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T h e upkeep of a boiler depends a g reat deal on the m anage
m ent of it, and it is generally  understood th a t the successful 
m anagem ent of a boiler consists in getting  the desired results 
w ith as low a cost as possible. To be able to do th is it should 
be handled w ith proper care, and any defects showing should 
be remedied a t once, or at the first opportunity , and their 
causes removed.

Internal Corrosion: —The greatest source of trouble with 
boilers is in terna lly , through corrosion, and the depositing of 
scale on the heating surfaces. Internal corrosion may arise 
from various causes, viz., im purities brough t into the boiler
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w ith  th e feed  water, a ir in tlie feed water, m echanical s train ing , 
in  m an y  cases through galvanic action being set up between 
tw o classes of m etal in  the construction of the boiler.

I f  sufficient interest and care is taken, in terna l corrosion may 
be prevented to a greater extent than  is often the case on 
tram p steam ers, by the present means available for stopping 
or reducing it, such as the use of zinc plates, keeping the  feed 
water as hot as possible for liberating  the air, and adopting the 
use of alkalies (soda) in  the proper m anner.

Sufficient care is not always taken when fitting  zinc plates 
into the boiler, by cleaning away the d ir t and scale from 
around the necks of the studs, to which they  are at some parts 
fitted, so as to ensure a proper m etallic contact. I f  this is not 
done the d irt or scale acts as an insulator, and so destroys the 
object for which they are used, viz.. in  setting  up galvanic 
action between the zinc and the boiler plates. I t  is a simple 
m atter when fitting  these plates to give the studs a touch tip 
w ith  a file.

The use of soda is an aid for the prevention of corrosion, or 
ra th er, in reducing the acidity of tlie water. This is very often 
used w ithout any consideration as to the am ount required. I f  
an engineer knows his boilers were properly cleaned and a 
necessary am ount of zinc plates fitted when leaving port, by the 
use of litm us papers, he can get an idea as to whether he is 
pu ttin g  sufficient soda or otherwise into the boilers on the 
passage. A  small quantity  of w ater can be drawn off a t the 
salinometer cock, and the litmus papers inserted; if the blue 
paper tu rns pink and the pink paper rem ains unchanged, the 
w ater contains ac id ; if the result is the opposite the w ater is 
alkaline in nature.

By careful treatm ent of corroded plates in  a boiler they  can 
often be prevented from fu rther deterioration; for instance, the 
p ittin g  th a t is frequently  found going on, along and a little  
above the line of fire bars, on the w ater side of a furnace. 
These places, if thoroughly cleaned and the black scale re
moved, then  coated with a m ixture of m etallic zinc powder 
and clean fresh water, w ill show good results, b u t it m ust be 
kept up and the same places done over again after every long 
passage.

Corrosion often sets up on the front end plates and the front 
end of the m ain stays in the steam space on tbe side of the 
boiler to which the uptake is fitted. Some engineers, to arrest 
th is, suspend zinc plates from the stays by means of iron
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hangers. The presence of zinc no doubt is an advantage, bu t 
th is method is not an advisable one, owing to the liab ility  of 
the zinc plates to break, fa llin g  off the hangers, and landing 
on the top of the furnaces. A good m ethod is to fix iron 
boxes on the stays and let the zinc plates rest in  them . Good 
resu lts have been obtained by filing the ends of the stays 
clean, and cleaning the fron t end plates as before stated on 
the furnaces, and pain ting  them  with zinc w hite, but this also 
m ust be kept up.

I t  is quite a general practice when scaling furnaces to only 
scale them  down to the line of fire bars, leaving the entire 
bottoms untouched, and scale is allowed to form to a consider
able thickness and left on for voyage after voyage. This I  
consider to be a very bad practice, as corrosion has been found 
going on badly under th is scale on the furnace bottoms, which, 
had the furnaces been kep t cleaned rig h t round, m ight not 
have ever s ta r te d ; in  any case, i t  would have been seen a t the 
commencement, when steps could have been taken  to rem edy it.

The backs of combustion cham bers and the necks of the stays 
a t the combustion cham ber end give another source of trouble 
due to corrosion, and require every atten tion  and care. W hen 
corrosion has once started here it is hard to stop owing to its 
inaccessibility. P robably , the best means of stopping it  is 
to clean the parts as well as possible and fasten zinc plates to 
the stays, m idway between the boiler end plate and the com
bustion cham ber back.

In ternal Feed P ip es .— These pipes, when fitted, should be 
given every atten tion , as the position in which the feed water 
is discharged into a boiler has a m aterial effect on the circu la
tion, which leads to show th a t should they be allowed to re
m ain in a bad state of repair i t  would m ean loss of efficiency. 
They often give trouble by continually  bursting , and in  m any 
cases, if not well secured by clamps, come off altogether. This 
m ay be said to be due to w ater ham m ering, caused by the in 
ternal pipe becoming p artly  filled w ith steam , and the feed 
pumps, every stroke, delivering com paratively cool water, pro
ducing a concussion by the sudden condensation of the steam , 
which forms a vacuum  in the pipe and causes an in rush  of 
boiler water. In  M r. S trom eyer’s book on boilers i t  is stated 
th a t a small hole near the flange on the  pipe or an  uncem ented 
jo in t entirely  prevents this action. This has certain ly  been 
found to work well w ith the uncemented jo in t, b u t w ith copper 
in terna l pipes another trouble arises. Corrosion sets up badly  
on the boiler plate to which the brass flange of the pipe is
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jointed, also the studs when of iron or steel get corroded; this 
is undoubtedly due to galvanic action between the copper pipe 
or brass flange, and the boiler plate and studs. I t  is therefore 
necessary th a t th is jo in t should be kept tig h t when copper 
pipes are fitted. A nother advantage gained by in terna l feed 
pipes is th a t the feed w7ater passing th rough them  becomes 
heated before being discharged, and fu rth e r loses any a ir it m ay 
contain.

