o t  

a s  w i d e l y  p r a c t i s e d  a s  i t  m i g h t  b e ,  h a s  a l r e a d y  m a n y  p r a c t i c a l  

a p p l i c a t i o n s  in  t h e  e r e c t i o n ,  r e p a i r ,  a n d  s a l v a g e  f ie l d s  o f  m a r i n e  

a n d  c i v i l  e n g i n e e r i n g  i n d u s t r y .  T h e r e  e x i s t s  a  v a s t  f ie l d  o f  p o s s i b l e  

a p p l i c a t i o n s  a s  r e g a r d s  s h ip  r e p a i r i n g  b e l o w  t h e  w a t e r l i n e .  S h i p  

r e p a i r i n g  in c l u d e s  t h e  w e l d i n g  o f  l e a k - p r o o f  p a t c h e s  t o  s h i p s ’ h u l ls ,  

t h e  s t r e n g t h e n i n g  o f  b u c k l e d  p l a t e s  w i t h  s t i f f e n e r s ,  t h e  w e l d i n g  

o f  s t r a i n e d  p l a t e  j o i n t s  a n d  t h e  s e a l i n g  o f  l e a k i n g  r i v e t s .  I t  is  

r e p o r t e d  t h a t  L l o y d ’s  R e g i s t e r  o f  S h i p p i n g  h a s  a p p r o v e d  t h e  w e l d ­

i n g  o f  u n d e r w a t e r  p a t c h e s  o n l y  u n t i l  s u c h  t i m e s  a s  t h e  n e x t  

r o u t i n e  d r y d o c k  e x a m i n a t i o n  o f  t h e  v e s s e l  c o n c e r n e d .  I n  t h e  

m a r i n e  s a l v a g e  s p h e r e  t h e  f i x i n g  o f  l i f t i n g  l u g s ,  t o w i n g  h o o k s  a n d  

o t h e r  a t t a c h m e n t s  w h i c h  m a y  a s s i s t  in  t h e  r a i s i n g  o f  s u n k e n  s h ip s  

m u s t  b e  m e n t io n e d .  T h e  m a j o r i t y  o f  u n d e r w a t e r  a p p l i c a t i o n s  a r e  

in  c o m p a r a t i v e l y  s h a l l o w  w a t e r s .  B y  t h a t  is  m e a n t  w a t e r  w i t h  

d e p t h s  o f  a p p r o x i m a t e l y  3 0  f e e t ,  s o  t h a t  t h e  w e l d e r  d i v e r  c a n  

w o r k  f o r  l e n g t h y  p e r i o d s  a t  a  t i m e ,  w h e r e a s  i n  d e e p  w a t e r  a  

g r e a t e r  p o r t i o n  o f  t h e  d i v e r s ’ t i m e  is  n e c e s s a r y  in  r e a c h i n g  t h e  

r e q u i r e d  d e p t h  a n d  r e s u r f a c i n g ;  t h u s  t h e  o p e r a t i n g  t i m e  is  c o n ­

s i d e r a b l y  r e d u c e d .  I t  i s  e s s e n t i a l  t o  b e a r  in  m in d  t h a t  t h e  s p e e d  

o f  u n d e r w a t e r  w e l d i n g  is  d e p e n d e n t  o n  t h e  w o r k i n g  c o n d i t i o n s  o f  

t h e  w e l d e r  d i v e r .  S o m e  o f  t h e  i m p o r t a n t  f a c t o r s  t h a t  c o n t r i b u t e  

t o  s a t i s f a c t o r y  t e s t s  a r e : t h e  a c c e s s i b i l i t y  a n d  l o c a t i o n  o f  t h e  

w o r k ,  t h e  v i s i b i l i t y  a b o v e  a n d  t h e  t u r b u l e n c e  b e l o w  t h e  w a t e r l in e ,  

t h e  v i s i b i l i t y  o f  w a t e r ,  t h e  s p e e d  o f  t h e  c u r r e n t  i f  t h e r e  is  o n e ,  

a n d  t h e  c o n f id e n c e  o f  t h e  d i v e r  i n  h i s  a t t e n d a n t ,  e q u ip m e n t  a n d  

s u r f a c e  p la n t .  A s  c o u l d  b e  r e a s o n a b l y  e x p e c t e d ,  t h e  r e p a i r  o f  a  

s h ip  l y i n g  o n  a  m u d d y  r e e f ,  o r  l e d g e ,  in  v e r y  l o w  t e m p e r a t u r e  a n d  

f a s t  r u n n i n g  w a t e r ,  w i t h  t h e  d i v e r  h a v i n g  t o  w o r k  in  a  c r a m p e d
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o r horizontal position, could not be perform ed as quickly nor as 
sa tisfactorily  as a  s tra ig h tfo rw a rd  w elding operation in still 
w ater w ith a  readily accessible joint. U n d erw ate r w elding is 
equally effective in salt o r  fresh  w ater, though the fo rm er has a 
fa r  h igher electrical conductivity. T h is  h igher conductivity has 
its draw backs in so fa r as it has increased electrical corrosion p ro ­
blems to be considered. U n d e rw a te r w elding is lim ited in depth 
o f operation  m ore  by the hum an elem ent ra th e r than  electrical or 
m echanical facto rs, f t  is considered th a t w here a d iver is capable 
o f  w ork ing  under w a ter w elding is capable of being done, although 
allow ances have to be made fo r the voltage drop w hich is about 
5 per cent per 100 feet o f cable length. A s to  the welding plant 
and equipm ent, any portable  d.c. welding gen era to r w ith a  m inim um  
o f 80 volts open circuit, w ith  a  400 amp. o u tp u t and capable of 
rapid voltage recovery w ill be found  satisfactory . On an average, 
500 amps, should be considered as a m axim um , as above this figure 
g rea te r curren ts do not produce b e tte r welds and there  is difficulty 
in ensuring  insulation  and pro tec ting  the diver. T h o u g h  satis­
facto ry  welds have been produced w ith an a.c. welding tra n s ­
form er, the use o f a.c. cu rren t fo r  u n d erw ater w elding is not re ­
com m ended ow ing to  the m ore elaborate p recautions th a t are  
necessary. In  addition to the stringen t regulations th a t a re  re­
qu ired  by the  H om e Office, it has been established th a t when using
a.c. curren t, as w ith d.c. using  reversed polarity , th ere  is a  g rea ter 
danger from  electrolytic corrosion.— C. C. Bates, The Shipping 
World, Vol. 122, 11th January 1950, pp. 85-87.

Application of A lum inium  Alloys to Shipbuilding
T h is  rep o rt sum m arizes present day knowledge w ith regard  

