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The C h a i r m a n  : I  have much pleasure in introducing' Mr. 
Aiton and in calling upon him  to read his paper. The subject 
is one of very g rea t in terest a t the present m om ent in view of 
the contest which is going on between the advocates of h igh 
pressure superheated steam  and the oil engine respectively, 
and of course, in the form er case the pipes are a very im portant 
consideration when dealing w ith superheated steam.
A paper on this subject was read more than a year ago before 
the In s titu tio n  of Engineers and Shipbuilders in Scotland. 
This paper is based upon it, and in parts is the sain?, but it has 
been altered in others in the ligh t of further experience, and to 
make it more particularly  applicable to m arine practice.

The first m atter to decide is w hat is m eant by ex tra h igh 
pressure and tem perature, and for the purpose of th is paper 
these have been fixed a t steam  a t 400 lbs. pressure and super­
heated to 750°, as these may be considered to be the lim its of 
norm al w orking at present.
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230 STEAM PIPES.
Experience of these conditions has so far been chiefly in  land 

practice in electric power stations, some of the difficulties to be 
m et w ith in laying out piping' on land are either much sm aller 
or are not met with in m arine work a t all, bu t on the other 

' hand, due to the confined space on board ship, others are much 
ex agg era ted ; for instance on board ship the run of the piping 
cannot be varied to any great extent, although here also sim­
plicity  should ever be aimed at, but for the same reason the 
method of allowing for the movement of pipes due to expan­
sion by means of wide bends in the run  of the pipes cannot be 
adopted. For this reason sliding expansion jo in ts or ball 
jo in ts have been largely used and have been fairly  satisfactory 
w ith lower pressure saturated  steam, bu t w ith  superheated steam 
they are not satisfactory and have practically  disappeared from 
land practice. W e are thus thrown back on bends, but these 
m ust be of short radius and consequently so very stiff th a t ex­
cessive th rust comes upon the fixed points if any serious move­
m ent has to be allowed for, and great stresses are set up in the 
jo in ts, moreover, bends made to short radius show quite appre­
ciable th inn ing  of the wall on the outside of the bend. U n­
doubtedly the most serious difficulty which will be found in 
fitting  pipes on board ship to carry h igh pressure steam is th is 
one of dealing w ith the movements due to expansion, and if 
the two methods of m eeting the difficulty, m entioned above, 
were the only ones the position would appear to be very difficult 
indeed, bu t fortunately  another method has been devised 
whereby bends are made which are much more flexible than 
those made from plain tube.

This method is to form a series of corrugations on the tube, 
these in themselves strengthen the tube, especially as the pro­
cess of m anufacture thickens the wall of the tu b e ; the corru­
gated pipe is then formed into a bend in the usual way and 
there can be no th inn ing  of the wall in bending as all th a t 
happens is th a t the corrugations are somewhat opened out on 
the outside of the bend and are closed up on the inside.

These corrugated pipes can be bent to a much sm aller radius 
than plain pipe, in extreme cases they can be bent to the same 
radius as an elbow; in all cases, to stand corrugating, the tubes 
m ust be of a good soft quality  of steel and m ust be well made, 
free from variations of th ick ness; they are usually solid drawn 
tubes, hot finish, 24 tons to 28 tons tensile, 25% elongation in 
8ins.

Bends made from corrugated tube are five tim es as flexible 
as sim ilar bends made from plain tube, th a t is to say, th a t if
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tlie same th rust is applied to both bends the corrugated one will 
move five times as far as the plain one, or if the same move­
ment is required only one-fifth of the th rust required to move 
the plain bend need be applied to the corrugated one, or again, 
if the same am ount of movement is required and the same 
am ount of th rust can be applied to both bends then the corru­
gated bend can be made to a much smaller radius, and it  is 
this last quality  which will be found so useful by the m arine 
engineer.

Comparison of the lyre type of expansion bend is in teresting , 
such a bend made from plain tube lOin. bore is 138in. h igh from 
the centre of the m ain to the centre of the pipe a t the crown of 
the bend and allows for a movement of 2£in. out or i n ; a bend 
made from corrugated pipe of the same bore can be made 55in. 
high and gives 2 |in . out or in, and a sim ilar bend 72in. h igh  
gives 3$in. out or in or 50% more than the much larger plain 
bend.

For expansion purposes stra igh t corrugated pipes are not 
often used for end-on movement between the flanges, because 
the corrugations are not high and to obtain a very small end 
movement, '01 in. per corrugation, a pressure of many tons is 
required, but corrugated pipes, both bends and straigh ts, are 
used w ith g reat success to overcome vibration or movements 
due to the w orking of a ship.

The severest test of their behaviour under severe v ibration 
has been on steam hammers and an in teresting  case was th a t 
of a 5-ton steam ham mer which, on account of the method of 
w orking, was subject to excessive vibration. W hen first 
started to work, steam was connected to it by a 5 in. plain steel 
bend, the v ibration was so great th a t the steam chest was 
broken off. a stronger chest was fitted and the steam connec­
tion made through a copper bend. The life of these bends was 
so short, not more than a m onth, th a t replace bends had to be 
kept in stock, and the steam jo in ts had to be re-made on an 
average once a day.

A 5 in. corrugated bend 24in. x 20in. made from stock solid 
drawn hot finish tube, 7/32 in. th ick , was fitted and after w ork­
ing for two years, w ithout re-m aking a jo in t, was taken out for 
exam ination. I t  was sectioned and the m etal examined under 
the microscope and the report stated th a t there was no sign of 
deterioration of the structure of the metal or of incipient 
cracks, and th a t there was no corrosion : the replace pipe pu t in 
is still w orking under the same conditions.
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This question of corrosion tak ing  place owing to w ater col­

lecting  in the corrugations is often ra ise d : practice has not 
shown th a t there is any more corrosion in a corrugated pipe 
than  in a plain pipe, it may be th a t the reason why corrosion 
does not take place is th a t the w ater does no t lie long enough 
to s ta rt the action, it lies in very small separate quantities ex­
posing a very large surface to steam and to hot m etal and is 
consequently very soon evaporated off, but undoubtedly th is 
dividing up of the w ater is a g reat safeguard against w ater 
ham m er.

The friction loss in steam  passing round a corrugated bend 
is double th a t for a plain bend. This in itself is not a serious 
m atter, but when it is remembered th a t the num ber of corru­
gated  bends is much fewer to do the same am ount of work, th e  
advantage in th is also is usually on the side of co rrugated  
bends. In  the exceptional case where this is not so and the- 
ex tra drop in pressure is not allowable, it  is a simple m a tte r  
to m ake the corrugated pipe a size larger in the bore, as this- 
does not entail a stiffer pipe or one which takes appreciably 
more room. E xhaustive tests have shown th a t co rrugating  a 
tube does not punish the m etal and practical w orking ex­
perience bears th is out, as there are no records of a corrugated  
pipe ever having failed in service.

A method of m aking a bend from  plain pipe to a radius much 
sm aller than th a t to which plain tube can be bent is by cu tting  
pieces out of the pipe, bending it w ith  the cuts on the inside 
of the bend un til the sides of each cut m eet, and then welding 
up the cuts. This is a method which should not be used w ith  
steam  pipes for any g reat pressure, and certainly not w ith  th e  
pipes under consideration.

There are other classes of expansion which can be at least 
minimised by care in design. W ater in pipes is the cause of 
the m ost serious stresses. I t  is not possible entirely  to prevent 
i t  from g e ttin g  into the pipes, but the am ount which passes 
along w ith the steam does not do much harm . W ater, how­
ever, which is allowed to collect and lodge in the pipes may 
do considerable damage. W hen steam is turned into hori­
zontal pipes in which w ater has been allowed to collect, un ­
equal expansion is set up in the pipes, hogging  takes place, 
and stresses arise, the u ltim ate effect of which cannot be calcu­
lated.

Pockets where w ater may lodge m ust be avoided at all costs. 
Yalves are a g reat cause of w ater pockets, and if no valves
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were required in a pipe line it would be possible to keep w ater 
from  lodging' in tbe pipes by m aking all ranges drain into su it­
able headers, but although this is not possible it should be kept 
in mind, and the num ber of valves reduced to a bare m inim um. 
Sim plicity of pipe design is a g reat desideratum , for redundant 
valves are often placed in positions where they are bound to 
form w ater pockets, as at the bottom  of~drop legs, b u t this 
cannot be wholly prevented, and when valves have to be placed 
in such a position they should be by-passed for drainage. 
Valves, of course, are not the only cause of w ater pockets. 
Bends rising  off valves cause a pocket above the valve, and 
expansion bends are sometimes set in a vertical position in 
m ains, possibly causing two pockets. These are very obvious 
cases, but experience shows th a t constant w atchfulness is 
necessary to prevent such errors creeping into otherwise well- 
designed pipe lines and causing trouble in w orking.

Injudicious anchoring causes expansion stresses by en­
deavouring to force the pipe into a position where it would not 
natu rally  go. The ideal plan is to have no anchoring at all, 
as it is frequently  only necessary to guide the pipe in the direc­
tion in which expansion should take place, but th is ideal can­
not always be obtained, in which case anchors m ust be fitted, 
b u t considerable experience is required to place them  in the 
rig h t position.

The w orking of modern steam pipe lines is a new problem, 
and m ust be treated  in a new way, for th a t which can be done 
w ith com parative im punity on lower tem perature work will 
cause very serious trouble if attem pted w ith high tem perature 
work. For instance, to b ring  a boiler on to a m ain, carry ing 
superheated steam, ought to be a very slow process if trouble 
w ith  pipes is to be avoided.

R eferring  to questions of the design and m anufacture of the 
pipes them selves, undoubtedly the weakest part of the pipe 
line is the jo in t, and as every jo in t is a potential cause of 
trouble, the obvious aim should be to reduce the num ber of 
jo in ts to a bare m inim um  by m aking each pipe as long as pos­
sible. As castings, even of steel, are no longer used in first 
class pipework, and as modern methods allow branches to be 
fixed to any p art of the pipe, it is possible to use stra igh t pipes 
up to 35 feet or even more, and 30 feet is quite a common 
length. Obviously, it is not always possible to take advantage 
of the longest lengths of tube, especially with bends, owing to 
the lack of facilities for transport, and, of course, this applies
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to m arine work, but even tbere, joints could sometimes be 
elim inated by tak ing  fullest advantage of modern practice.

The entire elim ination of jo in ts by b u tt welding up pipes end- 
on in position is very attractive, and tbere is an instance at 
work in this country. This main is 6in. bore, one stra igh t length  
is 260 feet long, steam pressure is 350 lbs. per sq. in., and the 
tem perature is 750° F ., there are two anchors 200 feet apart and 
the expansion is taken up by one corrugated lyre type expan­
sion bend 100 in. high. There is only one pair of flanges on 
the job and these are at the crown of the expansion bend. Care 
is taken to keep the pipe true to alignment- by means of roller 
guides which prevent cross stresses coming upon the b u tt 
welded jo in ts, and where, in spite of th is precaution, there is 
any possibility of cross stresses coming upon the jo in t it is rein­
forced by having collars welded over the b u tt weld. I t  is early 
yet to say th a t this method of jo in ing pipes will supersede 
flanges, but in special circumstances it will be found very 
useful.

A jo in t which aims a t a sim ilar result is th a t known as the 
“ Sargol ” jo in t, used in America, in which the end of the pipe 
is rolled over and loose flanges, are used. All mechanical 
stresses are taken by the flanges, and a steam tig h t jo in t is 
made by welding round the edge of the rolled-up portion of the 
pipe. This system has its drawbacks which have so far pre­
vented its -adoption in this country, where fixed flanges are 
alm ost universal for high pressure work.

In  the use of flanges for piping there are two main questions 
to consider, namely, how to a ttach  the flange to the pipe, and 
how to make the jo in t between the flanges. R egard ing  the 
first, there are nowadays only two methods of fastening flanges 
to pipes, namely, by riveting  and by welding, except in the 
case of small pipes, which nearly always have flanges fixed by 
screwing. I t  seems on the face of it to be wrong th a t holes 
should be made in a pipe to be afterw ards closed by rivets. A 
satisfactory job, however, can be made in this way, but sudden 
variations in tem perature may sta rt a leak even after the pipe 
has been in use for a long tim e, and if a rivet does leak under 
high pressure high tem perature steam it is almost impossible 
to m ake it tig h t. F requently  the presence of rivet heads inside 
the pipe, coming very close together, seriously reduces the 
area of passage.

W ith  h igh velocity steam this either means a continuous loss 
due to a g reater pressure drop, or a larger sized pipe to pass
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the same w eight of steam, w ith resu ltan t loss in w orking due 
to increased radiation surface and higher capital outlay.

R iveting is highly skilled work, for under existing condi­
tions it m ust be perfect from the sta rt. In  the days of low 
pressure saturated  steam, free use of caulking would make 
alm ost any rivet tig h t and would cover up bad work, this is far 
from being the case w ith h igh pressure conditions.