In  modern ships the foregoing troubles are somewhat elim i
nated by the fitting  of independent feed pumps and the efficient 
feed heaters where the feed water is delivered into the boilers 
a t over 200°F ., being practically  free from air. Im purities  
are fu rther extracted by the use of modern feed w ater filters, 
and w ith a good evaporator the use of salt water feed is re
duced to a m inim um ; bu t in  the class of ship to which I  am 
referring  where the feed water is dealt w ith solely by the 
m ain feed pumps, the h ighest tem perature at which the feed 
water can be pumped into the boilers is seldom over 150°F., 
and although evaporators and filters are fitted, it is, in many 
cases, found necessary to work the boilers at about 5ozs. density , 
to keep a protective scale on the plates, especially w ith new 
boilers.

R aising Steam. W hen commencing to raise steam it is quite 
a common rule w ith m any engineers to set the fire away in 
the centre low furnace of a tliree-furnace boiler four or five 
hours before the others, in  the hope th a t the cold w ater which 
rem ains undisturbed at the bottom will get warm. This ru le  
undoubtedly originated in old ships, where there were no ap
pliances fitted for artificial circulation, such as hydroldneters, 
or a suction pipe from the boiler bottoms to a feed donkey pump. 
W ith  these appliances I  consider the above practice unneces
sary, as it m ust set up an undue strain  on the front end plate 
by the centre furnace becoming heated and expanding, and the  
two wing furnaces rem aining cold and rig id , to which m ay be 
attribu ted  the cause of leaky furnace mouth seams when hap 
pening under such circum stances. For this reason all fires 
should be lighted together, especially when there are means 
of prom oting artificial circulation.

Too m uch care cannot be taken in attending  to the c ircu la
tion when raising steam. W hen the fires are set away the 
safety valves should be opened to allow the heated a ir in  the 
steam  space to escape. (Another plan is to ease the stop valves 
off the face and allow the heated air to pass through  and warm 
up the engines, bu t th is is not always convenient). I f  th is is
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not done the a ir forms a pressure, and th is a ir pressure on the 
surface of the w ater prevents the form ation of steam bubbles 
when boiling point is reached, which would m ateria lly  assist 
the  circulation by carry ing  w ater w ith them  as they rise. The 
safety valves should be left open until steam is blowing 
through  them , and the hydrokineters or donkey pum p, as the 
case m ay be, kept w orking, u n til the boiler bottoms have 
grown quite hot.

I t  is often the case that after steam has been raised it lias 
not been wanted for some time, through delay, and with the 
boilers standing and no circulation going on the bottoms will 
become quite cold, even when the steam  is at w orking pressure. 
I f  a donkey pum p is the only m eans for circu lating , difficulty 
w ill be found in  ge tting  it to work, if a t all, with h igh  pressure 
on the boilers. To guard  against th is draw back, it is always 
advisable to fill the boilers up fu ll glass, and blow off the cold 
w ater from the bottoms at intervals. Should there be no 
delay, it is still an easy m atter to blow the w ater off before 
s tarting . This m ethod of blowing m igh t be adopted when 
ly ing  under banked fires, especially when fresh water is ob
tainable for m aking up the loss.

I f  the boilers axe allowed to stand long with their bottoms 
cold, undex pressure they are sometimes uuable to beax the 
additional s tra in ing  to which they are subjected, by the differ
ence of tem perature between practically  the upper tw o-thirds 
and the lower one-third of their circum ference, and if not caus
ing  a cracked shell p late  it is invariably  the cause of leaky 
circum ferential seams, which, when once started , are a trouble 
to keep tig h t ever after. This difference of tem perature can 
am ount to considerably over 250°F ., and as iron expands -0012 
and steel .0011 of their length between >32 F. and 212 F  , it can 
thus be seen, th a t with a large boiler, a severe stress would be 
set up. Siem en’s steel has now taken  the place of iron in  boiler 
m aking, and as it possesses a m uch higher tensile streng th , to
gether w ith greater elasticity , the danger of cracked shell 
plates is considerably reduced, but as the percentage of strength  
of the circum ferental seams is com paratively low, the danger 
of sheared rivets and leaky seams have still to be guarded 
against.

E.rfernnl Corrosion.— In  dealing with the external parts of 
a boiler, there are m any th ings in the m anagem ent to which 
sufficient care is not always given with a view to its preserva
tion and upkeep. The bottoms of combustion chambers on the 
fire side for instance; here an incrustation of scale and d irt, if
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not watched, will form, and w ith the combustion chambers 
being- frequently  swept and scraped out, this scale obtains quite 
a smooth surface and appears like the p late itself. I t  can 
•easily be detected by a tap with the round end of a hand 
ham m er, when it will break off in flakes. I f  this is allowed to 
form, corrosion invariably  goes on underneath  it, and the th ick 
ness of the plate is sometimes-seriously reduced before being 
noticed.

Salt from leaky tubes and jo in ts, when mixed w ith wet ashes, 
causes corrosion, and as th is  often occurs in  the combustiop 
cham bers, it is essential th a t any leaks noticeable should be 
stopped at the first opportunity.

The boiler front end plates at the bottom suffer a great deal 
by wet ashes coming in  contact w ith them . This cause can be 
elim inated to some extent when at sea, if the ashes are removed 
from the furnace fronts im m ediately after the fires are cleaned, 
and not allowed to rem ain there un til the end of the w atch, as 
is often the case.