to light alloys in so fa r as th a t know ledge is applicable to  ship­
building. O nly  a lum inium -base alloys a re  considered, athough 
some in fo rm atio n  on available m agnesium -base alloys is given in 
an appendix. I t  does no t appear, how ever, th a t the m agnesium - 
base alloys w ill be o f m uch use in  m arine w ork. T h e  available 
alum inium  alloys a re  discussed generally  and reference is m ade to  
their physical and m echanical properties. T he alloys a re  m ainly o f 
tw o kinds : those w hose stren g th  is increased by cold w orking, and 
those whose streng th  is increased by heat treatm ent. In  the 
fo rm er com e the  alloys containing sm all percentages o f m agnesium  
and the la tte r include the duralum in  type alloys. T h e  m ost suitable 
fo r shipbuilding purposes appear to  be non-heat-treatab le  alloys 
containing 3 i  pe r cent and 5 per cent m agnesium  know n as A .W .5 
and A .W .6 and a heat-treatab le  alloy containing silicon known as 
A.W .10. T hese a re  m edium  streng th  alloys w ith m inim um  ultim ate  
streng ths rang ing  fro m  14 to 20 tons per inch and have very  h igh 
resistance to m arine  corrosion. S tro n g er alloys o f  the duralum in type 
are  available, but a re  no t considered suitable fo r m arine w ork  in 
view of th e ir reduced corrosion  resistance. Corrosion and fouling  
are  discussed. W ith  regard  to  the  la tte r  the usual an ti-fou ling  com ­
positions used on steel ships a re  unsuitable as the m ercu ry  and 
copper com pounds a ttack  the alloys. T h e  developm ent o f suitable 
com pounds is being pursued and prelim inary  w ork  suggests that 
a  sa tis fac to ry  solution w ill be found. P a in tin g  and su rface  tre a t­
m ent are  dealt w i th ; this differs from  the trea tm en t given to  steel 
plates and details o f various processes a re  given. W ith  regard  to 
the jo in ing  of ligh t alloys riveting  appears to be the only practical 
proposition a t  th e  m om ent, a lthough  the p ractical developm ent o f 
a rc  welding is being pursued. Possible im m ediate applications to  
shipbuilding a re  suggested such as : superstructures, lifeboats and 
davits, m asts and derricks, m inor bulkheads, hatch  covers, etc. 
P rob lem s requ iring  fu r th e r  study  are  discussed and suggestions 
pu t fo rw ard  fo r fu tu re  investigations. P rincipal am ong these a re  : 
streng th  and w atertightness o f riveted  jo in ts in th ick  plates, arc  
welding, tem pera tu re  effect in com posite steel-alum inium  struc tu res 
due to  differential expansion, etc. W o rk  on m ost o f these is 
a lread y  under way.— W. Muckle, The British Shipbuilding Re­
search Association, Report No. 22, November 1948.

Threading of Stainless Steel
A n a rtic le  by J. J. R obert in Machinist gives the  follow ing 

recom m endations fo r  the  th read in g  o f  stainless steels : C orrect 
selection o f tools is o f  m ajo r im p o rtan ce ; they should be o f high 
toughness, and be kept well ground and sharp. T ungsten  h igh­
speed steels a re  suitable in m any c a s e s ; fo r  h igher speeds o f  w ork

cast-alloy  tool m ateria ls are  p referab le . Cemented carbides are 
recom m ended fo r  m any continuous-cu tting  applications. C utting 
speeds fo r stainless steels a re  usually  considerably low er than those 
suitable fo r  carbon steels, and the  pow er requ ired  is approxim ately  
double. Good resu lts  a re  obtained by using a  su lphur-base oil, 
containing a sm all percentage o f vegetable o r  anim al fa t, to  serve 
as lubricant. M achine th read ing  has been found  to  be m ost 
successful, w ith  a  self-opening tangentia l-chaser die-head. I t  is 
recom m ended th a t th e  lip rake angles range from  22 deg to 25 deg. 
Chasers which have leads o f  about three  to  fo u r  th reads a re  found 
to  give long life. I f  necessary, short-lead  chasers m ay be used 
for th read ing  to  shoulders, o r in o th er applications w here space 
will no t perm it long leads. A dditional space, to p e rm it ejection 
o f the chips and sm all particles, should be left between the  land 
o f the die and the w ork , and also in f ro n t o f the  die-hard. A  
cu tting  speed o f 15 to  40 f.p.m . is used fo r  m ost production w ork  
involving die-hard  threading, precise selection o f speed being de­
pendent on  the pitch o f  the  th read , the  type o f th read  (taper or 
stra igh t), and the condition o f the  m ateria l being cut. T he sam e 
general p ractice  is su itable fo r tapping, and, w here the hole-size 
perm its, a  collapsible tap is preferred . L ath e  th read in g  o f  sta in­
less steel involves the use o f tools hav ing  a 6 deg. to  9 deg. top rake 
and a  9 deg. to  12 deg. side rake. S ta rtin g  w ith a depth  o f cu t o f 
0‘025 to  0'035 inch, and gradual reduction to 0'005 inch in the 
finishing cut, gives a  sm ooth, even thread. T o  dem onstrate the 
application o f th e  above general principles and recom m endations, 
details a re  given o f m ethods suitable fo r th read ing  o f th ree  typical 
pieces o f  w o rk  in stainless s te e l : (1) b a r  stock in the  fo rm  o f a 
union n u t;  (2) a  valve casting ; and (3) a  cast valve body.— The 
Mond Nickel Bulletin, Vol. 22, December 1949, pp. 204-205.

Performance of Crankcase Lubricating Oils
T h e  paper deals in tu rn  w ith the  basic requ irem ents o f a 

crankcase o i l ; chem ical and physical tests on new and used o i l s ; 
viscosity, S .A .E . num bers, and viscosity in d e x ; com m on problem s 
aris in g  in lu b rica tio n ; ring  s tick in g ; engine w e a r ; oil consum p­
tion ; bearing fa ilu re s ; engine d ep o sits ; the g rouping  of o i ls ; the  
influence o f Diesel fuel and petro l on engine deposits and w e a r ; 
engine labora to ry  te s ts ;  the  ra tin g  o f  oil pe rfo rm an ce  on an engine 
t e s t ; and finally, the  corre lation  betw een field and lab o ra to ry  
tests. I t  a ttem pts to show  th a t u n sa tisfac to ry  engine life  is not 
necessarily connected w ith  the  quality  o f the lubricating  oil, and 
th a t m any o f the fau lts  o ften  a ttrib u ted  to  th e  lubrican t are, in 
fact, contro lled  by incorrect engine design, excessive operating  
conditions, o r  poor m aintenance. B e tte r results can usually  be 
obtained by the use o f  additive trea ted  oils. R eference is m ade to  
the  “Supplem ent 1” series o f oils w hich effectively deal w ith high- 
su lphur Diesel fuels, and exam ples a re  given o f bench and field 
tests carried  out on s tra ig h t and trea ted  oils.—Paper by A. Towle, 
read at a meeting o f The Institution o f Mechanical Engineers, 
14th February 1950.

Lost W a x  Process of Precision Casting
T he paper describes a  casting  process w hich differs from  

standard  foundry  practice in th a t it uses a  w ax  p a tte rn  in a  high 
re fra c to ry  one-piece m ould to  produce m etal castings w ith  a  good 
su rface  finish to  an  accuracy  o f ± 0 '002  inch. T h e  process in­
volves m aking  a  m aste r p a tte rn  in  e ith e r h a rd  wood o r  m etal, 
re la ting  it to  a  so ft m etal die by precision casting technique, and 
then the  production o f  w ax  pa tte rn s fro m  the  die on an  injection 
m achine. F inally, the  w ax  patte rns a re  invested in re frac to ry  
moulds, th e  w ax  is m elted out, the  m ould baked, and the m etal 
com ponent is cast. T h e  “ lost w ax ’'  process is advantageous in 
cases w here (a) the m etal is unm achinable, o r (b) w here  the com ­
ponent is o f  an unm achinable shape, o r  (c) w here production  by 
o ther m ethods takes too long. O ne o f  the  m ost com m on applica­
tions is in the  m an u fac tu re  o f gas-tu rb ine  blades. T he tool costs 
a re  relatively low  com pared to the costs involved in a lternative  
m ethods o f m anufactu re , the  die cost being a  function o f  the 
num ber o f castings required. T h e  production o f  cheap castings is 
necessarily  dependent on the  scrap  percentage being kept to a 
m in im u m ; a t p resent the  scrap fro m  the  m an u fac tu re  o f gas- 
turb ine blades is less th an  30 per cent, and the  au th o r surm ises 
th a t it w ould no t be unreasonable to expect i t  to be less th an  10



40 Engineering Abstracts

per cent in tw o years’ tim e.—Paper by J. S. Turnbull, read at a 
Meeting of The Institution of Mechanical Engineers, 6th January 
1950.