Flanges properly welded to pipes are subject to none of these 
disadvantages, but unfortunately  there are m any methods of 
welding flanges, and they are not all satisfactory, and for this 
reason welding of flanges is still received by some w ith  dis­
favour, but experience has proved th a t welded flanges can be 
entirely satisfactory for highest pressure and tem perature 
work.

The oldest and cheapest method of welding is to heat the 
pipe and flange in a furnace to a welding heat, and to make 
the weld by ham m ering either by hand or by machine. To 
control the tem perature in order to obtain a welding heat on 
the th ick  flange at the same tim e as on the thin pipe is by no 
means an easy operation, especially w ith the larger sizes of 
pipe, and the risk  of failure w ith th is method is so great th a t 
th is type of welding should never be used w ith  steam above 
100 lbs. pressure per square inch.

The only satisfactory method of fastening flanges to pipes 
is by welding them on by means of the carbon arc process. 
Unless the flanges are exceptionally thick, a continuous weld 
should be formed rig h t through the flange from back to front, 
and in addition, a good fillet should be worked up at the back 
of the flanges. As this is a process of building up the weld 
b it by b it, it takes considerable tim e, and demands skill on 
the p a rt of the operator, but it should be pointed out th a t he 
is able to control the work and the tem perature quite easily at 
every instan t, provided he is given the rig h t current, the rig h t 
type of machine, and the rig h t m aterials to work w ith.

In  the early days of welding it was very difficult to prevent 
testers caulking up a pin hole leak in a weld, for a soft weld 
lends itself to this treatm ent, bu t highly superheated steam 
soon finds out the weak places, and trouble results. To a ttem pt 
to caulk a leaky weld is very short-sighted policy, a lthough it 
seems to be such an easy way out of the difficulty. An argu ­
m ent frequently  used against welding flanges by any process
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is, th a t so much depends upon the hum an elem ent, hut is th is 
more so w ith welding than  w ith  most engineering work, or 
than w ith  riveting  ?

In  the past, regulation  of the current, and consequently the 
tem perature, depended upon the length  of the arc m aintained 
by the welder, a very delicate operation, and one which by the 
very nature of th ings was constantly  vary ing  w ith the physical 
condition of the m an, bu t w ith specially designed plant the  
curren t remains constant w ithin wide ranges of arc, and so the 
regulation  of the tem perature does not now depend much upon 
the operator, a lthough great skill is still required in the welder.

B ut accepting th a t there is as mitch possibility of trouble 
w ith riveted flanges owing to poor workm anship as w ith  welded 
ones, it is contended th a t, however badly riveting  may be done, 
no serious accident can happen, as the flange cannot be blown 
off, whereas such a th ing  m ight happen with bad welding.

I t  certainly  could happen, but except w ith fire welding it is 
not a t all probable th a t it wonld happen, and so far as I  know 
never has happened w ith a carbon arc welded flange. I f  the 
process of welding be considered it is easy to see why th is 
should be so. The welding is done piece by piece, and the 
welder goes round the flange adding the m etal in layers. By 
carelessness he may fail to make a weld in places, but it is 
highly improbable th a t a com petent man could do his work so 
badly th a t the flange would be liable to come off and yet pass 
the hydraulic test, ham m ering under pressure, and close in­
spection both under pressure and after the blanks were taken  
off. I t  is not difficult to see a bad weld after the flange has 
been faced, and if there is any doubt the judicious use of an 
oxygen torch will open up a defect.

H aving fastened the flange to the pipe, the next im portant 
question is how to make the jo in t. Many methods are em­
ployed to accomplish this, but before considering them some 
essentials of a good jo in t, whatever the method adopted, may 
be enum erated. The flanges m ust be heavy to reduce to a 
m inim um  the probability  of springing, the jo in t m ust be made 
on a raised face inside the bolt holes, and a ground face is very 
desirable, tnough not essential. There is no m ystery about 
the m aking of h igh pressure jo in ts. By care, experience, and 
the use of good m aterials, jo in ts made by the same methods as 
have been used for m any years are giving satisfactory service 
to-day, that is to say, w ith an ordinary corrugated m etal ring  
and a wash of th in  cement.



240 STEAM PIPES.
Many such jo in ts, subjected to the working conditions of 

large power stations have been in use for years, and have never 
been touched since they were made, but it m ust be added th a t 
in  the original lay out of the piping, expansion stresses m ust be 
reduced to a m inim um  and every care taken to prevent w ater 
collecting in the pipes. Expansion stresses and w ater are the 
two great enemies of pipe joints, and w ater is by far the worse.

The effect of w ater on jo in ts, subjected alternately  to h igh 
tem perature steam  and w ater, is to set up a chemical action 
w ith  the paste used for the jo in ts, and so to produce a slight 
acid ity  in the w ater. This acidulated w ater seems to set up 
electrolytic action, which quickly destroys the jo in ts. I t  has 
not been found possible to make a paste which will not be 
affected by the action of w ater and at the same time be sa tis­
factory in all other respects.

No good jo in t can be made w ith the wrong type of bolt, bolts 
made from  steel of from 30 to 35 tons tensile streng th  have 
given most satisfaction, and have been adopted as a standard. 
Bolts made from  high tensile steel have shown a liab ility  to 
brittleness after being subjected to variations of tem perature.

W here branches have to be taken  off pipes this should be 
done by means of welded-on stools, and experience has shown 
th a t the oxy-acetylene process is the m ost suitable for th is 
work. A t one tim e branches were welded on by the  carbon- 
arc process, but, though to all appearance the weld was quite 
norm al, it sometimes broke down under test, and as there was 
a possibility th a t one such branch m ight pass the test and yet 
break down in w orking, the risk  was considered too g reat, so 
th is process was given up. Oxy-acetylene welding is more ex­
pensive, bu t it has given no sign of failure in w orking. In  
branch welding there are only two th in  pieces of m etal to be 
dealt w ith. Therefore, the period during which the full tem ­
perature of the carbon arc can be kept on the m etal w ith safety 
is very short. This is possibly the root of the trouble, and if 
so, it is inherent in the process. The branch piece is not taken  
th rough  the pipe, because it is necessary to get access to the 
jo in t from the inside both w ith the blow pipe and w ith the 
ham m er, and as this can often only be done th rough the branch 
the jo in t m ust be inside the branch. Cast steel tees m ust be 
ruled out of this class of pipework, owing to the great increase 
in the num ber of jo in ts, and riveted stools, owing to the fact 
th a t they m ust usually  be riveted by hand, are not often satis­
factory , and, as they can only be fixed near the end of the pipe,
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they cause a lot of otherwise unnecessary jo in ts in the m ain. 
I t  is advisable to have as few jo in ts as possible. W ith  simple 
design and large units, it should be possible to do away w ith  
branches, and to b ring  the pipes into vessels which serve as 
collectors and distributors as well as drainage points. Col­
lector vessels should be placed w ith  the axis vertical, for in th is 
position it is easier to arrange the branches and the drainage, 
and vessels so placed are not subject to hogging stresses which 
are prevalent in vessels placed horizontally when w ater accu­
m ulates in them .

I t  is still necessary to provide means for ex tracting  w ater 
from steam, but this presents little  difficulty; complicated 
arrangem ents of in ternal baffles and spirals are difficult to 
adapt for high pressures, and they are quite unnecessary, a 
simple diversion of the flow of the steam gives quite satisfac­
tory results. W hen the inlet is at the top of the separator the 
inlet pipe should be carried down in ternally  to blow the out­
let branch, and when the passage is stra igh t through, the in let 
pipe should be carried through and bent down to discharge 
below the outlet branch.

There certainly should be no jo in t in the w ater space of a 
separator, and it is best to have no jo in t in the vessel at all.

R iveted vessels are very seldom satisfactory, owing to the 
very large num ber of rivets and to the very severe stresses 
b rought upon the vessels by expansion in the connecting pipes 
and by the variations of tem perature to which they are sub­
jected, and they are being displaced by vessels welded th rough­
out, which are w orking at the highest pressures and tem pera­
tures w ith entire satisfaction. W elded vessels have been in 
use for 15 years a t  pressures up to 200 lbs. per square inch, bu t 
when it became necessary to apply much higher pressures to 
this class of vessel it was found from experim ent th a t the 
methods of m anufacture, although fundam entally the same, 
had to be modified to suit the altered condition. As a resu lt 
of these modifications, it may be said th a t vessels m anufactured 
for high pressures have a far greater m argin of safety than  
those form erly made for lower pressure. These vessels illus­
tra te  the fact th a t no one method of welding is suitable for all 
conditions, for the body seam is welded by the w ater gas pro­
cess, the ends and the flanges by the carbon arc process, and 
the branches by oxy-acetylene. As the walls of the vessels are 
th ick  and the body is large enough for a man to get inside, the 
branches are carried th rough the wall, and are welded both on
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the inside and outside. R ings are shrunk on the welded bodies 
of these vessels as an additional precaution.

I  may sum up by saying tha t no drastic a lterations are neces­
sary either in m aterials or in the method of m anufacture to 
meet modern conditions in pijnng, but g reat care and experi­
ence are necessary in all departm ents of the work, especially 
in design. An em inent engineer said lately  th a t there were so 
m any places in a power station where trouble could be m et th a t 
he did not intend to have any w ith p ipew ork : in fact, he 
wished to, and did, forget all about it. This desirable position 
can be realised, but not if the pipework is forgotten  or treated  
as a very subordinate consideration in the design of the power 
station;

The C h a i r m a n  : I  am sure we have listened with very great 
in terest to Mr. A iton’s rem arks. He has dealt w ith the sub­
ject very fully and has given us a good deal of detail. I  was 
going to ask what is the size of the corrugations, but on seeing 
the excellent series of slides shown by the A uthor, I  th ink  we 
obtained an idea of th is. A pparently the design is of the sus­
pension type, or is it like the circular or sem i-circular corru­
gation of the Fox furnace? I  th ink  that if the au thor could 
give us some idea of the pitch of the centres between the corru­
gations it would help us to realise more clearly the size and 
form ation of the bends.

T h e  A u t h o r  : A s  a n  a v e r a g e  i t  i s  a b o u t  2 |  i n . ,  b u t  t h i s  d im e n ­
s io n  v a r ie s  w i t h  t h e  d ia m e t e r  of t h e  p ip e .

The Ch a i r m a n  : The methods of construction have evidently 
been very carefully considered, and any risks due to defective 
welding have been m inimised. Every possible means have also 
been taken to secure the flanges.

W ith  regard  to the A uthor’s comments on the use of the 
various types of welding I ,  personally have had more experi­
ence w ith the m etallic electrode which I  have found very su it­
able for ordinary heavy work, but for anything  under Jin . 
th ick  I  quite endorse the au th or’s conclusion th a t the oxy- 
acetylene flames, owing to its lower tem perature is more su it­
able. I t  is possible to use the electric arc w ith  th inner sec­
tions, but it is necessary to use smaller electrodes and to take 
other precautions.

The whole subject reviewed by the author is of special 
in terest to m arine engineers in view of the recent developments 
111 h igh  pressure steam  propulsion on the Clyde.
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*Capt. P .  T . B r o w n , M .C .: W e liave to thank the au thor of 

th is paper for bringing to our notice some of the difficulties 
to be faced if the proposal now before us of in troducing high 
steam  pressures and superheat m ature.

Power stations and ships have little  in common, but it be­
hoves us to take the maximum advantage of th a t little  and to 
avail ourselves of the experience, obtained in power station 
work, which is applicable.

The author has evidently considerable experience of his sub­
jec t and I  would like to put before him  some of our difficulties 
and invite his co-operation in their solution.

In  the first p lace ; I  venture the opinion th a t we can quite 
well cut out the possibility of the smaller and lower powered 
vessels ever adopting high steam pressures and superheat. 
Owners of medium sized vessels to whom first cost is not a 
prim ary consideration will be influenced by the undoubted suc­
cess and economy of the Diesel engine.

The possibilities of h igh pressure being adopted may be con­
fined to high speed cross-channel boats and liners of high 
power. In  these types a leading consideration is lim itation  of 
space. Our next fundam ental difference to power station work 
is flexibility of platform .

These considerations provide real problems.
Take the question of expansion. The author very righ tly  

rules out sliding expansion jo in ts, bu t how are we to place the 
large bends he substitutes ? Even in roomy cargo boats of 
moderate powers it is frequently found necessary to use sliding 
jo in ts on account of space lim itation  so th a t there seems very 
little  chance of using bends of the sizes indicated on vessels 
where space is constricted.

“ B ellow s”  jo in ts, well drained, appear to offer a partia l 
solution, but I  foresee here the “ jo in tin g ”  difficulty.

W hat does the author th ink?
Reduction o f Valves.— I t  does not seem likely th a t th is will 

be possible. The argum ent is all the other way. Valves m ust 
be provided to enable any boiler to be shut off and for the 
work of the Vessel to still proceed. W ith  h igher pressures and 
tem peratures the safety arrangem ents will be of g reater im ­
portance and additional means of isolation may be requisite.