Great care should always be taken when p u ttin g  on bottom 
m anhole doors, to ensure a good jo int. These doors, when 
leaking constantly, cause the flanges of the plate to get cor
roded away, which, in tim e, renders it impossible to m ake a 
proper jo in t. This trouble is fu rth e r influenced by the pre
sence of wet ashes, when the manholes are in the stokehold. 
More often th an  not, ashes accum ulate on the m anhole flang
ing, between the “  dogs ” of the door, and any salt leaking from 
the jo in t forms a solid mass w ith the ashes on the door, and 
m ight rem ain this way when on a long passage for weeks, cor
rosion going on all the tim e. This leads to show th a t they 
should be looked at daily sit sea, and any signs of accumulation of 
dirt at once removed.

Furnace D o o rs.—These being in constant use soon get out of 
order, and as they are an im portant item  regard ing  economy, it 
is necessary th a t they  should be kept in proper repair. I f  not 
kept properly fitted w ith baffle plates, they soon become warped 
w ith the intense heat to which they are subjected. The diffi
cu lty  then arises in getting  them  to shut closely, and cold air 
is allowed to be adm itted into the furnaces to excess, and so 
reduces the efficiency of the boiler.

----------- o-----------

C h a ir m a n  : The paper before us to-night is evidently drawn 
from the practical experience of the w riter with boilers under
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n a tu ra l d raugh t, and even although the experience of some of 
us present m ay not be of the tram p steam er class, the various 
points raised should enable us to have a fa irly  good discussion.

M r. J a s . S. G a n d e r : I  have been very m uch interested in 
listen ing  to the reading of this paper. I t  is a paper on a sub
ject which is of the utm ost im portance to the m arine engineer, 
because, whatever type of m achinery the vessel is propelled by, 
the fact rem ains th a t there are always boilers of some kind or 
other on board. W ith  reference to the author's rem arks on 
in tern a l and ex ternal corrosion and the causes, I  th in k  the 
m atter is one which does not always get the fu llest considera
tion on the average vessel. In  these days of feed heaters, a ir 
extractors, and filters, we m ay safely assume th a t the feed 
w ater which enters the boilers at sea is fa irly  clean. In  my 
opinion damage is done when in port or when proceeding up a 
fresh w ater river. Too frequently  the w ater from  the river 
is pumped directly  into the boilers instead of being allowed to 
settle in tanks first. Even when such w ater is pum ped it is 
usually  the case th a t the suctions are too far from the bottom 
of the tan k  to deal with any sedim ent. Such tanks should be 
provided w ith high and low suction the high suction for 
boiler use and the low suction for d ra in ing  purposes. M any 
fresh water rivers, such as the E uphrates and the Yang-tze- 
K iang, contain m any vegetable organism s which do not de
posit, bu t, on en tering  into contact w ith the w ater in the 
boiler, form a very objectionable scum on the surface, which 
m ay cause valve trouble and prim ing, in the event of heavy 
weather. This can only  be got rid  of by the in telligen t use of 
the scum  valves in  calm  w eather. The sedim ent is best re
moved by slow pum ping out w ith little  or no steam  on the 
boiler. The au tho r’s rem arks as to the necessity for fixing the 
zinc plates in a careful m anner appear to me to fit the case 
exactly. I t  appears to me th a t when fitting  these in position, 
we are m aking’ an electrical jo in t, as it were, for a cu rren t 
of extrem ely low potential. I t  is therefore unreasonable to 
expect tha t a d irty  jo in t will be effective. The exact cause of 
the p ittin g  or corrosion at the fire bar level seems difficult to 
arrive at. A uthorities, so fa r as I  have been able to observe, 
agree tha t the tem perature difference is the chief cause. Is  
the cause the sudden liberation of gases in a nascent state at 
this particu lar point, or is it a pure galvanic action due to the 
unequal heating  of the parts of the same m etal?

This furnace corrosion, so far as I  have observed, does not 
occur when the boilers are fitted for b u rn ing  oil fuel, as usu
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ally  the whole circle of the furnace is used as a hea ting  surface. 
E x terna l corrosion on the fire side is also absent w ith oil fuel, 
as the heating surface can he kept so m uch cleaner.

The au thor appears to have covered the ground w ith refer
ence to corrosion in a very practical m anner. There is one 
item , however, which he has not m entioned. I  refer to the 
external corrosion of the shell plate under the boiler covering. 
This very frequently  occurs where valves have been allowed to 
leak for some tim e and the escaping w ater gets under the 
lagging and the result m ay not be observed till the covering 
is removed. R eferring  to the au thor’s note on the difference 
in metals supplied, I  th ink , as a general ru le, this is not the 
fau lt of the m akers. Tubes are often renewed w ith others of 
a m aterial differing from the orig inal, w ith the resu lt th a t 
the expansion varies, the tube plate is always in a state of 
varying tension, and the tubes necessarily give fu rth e r 
trouble.