Test Apparatus for Studying Loop Scavenging
A n ap p ara tu s is described fo r studying the  process o f scaveng­

ing the cylinders o f loop-scavenged tw o-stroke engines. T h is con­
sists essentially o f  a  full-scale single-cylinder m odel o f the engine 
with m eans fo r  d riv ing  it fo r  a single p o rting  cycle. T ests upon 
the ap p ara tus are  m ade a t atm ospheric tem pera tu re  and different 
gases are  used a t appropria te  pressures to  sim ulate the  correct 
densities o f  the engine a ir  charge and exhaust gas. T h e  choice 
o f suitable gases perm its an easy analysis o f  the trapped  charge 
fo r  the determ ination o f the efficiency of the scavenging process. 
Som e experim ental results and conclusions a re  presented, including 
the effects o f operating  w ith  high charge densities and exhaust 
back pressures. A  m ethod is developed o f expressing, fro m  the 
experim ental results, the scavenging perform ance o f a  given design 
o f  ports. T h is takes the  fo rm  o f curves relating  the volum etric 
total charge supplied and the charg ing  efficiency w ith the pressure 
ra tio  across the ports. T hese relationships a re  otherw ise indepen­
dent o f  the  m ass charge, the in take density, the exhaust back 
p ressure, and the p ressu re  loss across the cylinder. T h e  influence 
o f c ran k h a ft speed is exam ined, as also a re  some causes o f lost 
efficiency.—Paper by H. Sammons, read at a Meeting o f The In­
stitution o f Mechanical Engineers, 25th November 1949.

Overlaying w ith  Aluminium-bronze Electrodes
W h ere  m etal-to -m etal contact is involved, h a rd  grades o f 

a lum inium -bronze electrodes (160 to  300 B rinell) a re  rapidly 
assum ing an im portan t place in overlaying new  and w orn steel 
p a rts  because they  provide low -friction , non-seizing surfaces and 
w ear rem arkab ly  well. F u rth e r, a lum inium -bronze electrodes can 
be applied to  high-carbon, alloy o r  tool steel w ithout danger o f 
spalling off o r  c racking the paren t m etal. M ost grades o f cast 
iron  and bronze can also be overlayed. O verlays a re  successful 
on difficult-to-weld m etals, such as large  tool steel, m edium  carbon 
o r  cast-iron  gears, because bronze inherently  possesses a 
characteris tic  o f  penetrating  into the pores o f  th e  m etal and 
bonding firmly. A lso, since alum inium  bronze m elts a t approx i­
m ately  1,950 deg. F., 700 degrees less than  steel, it can  be applied 
rapidly  w ithout m ateria lly  affecting the heat trea tm en t in the  parent 
m etal and the deposit feathers ou t as welded and leaves no cra te rs  
w hen the a rc  is broken. M uch o f  the long w earing  characteristics 
o f alum inium  bronze can be a ttribu ted  to  the  h igh polish attained 
by the  bronze as it w ears. E xcellen t life  is obtained even when 
the bronze overlay  is w ork ing  against hardened steel p a rts  due 
to  the  non-seizing effect o f d issim ilar m etals w ork ing  against each 
o ther. B ronze overla id  sh a fts  operating  against pum p packing 
las t three  to  six  tim es longer than  the orig inal sh a ftin g  w hich is 
usually  h a rd er than  the  bronze overlay. I t  is in teresting  to  note 
also th a t packing is trem endously  increased when sh afts  are  over­
layed w ith h a rd  alum inium  bronze because bronze w ears sm oothly 
and does no t pit o r corrode. W hen  sh afts a re  to  be operated  
against bronze bearings, bronze overlays a re  no t recommended 
because the d issim ilar m etal effect w ould no t be present.—J. A. 
Cunningham, The Welding Journal, New York, Vol 28, Decem­
ber 1949, pp. 1162-1165.

Cathodic Protection of Marine Tractor
T his a rticle  sum m arizes the resu lts obtained w ith th e  experi­

m ental installation  o f  galvanic m agnesium  anodes to  counteract 
hull corrosion. T h e  equipm ent on w hich experim entation was 
conducted w as a C hrysler M arine  T ra c to r  (Sea M ule) operating 
in the  sea w a te r o f the  F reep o rt harbour. T his equipm ent could 
be dry-docked a t convenient in te rvals fo r inspection, and its con­
s truc tion  w as such th a t m agnesium  anode a ttachm ents could be 
m ade readily  to  the hull. U nderneath  su rface  p rotection  consisted 
o f  th ree  coats o f  a  vinyl-type pain t follow ed by a  vinyl anti- 
fouling top coat. S ix  SO-lb. h igh  p u rity  m agnesium  alloy anodes 
then  w ere installed in the  tunnel section under the deck. A ttach ­
m ent o f  the anodes w as accom plished by welding extension rods

to the ends o f the |- in ch  pipe w hich runs th rough  a  standard  501b. 
sea w ater anode, and then bolting these rods to  angle iron cross 
braces. F o u r days a f te r  the launching of the  “ M ule”, a  potential 
survey was m ade w ith a special C u -C u 3 (); reference electrode and 
it w as found th a t no point on the  hull w as below a  potential o f 
1-0 volt, which indicated th a t the  underw ater surfaces w ere under 
effective protection. T h e  Sea M ule operated  in the F reeport h a r­
bour fo r five m onths and was then  dry-docked fo r inspection. 
O bservations indicated th a t h ighly sa tisfac to ry  resu lts  w ere being 
obtained, because there  was no significant b listering o f the  anti- 
fouling paint and the coating breaks caused from  abrasion  showed 
no signs o f  corrosion. A  protective  coating had form ed on the 
hull w here th e  original pain t film w as in ju red  in welding on the 
channel sections. I t  is calculated th a t the  average overall curren t 
density applied was 12'8 ma. per sq. ft. A s indicated by a 
m inim um  C u -C u S 0 4 potential reading o f 1-2 volts taken a f te r  
three  m onths o f  operation, the  above cu rren t density  is consider­
ably in excess of the am ount actually  requ ired  fo r  effective p ro­
tection.— O. Osborn, Corrosion, Vol. 5, December 1949, p. 416.

Chromium-plated Piston Rings
Chrom ium  has long been known to  be extrem ely w ear- and 