* C ontributed by correspondence.
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Anchoring is another difficulty. Owing' to the vibration 

(sometimes considerable) inheren t in all ships, anchorage is of 
first im portance if jo in ts are to rem ain tig h t.

I  should like to hear more from the au thor on the subject 
of branch pieces and his objections to castings. I  fear we will 
have to re ta in  our cast branches.

In  advocating long lengths of piping the author will get the 
sym pathy of all m arine engineers, but 30 to 35 feet will seldom 
be found possible.

The au thor does not appear to favour machine ham mer weld- 
lng-on of flanges. H aving found it. satisfactory for pressures 
up to 300 lbs. per square inch I  would like to hear more detail 
of his reasons for objection.

The subject of the personal element is well brought out, but 
w hilst defective riveting  m ay resu lt in a “ leak ,”  defective 
welding would probably mean a “ b u rs t.”  In  dealing w ith 
high pressure and h igh superheat, leakage is very difficult to 
locate, for the “ b lo w ” will not be seen. I  would like the 
author to tell us som ething of the design of valve spindles, 
stuffing boxes and glands. W ould it be necessary, at say 
(>00 lbs. pressure and 700 degrees of superheat, to have deep 
glands w ith m etallic  packing; also, would it be necessary th a t 
the diam eters of spindles be g reater than  in ordinary  practice 
and th a t the spindles be highly polished ?

I thank  the au thor for his paper and hope th a t it and its dis­
cussion may help to form some decided views on the question 
of the design of h igh pressure steam  pipe systems.

R e p l y  to  Co n t r i b u t i o n  f r o m  C a p t . T. P . B r o w n , M.C.— 
The difficulty of restric ted  space on board ship is the very 
reason why corrugated expansion pipes should have a wide 
field of usefulness, as they can be bent to a very much sm aller 
radius than ordinary bends, and a t th is much sm aller radius 
they are more flexible than  ordinary bends. As regards flexi­
b ility  of p latform  they have been tried highly  in the instance 
m entioned of the steam  ham m er, and they are widely used 
where vibration is the chief cause of trouble w ith jo in ts. The 
bellows type of jo in t is quite good for low pressures, bu t is un­
suitable for h igh pressures as the exigencies of m anufacture 
make them so stiff as to be of little  value.

As regards elim ination of valves this principally  applies to 
land work where valves have been introduced for the purpose 
of sectionalising, which often do more harm  than  good.
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Anchoring is a very difficult subject, and my continual aim 

is to do as little  anchoring as possible, but every case requires 
special consideration.

As regards cast tee pieces, these have nearly entirely dis­
appeared from land practice, the objection being th a t they 
introduce a great num ber of unnecessary jo in ts. As branches 
can be welded 011 at any position of the pipe, advantage can be 
taken of this to reduce the jo in ting  to a minimum. In  a recent 
case where the castings were done away w ith and welded 
branches introduced, the jo in ts were reduced to one-third, and 
as joints are always the weak point of pipe installation , this 
was a g reat advantage.

I  go further than saying that I  do not favour machine ham ­
mered welded on flanges, I  am entirely opposed to it for h igh 
pressure work. The danger is in try ing  to get the th in  m etal 
of the pipe and the th ick  m etal of the flange to a welding tem ­
perature at the same tim e, 011 the one side you have the danger 
of overheating the th in  pipe, on the other of not heating  the 
thick flange to a welding tem perature, and I  have seen so m any 
instances where the flange has actually come off the pipe w ith  
the tool m arks still visible in it and where there has been no 
weld at all, th a t I  have long considered the risk  of serious 
mishap far too g reat. They m ay he made satisfactory, but it 
is difficult to know w hether they are really welded or not, and 
for this reason I  never use this method of welding except for 
very low pressure work.

As regards defective welding resu lting  in a hurst, this is 
not so unless the weld is so bad as to be palpably defective to 
any even superficial exam ination. The method of electric 
welding differs from th a t of fire welding or of ham m er 
welding in th a t the welding is done b it by b it, and assum ing 
that the welder does make some mistake this would result in 
leakage, and it is inconceivable th a t any welder could weld so 
carelessly th a t the flange would actually  come off, and as a 
m atter of fact no such experience has yet been heard of.

D ISCU SSIO N .
Mr. W . E . E a r f .n d e n  : The author refers to only two methods 

of fastening flanges to pipes, by riveting  and by welding. Could 
he give us any inform ation regarding the screwing of flanges? 
I  notice in an article in  a technical paper this week, describing 
the tria ls of the K ing  George V. on the Clyde, th a t the steam 
pipes are solid drawn steel tubes tested to three times the norm al
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w orking pressure, and th a t the flanges are screwed on to the 
ends of the pipes w ith a vanishing thread. The end of the 
pipe thread at the flange is welded electrically.

W ith  regard to the joints, they seem to be sim ply metal to 
m etal faced jo in ts. I  understand th a t so far th is arrangem ent 
is g iving every satisfaction and th a t no difficulties have arisen. 
Perhaps the au thor could give us fuller inform ation regarding 
these pipes and flanges.

M r. W . H a m il t o n  M a r t i n  : As Mr. Farenden has rem arked, 
the author mentions th a t one of the m ain questions to be con­
sidered in  the use of flanges is how to attach  the flange to the 
pipe, and th a t there are only two methods in use to-day, namely, 
welding and riveting, while for small pipes screwing is adopted. 
I  understand th a t in the h igh  pressure installation  on the Clyde, 
the flanges of the m ain steam pipe are screwed w ith a vanishing 
thread, the la tte r being welded at the flange for sealing. Also 
several liberal-sized expansion bends are provided.

The au thor adm its th a t there are still m any methods of weld­
ing  to-day which are not all satisfactory. This being so, it may 
be of in terest to m ention a method which has completely elim i­
nated such uncertain ties, and has done away with either rivet­
ing , screwing or welding. My fa ther, the late  Engineering 
Director of the F lush ing  Royal Dockyard, introduced fully  
th ir ty  years ago for all his naval and m ercantile work, m ain 
steam  pipes from four to ten inches diam eter designed in  one 
style w ith  th e ir  flanges. These were made from mild steel 
solid forgings sim ilar to shafting  with couplings at the ends. 
The fibres of the m etal ran in the rig h t direction as the flanged 
ends were forged out from the bar ensuring m axim um  strength  
and hom ogeneity all through.

They were turned down to the required size on the outside, and 
th e ir  bore was trepanned. T heir cost was not excessive, as 
m ight be supposed, while the trepanned core could be used for 
o ther work. They have been standard fitments on all work 
over there since, and have proved completely immune from 
trouble.

By allowing a suitable m argin for tu rn ing  from the rough, 
the finished pipe would be taken out of th a t diam eter of the 
m aterial which one knows to be the soundest.

These pipes have, I  understand, justified confidence in them, 
they are at present also being fitted to some destroyers building 
for the Dutch Navy by other builders.
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The build ing up of a fillet as a flange by welding, on the 

other hand is a laborous operation still greatly  dependent on 
the hum an element, and is often very much more expensive 
in the end. Solid flanged pipes have many attractive points, 
1 he chief of which are t h a t : —

1. There is no joint between flange and pipe to cause leakage.
2. Flanges are of much sm aller diam eter, as no shoulder is 

required, and consequently are appreciably ligh ter.
3. Bolts can be placed much nearer centre of pipe. Spigot 

can be made larger, nearer bolt holes, reducing springing to a 
m inim um , and lessening chances of leaky joints.

4. The pipe can be gradually  thickened up towards the flanges, 
thus strengthening them by placing extra metal where it  is 
most required.

5. Saving of weight in  lay-out, as each pipe is designed to 
suit its particular load, ensuring a maximum of safety and 
freedom from trouble.

6. General neatness of design ; greatest strength  w ith least 
m aterial.

7. These pipes can be bent ju st like solid-drawn ones.
I t  is necessary, however, to see th a t the outside as well as 

the inner surface is smooth and free from tool marks, which 
m ight otherwise be the cause of cracks developing.

8. Expansion bends can be made successfully from  these, 
avoiding expensive, nasty, and unsatisfactory sliding joints, 
liable to blow-outs or collapsing of packing— especially with 
high superheat—and consequent danger to life and lim b.

A lthough the au thor contends these cannot be adopted in 
m arine practice, such bends, often quite large, have and are 
nevertheless constantly being successfully housed on a ll sizes 
of vessels, which is well worth noting.

9. One feels, and has, a t all times, the greatest security 
possible in the pipeline.

10. W h at is most im p o rta n t: satisfactory service for least 
expenditure  and upkeep.

I f  not always for all ex tra high pressure work, then most cer­
ta in ly  u n til welding has found general favour and confidence 
for such work, th is method of construction would seem to be the
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one to gain  wider adoption, especially for h igh  speed naval work, 
so as to enable the designer to provide the ligh test, strongest, 
safest and neatest arrangem ent, ensuring perfect freedom from 
trouble.

I t  would be in teresting  if the au thor could give us his valued 
opinion on this method and on the sim pler m anufacturing  pro­
cesses it undoubtedly offers.

H is paper is certain ly  a welcome and opportune one at present, 
for which I  would like to add my appreciation.

M r. E v a n s  (V is ito r): In  all the photographs shown on the 
screen, it  appeared th a t the weld was made from both sides. 
In  the case of the long pipe line m entioned by the author, 
would he te ll us whether the weld was made from  the outside 
only, or from both sides?

Mr. R . H . CrUMMEK (V isito r): A fter hearing  M r. A iton’s 
paper read, one first has to comment upon the au thor’s extrem e 
modesty in  his rem arks.

As Mr. Aiton was not aware of my presence th is evening, my 
subsequent rem arks should be accepted as fu lly  spontaneous.

The welded pipe installa tion  he m entions was installed in 
the works where one was in responsible control. The working 
pressure was 350 lbs. per square inch and due to the fact th a t 
this pipe line linked up w ith some experim ental p lan t, it has 
often been subjected to steam having a tem perature approach­
ing 1,000°F. These very severe conditions occurred on a pipe 
line where, with one exception, the whole of the jo in ts were 
welded from  end to end. The au thor was quite sincere in  his 
remarks when he said th a t the only difficulty in  connection w ith 
such installations was w ith the insurance companies and in the 
present instance the fu ll responsibility was undertaken by the 
firm in question and the results obtained have fu lly  justified 
their confidence.

T urn ing  to the subject of corrugated pipes, here a sim ilar 
experience was obtained. Amongst other processes, we had 
several steam ham mers in  operation, forging axles. This opera­
tion is very drastic, for there are two grooves in  the ham m er 
tools, one for (roughing and the other for finishing. The 
im pact, therefore, is not dead central and due to the excessive 
vibration set up, we had endless difficulty in keeping the steam 
joints tig h t. Most of the repair staff were men who had had 
sea-going experience and thus could claim  considerable experi­
ence in the m aking of steam jo in ts, yet the fact rem ains th a t
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we tried  every known system (and you know how m any different 
kinds there are). A fter experiencing so many failures, we ap­
proached Messrs. Aiton and Co., with a request for one of th e ir  
corrugated bends which proved from the beginning an im ­
mediate success. A fter some two years’ operation, th is pipe 
has been purchased back by Messrs. A iton and Co., to enable 
them  to carry out searching analysis, the results of which have 
been shown upon the  screen to-night and have proved bf 
wonderful in terest to many power station and m arine engineers.

W ith  m any experiences of inaccessible steam joints, p articu ­
larly  in  one’s own sea-going period and having seen in  the 
course of one’s investigations m any line stations where welded 
steam mains have been used throughout, leads up to this con­
clusion, th a t it is possible to do w ithout joints in steam mains.

The result of such a policy can be seen in operation now in 
this country and in the considerable num ber of European power 
stations and industria l plants. Therefore, it  will be of much 
interest to hear the au thor’s comments as to the reason why we 
have so many of these objectionable steam joints which are non­
efficient and are certain to cause difficulty sooner or la ter. By 
elim inating  them altogether you can get efficient lagging 
throughout the whole length of the m ain and make better pro­
vision for the supporting of the mains and also the anchoring 
and expansion.

Another point is th a t I  have never yet seen any effort made 
by steam piping m anufacturers or associations to standardise 
the conditions for mains. This has resulted in people coming 
along and selling the different designs of jo in ts, jo in ting  
m aterial and other requisites u n til you have considerably over 
100 different types to choose from.

I t  should be possible for us as engineers to set up definite 
standards even to the consideration of the possibility of group­
ing  mains in ranges say from 2in. to 4in. and keep one diam eter 
of flange with bolts of equal length  and diam eter throughout 
this range. By such standardisation, the necessity for carry ing  
stocks of bolts, odd sizes of flanges and jointing material of all 
descriptions will be overcome and thus release valuable stores 
accommodation in  m any large works and power stations. I t  
will be in teresting  to hear Mr. A iton’s remarks upon this point.