In  his rem arks re circulation  in  the boilers, the  author 
touches on one of the most im portant duties of the m arine 
engineer w ith relation to the boilers under his charge. The 
old idea of lig h tin g  one furnace at a tim e seems to be exploded 
nowadays. In  my opinion the use of the hydrokineter should 
be attended to w ith care, as too great an injection tends to 
stir up and circulate sedim ent, and the vibration a ttendan t on 
the injudicious handling cannot bu t be harm ful to the boiler. 
To engineers trad in g  between ports where a p len tifu l supply of 
pure w ater is available, this in junction  m ay seem superfluous, 
bu t to those in  E astern  waters, where the supply has often to 
be taken from the rivers, the fact is a very im portan t one. 
Every engineer realises the' fact th a t boilers should be well 
circulated when raising  steam. W hy should we not circulate 
also when cooling down? W ith  regard  to the use of zinc 
plates, I  th in k  these are being less rised th an  form erly. The 
Company with which I  am connected has not used them for 
several years. A lthough zinc plates and soda are used for 
two different purposes in a boiler, it is found th a t tbe con
stant use of soda effects a double purpose, viz.. i t  neutralises 
the acidity  and deposits the scale-forming constituents of feed 
water. For reducing the weight and bulk, the soda is often 
calcined, th a t is to say. that the w ater of crystallisation is 
driven out by heat, otherwise the form ula is the same as th a t 
of common washing soda. I f  the w ater of the boiler be 
examined twice a day by the plienolphthaleine test, and suffi
cient soda be added to the feed water to keep the boilers sligh tly
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alkaline, scale will not form. The n itra te  of silver test is a 
very delicate one for the salin ity  of feed water, and hy its use 
a leak from the condenser can he detected long before it is 
apparent to the taste.

W ith  reference to tlie advantage obtained from the careful 
use of calcinated soda, I  have been oblig-ed on one occasion to 
run  a donkey boiler for a week on sea w ater, not even having 
the benefit of the condensed feed, which was pu t into the main 
boilers. On opening up, the heaviest scale found was less 
than  one-sixteenth of an inch th ick  on the crown of the fu r
naces— other parts were practically  clean. On the same vessel, 
the m ain boilers ran  from  F ebruary  of this year to the end of 
Septem ber w ithout the water being changed. On opening up, 
p ractically  no scale was found. The feed during  this period 
was principally  made from fresh w ater rivers and from 
evaporators. I  a ttribu ted  this to the constant use of soda and 
paying due atten tion  to the scum m ing and draw ing off of 
sedim ent. I  ought to m ention also th a t the condenser gave 
trouble and about 18 tubes were plugged or renewed. I  th in k  
a very common cause of the heavy scale found in  some boilers 
is due to pum ping out (unless for cleaning) when the scum 
settles on the hea ting  surfaces. I  th in k  all members will 
agree th a t the life of the boiler tubes and plates would be much 
prolonged by the in troduction of an efficient apparatus for 
scaling tubes, and th a t boiler tubes are never cleaned properly, 
to say little  about other parts difficult of access. Perhaps the 
best scaling obtainable is in  the Chinese ports, where the 
operators are often sm all enough to sit on the combustion 
cham ber stays.

Mr. F . M. T i m p s o x : The au thor emphasises the necessity of 
circu lation , which is certain ly  most im portan t during  the pro
cess of ra ising  steam . In  large vessels I  th in k  the system of 
c irculation should be as m uch as possible autom atic so as to 
require no special a tten tion  on the p art of the engineer. D u r
ing the last few years there have been a num ber of circu lating  
devices fitted to large steamers, and the results, I  believe, have 
been very good in consequence. Of course, it  is tru e  th a t 
accidents have happened w ith a num ber of boilers, but we are 
all liable to make m istakes, and circulation  is of such vital 
im portance in m ain tain ing  the boilers in  good condition, and 
in avoiding the leaky seams, th a t I  th in k  autom atic circu la
tion would be the rig h t tiling  to adopt. W ith  regard  to boiler 
scale it  came to m y notice recently  th a t a m ethod of scaling 
boilers has been tried  in  this country  by an in jection of cer
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ta in  ingredients into a  boiler a t a tem perature of, I  th ink , 7 0  
deg., and the scale all dropped from the tubes and came off 
perfectly  clean. I  believe experim ents have recently  been 
made w ith m arine boilers, and the same results have been ob
tained.

M r. J a s . S h a n k s : The subject of the paper to -night is one 
in  which all m arine engineers m ust be interested, and as one 
who has been trained  in tram p steam ers, and who has had the 
superintendence of both tram p steamers and liners, I  can claim  
to know som ething about the m anagem ent of boilers in  th is 
class of vessel. I f  I  went back a few years I  could tell you 
great and wonderful tales of in terna l corrosion of b o ile rs ; but 
those days are past, the  days of in ternal corrosion in  boilers 
are nearly  over, and a t present, even in  tram p steam ers, it  is 
hard ly  known. The engineer of the tram p steam er, as a ru le, 
is en tirely  responsible for the upkeep and m anagem ent of the 
boilers of his ship. H e is not under the wing of a superin ten
dent and shore staff to look after the boilers during  his stay m  
port. He has to look after the arrang ing  of these m atters 
him self, and, as a ru le, i t  is excellently done. The ordinary 
sea-going engineer is conversant w ith most of the th ings m en
tioned in  the paper. I t  is the first duty of every engineer 
tak ing  charge of a new ship to take precautions to prevent cor
rosion, and by the use of zinc plates as described in  the paper, 
and the judicious use of soda, I  can say w ithout hesitation you 
will find in terna l corrosion in  scarcely any boilers. These are 
actually  facts which have come under m y observation in  a 
g reat num ber of tram p steamers. B ut it sometimes arises 
th a t there is a difficulty in  getting  fresh water to fill the 
boilers, or in getting  zinc plates properly fitted or even in  get
tin g  them  fitted at all, or perhaps there is no soda obtainable, 
and thus at times corrosion starts, and when once it starts i t  is 
difficult to arrest. I  perfectly agree w ith the au thor’s m et
hods of attem pting  to arrest it. I t  is what I  have experienced' 
m yself and the steps I  have taken  to arrest corrosion in  boilers. 
There is not m uch said in the paper about the density of water 
in  boilers, bu t I  th ink  the au thor mentions th a t, for some 
reason, he finds it necessary to keep the density a t five ounces 
per gallon to get a protective scale on the hea ting  surface. I  
do not agree with th a t at all. Keep the boilers fresh, prevent 
scale form ing in  the boilers, and you will get the best results.