corrosion-resistant, and the p lating  of w earing  p a rts  in  in ternal- 
com bustion engines is by no m eans new, and has proved successful. 
H ow ever, its success in th is field has alw ays been ham pered by the 
problem  o f  m aintain ing  an  oil film on the surface, difficulties of 
processing and accurate  sizing, and of relatively h igh cost. T he 
a lte rna tive  proposition of chrom ium  plating  the piston rings has 
been studied and one o f the results has been th a t such rings not 
only reduce ring  w ear but show an equally good im provem ent in 
cylinder bo re  w ear. S tudying w ear results w ith  different m aterials, 
it is usual that, o th er things being equal, cylinder bore w ear is 
generally  less the ha rd er the ring  m aterial. In  carry ing  this to  
the extrem e, when using chrom ium  plating, it is found th a t bore 
w ear can be reduced to  one h a lf the norm al ra te  and frequently  
has been reduced to  m ore th an  a  q u a rte r o f the usual value. T h e  
hard  ring  seems to  reduce bore w ear fo r tw o m ain reasons. In  the 
first place, i t  does not allow  particles of loose abrasive to embed 
into the su rface  o f  th e  ring  and th u s lap the bores. Secondly, the 
hard  ring  does tend to  resist w ear, and in  so doing there  is less 
abrasive m ateria l being removed, which in  tu rn  w ould w ear the 
cylinder bore. A  th ird  featu re  o f  the chrom ium -plated ring  is its 
resistance to scuffing. I t  is fe lt by m any th a t the g rea te r p a r t o f 
norm al cylinder w ear takes place by a ttrition . T his process occurs 
in the  m ain at the top position of the piston ring  when relative 
m otion is nil, and th ere fo re  the oil film is replaced by boundary 
lubrication when operating  tem pera tu res a re  highest and when a  
sudden rise  in gas p ressure  forces the ring  ou t against the  cylinder 
wall. T h is  m ust inevitably cause som e m etal-to -m etal contact and 
local m icroscopic seizures. C hrom ium  seem s to  be resistan t to 
the local seizure and hence im proves the  life  o f th e  affected parts. 
In developing chrom ium -plated  rings th ere  have been m any diffi­
culties to  overcom e. In  the  first place, the problem s of adhesion 
betw een cast iron  and chrom ium  presented—as th e  liner-p lating  
specialists found  before  the w ar—a m ultitude o f  difficulties which 
have now been solved. T he n e x t difficulty w as to  avoid sharp  
ragged  edges a t th e  co rners o f  the rings, and th e  standard  p ro ­
cedure now  is to  use a sm all cham fer before  p la tin g ; this has 
en tirely  solved the  problem . T he nex t troubles w ere found in 
operation  w here, because th e  chrom ium  is so w ear resistant, it 
takes a  very long period  to  bed into th e  cylinder. T o  overcom e 
this, sm all d iam eter rings a re  m anufactured  w ith a  tapered  peri­
phery  of i  deg. to  1 deg., and are  lightly lapped in a  dum m y cylinder 
to  establish a n a rrow  land o f contact around the fu ll c ircum fer­
ence. T hese  rings rapidly  bed into the cylinder and a t the same 
tim e establish im m ediate oil control. F o r  th e  la rg e r diam eter 
rings, such as a re  used in Diesel engine, taper tu rn in g  is no t p rac­
ticable, and a lternative  m eans a re  being used quite effectively. 
C hrom ium -plated rings a re  now in reg u la r p roduction  fo r  m any 
types o f  petrol and Diesel engines and a re  standard  fitment by a 
num ber o f  m akers w ith engines up  to 84 inch bore size. T he 
em ploym ent o f  such rings in engines o f appreciably larger cylinder 
bore is new, but p rogress is being made.—Gas and Oil Power, Vol. 
44, December 1949, pp. 370-371.
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Roller Chain Drives
T h e  pow er capacity o r  ra tin g  o f a  ro ller-chain  drive is an 

im portan t featu re  to  the user, designer, and m an u fac tu re r o f the 
drive. M any successful drives have been and are  in operation, 
and m uch operating  experience has been gained. T here  is a  real 
need, however, fo r  a  c learer p ic tu re  o f  the m echanics o f  the 
ro ller-chain  drive. I f  a  ra tional study w ere  available, it w ould 
help in the o rganization  o f lim ited d a ta  fo r  general use, and it 
would help in solving the m any special cases th a t arise. An 
analytical study of a  sim ple type o f ro ller-chain  drive considering 
w ear and vibration  is presented by the  au thor. T he operating  
range o f  the drive is divided into tw o  regions. Pow er-speed re­
lations a re  given fo r  these tw o regions. In  one region the im ­
pressed tooth  contact frequency is equal to  o r  less th an  the highest 
n a tu ra l frequency o f the s trand  v ibration . In  th is region vibration 
characteristics m ay  be co rre la ted  w ith ro lle r im pact and such 
possible consequences as ro lle r breakage, noise, heating, and w ear 
o f  sprocket teeth. In  the o th er region th e  im pressed frequency is 
above the highest n a tu ra l frequency o f s trand  v ibration, and the 
m ajo r fa c to r is chain w e a r and elongation. T h e  complete 
mechanics o f  th e  ro ller-chain  d rive  is quite complicated, and thus 
a com pletely ra tional solution o f the  pow er-capacity  problem  
appears difficult. I t  seems th a t the best th a t can be done w ith  the 
p resen t available in fo rm ation  is to  block ou t a  general analytical 
m ethod o r  fram ew ork . N um erous facto rs have to be considered 
fo r  the general case o f pow er rating . F o r  exam ple, one service 
requirem ent on th e  drive m ay be a certain  lim it on th e  chain w ear 
elongation over a  certa in  period o f  tim e. F o r  an  exceptionally 
severe application a lim it m ay  be placed on ro lle r breakage and 
abuse. A no ther lim it m ay be placed on the  noise o f the  drive, 
and a lim it m ay also be placed on the  overall dim ensions o f  the 
drive. T hus, in th e  general case, it m ay be necessary to  consider 
various separate fac to rs  and to  select one drive  w hich w ill sa tisfy  
all the separate lim its imposed. A  review  o f th e  n um erous facto rs 
involved indicates th a t  tw o m ain  ones a re  w ear and v ibration. 
T hey  have som ew hat the ch aracte r o f  m a jo r  independent factors. 
I t  appears th a t o th er fac to rs  can be correlated  w ith these two, 
and th a t  the  analytical fram ew ork  should include these tw o factors, 
a t least in m ajo r roles.—Paper by R. C. Binder, read at the 1949 
A.S.M.E. Annual Meeting; paper No. 49-A-10.

Steam Cycle at 1,600 deg. F.
A s th e  cost o f fuel increases, it becom es m ore im portan t to 

evaluate th e  savings w hich m ight be effected by increasing  the 
steam  tem p era tu res in th e  pow er p lan t o f  the fu tu re . Because o f 
the wide general in te rest in th is problem , the A .S .M .E. Special 
R esearch Com m ittee on H ig h  T em pera tu re  Steam  Generation re ­
quested the  au tho rs to  p repare  a  paper covering tw o points : (1) 
the probable therm al gains by the  use o f  h igh-tem pera tu re  steam  
in the  regenerative cycle, and (2) the possible fuel savings that 
m ight result. T h e  regenerative-steam -cycle h ea t-ru n  gains that 
m ay  be realized a t tem pera tu res up  to  1,600 deg. F . a re  presented. 
T hese  gains a re  calculated fo r  a  theoretical cycle and also fo r  a 
practical cycle w herein  such losses as ex traction  piping p ressure  
drop, h eater term inal tem pera ture  differences, etc., a re  considered. 
A n econom ic evaluation includes such fac to rs  as fuel costs, load 
characteristics, aux iliary  pow er requirem ents, boiler efficiencies and 
annual fixed charges. A  m ethod o f com paring  the  h eat-ra te  gains 
due to  h ig h er steam  tem pera tu res w ith those m ade possible by 
resuperhea ting  is provided. I t  is found th a t the  p ractical cycle 
show s less im provem ent w ith  increasing  pressure, and m ore im ­
provem ent w ith increasing tem peratu re, than  the  theoretical cycle. 
T h is re lationship resu lts  fro m  the  fact th a t the practical turbine 
loses in efficiency w ith  increasing  pressure, and gains in efficiency 
w ith  increasing tem peratu re, w hile  the theoretical tu rb ine  is 
assum ed to  be alw ays 100 per cent efficient. T hese trends are  not 
a t all n e w ; the  only novel featu re  is the  extrapolation  o f  the trends 
to  show  w hat econom ies m ay be expected a t tem pera tu res up to
1,600 deg. F . and p ressures up  to 3,0001b. pe r sq. in. abs. U se o f 
steam  tem pera tu res in pow er p lants above the  present 
m axim um  o f  1,050 deg. F . w ill depend on th e  developm ent o f 
suitable m ateria ls fo r  the  h igher tem peratures, and on the  design 
o f acceptable equipm ent, p a rticu larly  boilers and turbines, a t a  cost

com m ensurate w ith  the  therm al gains to  be realized. Since the 
costs o f  such m ateria ls and equipm ent a re  not presently  available, 
th is  paper has presented only the to ta l investm ent w hich could be 
justified on the  basis o f  the therm al gains expected a t th e  h igher 
steam  conditions.—Paper by P. H. Knoivlton and R. IV. Hartwell, 
Jr., read at the 1949 A.S.M.E. Annual Meeting; Paper No. 49-A-33.