Another m atter to which there appears to have been given 
little  a ttention , is in connection with the bolts which are used for steam joints.
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In  m any instances these are bought in  the cheapest m arket, 

and thus become the weakest link in  the chain. Can I  ask M r. 
Aiton w hat he can suggest as a standard, also w hat can be 
approxim ated as a reasonable like for a jo in t, also if  he con­
siders it feasible to substitute new bolts after a predeterm ined 
life, changing these singly w ithout d isturbing the jo in t?

Mr. J .  W a k d , 13.Sc. : The au thor rem arks in  the paper th a t 
“  for m arine purposes slid ing expansion jo in ts or ball jo ints 
have been largely used and have been fa irly  satisfactory with 
lower pressure saturated steam, but w ith superheated steam they 
are not satisfactory and have practically  disappeared from  land 
£>ractice.”  He does not state any reason why they are unsatis­
factory. Personally, I  th ink  th a t sliding expansion jo in ts will 
still be retained for m arine practice for the pressures and tem ­
peratures of superheated steam. The A dm iralty  still re ta in  
slid ing expansion joints for h igh pressure superheated steam.

As regards friction  loss in  steam passing round a corrugated 
bend, I  should like to know the au th o r’s au thority  for his esti­
mate, i.e ., double th a t of a plain  bend. The only research work 
I have seen so far on corrugated pipes is by Professor A. H . 
Gibson in  a philosophical m agazine recently. There appears 
to have been very little  inform ation published.

R eferring  to the pipe line 260ft. long in  the “ Power E n g i­
neer ”  for Septem ber there is an article on welded steam  mains, 
which describes mains of much greater len g th ; one ,14in. m ain 
for instance is 1,100ft. long; also an 8in. m ain of the same 
length  is m entioned, w ith  all welded joints and no couplings. 
I  th ink  these are in  connection w ith a heating  p lan t operating 
a t 175 lbs. pressure, but I  do not th ink  it is mentioned where 
the installa tion  is fitted.

A Visitor : A t Commines.
Mr. W  a r d  : W ith  regard to the American method of making 

a jo in t by rolling  over the ends of the pipe and fitting  loose 
flanges, th a t is not a new idea, as it has been used for some tim e 
past in this country and is known as Pope’s flange, and was 
introduced by a Dum barton firm. The method has been applied 
to copper pipes from 1 Jin to 16in. diameter.

As regards the riveting  of all flanges, I  th ink  a successful job 
can be made if  the necessary precautions are taken, th a t is, if 
the hub of the flange is not made too long, the rivet holes well 
placed in relation to the root of the flange, and a small clearance 
allowed in the rivet holes. The hub should be tu rned  w ith a
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bevel of 75° for caulking on tlie outside. R ivets should be pan 
or snap head, otherwise you incur the risks m entioned in the 
p a p e r; they should be slightly  countersunk on the outside and 
well countersunk on the inside.

I  would like to ask the author for a little  more inform ation 
about the oxygen torch.

W ith  reference to the welding of the receivers shown in the 
lan tern  slides, the author says “  R ings are shrunk on the welded 
bodies of these vessels as an additional p recaution .”  I t  seems 
ra th er surprising th a t there should be this lack of confidence in 
the welded jo in t.

A V isito r: One point not touched 011 by the author is the 
possibility of distortion occurring. I t  seems to me th a t the 
corrugation should elim inate tha t. I  know of several cases 
where the old bolts have had to be taken out and new one’s fitted 
in order to elim inate distortion. I  believe th is difficulty does 
occur more frequently  than  one im agines, especially in tu rbine 
installations.

As regards water lodging in  these corrugated pipes, I  th ink  
it  is impossible th a t any large quan tity  of water could do so, 
because there could not possibly be any flow of water through 
the p ip e ; it is impossible even to blow the water out of the 
corrugations.

Mr. F . 0 . B e c k e t t  : I  would like to question the au th o r’s 
recommendation th a t jo in ts should be made “  on a raised face 
inside the bolt holes.”  Does he m ean a spigot jo in t?

Mr. J .  H . G r a v e s  : I  should like to express my appreciation 
of such an excellent paper at the opening of our session. I t  
would be in teresting  to know the au thor’s views regarding pre- 
sent-day tendency in power production, and what is the chief 
advantage to be obtained by the introduction of super-high pres­
sures ?

The author states th a t extensive tests have shown th a t corru­
gation does not adversely affect the m etal. I t  would be in terest­
ing if he could give some idea as to how these corrugated bends 
are m ade; also how they compare, as regards costs, w ith  stan­
dard expansion bends. Could he also say whether any of these 
corrugated bends have been employed in  m arine practice ?

The au thor would perhaps also give us the benefit of his ex­
perience regard ing  the changes in  the tensile properties of 
m aterials due to super-high tem perature. He deals largely 
w ith the question of drainage. I f  you are using steam  at h igh
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degree of superheat, can he say what is the reason for the great 
im portance which it seems necessary to a ttach  to the question 
of drainage of the pipe lines? I f  you have a h igh  degree of 
superheat you would not expect much condensation to take 
place.

Mr. G. 11. P l o w s  : I  was pleased to hear the C hairm an raise 
the question of m etallic arc welding as compared w ith  the 
carbon arc process, as I  wondered whether the au thor intended 
his reference to the carbon arc process to include the m etallic 
arc, for it is a daily practice to weld steam pipes, flanges, and 
steel castings for a working pressure of 350 lbs. and 700°F. 
superheat, successfully by m etallic arc process. I  know of .one 
large steam installation  where all flanges were welded in  situ  
before the war and all pipes fitted since have been supplied w ith 
welded flanges.

I  was also pleased to note the design of the cylinder shown 
on the screen in  which the shell was flanged over the end plate. 
I  th ink  it the duty  of every welder, no m atter how confident he 
is of welding, to provide m echanical streng th  as well as welded 
strength , wherever possible.

Mr. J .  W a r d , B . S c . : W hen heating  a welded flange, does 
any distortion occur, necessitating the refacing of the flange? 
Of course, th a t is an operation which cannot be perform ed on a 
long length of pipe. According to a paper which was read be­
fore an American society recently, the practice there is to weld 
a short length  of pipe, and then to butt-weld th a t on to longer 
lengths as required, so as to avoid distortion.

Mr. J .  C l a r k : I  suppose most of us are aware of modern 
practice as regards steam pressures, and m any of us are also 
aware of the results of m odern practice. The author has con­
firmed my impression th a t i t  is very difficult to get a perfect 
weld. I  th ink  I  agree w ith  the opinion th a t there is no such 
th ing , bu t th a t some welds are better than  others.

There are other points to consider besides flanges when deal­
ing Avitli super-high pressures. As regards piping arrange­
ments, we m ust be allowed p lenty  of la titude  in  th is respect, 
as I  th ink  th a t the ideal p ip ing  arrangem ent has yet to be 
found. In  Am erica the flanges have been riveted end to end, 
but in th a t case the pipes are placed in position once for all. 
I  am sure th a t these flanges do not give trouble by blowing out.

One speaker rem arked about the friction  loss in corrugated 
bends, and I  also had noted the au thor’s in teresting  statem ent
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tha t it  was double the loss in plain  bends. I  would like to know 
how th a t figure was ascertained.

I  would also be glad to know what, in  the au thor’s opinion, 
is considered good practice as regards the velocity of steam 
through a pipe a t these h igh  pressures. Does it, vary w ith  the 
bore of the pipe or is it constant for most bores ? A t the present 
moment these super-high pressures are only just coming into 
use, and la te r on, no doubt, we shall be dealing w ith still h igher 
pressures-

The A u t h o r  : W ith  regard  to the C hairm an’s enquiry as to 
the size of the corrugations, there is no fixed size. Each pipe is 
designed for its special work, and the corrugations vary w ith 
the thickness of the walls of the pipe and w ith  the radius of the 
bend. Roughly the corrugations are about 2 i in . pitch. They 
are not like the corrugations of suspension type of furnace as 
I  understand it. I  understand th a t in  th a t case the top of the 
corrugation is brought ra th e r  sharply together. These are 
round, and the radius a t the root is the same as at the top.

The C h a i r m a n : Like semi-circles b rought together?
The A u t h o r  : Yes. U sually, if the pitch is 2 |in . ,  each curve 

of the corrugation is l j i n .
The Chairm an referred to the m etallic a r c ; I  did not refer 

to tha t. W e do not use it. I t  is cheaper, bu t it has one serious 
objection for use in connection w ith these flanges. You notice 
th a t we have a very deep weld. Our great bugbear is slag, 
and as you know, slag is provided for keeping the oxygen away 
from the arc. W e only use th is method for small sizes, l j i n .  
to ^in. W e very seldom use it on the h igh pressure work. W e 
sometimes use it. on the face weld of the flange.

I  may say th a t the factor of safety on these flanges is very h igh. 
W e take very little  risk. I  have tested a pipe with a weld at the 
back only to 1,800 lbs. and it did not budge, so th a t one m ight 
say th a t the front weld could be dispensed w ith. However, we 
do not like to take any unnecessary risks. I  have conducted 
welding for the past tw enty years, but I  always take the pre­
caution to have a m echanical safeguard at the back of me if at 
all possible.

Mr. Farenden enquired about the pipes and jo in ts in  the 
King George V. These pipes are 4in. diameter, which we con­
sider to be small pipes. W e seldom weld a flange on a pipe less 
than  6in. bore. In  this instance the weld is a t the face and is 
of little value. W e should be quite prepared to fit pipes of this
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size w ithout the welding, only screwed. W e sometimes weld 
the back of a screwed flange but it  should not be necessary.

Mr. M artin  spoke about the pipes in  the F lush ing  vessels. 
I  know those of old, having been associated w ith  F lush ing  when 
these ships were supplied. In  m aking pipes by the method 
which Mr. M artin  describes, you have all the work of tu rn in g  
the bar outside and trepanning it. The flange is raised by forg­
ing. I  should have the objection th a t the g ra in  of the m etal 
is in  the wrong direction. You can make up for th a t by 
p u ttin g  in a m uch heavier pipe. I  should expect the pipes to 
be more expensive.

W ith  the advent of superheated steam the question of dealing 
w ith  expansion is m uch more difficult, and p lain  bends m ight 
be successful in  the past but would not be so now, hence the 
introduction of corrugated bends.

W ith  regard  to the question from  M r. Evans about welding a 
pipe from  the outside, the pipe referred to was only a 6in. pipe, 
and could not be welded on the inside, the edge of the tube was 
veed so as to enable one to get down to the bottom  of the weld.

R eferring  to Mr. G um m er’s rem arks, there are flange stan ­
dards, which have been determ ined by a committee of the E n g i­
neering Standards Association during a long period of investi­
gation connected w ith  pipes and flanges for pressures up to 
450 lbs.

I  should not like to attem pt to replace the bolts in a flange. 
They are not so easy to take out afte r they have been under 
superheated steam  for some tim e. I  have no inform ation as 
to how long they will l a s t ; I  should th ink  as long as an ordi­
nary  pipe will last, bu t they m ust not be made of h igh  carbon 
steel. In  m y opinion, th a t develops brittleness and they break 
off a t the ends.

Mr. W ard  mentions th a t slid ing expansion jo in ts have given 
satisfaction, but the difficulty is the packing, if it  is not tig h t­
ened up it leaks, and if it  is tigh tened  up unknown stresses 
m ay be put on the pipes.

W ith  regard  to the friction losses in  the bends, most elaborate 
tests were carried out by the Germans a t C harlottenburg. I t  is 
impossible for me to te ll you all the details, b u t they arrived 
a t the result which I  have m entioned, th a t the loss in  a corru­
gated bend is double th a t in a bend made of p lain  pipe.

Mr. W ard  m entioned long pipe lines working at 175 lbs. The 
steam was probably not superheated, in which case it  is a simple
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m atter to make the pipes practically  as long as you like. H aving 
worked under Pope, the originator of the Pope flange, I  know 
th is flange and liked it  very much. I t  is made of a soft copper 
collar brazed 011 the pipe and held together by heavy steel loose 
flanges. W e used to go round th a t flange w ith a ham m er u n til 
we made the copper practically  homogeneous, after which we 
never had trouble. You cannot do this w ith steel joints.

Mr. W ard  also asks how we open a weld by the oxygen flame. 
You take a blow pipe and play the flame round the weld, if  there 
is any flaw present it will open. Mr. W ard  suggested th a t in 
fitting the reinforcing rings to cylindrical vessels, I  have shown 
a lack of confidence. I t  is the people who buy the pipes and 
vessels who have lack of confidence, and at whose desire these 
rings are fitted. I  have never heard of a body weld failing , 
these are water gas welds of about 3in. to 4in. lap. W e have 
had a great deal of trouble in inspiring  confidence in  the in su r­
ance companies.