W ith  regard  to the method of fitting  in terna l feed pipes, in 
some boilers they are carried into the steam space and in  others
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tliey ai'e often fitted near the furnace crown level, and the 
au thor is quite correct in  saying th a t these pipes sometimes 
break away due to shocks; i t  is a common practice. I  do not 
believe in  having an unjointed flange against the boiler shell. 
The proper method is to have a sm all hole in  the top of the pipe 
near the flange; th a t reduces the shock, and there is no trouble 
whatever. B ut I  still believe fn carry ing  the feed pipes into 
the steam space; you get a better circulation, and it  is better 
for the boiler. I t  is most im portant th a t efficient circulation 
should be m aintained in  the boiler while raising  steam , and, 
the most efficient m ethod is the use of the boiler feed pum p. 
As long as the pressure is not too h ig h  it can be done w ith a 
degree of safety. As M r. Timpson has said, serious accidents 
have been known to occur in  connection w ith the c ircu lating  
of water, and very great care should be observed when circu la t
ing  the water w ith steam pressure on the boilers. A num ber 
of superintendent engineers have been a ttem pting  to get some 
autom atic system of circulation, both for ra ising  steam  and 
under banked fires; bu t as fa r as I  know there are none which 
are quite efficient. Some do excellent work while ly ing  under 
banked fires, and th a t is im portant in  tram p steam ers, and I  
th in k  they should be fitted into every ship, as any engineer 
would hesitate in using the donkey or feed pum p for circulation  
w ith a pressure of 220 lbs. on the boilers. There is always a 
danger, and we need some autom atic system of circu lating  
w ater under banked fires. The au tho r’s rem arks are quite 
rig h t about allowing the heated air in the steam space to 
escape when ra ising  steam. The ordinary practice, I  th in k , is, 
not to open the safety valves, bu t to open the gauge cock. I t  
is quite .sufficient for the purpose. The stop valves are, as a 
ru le , eased off the face. W ith  a well-m anaged boiler, and 
with the almost perfect system of m anufactu ring  boilers nowa
days, there is really  very little  trouble w ith external corrosion, 
even on the bottoms of shells in  large boilers. I  have had 
experience of boilers 20 ft. long and w orking for a great 
num ber of years w ithout any indication of leakage on the c ir
cum ferential seams. The au thor rem arks about the shearing 
of rivets on the circum ferential seams on account of the low 
streng th  of the circum ferential as compared w ith the longi
tu d in a l; is an experience unknow n to me. In  form er days it 
was very common to see very bad leakage in  those seams. As 
the au thor says, leakage, wet ashes, and salt lead to very de
trim ental corrosion on the fronts a t tim es, and if allowed to 
go on it  becomes serious, b u t, nowadays, the average sea-going 
engineer is fu lly  alive to difficulties of th is description, and



484 MANAGEMENT OF BO ILERS.

takes every precaution to prevent any tiling  arising  from such 
a source. As tlie C hairm an rem arked, the author does not 
refer to forced d raught boilers. Of course the m anagem ent of 
forced draught is more im portant th an  m any of the subjects 
touched upon, and we could have an entirely  new discussion 
on th a t alone.

Chairman : The au thor speaks of a feed tem perature of 150 
d e g .; it is evident th a t in such a case a feed heater is not used. 
I t  should now be realised th a t every 10 deg. increase in  the 
feed tem perature by exhaust steam means a saving of one per 
cent, in the coal used can be effected. These results are being 
constantly obtained.

Air. D. H rr.iiE : In  my experience with the m anagem ent of 
boilers, to open the safety valves when once they are tig h t is a 
th in g  I  would not care to do. In  a num ber of boilers, if one 
is set a little  weaker, it would save the others. I  am  afraid  the 
w riter would lose a little  of his economy if he opened the safety 
valves and could not get them  tig h t again. Reference has been 
made to the good effect of scale form ing in the seams; b u t if 
the evaporator is used and you are getting  nothing bu t pure 
w ater in  the boilers I  do not see how it is possible to get this 
w ith which to fill up the crevices in  the seams.