Modernization of the Michigan Tank
T he E xperim en tal N aval T an k  at the  U niversity  o f M ichigan 

was bu ilt in 1904 to  serve as a  lab o ra to ry  fo r  th e  D epartm en t o f 
N aval A rch itecture  and M arine E ngineering. I t  w as the  second 
tan k  to be constructed in th e  U nited  S ta tes and w as 300ft. long by 
22ft. w ide a t  the w a te r  su rface, by 10ft. deep. W ith  the  recent 
addition o f 60ft. to  its length it still rem ains the largest tan k  on 
the  A m erican C ontinent owned by an agency o th er th a n  the  U .S. 
Governm ent. T h ere  is a  m ovable false bottom  which can be 
low ered on threaded rods du rin g  deep w a te r tests to 7 feet o r 
raised to  the  w a ter su rface  fo r  shoal w a ter tests. T h is bottom  
extends from  the s ta rtin g  end o f the  test section fo r  a  distance of 
133 feet. T he rem aining portion  o f  the test section is o f  full 
depth so th a t it is possible to  obtain both shoal and deep w a ter re ­
sistances du rin g  the sam e test run. T he fa lse  bottom  does not 
extend to  the tan k  sides, th u s p e rm itting  w a ter circu la tion  around 
the edges as the  m odel passes over. I t  is believed th a t th is featu re  
contributes g rea tly  to  the  ability  o f th e  tank  to  predic t fu ll-scale 
perfo rm ance  accurately  in shoal w a ter O ne o f  the  difficulties m ost 
prevalen t in m odel basin w ork  is th a t o f  p roducing tu rbu len t flow 
over all o r  n early  all o f  the  model su rface  in o rd e r th a t the full 
scale resistance can be predicted accurately . T h e  tank  has used 
a  needle spray  fo r  several years to  condition th e  w a te r so th a t 
tu rb u len t flow will be easier to  produce. T h ere  is a  sp ray  pipe 
across the fro n t o f  the c a r in which a re  tapped 15 nozzles 0 -106 inch 
diam eter. A 20 gal. pe r min. cen trifugal pum p supplies w ater a t 
201b. pe r sq. in. in the  spray  pipe ju s t  ahead o f  the  nozzles. T he 
nozzles a re  directed vertically  into the w a te r  and the  je ts m ay  be 
fe lt to  a  depth o f about 15 inch. T h is equipm ent is operated  on the 
back trip  only, being idle du ring  the actual resistance tests. T h is  
is effective in rem oving stagnant dust layers which m ay have some 
influence on test resu lts . T h e  scum  is forced over the beach to  
the  g u tte r  a t  the  north  end o f the  tan k  and th u s cannot w o rk  its 
way back over the  surface .— C. IV. Spooner, Jr., Marine Engineer­
ing and Shipping Review, Vol. 55, January 1950, pp. 42-46.

New  Propeller Dynamometer
A new  dynam om eter fo r  tan k -tes tin g  o f m odel p ropellers h as 

recently  been installed a t  the E xperim ental T ow ing  T an k  of 
Stevens In stitu te  o f  Technology, Hoboken, N .J. T h e  new  dynam o­
m eter incorporates electrical resistance s tra in  gauges to  m easure 
to rque  and th ru s t w ith  m inim um  m ovem ent o f  the  p ropeller re la ­
tive  to  the  hull model. A ll readings a re  taken  on dials a t a  central 
contro l point, an  a rran g em en t th a t is found  to  be a  g re a t im prove­
m ent over the ex isting  g rav ity -type  dynam om eter. Su itable  fo r 
propellers from  3 to  6 inch in  diam eter, the dynam om eter is driven 
synchronously by a three-phase m oto r controlled by a  special 
General E lectric  “T h y m o tro l” variable-frequency g en era to r set. 
T h e  revolutions a re  recorded au tom atically  a t the control point. 
F o r  m ulti-screw  models, duplicate three-phase m otors installed to 
d rive  the o th er shafts, ru n  a t exactly  the sam e speed as the sh a ft 
on w hich m easurem ents a re  being taken.— Marine Engineering and 
Shipping Review, Vol. 55, January 1950, p. 78.

Self-bailing Self-righting Lifeboat
A  new  m oto r lifeboat w ith  the  unusual featu res o f  being 

able to r ig h t itse lf and bail itself ou t if  capsized in a  heavy sea, 
recently  underw ent tests given by the  U .S . C oast G uard  a t C urtis 
Bay, Md. T he tests effectively dem onstrated  th a t, even i f  the  new 
boat w as tu rned  com pletely up-side-dow n, i t  w ould ro ll to  an 
uprigh t position, d rain  itself d ry  th ro u g h  baling scuppers and be 
under w ay again w ith in  a  m atte r  o f  seconds. T he c ra f t’s pow er 
p lant continued to  function  norm ally  du rin g  all stages o f  the 
operations. T h e  boat w as designed by Coast G uard H ead q u a rte rs  
and bu ilt in 1948. I t  is 36ft. 8in. in length, has a  beam  m easure­
m ent o f  10ft. lin . and draw s 3ft. 3in. o f  w ater, light. P o w er fo r
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propulsion is furnished by a  4-cylinder General M otors Diesel 
engine w ith hydraulically  actuated  reverse gear. D rive to  the 
26-inch by 21-inch propeller is th rough  a  2 to  1 reduction gear. 
A t 8 knots cru ising  speed the engine tu rn s a t 1,500 r.p.m. and 
consum es 5'5 gals, o f fuel per h o u r .—Marine Engineering and 
Shipping Review, Vol. 55, January 1950, p. 40.

Aluminium Dipping Process
T he alum inium  process is prim arily  applied fo r the purpose 

o f the scaling of steel a t m oderately high tem peratures. In  this 
process the  iron or steel surfaces a re  im m ersed in a bath  o f m olten 
alum inium . T h e  penetration of the  alum inium  into the iron as 
required fo r  the  achievem ent o f an adherent coating will take 
place only i f  the iron  su rface  has been com pletely freed from  
oxides. M oreover, the surface  o f the  alum inium  bath m ust also be 
free  from  an oxide layer, as such a  layer would keep the liquid 
alum inium  from  com ing into contact w ith the su rface  o f the 
m etal to  be tre a te d ; and it is th is requirem ent which m akes the 
practical application o f the liquid bath  process m ost difficult. 
Im m ersion o f the  w ork  su rface  in a  m olten salt bath has been 
found to provide an effective m ethod fo r  cleaning th e  su rface  of 
the w ork p rio r to  the  dipping process and various sa lt bath  com ­
positions have been proposed. In  the D ellgren  process the  access 
o f atm ospheric oxygen a t any stage o f the  alum inium  dipping 
process is prevented by special means. T h u s a  protective 
atm osphere is provided during  the prelim inary  salt bath  treatm ent, 
du ring  the tran s fe r  of the w ork piece in to  the bath  and a lso  during 
the cooling process. T h e  protective a tm osphere m ay be either 
hydrogen o r tow ns gas. T hese precautions g reatly  com plicate the 
execution o f the process and m ay even m ake its application im ­
possible w here bulky and complicated m etal su rfaces a re  con­
cerned ; also, trea tin g  plants o f this type are  costly to  install and 
m aintain. T he D ellgren process is said to be employed in Sw eden 
w ith good results. In  the treatm ent o f  steel tubing, an alum inium  
layer of some 0 002S inch thickness is, it is reported, p ro ­
duced, and the  brittleness o f the alum inium  layer can  be 
m inim ized in this process by em ploying an alum inium  bath con­
tain ing  sm all additions o f  zinc. A  relatively recent process which 
is claim ed to be m eeting w ith  considerable success in the  U nited 
S ta tes is the  M oeller process, w hich in this country  is covered by 
a B ritish  P a ten t and in w hich the  bath  o f m olten a lum inium  is 
carried  on top o f  a  layer o f m olten salts, the liquid alum inium  
floating on top  o f the  heavier salt bath. T h e  process is carried  
out by first im m ersing  the a rticle  to  be coated in the bottom  layer 
o f m olten salt fo r  the  purpose of deoxidizing the  su rface  and heat­
ing the  article  to  p ro p er process tem pera tu re . A f te r  that, the 
a rtic le  is ra ised  in to  the layer o f  m olten alum inium  w here the 
su rface  receives its coat o f alum inium . T h e  underly ing principle 
o f  the  process is to  deoxidize the  iron su rface  and then  to expose 
it to the  m olten alum inium  w ithout interm ediate exposure  to any 
kind o f a tm osphere .—Engineering and Boiler House Review, Vol. 
65, January 1950, pp. 13-15, 25