W ith  regards to Mr. Graves’ rem arks, torsion stresses will 
not occur, nor will you get water ham m er in corrugated pipes. 
In  the first case the pipes are so flexible, and in the second the 
w ater is in small pockets, and you cannot set up the wave action 
in a corrugated pipe

Fuel economy is the reason for h igh  pressure. I t  is cer­
ta in ly  in teresting  to notice how satisfied we have been w ith  
200 lb. pressure, bu t the oil engine has now made us adopt 
h igh pressure steam and superheat, if steam is going to compete 
w ith the Diesel engine. I  am convinced th a t pressures will go 
much h igher still, bu t if  tem peratures are to go much above 
800° the pipes will have to be made of some other m aterial 
than mild steel, the elastic limit falls very rapidly as the tem­
peratures rise above 750°.

I  believe th a t corrugated pipes are in  use in the Cap Polonio, 
a German built vessel. They are also fitted on board some 
vessels in this country, but they have not had long experience 
yet.

As regards the com parative cost of expansion joints, the cost 
of a corrugated expansion jo in t is of course h igher than  th a t 
of a plain pipe. I t  is, however, much easier to bend and that 
means a certain  economy, bu t 25— 30% more tube is required 
to make it. You may say th a t a corrugated expansion bend 
of the same size would cost practically  double, roughly speaking, 
bu t you do not make them  the same size ; they can be made
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m uch sm aller. Sometimes they are cheaper and sometimes a 
little  more costly. If' for any reason you m ust make them  the 
same size, you are ge tting  som ething very much better in the 
corrugated type.

In  reply to Mr. Beckett, it is a spigot jo in t. I f  you make 
a jo in t all over the face of a flange, the tig h test p a rt of 
the jo in t is 011 the outside, round the rim . You may have a 
leak and it  will come th rough  the bolt holes. Now if  you make 
a raised jo in t inside the bolt holes, the tigh test part of th a t 
jo in t is inside the bolts, and if you get no leakage through the 
jo in t, you cannot get it through the bolt holes.

Mr. B e c k e t t  : W hat about the tension on the bolts ? W ith  
a leverage like th a t it would be excessive.

The A u t h o r , : I believe the E ngineering Standards Com­
m ittee’s figure is about 8,000 lbs. per square inch. The raised 
face on the jo in t is very sm all, and there ought not to be any 
sp ring  in  the flange; there m ay be a certain  am ount, but not 
enough to make the jo in t weak. The im portant point is to make 
a flange heavy enough.

Mr. W ard  asked about distortion. W e always face a flange 
afte r welding. W elding does not leave a flange in a fit condi­
tion to make a jo in t, and when you reface it you find out 
w hether it is sound, especially when you g rind  it.

I  do not believe in the Am erican method m entioned ; if you 
are going to butt weld, why have a flange at all ?

W ith  regard  to Mr. C lark’s rem arks about welds not being 
perfectly reliable, there are m any bad welds and none perfect, 
but we allow a h igh m argin of safety. An example of end 
riveting , such as he mentions, exists at B arking Power Station. 
The point which Mr. Clark raised concerning the velocity of 
steam  through pipes is very in teresting . I. could never get th a t 
point settled ; what worried me was— w hat causes the velocity ? 
I  could read in tex t books th a t 90ft. per second was a good 
velocity, but how was th a t figure obtained? The velocity is not 
the im portant point. The drop in pressure which produces the 
velocity, is the im portant p o in t; if you have a range of h igh  pres­
sure pip ing it is my opinion th a t you should have a very h igh 
velocity, because if the jiressure drops it involves no serious loss, 
but it will increase the velocity enormously, and th a t is a serious 
loss. Also your capital expenditure and heat and radiation  
losses will be much more. I  recommend a h igh  velocity
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and a small pipe. The tendency in  power stations is to keep 
the pipes down to a small size. The largest steam pipe in  the 
large power installations which I  showed 011 the screen was 
12in. Most are lOin. pipes. I t  is a m atter of working out 
which pays you best, to keep the pressure up or to lose a certain 
am ount of pressure and to save capital expenditure and heat 
losses. In  land work this question enters very considerably and 
in present-day installations we are frequently  asked to guar­
antee what the drop in pressure will be through our pipes, and 
we give it. W e guarantee a definite drop of pressure ; we never 
go as far as 10 lbs., but I  th ink  it m ight be economical to go 
much higher.

The C h a i r m a n  : I  hard ly  th ink  I  need make any fu rth e r re­
marks. I  have already referred to the very in teresting  and able 
paper which Mr. Aiton has given us, and personally I  th ink his 
reply to the discussion has been more in teresting  still. He has 
im parted a great deal of inform ation, for which we are very 
gratefu l. Those people who, like Mr. A iton, are interested 
commercially in these m atters are not usually  disposed to give 
th is inform ation away, but I  th ink  M r. Aiton has given us 
freely of his best. I  propose th a t a very hearty  vote of thanks 
be accorded him. (Carried unanim ously.)

The A uthor  : I t  is always a pleasure to come and ta lk  to 
practical people, particu larly  to m arine engineers, as we have 
a good deal in common. Before I  took to land practice and 
pipe work I  was a m arine engineer myself. As fa r as giv ing 
away inform ation goes, if  you th ink  I  have told you all about 
pipes you do not realise the great varie ty  of questions th a t arise, 
in the designing and m aking of them , it  would be impossible 
in one lecture to deal w ith  all.

P a p e r  o x  “ B e a r i n g  M e t a l s , ” b y  M r . G r i f f i t h s .  C o n ­
t r i b u t e d  b y  C o r r e s p o n d e n c e .

Capt. P . T. B r o w n , M .C .: This paper is one of the most 
useful contributions to the Transactions of our In s titu te  and 
we owe Mr. Griffiths a large m easure of thanks for the work 
he has done in b ring ing  such a w ealth of inform ation to our 
notice.

“ Rule of Thumb ”  methods in the m aking of bearing m etals 
occasionally obtain, and to elim inate this possibility it  has 
become the general practice for a standard brand of m etal to  be 
specified.
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I t  does happen, however, particularly  in em ergency repair 

work, th a t a m etal of unknown reputation  is offered and the 
inform ation contained in  this paper will he of g rea t assistance 
to  any one whose duty it may be to decide on the advisability 
of acceptance of an unknown m etal.

Mr. Griffiths m entions some of the disadvantages of lead as 
a constituent, but— I  hope he will correct me if I  am in error— 
I  gather from  the general trend of his paper th a t he is not 
antagonistic  to its use. P ittin g  is a serious defect and fre ­
quently  obtains in the cheaper varieties of m etal. May we 
assume th a t lead renders a m etal very prone to this defect? 
A nother defect one encounters is the squeezing out of the m etal 
from the sides of bearings. W ould the inclusion of zinc in ­
stead of lead prevent this ?

The rem arks about the tem perature of pouring and the shell 
tem peratures are very in teresting , as “ b rittle n e ss”  and “ bad 
adhesion ”  are undoubtedly common defects. Could the au thor 
give some reliable and simple methods which could be adopted 
when pyrom eters are not available.

I  am pleased to note the author issues a w arning on the sub­
jec t of “ t in n in g ”  and the undesirability  of “ peening .”  A 
large am ount of expense would be saved by the following of 
his advice.

In  regard  to “  te s ts .”  Could the au thor suggest a range for 
B rinell num erals and Compression Tests.

I  would also like to know whether the au thor would indicate 
his ideal m ixtures for the fo llow ing :—

(a) B earings subject to h igh tem peratures.
(b) B earings which have a h igh load due to im possibility of 

increasing th e ir size.
(c) B earings subject to norm al load, bu t w ith  the liability  

to “ pounding.”
As an am ateur m etallographist I  am impressed by the m icro­

photographs and would be g ratefu l for a little  inform ation.
(1) W hat means are adopted for polishing?
(2) W hat reagents are used for e tch ing?
(3) W hat are the powers employed in the micro-photos of 

the  paper.
I  hope Mr. Griffiths will excuse the “  Oliver Twist ” a ttitud e  

of dem anding more. He has given us a m ost useful paper and 
I  warm ly thank  him for his work.
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Mr. G r i f f i t h s : I  much appreciate Captain Brow n’s kind 

rem arks, and am gratified to hear that the paper is considered 
helpful.

I  am certainly not antagonistic to the use of lead as a con­
stitu en t m etal of an antifriction  alloy, and indeed, consider 
th a t it m ight he more often used where low loads are involved. 
A lthough it certainly  does increase the tendency to p itting , the 
effect is quite negligible if good quality  lubricants are em­
ployed. Time tends to stiffen up a bearing m etal but, perhaps 
for this reason, it has an adverse effect on the an tifriction  pro­
perties.

For suitable ranges of Brinell hardness figures and Compres­
sion tests, I  would refer Captain Brown to the tables a t the end 
of the paper, which give typical results for certain  more or less 
standard alloys.

The recommendation of “  ideal ” m ixtures is one of some 
difficulty, as other factors have to be taken into account besides 
those referred to. Alloys containing from 83/86 per cent. 

Tin, 8 /10 per cent. Antim ony and 7 /8 per cent. Copper may be 
used where tem peratures are liable to be somewhat h igher than 
norm al or the w orking conditions very severe. A lternatively, 
for extreme conditions of tem perature or loading, bronzes m ust 
necessarily be employed. W here much “ p o u n d in g ”  is likely 
to occur the high grade Tin Alloy containing about 93'5 per 
cent. Tin, 3‘5 per cent. Antim ony and 3'5 per cent. Copper may 
be utilised, the alternative again being a bronze.

The usual procedure was followed in polishing the alloy speci­
mens for the photo-m icrographs, rubbing down on emery 
papers of increasing fineness. G reat care is necessary w ith 
the softer alloys to ensure th a t the pressure on the specimen 
during every stage of the polishing is as lig h t as possible, as a 
deep scratch once formed is difficult to eradicate, while “  flow ”  
of the metal surface over scratches is liable to give a false im ­
pression of the work—until etching brings disillusionm ent. 
Very uniform  emery papers only should be used and m oistening 
the surface w ith paraffin oil is sometimes helpful. The final 
polishing is best carried out by hand on a soft cloth of the 
“  Selvyt ”  type, using one of the gritless m etal polishes now 
on the m arket. D ilute hydrochloric acid was used for etching 
the white m etals and a ferric chloride solution for the bronzes. 
Owing to an error, the m agnification of all the photo-micro- 
graphs was om itted from  the advance proof copy; it was 100 
diam eters in every case.
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The following in teresting  sum m ary of A m erica’s view of 

Gas and Oil Engine progress is from  “  Gas and Oil Pow er ”  of 
January  7 th :—

Side hy side w ith  the achievements of B ritish  and other 
European in ternal combustion engineers, g rea t progress has 
also been made during the past year by the U nited  States in 
the different engineering branches. The American Society of 
M echanical Engineers has done well to invite a series of world 
retrospects from its different professional divisions, and the 
resu ltan t reports are published in tbe December issue of 
‘‘ M echanical E ngineering .” *

Of special in terest to our readers is a report on “ Progress in 
Oil and Gas Power E n g ineerin g ,”  prepared by a divisional 
com mittee, consisting of Messrs. E dgar J . K ates (Chairm an), 
L. H . M orrison (Secretary), E lm er A. Sperry, R obert Rennie, 
George D. Pogne, and John W . M orton. The report is as 
u n d e r:—

There is no more efficient method of producing mechanical 
power from petroleum  than  th a t employed by the modern oil 
engine. Sim ilarly, the gas engine using blast-furnace gas to 
produce electric power and to compress b last air, does more 
work per unit of gas than any other known type of machine.

The field of oil and gas power is ever widening. S ta rting  
w ith  engines used only for stationary  plants, it n e s t was de­
veloped for m arine use. A sta rt has lately  been made in the 
application of oil power to driving locomotives, tracto rs, and 
automobiles, and before long we shall undoubtedly see oil 
engines driving airplanes.

15,000-H.P. Now R e a c h e d  i n  O n e  U n i t .—Not m any years 
ago the field of application of the oil engine was g reatly  re­
stricted by the com paratively small capacity of the units avail­
able. Pow er users requiring  thousands of horsepower were 
not in terested  in oil engines whose ra tin g  was of the order of 
hundreds of horsepower. This prevented the use of oil engines 
in central stations except those of small size, and lim ited the 
m arine use to com paratively small and slow fre igh t vessels. 
However, th a t condition is now rapidly passing, and the ex­
perience gained w ith the sm aller sizes has brought about the

* May be seen in the L ib ra ry .—J  A.
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development of successful oil eng-ines of much larger sizes 
which are now invading fields form erly dom inated by steam 
power.

C u r r e n t  I n s t a l l a t io n s  P r e s e n t  N o v e l  F e a t u r e s .— Several 
in teresting  installations are under way or have recently been 
completed. Among them may be m entioned :—

1. The U .S. Shipping Board has on order 18 large Diesel 
engines rang ing  from  2,700 b .h.p . to 3,000 b .h .p ., each for 
converting existing steamships to motor-ships. Nine of these 
engines are single-acting f'our-stroke-cycle, four are single- 
acting two-stroke-cycle, one is double-acting four-stroke-cycle, 
and four are double-acting two-stroke-cycle. Note the trend 
towards double-acting engines. A few years ago single-acting 
engines were quite the rule, bu t in this order the double-acting 
engines comprise one-third of the to tal.