M r. G. U. M o r g a n  : The question of in terna l corrosion 
seems to be one of the chief points in this paper, and M r. 
O’N eill mentions th a t, in  fitting  zinc plates, the bolts should 
be well cleaned before being bolted on. L ater on, w ith re
gard to the combustion cham ber m ain stays corroding, he says 
th a t, instead of hanging  the zinc plates from the stay, it is 
better to fit them  in a box. I f  tliev were fitted in , the box 
they  would have no direct action w ith the stay, and I  have 
found th a t the best way is to clean the stay itself and put zinc 
powder on it. H e also refers to corrosion at the backs of the 
combustion chambers, and the necks of the stay, and there 
again I  have also found it much better to clean the plate 
thoroughly  and apply the zinc powder. By keeping- constantly  
at ir. I have arrested several very bad p ittin g  cases in th a t way, 
bu t I  have not any great fa ith  in  the zinc plate itself. I t  is 
all rig h t when you can get a clear action. W ith  regard  to 
external corrosion, this is sometimes caused by the fumes from 
the bilges, and I  th in k  attention ought to be paid to the bot
toms of the boilers. The bottoms of the boilers, when they are 
affected in this way. should be scraped and covered over with 
zinc. M r. O'N eill refers to the practice of setting  away the 
centre fire first. I t  is, of course, a th ing  which is very com-
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rnonly done, and I  know of a ra th e r bad accident which I  a ttr i
buted to this action in  causing unequal expansion. M ention 
has been made of fluid scalers for g e tting  scale off the boilers. 
In  tram p steamers it is very often found better to le t a sligh t 
scale form , and if a fluid scaler is used it would get the scale 
out of the seam also, and the seam would leak badly. T hat 
is the only th ing  I  see against it. Of course i t  m igh t act when 
a t sea. Some of th is fluid m ay stay in  the boiler and b ring  
the scale down on the top of the furnace. You get th a t resu lt 
even w ith fresh water, say when in  the river under banked 
fires for three weeks as we were on one occasion. W ith  the 
constant pum ping up, the fresh w ater had a scaling effect, and 
in  time the scale came off and settled round the furnaces and 
the result was the furnace came down. The same thing' mig-litO “
happen w ith the use of this fluid, and it w ill require a great 
deal of testing  before it can be used satisfactorily.

Mr. I). H u lm e : I  had a good deal of trouble w ith p ittin g  in 
the bottom of the drum  of a w ater-tube boiler, and I  m et the 
difficulty in  the following m anner. I  drilled a hole through 
the corroded part, and p u t a collar stud on. I  then  attached a 
zinc plate, and got a m etallic contact. B y doing this in  each 
instance I  filled up all the holes and made the shell good again. 
I  had 14 of these in  the one drum . I  have had the boiler under 
m y charge for 21 years, and it  is s till carry ing  210 lbs. of 
steam . My difficulties arise due to the steam being taken 
from the boiler, passed through copper tubes, condensed and 
sent back to the boiler, also additional w ater on the outside 
of the copper tubes, so th a t electrolysis ensues, which sets up 
p ittin g . The plates are 6" x 12" x l ff, and in  three weeks 
or a m onth they are all eaten away. I  have to renew them  
once a m onth. M any years ago a method was introduced to 
stop corrosion by attach ing  zinc balls w ith copper w ire ; elec
trogens, they  were called, b u t I  th in k  they were not successful.

Mr. F . M. T i m p s o n : In  view of some of the rem arks which 
have been made on the use of fluids for scaling, I  most strongly  
agree th a t they  should not be used in a haphazard m anner. 
B oiling  out w ith fluids is, however, a practice very commonly 
adopted, especially when the boiler is new, and it is extrem ely 
good in such cases because it gives a perfectly  clean boiler to 
sta rt w ith. A fter the tr ia l trips the boilers are boiled out 
thoroughly  clean before the vessel is handed over. I  did not 
refer exactly to the use of a fluid in  the case of scale, bu t to the 
use of a certain  am ount of fluid and other ingredients, which
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I  have seen used with good results. Of course we should he 
very cautious about introducing fluids ol any kind into a 
boiler.

Mr. B. P . F i e l d e n  : I t  seems to me th a t we are considering 
the question of scale in  boilers a t the wrong end. The troubles 
w ith boilers depend upon the capital value of the p lan t pu t into 
the vessel. Some ships are not fitted w ith feed heaters, filters, 
evaporators, or any th ing  b u t the barest m achinery necessary ; 
they  are bu ilt to carry  the cargo at the lowest possible in itia l 
cost, and th a t is the beginning of the trouble. W ith  regard  to 
circulation I  th in k  the common practice is to s ta rt the pum p 
when the fires are lighted  u n til steam is showing and the circu
lators take care of the rest, and as long as the fire is a lig h t the 
c irculation proceeds. T hat is our practice, and I  th in k  it is 
fa irly  general. W h at is the use of circu lating  the w a te r?  
The only advantage, it seems to me of fitting  circulators is th a t  
i t  stops corrosion from  form ing around the combustion cham 
bers. There is not m uch advantage gained by circulation in 
the bottom of the boilers. W e find th a t circulators reduce tha- 
am ount of zinc used, and the combustion chambers are kept 
in  a m uch health ier condition. I  th in k  a paper like th is m igh t 
be left over for a week for fu rth e r discussion. I  am sure there- 
are a good m am ' points which m ight be considered fu rth e r.

M r. D. H u l m e  : M r. F ielden asked w hat was the use of circu
lation. I  can give you an instance, not in  connection w ith 
boilers, b u t one which will show the use of circulation. W e 
are now ru n n in g  evaporators with glass discs and electric lights- 
inside, and where we are getting  a ton of w ater for 1|- sq. f t . ,  
if we get the w ater in  the evaporator ju s t to the heigh t the 
circulators take effect, im m ediatelv we get one ton per sq. ft. 
W e are very frequently  runn ing  them  on tria ls , and we can see 
the action tak ing  place. W e have to make the w ater now ab
solutely pure, and w ith the circulators we get the h ig h  effi
ciency I  have m entioned. I  have no doubt they will do equally 
well with the boilers as w ith the evaporators.