Stress Corrosion Tests
T h e  paper describes a  series o f tests carried  ou t using an 

ap p ara tu s specially designed fo r stress-corrosion  investigations a t 
high tem peratures. T h e  specimens, w hich w ere o f hollow  form , 
w ere inserted into the base o f an  autoclave and loaded by means 
of a lever system , th rough  a push  rod inserted in the  specimen. 
T h is  a rran g em en t perm itted  th e  production  of accurate  notch- 
fo rm s on the ex ternal su rface  in contact w ith the sodium  hydroxide 
solutions. I t  w as found possible to produce fa ilu re  o f notched 
specim ens rap id ly  and consistently, but hom ogeneously stressed 
specim ens w ere  im m une. T he frac tu res  w ere in ter-crysta lline  and 
typical o f those occurring  in practice. D ilu te  solutions, though  not 
entirely  im potent, w ere found  to  be very  m uch less effective than  
those of h igh  concentration. T h e  presence (o r absence) o f  silica 
in the solutions exerted  no  appreciable influence. N e ith e r the 
addition  o f  tannin nor the use o f fine-grain steels was completely 
effective in preventing in te rcrysta lline  failure, though  in the  case 
of the latter, increased resistance w as noted in some cases. Cathodic 
polarization w as found to be protective while anodic polarization

did not prevent, and possibly hastened, fa ilu re .—Paper by C. D. 
Weir, submitted to The Institution of Mechanical Engitieers for 
written discussion, 1950.

Resin Coating for Metal
I t  is announced in the U nited  S tates th a t a m ethod o f m aking 

tetra-fluoroethylene resin adhere to  m etals and a process fo r 
p reparing  the finish in a  sprayable fo rm  have been discovered. 
T he developm ents a re  expected to  be o f considerable in terest to 
the electrical and chem ical industries. T he m ateria l m ay be used 
fo r corrosion-resistan t linings fo r chem ical tanks, as an insulating 
m ateria l fo r w ire in electric m otors, transfo rm ers, and fo r coating 
fabrics m ade o f glass fibre. T he product is claimed to resist 
a ttack  by alm ost every chem ical (but not m olten a lkali-m etals) up 
to  500 deg. F. Its  heat resistance is said to  perm it the  production 
of h igher capacity electric m otors w ithout any substan tia l increase 
in size.—Petroleum, Vol. 13, January 1950, p. 19.

Examination of Surfaces
P erm anen t and accurate  th ree  dim ensional records o f surface 

finish and dam age can now be made. T h e  process is simple and 
can be used by inexperienced personnel w ithout w eighing or heat­
ing equipm ent. T h e  record is m ade by casting  on to the surface  
under study a therm osetting  resin which hardens in approxim ately  
tw enty  m inutes a f te r  the  addition o f  a  catalyst. T he resin and 
catalyst a re  prew eighed and packaged in sm all containers ready 
fo r  im m ediate use. E x te rn a l heat and pressure  a re  not required. 
A f te r  the  resin hardens the casting is rem oved fo r study. The 
negative replica m ay be tested w ith a  profilom eter o r sim ilar 
su rface  m easuring  instrum ent w ithout dam age to  the casting. Gear 
teeth, shafts, bearings, journals, headers, valves, cylinders, rolls, 
screw  threads, m achine ways and o ther p a rts  m ay be inspected 
and facsim ile records m ade by use  o f  resin casting. T h is m ethod 
o f recording su rface  conditions is considered an  invaluable tool 
fo r  research, test, developm ent, m an u fac tu rin g  and inspection 
facilities.—J. W. Sawyer, Journal of the American Society of 
Naval Engineers, Vol. 61, November 1949, pp. 819-827.

Double-acting Two-stroke Engine Installation
T h e  m.s. Sirius built in H olland  fo r the F inska A ngfartygs 

\.B . is fitted w ith  a double-acting tw o-stroke Sulzer engine, o f 
(vhich few  have been built in recent years fo r  m arine service, 
especially o f the size in question. T h e  engine o f the Sirius has 
seven cylinders w ith a  d iam eter o f  530 mm. the piston stroke being 
800 mm. T h e  ou tpu t is 3,500 b.h.p. a t 180 r.p.m. giving the vessel 
a  speed of 16 knots. T he deadw eight capacity o f  th e  vessel is 
4.000 tons.— The Motor Ship, Vol. 30, January 1950, p. 422.

Small Ceared Diesel Ship
T h e  Knut Jarl which has been bu ilt fo r  th e  N o rth  Sea and 

coastal trad e  o f D et N ordenfje ldske D /S  by Jam es L am ont and 
Co., L td., Greenock, is a  vessel o f 235 feet overall length w ith a 
m oulded bread th  o f 35 feet, and a g ross reg is te r o f 1,026 tons. 
She is equipped w ith a  Sw edish-built N ohab  tw o-stroke eight- 
cylinder engine, developing 1,440 b.h.p. a t 300 r.p.m., and driving 
the p ropeller a t 140 r.p.m. th rough  a  reduction gearbox. Three 
60 kW . Diesel engined dynamos are  installed, one o f  them  driving 
a tw o-stage a ir  com pressor th rough  a  friction  clutch. T h e  engine 
room  aux iliaries a re  electrically d riv en ; as a re  the  winches on 
deck and the anchor windlass. T he designed speed of the vessel 
when fu lly  loaded is 12* knots and on tria ls  a  speed o f 13! knots 
was a tta ined .— The Motor Ship, Vol. 30, January 1950, p. 411.

Vibration of Piping Caused by Cas Pressure Pulsations
P rac tica lly  all com pressors and th e ir  associated piping will 

show  evidence o f certa in  dynam ic forces w hich a re  the result o f 
the reciprocating  action o f the com pressor pistons. One o f the 
m ost im portan t o f  these is the presence o f  pulsative flow in the 
gas phase o f the system. A ccom panying these m ore o r  less rapid 
periodic v ibrations in flow ra te  a re  corresponding periodic changes
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in p ressure  o f the com pressed fluid know n as pressure  pulses. 
Som e o f the energy contained in such pulses, which are  propagated  
th ro u g h  pipes w ith  approx im ately  the speed o f sound, m ay be 
converted to  physical v ib ration  o f  piping, associated equipm ent, 
and supporting  s truc tu res, depending upon the am plitudes and fre ­
quencies o f the sinusoidal com ponents m aking up the  pulse w ave 
shape. T h is conversion is due to  the  presence o f m echanically 
resonant com ponents in th e  p iping and associated s truc tu res 
sym pathetic to  th e  frequencies present in the pressure  pulses. 
A coustical resonance effects o f cham bers and pipe lengths involved 
in the flow path  can be o f considerable im portance and actually  
o ften  preven t th e  accu rate  m easurem ent o f the pulsation w ave 
shape produced by th e  com pressor action  because o f its m asking 
influence. W hen  using  reciprocating  com pressors, it is practically  
impossible to  separate  the effects o f com pressor valve action and 
piping resonance. T h e  resonance effects o f  piping and m anifolding 
cham bers can o ften  produce econom ic loss in that they  m ay a lte r 
the effective sta tic-pressure  conditions a t  the  ju n c tu re  o f com ­
pressor valve and piping so th a t a  real and undesirab le  increase 
in engine fuel consum ption o r ho rsepow er requirem ent becomes 
necessary  T h is  is a  standing w ave condition w hereby the reflected 
p ressu re  w ave o r  pulsation produces an increase in th e  average 
p ressure  a t the  ou tle t o f the com pressor cylinders a t approxim ately  
the  tim e when the valve opens to  discharge ano ther com pressed 
“slug” o f gas into the line. A s m igh t be expected, the resulting  
e rra tic  valve action m ay also  be recognized by an increase in the 
ra te  o f w ear w ith consequent rise  in valve-replacem ent costs.— 
R. C. Baird and I. C. Bechtold, Transactions A.S.M.E., Vol. 71, 
November 1949, pp. 989-995.