2. Three Diesel engines of 3,750 b .h.p . each have been 
ordered for a new power plant a t Mirallores in the Panam a 
Canal Zone, as auxiliary  to the G atun hydroelectric plant. 
These engines are of the N ordberg two-stroke-cycle single- 
acting design, having 6 cylinders 29 in. in diam eter by 44 in. 
stroke, running  at 125 r.p .m ., and direct-connected to 25-cycle 
generators of the flywheel type. These are the largest ind i­
vidual engines so far built in the U nited States.

3. The U nited States Helium  Production P lan t a t F o rt 
W orth, Texas, is operated by seven 500-h.p. Bruce-M acbeth 
natural-gas engines which supply power to compress the 
natural-gas to 3,000 lb. per sq. in. for ex tracting  the helium . 
The engines consume about one-eighth of the gas processed, 
the rem ainder going back into the m ains. The low-pressure 
steam required is furnished by exhaust-gas economizers con­
nected to the engines.

4. The P o rt of P o rtlan d ’s 30-in. pipe-line dredge Clackamas, 
which is one of the largest and most efficient dredges ever 
built, has been powered w ith two 800-b.h.p. and two 900-b.h.p. 
M cIntosh and Seymour Diesel engines driving electric genera­
tors, which in tu rn  operate the electric motors driving the 
dredging pump, the cutter, and the auxiliary m achinery.

R e m a r k a b l e  I n c r e a s e  i n  M a r i n e  A p p l i c a t i o n .— There has 
been a rem arkable increase in the num ber of m otor-ships being 
built as compared w ith steamships. The gross tonnage of 
m otor-ships under construction in September, 1921, was but 
one-tenth of the steamship tonnage, whereas in June, 1925, it
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had tripled and was practically  equal to the steamship tonnage. 
I t  is apparent th a t in the present period of depression in the 
shipping business the economic advantages of the m otor-ship 
are being generally recognized.

D i f f e r e n t  M a r i n e  D r i v e s .— There is at present no sign 
w hatever of the standardization of any one type of oil engine 
for m arine drive.

The m otor-ship of to-day presents a variety  of drives de­
signed w ith the object of reducing w eight or space, or of in ­
creasing propeller efficiencies. These are :—

(a) D irect drive.
(b) H igh-speed engines w ith  gear transm issions.
(c) High-speed engines w ith hydraulic transm issions.
(d ) D iesel-electric drive.

The last one is gain ing ground in this country for use on 
sm aller vessels, tugs, and ferry  boats. However, for larger 
vessels the direct Diesel drive is still well in the lead, and 
especially the long-stroke engine introduced for converting 
steamships and saving the old propeller equipm ent.

L o c o m o t iv e  A p p l i c a t i o n .— There has been no noteworthy 
advance in this country in the application of Diesel engines to 
locomotive drive since the 300-h.p. Ingersoll-R and 60-ton loco­
motive, except for a 1,000 h.p. locomotive ju s t completed by 
the Baldwin Locomotive W orks, employing an oil engine of 
unusual design h itherto  unapplied to practical use. This loco­
motive is now in experim ental use on the Philadelphia and 
R eading Railroad.

In  Europe, however, the tem pting im provem ent in overall 
efficiency promised by the oil-engine locomotive (about six to 
eight tim es th a t of the steam  locomotive) has been the spur to 
m any in teresting  developments. In  Germ any two 1,200-h.p. 
Diesel locomotives have recently  been built. Each of these 
is powered by a six-cylinder (17f in. in diam eter by 16J in. 
stroke), 450-r.p.m . M .A.N. Diesel engine w eighing 29 tons. 
One of these locomotives has electric transm ission and the other 
has gear transm ission. The to ta l w eight of the Diesel-electric 
locomotive is 137 tons, or 230 lb. per h.p. This is a develop­
m ent of the original Diesel-electric locomotive bu ilt in Russia 
in 1909 from the designs of Dr. Lomonossoff.

Another in teresting  type of Diesel locomotive is being bu ilt 
by the M .A.N. works, using the Diesel engine to drive an air
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compressor. The compressed air is heated by tbe exhaust gas 
from the engine and then develops its power in the ordinary 
type of locomotive cylinders. I t  is expected to produce at the 
locomotive wheels 27 per cent, of the power represented by the 
heat value of the fuel.

The real problem in the application of oil engines to loco­
motive drive is hardly in the design of the engine itself, but 
ra th er in the mechanism for transm itting  the engine power to 
the locomotive drivers. The electric drive answers the demand 
for h igh starting  torque and ease of control, but suffers from 
too much w eight. That is the reason for the search for im 
proved forms of other types of transm ission.

G a s  B l o w in g  E n g i n e s .— The first American blast-furnace 
gas-engine p lan t was installed by the Lackaw anna Steel Com­
pany at Buffalo in 1903 to 1905, but according to C. G . Sprado 
there are now in America steel plants 118 gas blowing engines, 
having a to tal capacity of 3,600,000 cubic feet per m inute, and 
110 gas-electric units, having a capacity of 275,000 k.w .

Gas blowing engines are generally  of the four-stroke cycle 
double-acting type w ith the air cylinders directly in line w ith 
the gas cylinders; they are of the tandem  type, having two 
double-acting gas cylinders for each double-acting air cylinder. 
The design of the air cylinders or “ tu b s ” has changed from 
positively operated inlet and discharge valves to p late valves. 
F ifteen  years’ experience has shown th a t gas blowing engines 
are fully the equal of steam  engines in reliability .

A n  A i r p l a n e  O i l  E n g i n e  U n d e r  T e s t .-—An oil engine de­
signed for a ircraft use is now on tria l at the Naval A ircraft 
Factory, Philadelphia. This is known as the “  A ttendu ”  
engine, the experim ental model being a two-cylinder, airless- 
inject.ion, self-igniting, two-stroke-cycle engine, designed to 
develop 125 h.p. a t 1,800 r.p .m . The engine weighs 3J lb. per 
h .p ., and is said to run w ith clear exhaust, burning 19 deg. B. 
fuel.

A valuable document is the Technical R eport for 1924 of the 
B ritish  Engine, Boiler, and E lectrical Insurance Co., L td ., 
prepared by Michael Longridge, Chief E ngineer. This report 
contains accounts of breakdowns and failures of steam  engines, 
oil engines, boilers, electrical equipm ent, etc., selected from 
the casualty  list of the year either on account of some in terest­
ing peeularity  or as suggestive to m anufacturers and users of 
the various sorts of m achinery covered. Each accident is re­
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ported in detail, w ith draw ings, photographs, photom icro­
graphs, etc., and the  evidence is closely analysed to bring  out 
the cause.

A report of like character to cover sim ilar classes of acci­
dents in this country is much to be desired.

T r e n d s  i n  Cy c l e s , P r o c e s s e s , a n d  E q u i p m e n t . —  Double- 
Acting P rincip le .—Reference has been made before to the 
increasing use of the double-acting principle. This applies to  
both the f'our-stroke-cycle engine and the two-stroke-cycle 
engine, and is, of course a natu ra l development to be expected 
where large powers are required. Among recent applications 
of the double-acting principle may be m entioned the W orth ­
ington two-stroke-cycle, the B urm eister and W ain  four-stroke- 
cycle, the M .A.N. two-stroke-cycle, and the W erkspoor tw o- 
stroke-cycle engines.

Solid  Injection.— Oil-engine development tends more and  
more to the elim ination of the air compressor for supplying air 
to in ject the fuel. Not only are more m anufacturers adopting 
the principle of airless or solid injection, bu t th is principle is- 
being applied to larger and larger sizes.

The oldest Diesel-engine m anufacturers of all, the M aschin- 
enfabrik  A ugsburg-N urnberg  A.G. (known as the M .A .N .) 
have developed an airless-injection engine for small sizes. 
Sulzer Bros., of Switzerland, who have been build ing air- 
injection Diesel engines for 25 years, have adopted the airless- 
in jection system  for a line of small engines.

As an example of the application of solid injection to la rg er 
sizes, the De L a Vergne Machine Company now has in regu lar 
production solid-injection engines of 1,000 h.p. using six 
cylinders 21 in. in diam eter by 30 in. stroke.

Superchargers.— These have been increasingly used for :—
(1) Increasing  power and reducing first cost.
(2) Providing reserve power for peak loads.

The gain in power th rough  supercharging is ordinarily 10 to  
15 per cent., though on some German installations a g-ain of 
30 per cent, has been claimed w ithout in ju ry  to the engine.

C entrifugal compressors are now being widely used for super­
charging. This type of supercharger has been h ighly  
developed by the General E lectric Company in this coun try , 
and by Brown, Boveri and Co., in Switzerland.
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Independent A uxiliaries .—There is a tendency in the case of 

large engines to make independent units of the b last-air com­
pressors, and also of the scavenging compressors in the case of 
two-stroke-cycle engines. The motor-ship Gripsholm  contains 
two 6,750-h.p. B urm eister and W ain four-strohe-cycle double- 
ac ting  engines, no compressors being m ounted on the m ain 
engines. Injection  air is furnished by three air compressors 
driven by 600-h.p. Diesel engines. I t  may be noted in passing 
th a t th is ship also contains three 500-h.p. Diesel generating  
sets, m aking a total Diesel installation  of 16,800 b .h .p .

The two-stroke-cycle Sun-Doxf'ord engines of the ore carriers 
H enry Ford I I  and Benson Ford  receive their scavenging air 
from  centrifugal compressors built by the General E lectric 
Company, which are rated 12,000 cubic feet per m inute at 
2'5 lb. pressure, and are driven by electric motors developing 
180 h.p. The principal advantages to be obtained aboard ship 
w ith  this method of scavenging are saving in w eight and space, 
and also better control of the scavenging air when manoeuvring 
the ship.

A centrifugal compressor connected through gears to the 
engine shaft furnishes scavenging air to the 1,000-h.p. two- 
stroke-cycle Knudsen engine used on the Baldwin Diesel Elec­
tric  compressor, previously referred to. This is a General 
E lectric compressor, ra ted  at 4,500 cubic feet per m inute at 
2'5 lb. pressure.

Jacket-W ater Systems.—A lthough the harm ful effects of scale 
in oil-engine w ater jackets have long been known, the practice 
in the past has generally been to perm it the scale to form bu t 
to remove it occasionally before serious damage resulted. How­
ever, a more logical procedure is now being followed in many 
cases, which consists in using soft w ater in the engine jackets, 
thus preventing the form ation of any scale whatever. Such 
soft-w ater systems usually consists of a closed-circuit system 
an which the same supply of soft w ater is used repeatedly, and 
afte r being heated in the engine jackets is re-cooled by means 
of pipe coils or other heat exchangers, which deliver the heat 
to the raw-water supply. There are a num ber of cases on 
record where plants which had suffered repeated cracking of 
cylinder heads caused by scale completely overcome the trouble 
by adopting enclosed cooling systems as above described.

Centrifugal Purifiers for Fuel O il.— C entrifugal purification 
of heavy fuels before entry  to the engine has received im petus, 
particu larly  aboard ship. In  order th a t the separation of w ater
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and d irt may be rapid and effective, it is necessary to preheat 
tbe oil before adm itting  it to tbe centrifuge, the preheated tem ­
perature rang ing  from 120 degrees F ah r. in the case of com­
paratively  ligh t fuels, to 210 degrees Fahr. for very heavy 
fuels. Such purification of the fuel has been found to resu lt 
in g reatly  reduced wear of pistons and liners, and longer 
periods of good seating of the exhaust valves and spray valves.

A ir  F ilters .—In te res t is increasing in the use of air filters 
for cleaning the in take a ir of oil and gas engines in order to 
reduce wear on liners and pistons, and also possibly to increase 
the life of the exhaust-valve seats between regrindings. In  
industria l d istric ts the dust content is about 2 to 4 grains per 
1,000 cubic feet of air. This is equivalent, in a 200-h.p. engine 
runn ing  continuously, to 3 | to 7 lb. of dust and g rit draw n into 
the cylinders each week.

PMeasurement o f E.ihaust-Gas Temperatures.— On a m u lti­
cylinder engine it is, of course, desirable th a t each cylinder 
should carry the same proportion of the to ta l load on the 
engine. This is especially true when the engine is operating 
near full load, as otherwise one or more cylinders may be 
heavily overloaded, resu lting  in unsatisfactory  performance. 
A simple means of checking the d istribution  of load among 
the various cylinders is to measure the tem peratures in the 
individual exhaust outlets. I f  the engine is in good mech­
anical condition, w ith tig h t exhaust valves and piston rings, 
also w ith correctly timed fuel injection, the tem perature in the 
exhaust outlet of any cylinder will vary practically  in direct 
proportion to the load on th a t cylinder. In  a tes t on one 
engine it was found th a t the exhaust-gas tem perature varied 
5 degrees Fahr. for each 1 per cent, change in load over the 
whole range of 25 per cent, to 110 per cent, of rated  load. The 
exhaust outlet tem peratures, therefore, serve as an excellent 
check on the engine perform ance, and pyrom eter equipm ents 
are now being widely used for this purpose.