The H o n . S e c r e t a r y  : One point th a t lias not been touched 
upon is the action of m ill scale, and I  daresay m any of us have 
had experience of the harm  done by m ill scale left on the 
boiler shell as I  have had one or two bad examples under m y 
notice. A nother point to discuss is the best way of trea tin g  a 
boiler when it is left out of use for two or th ree weeks. Should 
i t  be filled with w ater or left empty w ith a free circulation of 
a ir?  In  tram p steamers it is not uncommon for them  to be
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fitted w ith feed pumps w orking from  the m ain engines only. 
I  have examined boilers where this has caused g reat harm , 
and  when an independent feed pum p has been installed  the 
cause of deterioration has been elim inated. The liquid  scaler 
referred  to, I  believe, is one which has come out quite recently . 
I t  is put in  in  very sm all quantities, and it  has not th a t objec
tionable feature which some m ay have had experience of. Ten 
or twelve years ago there was a liquid  of th a t kind brought 
before notice, and we arranged a visit one Saturday  afternoon 
to see it tried  and tested. Then we lost sight of i t  altogether, 
and I  do not know if this is the same idea revived, i t  seems 
from  w hat I  hear, to have the effect of rem oving the scale. 
The element of danger referred to in  connection w ith  mis
shapen or collapsed furnaces, is another po int to discuss. The 
tire box stays sometimes give trouble, and I  do not th in k  we 
can be too em phatic in  po in ting  out the necessity of seeing 
th a t the stays are put in  true  and a good fit. In  some cases 
they are in  at bad angles, and slack, w ith resu lting  leakage. 
M r. H ulm e referred  to evaporators, and those who deal w ith 
em igration work know th a t the tendency is for the Board of 
Trade to advise th a t the evaporator should supply steam  to the 
distillers instead of it being supplied by the donkey boiler. 
AVe had discussions about 20 years ago w ith  regard  to the use 
of zinc in  boilers, and the question arose as to w hether th a t 
zinc passed over along w ith the steam into the d istiller. The 
resu lt of experim ents showed th a t the zinc did get th rough  to 
the  d istiller, and it led to the zinc in  donkey boilers being re
moved when d istilling . Electrogens are good for the purpose 
intended if the attachm ents are good, they  require to be care
fu lly  made, and carefully  fitted to be effective. This also ap
plies to the use of zinc plates, as, unless there is a proper con
tac t between the zinc and the boiler plate with a good clean 
stud you do not get the full value and benefit. That was estab
lished by the tests of the boiler commission of 30 to 40 years 
a g o ; some experim ents were also conducted in  connection w ith 
the In s titu te  some 24 years ago.

On the proposal of the Chairman, seconded by M r. J .  Clark. 
a  hearty  vote of thanks was accorded to M r. O’N eill for h is 
paper, and the discussion was adjourned.
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A D JO U R N ED  DISCU SSIO N .

M onday, December 8, 191-3.

C h a ir m a n :— M e . GEO. ADAMS (Member of Council).

M r. B. P . F ie i.dkx : I  have read tlie paper over since last 
meeting- and it is evident th a t the au thor is dealing, not w ith 
the highest class modern steam er, hu t w ith a steam er fitted 
w ith the least m achinery th a t it is possible to pu t into a ship. 
The first tiling  to do would be to fit independent feed pumps 
and stop the corrosion. I t  seems to me the w ant of these is the 
greatest cause of corrosion, bu t in  modern vessels corrosion is 
not a serious th ing . Boilers last 20 to 25 years, and I  th in k  th a t 
is w hat we m ight call a good average re su lt. He also speaks 
about blowing the boilers down, filling the boilers to full-glass 
then  blowing down to heat up the bottoms. I t  is questionable 
w hether th a t is good practice. I t  is good in the first place by 
■warming the bottom of the boiler, but unless th a t action is 
continuous I  do not see th a t any good resiilt is accomplished. 
I f  you sta rt off by ra ising  steam  the w ater is hot on top and 
cold a t the bottom. I f  you blow the boiler down it will become 
h o t at the bottom, b u t it will cool down again and more harm  
than  good is done unless the action is continuous. A t the last 
m eeting I  said the question of scale was considered at the wrong 
«nd, it should be considered before the w ater got into the boiler, 
and in my experience the greatest trouble with scale in  the 
boilers is from condensers. The condenser of to-day is not a 
perfect machine, and in modern twin-screw steamers w ith 
winch condensers, refrigerators, etc., there are many places 
where salt water finds its way into the boilers.