Large French River Tug
T h e  large riv er tu g  Frederic Mistral o f  the L loyd Rhenan 

has been lent to  the Cie N ationale  due R hone fo r  the purpose of 
carry in g  out tests w ith  screw  propelled tu g s on the R iver Rhone. 
T he Frederic Mistrel was bu ilt in 1948 a t the N orm andy yard  of 
the Soc. des C hantiers et A te lie rs de St. N azaire  (Penhoet) and 
proceeded from  L e H a v re  v ia  B res t-G ib ra lta r-P o rt St. Louis-du- 
Rhone un d er h e r own pow er. L eng th  betw een perpendiculars is 
70 m etres, b read th  is 8-80 m etres, d ra f t  is 1 -25 m etres, block co­
efficient is 0694, and displacem ent is 535 tons. T he vessel is pro­
pelled by fo u r  4-stroke cycle engines o f th e  S.G .C .M .-M .A .N . type 
o f 8 cylinders, bu ilt by the Societe G enerate de C onstructions 
M ecaniques a t L a  C ourneuve. C ylinder bore is 300 mm. and stroke 
is 380 mm. E ach engine develops 550 b.h.p. a t 470 r.p.m., bu t is 
capable o f  developing 700 b.h.p. a t 550 r.p.m. M.e.p. is 4-9 kg. 
pe r sq. cm. and p iston  speed is 5-95 m etres per second. T h ere  is 
a  reduction g ea r giving the  screw  propeller a speed of 290 r.p.m. 
w ith an engine speed o f 470 r.p.m. P ro p e lle r d iam eter is I -70 
m etres. A u x ilia ry  equipm ent includes tw o  90 e.h.p. Diesels, each 
d riv ing  a  three-phase a lte rn a to r ra ted  75 kW . a t 1,000 r.p.m. 
T h ree -p h ase  a lte rna ting  cu rren t w as chosen because delivery of 
th is type o f m achinery could be obtained m ore rapidly  than  o f d.c. 
m achinery. A lso the w eight o f  a.c. m achinery is less than  th a t o f 
corresponding d.c. m achinery. W ith  a  trac tiv e  effort o f 16 tons 
the  vessel m aintains a  speed of 18 km . per hour.— G. Garric, Les 
Nouveautes Techniques Maritimes en 1949 (Special Issue O'f 
Journal de la Marine Marchcmde), pp. 167-174.

Ventilated  Thermal Insulation for M arine Cas Turbine Plant
T h e  o rthodox  design o f therm al insulation fo r  pow er plant 

service is based prim arily  upon the objective o f conserving the 
energy  o f  the  therm odynam ic w ork ing  substance. H ow ever, 
additional functions m ust he satisfied fo r  m any specialized in sta lla ­
tions. I f  a  high tem p era tu re  p lant m ust be installed in a lim ited 
space, w here operating  personnel a re  in continuous attendance, as 
in a  m arine  installation, a  m ost im portan t function is to reduce 
the  heat leak into th e  m achinery space. In  conventional insulation 
s tru c tu re s  the heat leak fro m  the w ork ing  substance is o f the 
sam e m agnitude as the  heat leak to  the m achinery space. Con­
sequently, m inim izing one, will m inim ize th e  other. A  com parison 
o f steam  tu rb ine w ith gas tu rb in e  plants shows th a t the  ho t duct 
flow a reas o f the gas tu rb ine  p lan t tend to be 40 to  50 tim es 
g re a te r  than  the  corresponding areas in steam  plants. T h e  result 
is th a t ho t-duct surface a reas are  o f the o rd er o f seven times

g re a te r  fo r  a  given length o f  duct. F u rth e r, th e  tem pera tu re  
difference to  be insulated against is perhaps tw o to  th ree  tim es 
g rea te r th an  th a t fo r  a com parable steam  plant. I t  is evident 
th a t the application o f a  conventional type o f insulation to  a  gas 
turb ine plant, o f a th ickness su itable fo r a steam  plant, w ill resu lt 
in a  m achinery space leak o f 10 to  20 tim es th a t  o f  th e  steam  plant. 
E ven w ith a g reatly  increased m achinery space ventilation, a su it­
able thickness o f a conventional insulation s tru c tu re  w ill be of 
the o rd e r o f 15 to  25 inch. I t  is believed th a t the bulk and w eight 
o f  insulation  of th is thickness w ill be a  serious handicap in the 
adoption o f a  gas tu rb ine as prim e m over. T h e  system  proposed 
in this paper consists o f a layer o f p rim ary  insulation  several 
inches in thickness ad jacen t to  the hot surface . T h is layer con tro ls 
the m agnitude o f the heat leak from  the w ork ing  substance. N ex t 
to  this layer is a  ventilated annulus, and outside o f the ventilated 
annulus is layer o f  blanket insulation, 1 to  i  inch thick, which, w ith 
the cooling a ir  flowing th rough  the  annulus, serves to m inim ize 
the  h eat leak  into the  m achinery  space to the desired m agnitude. 
Such a struc tu re , w ith an overall thickness o f  4 to  5 inch fo r a 
hot-w all tem p era tu re  o f  1,500 deg. F . will reduce the heat leak 
into the  m achinery  space to  substantially  less th an  th a t o f the 
conventional installation in a  steam  plant. Som e prelim inary  test 
resu lts o f such an  insulation stru c tu re  a re  included in the paper.— 
A. L. London and S. R. Garbett, Transactions A.S.M.E., Vol. 71, 
No. 7, 1949, pp. 817-824.

Metals at High Temperature
W hen m etals ae subjected to  repeated  cycles o f  stress a t  high 