Utilization o f Waste H eat.— W ith in  the last few years ex­
haust boilers have received considerable a tten tion  in this 
country, especially for m arine use. W hile it is, of course, 
desirable to try  to save some of the heat rejected in the exhaust 
of an oil engine, the commercial advantage is lim ited by the 
com paratively low tem perature-of the exhaust gases due to the 
high therm al efficiency of the engine. Consequently to recover 
any large proportion of the heat in the exhaust, requires a



large and expensive exhaust boiler, whose first cost, m ainten­
ance charges, space occupied, w eight, etc., may or may not be 
justified from a commercial point of view.

In  this respect the oil engine differs from the gas engine, as 
the beat in the gas-engine exhaust is very much greater, and is 
often well w orth  recovery.

A nother possible application of the exhaust beat is to employ 
it in a gas turbine driving a blower for supercharging the 
engine. This system, whilst the subject of experim ent, has 
not yet been commercially adopted.

A  F e w  P r o b l e m s  A w a i t i n g  S o l u t i o n .— Among the out­
standing mechanical problems in the field of oil and gas power 
engineering a r e :—

1. Reduction in w eight and cost of oil engines by—
(a) Im provem ent in m aterials used.
(b) Im provem ent in design affecting sim plicity and stan­

dardization for the purpose of reducing m anufacturing costs.
(c) Supercharging.
2. Standardization of accessories to perm it their purchase at 

lower prices.
3. O btaining inform ation from the users of oil engines to 

help designers and m anufacturers to improve them . An 
organization of oil-engine users, sim ilar to the Diesel Engine 
U sers’ Association of Great B ritain , is much to be desired in 
this country.

4. A real survey of the relation of the oil engine to the 
economic production of power, and conclusions as to lim ita­
tions, etc.

5. Quality and grades of fuel obtainable in the future for 
oil-engine use.

6. Purification of future fuels for oil engines and study of 
the problems in burn ing  heavy oil.

7. Elim ination of harm ful effects of critical speeds and to r­
sional vibrations in m ulti-cylinder engines.

8. Prevention of harm ful heat strains in cylinder heads, 
pistons, and liners of large oil engines.

9. Application to large oil engines of airless injection of 
fuel.
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10. Im provem ent of combustion efficiency of airless-injection 

oil engines, resu lting  in g reater m .e.p. and lower fuel con­
sumption.

11. Im provem ent of therm al and m echanical efficiencies of 
oil and gas turbines, w ith special reference to m etallurgical 
research for improved m aterials.

12. Development of oil engines and transm issions suitable 
for locomotive drive.

13. Development of oil engines and transm issions suitable 
for truck  and trac to r drive.

14. U tilization of waste heat.
15. Life of engine parts as related to (a) piston speed, and

(b) revolutions per m inute.
In  “ The Foundry Trade Jo u rn a l,”  of M arch 25th, there is 

an article on m oulding and casting , w ith illustrations, includ­
ing a description of the best methods to adopt in the m oulding 
and casting of oil and gas engine pistons.

In  “ The Iron  and Coal Trades R eview ,”  Sept. 17th, the 
following in teresting  notes are given as to recent discoveries 
of iron ore :—•

“ The first iron mine in French Morocco, about 4A E nglish  
miles from Tiflet, was started recently. The mine is connected 
by a railw ay line, about 30 miles in leng th  w ith the port of 
R abat. D uring the opening ceremony the first tra in  of ore 
was started  from the mine to the p o r t.”

“ An announcem ent was made by Mr. A. C. M arten a t a 
recent m eeting of the Burm a E ngineering  Society th a t at about 
64 to 68 miles from Rangoon, a rich deposit of iron ore has been 
discovered. Analyses of samples sent to America, Germ any 
and Japan  show the ore as containing no sulphur. Japan  has 
offered to take all the iron th a t Burm a can produce.”

No comment is made as to samples not having been sent to 
B ritain . I t  may be that the w ant of coal has led to the non­
inclusion, on the understanding th a t the w orking of iron de­
pends on coal and where coal is lacking other industries suffer 
by unemployment.

The following is from “ The N autical G azette,”  New Y ork, 
of Ju ly  3rd :—

S t e a m  a n d  M o t o r  D r i v e s  f o r  S h i p s .—A t the general m eet­
ing of the German E ngineers’ Club held June 12th to 14th in
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H am burg, Dr. Fraham , the technical director of Messrs. Blohm 
and Yoss, gave a review of the m ost im portant problems of 
shipbuilding, in which the valuable la test experiences of Ger­
man naval architecture were made known.

Problem s of shipbuilding are for the m ost part not entirely 
new, but they lie chiefly in the direction of b ring ing  develop­
m ents which have for some tim e been under consideration, to 
technical and economical perfection. W hile ship construction 
runs more or less in fixed lines, the main problems in engineer­
ing and the most im portant am ong all construction questions is 
th a t of steam versus in ternal combustion engines.

From  a general point of view it m ust be stated th a t all diffi­
culties of the application of the in ternal combustion engine for 
ship’s drive have been overcome. U nits of about 5,000 brake 
horsepower at one screw propeller are running  continuously for 
a much longer tim e ; some larger units have been put into ser­
vice only recen tly ; but there is no reason to doubt th a t they 
and even very large motors are absolutely reliable. W ear and 
tear of Diesel engines have been found not to be excessive, 
from the experiences of the first sea-going motor vessels, which 
have been running  long enough now to allow definite ju d g ­
m ent. The conclusion may be drawn th a t in ternal combustion 
engines are even superior to steam engines inasm uch as only 
single parts such as cylinder liners and pistons may eventually 
need to be replaced, while w ith  a steam plant the boiler needs 
replacem ent sooner or later. In  the question of economical 
superiority, due consideration m ust be taken of all items con­
cerned, though  the fuel price question is the most im portant. 
I t  is a drawback for the m otorship th a t the development of fuel 
oil prices cannot be foreseen even for a few years, to say noth­
ing of the uncerta in ty  prevailing for the lifetim e of a ship. The 
question of engineers for in ternal combustion engines no longer 
present any difficulties, for it  has been found th a t steam  en­
gineers very soon get fam iliar w ith Diesel engines.

The fight for development and superiority is going on on 
both sides: steam engineering and motor engineering. As 
regards steam, a B ritish  vessel gives the rem arkable results 
where steam a t 570 lbs. pressure and a tem perature of 750° F . 
is used, bu t it m ust be doubted w hether the complication in ­
volved will pay for a saving th a t is estim ated at 10 per cent. 
O ther im provem ents under consideration are autom atic stoking 
of boilers and the use of pulverised fuel, but they are only in 
their infancy as yet. M otor engineering strives to use boiler
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fuel oil, to extend the application of supercharges and to m ake 
a more general use of combustion gases for the generation of 
steam.

I f  the steam  drive of fre igh ters is considered, it m ust be 
stated, th a t the reciprocating engine prevails, because geared 
turbines have been disappointing. The faults were w ith the 
gears and m ight have been avoided by proper construction and 
m aterial. For units of 3,000-5,000 horsepower turbines should 
be more used, as they allow a saving of about 10 per cent.

Fuel consumption of the different systems of in ternal com­
bustion engines fit for fre igh ters is about the same. W ith  
respect to space requirem ent and w eight, the double acting  
two stroke cycle system is much superior for larger u n i ts ; its 
height is of no im portance for fre igh ters. The w eight f.i. for 
a 3,000 brake horsepower engine is 270 tons only against 430 
tons for a single acting  four stroke cycle engine and 375 tons 
for a single acting  two stroke cycle en g in e ; the costs of build­
ing compare sim ilarly. Upon the whole the oil engine is an 
economical proposition for cargo boats on long voyages, where 
oil may be had a t a m oderate price.

For large liners some shipping companies still refra in  
en tirely  from  m otor drive, though progress is going on also 
on this field. Only the double acting  engine comes into con­
sideration for really  large powers. The two cycle and four 
cycle systems are fighting  for su p erio rity ; the four cycle system 
is favoured in other countries, b u t the two stroke cycle system  
is superior in output per cylinder in w eight and in build ing 
cost. In  special cases for passenger vessels, where small 
height of engines is of advantage, the engines may be con­
nected w ith tooth gearings w ithout hydraulic couplings. A 
double acting  two stroke cycle engine of 15,000 brake horse­
power is a t present undergoing tria ls , bu t there is no difficulty 
in building even decidedly larger units.

A thorough investigation of the economy of large liners of 
the Albert B a llin  (13,000 b .h .p .) and the Cap Polonio (24,000 
b .h .p .) class shows a slight superiority of m otor drive against 
steam  turbines w ith  oil fired boilers. I f  in spite of th is fact, 
the German shipping companies have decided in favour of 
steam  drive, the adherents of m otor shipping may be consoled 
by the probability  th a t the balance may la ter pull in favour of 
the m otor ship.

O ther problems touching the question of ship’s drive are 
those of propeller guide blades and of improved rudder system s.
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Propeller guide blades bave proved an undoubted success. Eor 
fast boats w itb fine lines it  may be said th a t tbe efficiency of 
tbe propeller can be improved upon by suitable guide blades by 
about 5 per cent. A still be tte r im provem ent in efficiency has 
been experienced w ith freighters and other craft of a more 
robust fo rm ; the gain depends in each individual case upon the 
interference between the ship’s hull and the screw propeller. 
Decided improvements have also been made in the construction 
of rudder forms, which are so built th a t they offer a small re­
sistance only to the stream  from the screw propeller.

In  conclusion it may be stated that none of the questions 
which are under discussion now in technique of shipping is 
such th a t its solution would b ring  any overwhelming improve­
m ent in economy. W e have come now to the point where gains 
are only made by small strides and savings are m easured by 
single percentages.

The following is from “ The Iron  and Coal Trade R eview ,” 
of A ugust 6th :—

B r i t i s h  A s s o c ia t io n .— The annual m eeting of the B ritish  
Association opened on W ednesday, A ugust 4th, at Oxford, 
where the Prince of W ales delivered, in the Sheldonian Theatre, 
his presidential address, pointing  out th a t one of the principal 
aims of the B ritish  Association was to obtain more general 
a tten tion  for the objects of science and the removal of any dis­
advantages of a public kind which impeded its progress. R e­
ferring  to the present a ttitude  of the S tate toward science, H is 
Royal H ighness said th a t it m arked a definite step in hum an 
progress, taken after long hesitation, but in itself n ew ; and 
because it was new, they m ight believe w ith some reason th a t 
they lived not merely in an age of science, bu t a t the beginning 
of it. The movement for co-operation had borne fine fru it 
already in other lands, and in particular it was active in our 
own Dominions. The Indian  Em pire stood in a somewhat 
different category from these; there was there a trad ition , so 
to  say, for the application of science in its governm ent, and 
the scientific results of its census investigations, its surveys, its 
agricultural, forestry , and other adm inistrative departm ents, 
had long been famous. T hat was not to im ply th a t b rillian t 
scientific work had been w anting  in the Dominions— far from 
it—but the co-operative movements w ith their Governments 
had followed th a t in this country, and w ith a laudable prom pti­
tude. The trend of developments had been sim ilar, broadly
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sp eak in g ; it was sought to take a comprehensive survey of the 
natu ra l resources and industria l opportunities of each 
Dom inion, to explore the means by which science m ight be best 
applied to the ir exploitation, to provide, w hether in S tate in­
stitu tions or in university  and other laboratories, for the pur­
su it of the necessary researches, to co-ordinate the work, and 
to ensure the dissem ination of knowledge acquired. The 
nature of the researches themselves was conditioned to a large 
extent (though by no means wholly) by geographical circum ­
stances in the respective te rrito ries ; agricultural, pastoral, and 
forestry  problems, for example, were not identical in all of 
them , and th a t very fact added to the in terest and value of co­
ord inating  the results of research work throughout the Em pire. 
W hile problem s m ight differ, solutions m ight point to a com­
mon end. N othing bu t good could follow from personal con­
tac t between scientific w orkers in different parts of the Em pire. 
N othing but good could follow from  th e ir researches if they 
added, as gradually  they m ust add, to the wider knowledge of 
the Em pire, not only among the workers themselves, bu t u lti­
m ately am ong the  whole body of inform ed Im perial citizenship ; 
not only in the overseas territo ries, bu t here a t home.

In  “  Fairp lay  ”  of Sept. 16th the following paragraph 
appears :—

The Board of Trade call the atten tion  of owners and m asters 
of oil carry ing vessels to the necessity of seeing th a t the elec­
tric  installa tion  is m aintained th roughout in a satisfactory 
condition. Lam ps and other fittings and the w iring leading 
thereto  should be suitably protected, and every precaution 
taken  to avoid the risk  of explosion which may be caused by 
sparks from  defective fittings and connections. W here it is 
necessary to introduce a lamp into a com partm ent, cofferdam 
or other enclosed space, before it  has been ascertained th a t the 
space is free of gas, only battery-fed  hand lamps of a type 
approved by the Home Office for use in fiery coal mines should 
be used. O rdinary portable lam ps, such as pocket torches, and 
lamps attached to cables, are, it  is pointed out, unsuitable for 
use in dangerous spaces.

The foregoing m ay be considered carefully by Associates in 
view of the subject set for Awards under the Stephen 
Legacy.
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The following' le tter was in “  The Times ”  of September 17th,. 

directing attention to “ A  New Scheme for Industry ” :—
Sir,—In  your issue of to-day is a brief notice of an article 

by Mr. W ickham  Steed in the “ Review of R eview s,”  calling 
atten tion  to an industrial scheme, hailing from  New Zealand, 
where it has obtained legal sanction, which is represented in 
this country at present by Messrs. F ran k  H arty  and H arry  
Valder. This scheme seems to some as in teresting , original 
and practicable. I t  is much to be desired th a t men of business 
who are not blind to the need of fundam ental reform s should 
study it. I t  has not the weaknesses of the ordinary profit- 
sharing projects and appears to be capable of solving w hat is 
perhaps the deepest economic problem  of to-day—How to make 
the “ workers ”  feel th a t it  is worth th e ir  while to do th e ir  
best, because they are fully partners as well as workers. I  
will not repeat a description of the project such as is briefly 
given in your notice referred to above; but perhaps you will 
allow me to mention that the prom oters’ pamphlet entitled 
‘ ‘ W anted ”  is procurable from Messrs. Mowbray, M argaret- 
street, W .l.

I  am, Sir, &c.,
CHARLES GORE.

6, M argaret-street, W .l ,  Sept. 15.

The following is from “  The N autical M agazine ”  of S ep t:—
S a i l i n g  S h i p s  A g a i n .— I t  will come as news to “  old tim ers ”  

to learn th a t fleets of sailing ships are again to spread their 
white wings to the trade winds of the N orthern and Southern 
Hem ispheres. W ith in  the n est five years those navigating  on 
the bridges of our big liners will gaze w ith adm iration and 
wonder a t the tall m asts supporting great spreads of white 
canvas to the breeze. I t  will call their minds back to the 
tim es, which doubtless m any of them have read about, of the 
famous wind-jam mers that raced across the waters of the world 
carry ing honours and prestige under the glorious flag of our 
Em pire. I t  is fu rther stated in the article th a t the sailing 
ships are being built by ship owners in France, Germ any and 
Finland, modelled on the lines of the famous tea clippers, bu t 
about six to eight times larger in proportion under the la test 
type of construction.

The first ship laid down in a Germ an yard  has been launched 
and another of g reater tonnage is on the stocks, and when com­
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pleted will be tlie largest sailing sbip th a t ever crossed the 
ocean.

The battle  for the sea is thus not confined to the steam an*d 
in ternal combustion engined ship, of which we have heard so 
much recently.

The above recalls the memorial booklet issued recently  to 
commemorate the Centenary of the Dundee, Perth  and London 
Shipping Co.

B o i l e r  E x p l o s i o n  A cts, R eport No. 2757.— This deals w ith 
the explosion from a cast iron stop valve chest 011 the Montrose, 
when the 4th E ngineer was slightly  scalded on the leg, but 
soon recovered, fortunately . The stop valve chest in  question 
was globe shaped and when tested by hydraulic pressure to 
300 lbs. when new, and on subsequent exam inations, had shown 
no indication of defects. The valve was part of the steering 
gear installation, it was 3|- in. diam ., of brass, w ith brass seat, 
gland and spindle, the casting  was § in. thick, the flanges 
9 | in. diam. by 1J in. th ick, w ith 9 bolts § in. diam. I ts  object 
was to control the admission of steam  to the starboard  steering 
engine, situated  in a com partm ent on the lower deck above the 
shaft tunnels a t the stern of the ship. The pipes, well Lagged, 
pass th rough  the starboard tunnel and lead up the tunnel escape 
along a passage to the steering engine, where the stop valve 
was situated. A w ater interceptor— steam  separator—having 
a w ater gauge glass and drain led th rough a steam  trap , was 
provided. A cross connection steam  stop valve jo in ing the 
t w o  ranges of pipes is fitted overhead; also a reducing valve, 
which was on the steering engine range in the after tunnel 
recess.

The explosion occurred when the vessel was alongside the 
quay, finishing the loading, on the eve of sailing for Canada. 
The Jun io r E ngineer was w arm ing the connections up, pre­
paring  for a run . He had opened the exhaust valve 011 the s ta r­
board engine and the m ain exhaus;t valve on the cross con­
nection. A ll the steering engine drains had also been 
opened. He then opened the drains on both w ater interceptors 
in the tunnel. Soon afterw ards the  cross connection stop valve 
in the tunnel was eased slightly  off the face. The steam 
separator drains were then by-passed direct w ithout going 
th rough  the steam -trap. The w ater gauges were tested  and 
showed the pipes to be clear of w ater. The valve on the s ta r­
board steering engine was then eased off the face and soon 
afterw ards, w ithout any shock of w ater ham m er, the chest gave
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way. Careful exam ination subsequently revealed th a t tliere 
were two inherent flaws in the casting and probably some w ater 
had been in the bends of the pipes and dashed along, thus caus­
ing the blow-out in the weakest part. The new valve chest 
was fitted w ith  drain cocks as a precautionary m easure. The 
investigation was carried out by Mr. E. F . Moroney, Board of 
Trade Surveyor, Liverpool.

Mr. C arlton’s observations were th a t the valve chest was 
obviously defective. Fortunately , considerable care was exer­
cised in opening up the steam  to the pipes, otherwise the valve 
chest m ight have burst w ith  serious consequences to anyone in 
the confined space in which the valve was situated.

P a t e n t  A c t s .—R eferring  to the notice as to observations or 
suggestions being desired w ith a view to improve the condi­
tions under which P a ten ts are granted, the  following p ara­
graph is from our Annual R eport of 1919/20 :— “ The revision 
of the P aten ts Act received consideration a t Conferences, by a 
General Committee consisting of representatives of the Tech­
nical Institu tions w ith a view to improvements in several of the 
details of the proposed new Act. The Act has now been passed 
w ith modifications, but it  does not embody all the recommen­
dations and improvements aimed a t w ith  a view to give, as it 
ought to give, the most ample encouragem ent to the inventive 
faculty for the benefit of the na tion .”

Engineers are given facilities and receive every courtesy to 
assist them  a t the P a ten t Office and to guide them  in th e ir 
searches, so th a t any suggestions will be welcome, by the 
Secretary of the Committee, P a ten t Office, 25, Southam pton 
Buildings, W .C .2.

i -  --------------------------------------------Thomas Gray Memorial Trust P rize for a n  I mprovement 
i n  the Science or P ractice of N avigation.— U nder the terms 
of the Thomas Gray Memorial Trust the Council of the R oyal 
Society  of A rts offer a prize of £ 5 0  to any person who m ay bring  
to their notice a valuable im provem ent in the science or practice  
of navigation  proposed or invented by h im self in the year 1926 
or in the years 1921-5 inclusive. Preference w ill be g iven  to an 
invention of 1926. In  the event of more than one such im prove­
m ent being approved, the Council reserve the r ight of dividing  
into two or more prizes at their discretion. Competitors m ust 
forward their proofs o f claim  on or before D ecem ber 31st, 1926, 
to the Secretary, G. K. M enzies, R oyal Society  of A rts, John  
Street, A delphi, London, W .C .2.



Books  Added to the Library.
By the courtesy of the Council.— The Annual R eport of the 

Council of The Royal Sanitary  In s titu te  for 1925. The H istory  
of The Royal Sanitary  In s t i tu te ; w ith  special articles on -The 
Progress of Sanitation  (luring the past fifty years. I t  may be 
observed th a t the In s titu te  has been represented at the R .S . 
Congress each year.

The Journal of Scientific Instrum ents for October.
By the courtesy of the Council. The Transactions of The 

Liverpool E ngineering Society, Yol. X L V I., Session 1924-5. 
This volume includes, am ongst other papers, the following, 
which are of special in terest to our m em bers:— Manoeuvring 
of Sh ips,’’ by E . M. K eary, A .M .In s t.N .A .; “ Methods of P re ­
venting  Corrosion of Condenser Tubes,”  by J .  A ustin ; w ith  a 
description of the method of spraying the tubes w ith a b itu- 
m astic solu tion .; “  Notes ton the L ongitud inal S tren g th  of 
Sh ips,” by E. E. Spanner, M .In s t.N .A .; and “ H eat T reat­
m ent of Tool S teel,” by S. N. Brayshaw, M .I.M ech.E .

By the courtesy of the Council.— The Transactions of the 
Institu tion  of Engineers-in-Charge. Yols. 29 (Session 1923-4) 
and 30 (Session 1924-5).

By the courtesy of the Education Com m ittee.— The Journal 
of the M unicipal College of Technology, M anchester. Vol. 12.

By the courtesy of the Council. A copy of the “  R egulations 
for the E lectrical Equipm ent of Ships.”  2nd Edition, June, 
1926.

R eport of the Committee on T abulating  the R esults of H eat 
E ngine Trials.

By the courtesy of the Council.— The Journal of the In s titu te  
of M etals. No. 1, Vol. X X X V ., 1926.

“  From  Slip to Sea,”  by A. C. H ardy, A .M .I.M ar.E . 
J . Brown and Son, Glasgow. 10/6 ne t.—W e have, on form er 
occasion, had the pleasure of noticing the works of the author 
of “ M erchant Ship Types,”  “ Bulk C argoes,”  and “  Motor- 
sh ips,”  and the present volume m aintains the reputation  for 
thoroughness, which the previous works led us to expect. The 
avowed object of this book is to fam iliarise all those who have 
not had actual experience in ship construction w ith the methods 
and processes involved, the principles governing these, and the 
technical nom enclature of the various members of which a ship 
is composed. In  the com paratively small compass of 236

277
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pages, w ith excellent and well chosen illustrations, the author 
has contrived to present as full a statem ent as one could expect 
in any one volume, and the man w ith any small degree of know­
ledge of ships who is anxious to extend th a t knowledge will 
find this work excellent for his purpose. A t the same tim e we 
are sure th a t the author would he the first to agree th a t the 
a rt of shipbuilding can no more be learned from books alone 
than , say, the a rt of surgery, and the utm ost any book can do 
in these th ings is to help the laym an to a more in te lligen t 
understanding of the general principles involved. The navi­
g a ting  officer will find the book of value in this respect and in 
the to tal absence of any yard experience he will not, in reason, 
expect any more. The engineer officer, however, w ith  
mechanical tra in ing  and experience, will reap a larger harvest 
of knowledge, and to him the book has correspondingly h igher 
value. In  this connection, we note w ith approval the shrewd 
rem ark of the author on page 178, where, after speaking of the 
enormous grow th of in tricate mechanical equipm ent on ship­
board, all of which is under the care of the engineer, he says 
that, “ it is possible th a t in the near future the engineer will 
develop into an engineer-navigator or vice v ersa .”

He says w hat many are th ink ing , and the tim e cannot be far 
d istant when the anomalies which have grown out of condi­
tions long obsolete m ust receive atten tion  already overdue.

Amongst the many excellent features of th is book, which 
sets forth  in chronological order and vividly describes all the 
operations which go to the m aking of a ship, we particularly  
welcome the prelim inary chapter on the nature of the m aterials 
used.

W e have drawn atten tion  to this m atter on more than one 
occasion and we are the more gratified to find th a t the author 
has dealt so well w ith this im portant phase of his subject, for 
we do not hesitate to say th a t it is a phase in regard  to which 
the average mind is not a t all well informed, and no one can be 
unaware that to-day the m etallurgist is in the very van of pro­
gress and the problems of his art are of param ount im portance 
to every branch of engineering.

W e note the following errata, which will no doubt be duly 
dealt w ith in following editions :—

On page 81: “  w orth ”  of m arking  off for “  work ”  of m ark­
ing off.

On page 124 : axis of “  tun ing  ”  for axis of “  tu rn ing  ” .
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On page 131: “ 9 /19 ths in. ”  for “  9 / 16tBs in. ”  declivity of 

ways.
On page 133: “  l/3 3 rd  in. ”  for “  l/3 2 n d  in. ”  diam eter of 

sight-hole.
And on page 148 the author speaks of a “  lig h t screen w ater­

tig h t ” bulkhead between engines and boilers in ordinary cargo 
vessels. This of course is a contradiction of term s, a bulkhead 
is either w atertig h t or it is not, and no lig h t screen will serve 
for w ate rtig h t purposes. The simple screen non-w atertight 
sheeting is, of course, usually found on purely cargo steamers.

The reference to cable on page 196 speaks of lengths between 
shackles of 12^ fa th om s;th is is not B ritish  practice, we usually 
have 15 fathom s of chain between shackles in our ship’s cables.

W e close this brief notice w ith  a sincere recom m endation to 
all who are concerned w ith ships, and especially to engineer 
officers in the m erchant service, to obtain a copy of th is excel­
lent book.