tem peratu res, th e ir  p erfo rm ance  is affected by changes in section, 
su rface  finish and su rface  condition (i.e. the  m echanical properties 
o f  the o u ter layer o f  m etal and the  presence o r  absence of defects 
in it) ju st as it is a t o rd in ary  tem pera tu re. M ost knowledge about 
the fa tigue o f m etals rela tes to  steel a atm ospheric  tem perature. 
Steel does no t creep a t th is tem pera tu re , and the  com plications that 
a re  in troduced when the  behaviour o f  steel is considered under 
repeated cycles o f  stress a t h igh  tem p era tu re  arise  fro m  the  fact 
th a t the application o f repeated cycles o f  stress to  a  m etal that 
can creep have to  be dealt with. I f  changes in section, su rface  
finish and su rface  condition a re  ignored, the  study  o f the  fatigue 
o f steel a t a tm ospheric  tem p era tu re  is simplified by the fac t th a t 
steel a t atm ospheric tem pera tu re  has a  definite fa tigue  lim it in 
th a t a  com bination o f  m ean-stress and range o f stress th a t  can be 
w ithstood fo r  10 m illion cycles, can be w ithstood fo r  an indefinite 
tim e, and longer tests do no t need to  be c a rried  out. A t high 
tem peratures, how ever, several o th er fac to rs  have to  be taken  into 
account. In  the first instance, as the m echanical p roperties vary  
rapidly  w ith tem pera tu re  in th e  h igh tem pera tu re  range, tem pera­
tu re  has to  be included as an im portan t variable, and in addition, 
as tim e is in a  sense equivalent to  stress in the  range o f  tem pera­
tu re  in which a m etal can creep, th is has also to  be considered as 
an im portan t variable. F u rth e rm o re , un d er h igh tem p era tu re  con­
ditions com ponents can fa il by deform ing  too m uch as well as 
by breaking, and repeated cycles o f  stress can produce deform ation  
as well as frac tu re . C onsequently  the  study o f the  fa tigue o f  steel 
a t  h igh tem pera tu res involves the  investigation o f  the relations 
between tem perature, m ean-stress range o f stress, tim e and the 
num ber o f cycles on the one hand, and deform ation  and frac tu re  
on the other, and a lthough tim e and th e  num ber o f  cycles a re  
related  by the  frequency o f  the cycles, the  position w ith regard  to 
the study o f  the  fa tigue  of steel a t h igh tem pera tu res is m uch 
m ore com plicated than  th a t w hich arises a t o rd in ary  tem peratures. 
Finally, m etals subjected to  repeated cycles o f  stress a t tem p era ­
tu res  a t which they can creep, do no t have definite fa tigue  lim its 
th a t can be revealed in tests involving ten m illion cycles. I f  they  
have a  fatigue lim it it requires tests o f some hundreds o f  m illions 
o f  cycles to  d iscover it, and in general it is best to  assum e th a t they 
have no fa tigue  lim it a t all, and th a t if  any test is continued long 
enough they will u ltim ately  break. T h is b rings the  behaviour o f 
m etals under repeated cycles o f  stress a t h igh tem p era tu res  into 
line w ith  th e ir behaviour un d er sta tic  stress.—J. M. Robertson, 
Heaton W orks Journal, Vol. 5, No. 29, 1949, pp. 303-315.

Diesel Driven Heat Pump Evaporator
In  view  o f  the  increasing im portance o f the economic opera-
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tion o f  all types o f  m arine vessels, attention is d raw n by the  
au th o r to  a  new  type o f D iesel-driven heat pum p evaporator which 
offers a  m ethod o f d istilling fresh  or sea w ater m ore economically 
th an  by any o th er m ethod. T h e  type o f evaporato r described re­
quires no  chem ical knowledge, can be operated  by crew s of cargo 
ship standard  and, i f  necessary, can be completely autom atic, 
possesses highly economic characteristics combined w ith ease of 
installation  and m aintenance, w ith m inim um  repair cost. T he 
effluent from  the evaporator m ay be used in com plete confidence 
fo r h igh-pressure  boilers, m aking the  advantages o f h igh-pressure 
steam  available to the sm all ship. T he fundam entals o f h eat pum p 
evaporation are  explained by the  au thor. T h e  num erical exam ples 
given include data  on the expected perform ance of a  Diesel driven 
evapora to r p lan t d istilling 10,0001b. per hour fro m  raw  sea water. 
T w o  types o f vapour com pressor a re  described, one being o f the 
ro tary  design and th e  other a  cen trifugal m achine w ith single stage 
impeller. T h e  au th o r gives analyses o f raw  w ater supplied to  a 
heat pump evap o ra to r and its distillate. A lthough the heat pum p 
ev apora to r w as operating  under overload conditions 9 9 4  per cent 
of the original to ta l solids w as found to be removed. T h e  removal 
o f 98-2 per cent o f  silicon ( S i0 2) suggests the  elim ination 
o f encrustation  o f superheaters and tu rb ine  blading due 
to  carry -over th rough  these com ponents w ith  consequent im prove­
m ent o f boiler and tu rb ine  efficiency. T h e  paper includes a d iagram  
c ircu it o f a  p lan t o f the type re fe rred  to.—5". B. Jackson. Trans­
action of the Institution of Marine Engineers, Vol. 61, December
1949, pp. 225-230.

Ruston Gas Turbine
T h e  R uston and H ornsby  G as T urb ine  (see Engineering 

A bstracts. D ecem ber 1949, p. 124) has shown a  m easured fuel con­
sum ption a t h a lf full load and full load of 0'771b. per b.h.p. per 
hr. and 0.591b. per b.h.p. per hour respectively, these figures agree­
ing closely w ith the predicted therm al efficiencies at these 
loads. T he consum ption o f  lubricating  oil is negligible. W ith  
a  m axim um  gas tem pera tu re  o f 1,340 deg. F., a  com ­
pression ra tio  o f 4 : 1  and a  heat exchanger o f  75 per 
cent effectiveness, the fu ll-load  p lan t therm al efficiency is 24 per 
cent, and a t  40 per cent load the efficiency is 18i per cent. I f

desired, the  sam e basis components m ay be a rranged  to  ru n  a 
non-recuperative gas turb ine  (i.e., w ithout the heat exchanger) 
in which case the  p lant efficiency a t full load would be 17i per 
cent falli,ng to  11 per cent a t  40 pe r cent fu ll load. W ith  the 
heat exchanger the m axim um  rated  output is 1,070 b.h.p., and 
w ithout the heat exchange the m axim um  rated  ou tpu t is 
increased to  1,250 b.h.p. a t the gearbox ou tpu t shaft. A s shown 
in th e  accom panying draw ing, the 13-stage axial com pressor is 
driven by a  turbine of built-up construction sim ilar to  th a t used 
for the com pressor ro tor. R elatively th in  section m ateria l has been 
used fo r  the tu rb ine inlet ducting to  allow  the m etal tem perature 
to ad ju s t itself rapidly to  the p revailing  gas tem pera tu re  w ithout 
the occurrence of large  therm al stresses. T h is  ducting is su r­
rounded by lagging w hich prevents the  o u ter casing supporting  the 
tu rb ine  s ta to r from  being subjected to  larg e  tem pera tu re  changes. 
T h is ensures accurate  control o f  the position o f the  s ta to r blades 
relative to  those o f the ro tor. A  c ircum feren tial belt has been cast 
round the  com pressor casing w hich is used fo r collecting a ir  from  
the n inth stage o f the s ta to r blading. T h is  a ir, being a t  suitable 
tem pera ture  and pressure, is used fo r cooling between the  disks o f 
the com pressor-driv ing  turbine, while th e  h igh  pressure  face o f 
this turb ine is cooled by a ir  taken  from  the com pressor discharge 
a f te r  passing th ro u g h  a  sm all external cooler in which lubricating
oil is used as the cooling m edium . M easurem ents o f the  turb ine 
disk tem pera tu res im m ediately a f te r  runn ing  have show n that this 
cooling system  is m ost effective in service. T h e  heat exchanger 
—designed to house nine identical tube bundles w hich operate  in 
parallel—are arranged  in three  rows, each o f th ree  bundles; each 
bundle is spaced so as to  provide passages around their ends fo r 
the adm ission o f the  exhaust gas Which passes outside the tubes. 
T he design o f a  m arine gas turbine with an  ou tpu t o f 1,000 b.h.p. 
has been proposed. T his unit has an  installed weight, including 
the reverse reduction gear, o f 25 tons. T h e  th erm al efficiency a t 
the propeller sh a ft is given as 23 per cent, com pression ra tio  4 :  1 
and propeller speed 120 r.p.m. T he overall length, including re- 
verse-reduction gear, is given as 22 feet, w id th  overall l i f t .  6in., 
and height overall to  the top o f  the heat exchanger 26ft. 6in., 
a lthough an a lternative  arrangem en t o f  th e  heat exchangers which 
would appreciably reduce this height could be a rran g ed .— The 
Shipping World, Vol. 122, 18th January 1950, pp. 111-112.

Sectional arrangement of Ruston 750 kW. gas turbine