W hen you consider the way cargo is worked in  the modern 
ship , a donkey boiler is out of the question, and the usual p lan 
is to fit aux iliary  boilers, th a t  is, boilers which are worked at 
sea as well as in  port. In  port, the aiix iliarv  feed is made up 
from tanks, and the boiler is in charge of a donkeym an; if the 
boiler is short of w ater he w ill have no hesitation in  pu tting  
the pum p on to the dock or sea, and I  th in k  a good deal of the 
d irt gets into boilers in  port. The tan k  w ater itself becomes 
d irty , and contains a sed im ent; I  have found it better not to 
pum p direct from a tan k , bu t to go to the expense of providing 
an additional pum p to feed the tan k  w ater th rough a filter be
fore it goes into the m ain feed pum p. I  th in k  the w ater should 
be filtered before it goes to the pum p and also after, so as to
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have a double filtration. W ith  these means I  do not th in k  the 
ecale trouble can be a serious one. The au thor does not m en
tion  about the tim e th a t ought to be taken in  heating  up the 
boilers. The way ships ru n  nowadays it is a difficult m atter 
to get sufficient tim e to lig lit a boiler properly, bu t I  th in k  24 
hours is a lim it which should be worked to for lig h tin g  up and 
every care should be taken  of the boiler during  th a t tim e, not 
to force it. Then again there is the question of cooling down. 
Owing to w orking the aux ilia ry  boilers in  port for w orking 
cargo, very often all the boilers are led to one funnel, and I  
th in k  a good m any leakages happen when the boilers are cool
ing , more so th an  when lig h tin g  up, as there is more care taken 
w ith the ligh ting  up th an  w ith the cooling down. The diffi
culty  is the w ant of tim e when a ship arrives in port. The 
tubes have to be swept and the back ends cleared out, and one 
boiler has to be kept on for w orking cargo. The men open the 
smoke-box doors and sta rt sweeping the tubes while one boiler 
has steam kept on it, with the result th a t the contraction of the 
boilers th a t are off is excessive. I  th ink  th a t is a cause of a 
good deal of leakages. The cleaning of fires is another very 
im portant m atter. A  great deal of harm  is done by carelessness 
and w ant of atten tion  in cleaning the fires a t sea. I t  is ra ther 
hard  usage on boilers to have two furnaces on each side of a 
combustion cham ber, one hea ting  the combustion cham ber 
while the other is cooling down. I  referred last week to the 
question of circulation , and my rem arks were criticised. One 
m ember said th a t by using circulators a good deal more w ater 
could be evaporated. I  am quite aware th a t by c ircu la ting  
water you get more evaporation. I  believe it is so, th a t if you 
keep stirrin g  the w ater in a kettle  over the fire it w ill boil in 
less time than  by leaving it alone. On the o ther hand, I  am 
not convinced th a t the ordinary m arine boiler is a bad circu la t
ing  boiler, and I  th in k  the advantage you gain in one way is 
lost in another, by c ircu lating  on to the cooling surface at the 
bottom of the boiler, and it is questionable w hether i t  is an 
advantage or not. The au thor speaks of cracked shell plates. 
I  should be very sorry for any engineer to have cracked shell 
plates at sea for w ant of circulators, and if circulators are going 
to remedy it there should be more adopted th an  there are now. 
The leakages owing to differences in expansion are not exces
sive. I  know of boilers 20 to 30 years old which do not cause 
trouble from leaky seams. G enerally speaking, I  th in k  the 
whole question of the m anagem ent of the boilers depends upon 
w hat the m an has to start w ith. I f  the ship is not sufficiently 
provided with means for the engineer to keep th ings rig h t, it is
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hard ly  his fau lt if th ings are not r ig h t ; it  is the fau lt of the 
people who supplied the ship in  the first place. I  referred 
last week to the fact th a t a ship is often contracted for and 
b u ilt to carry  as m uch cargo as possible for the least capital 
value. I  th in k  th a t is one of the principal hard  th ings the 
engineer lias to contend against, and I  sym pathize w ith such a 
m an in  having to keep his ship in good condition w ith the outfit 
insufficient. The view from the commercial side of engineering 
and the technical side are often to tally  different. One m an 
wants to earn as m uch as possible with the least possible ex
penditure, and the other lias to see th a t the work is done as well 
as possible.

M r. G. U. M o r g a n  : This paper deals entirely  w ith the tram p 
steam er, and as the tram p steam er is not fitted in  the same 
m anner as a first-class liner, the engineer lias to pu t up w ith a 
lot of disadvantages tha t the engineer 011 a first-class ship does 
not meet w ith. P ittin g  does occur very often in  the boilers of 
tram p steamers. I t  m ay be caused sometimes bv oil and d irty  
water getting  into the boiler, and sometimes through the gal
vanic action set up by two classes of m etal being used in the 
construction of the boiler. In  two ships I  know of, corrosion 
set in very badly in the combustion cham ber dogs in  the donkey 
boiler. I t  only occurred in the donkey boiler, and only in the 
two ships, both ships being built by the same firm and my 
opinion is th a t the corrosion was set up by two different metals 
being used in the combustion chamber. On the tram p steam er 
usually  there are no feed heaters and no feed filters, and the 
usual practice to heat the w ater when you want hot feed is to 
have small pipes led from the steam chest into the hotwell. 
You m ay then get a feed tem perature of 180 (leg., but on most 
ships it is not more th an  160 or 170 deg., otherwise the pum ps 
would overflow. W ith  the drains runn ing  from the cylinder, 
especially if you have a li.p. D slide valve and have to use a 
lubricator, the tendency is for the oil to do its work in the h .p . 
steam  chest, pass through the heater, and get into the hotwell 
and pass from there into the boiler. I  have seen cases where 
there has been oil in the boiler and one cannot expect any th ing  
else bu t trouble if proper appliances are not f itte d ; and the 
engineer on a tram p steam er cannot otherwise keep things 
always in good condition. I t  is strange th a t the owners of 
tram p steamers do not go to the little  extra cost of supplying 
feed heaters and filters, which would effect a g reat saving as 
compared w ith the in itia l expense and which would give the 
engineer a chance of carrying out his work to the best advan
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tage. They do not give them  in the class of ship the au thor 
refers to. A ll sorts of remedies have been tried  to arrest 
p ittin g  in  the boilers. The chief th ing  to do is to pu rify  the 
w ater— “ prevention is better than  cure.” One speaker stated 
th a t  p ittin g  is p ractically  unknow n in  boilers to-day. I  beg to 
differ. My experience in  all tram p steamers has been th a t 
there is a g reat deal of p ittin g  going on, and it is only to be 
expected when oil and d irty  w ater get into the boilers. More 
m ight have been said on the subject of m anagem ent, such as 
w orking fires, cleaning fires, and the different ways of w orking 
boilers for economy. The old Scotch m arine boiler is not really  
a satisfactory boiler. I t  is not so efficient as we should expect 
in  these days, when we have to compete w ith the oil engine, 
and if we wish to keep the boiler ahead we m ust have some 
better means of obtain ing work from  the coal. In  a lb. of 
coal we get 14,000 B .T .U .’s, w ith oil there is about 19',000 
B.T.TJ.’s, and com paring results we find there is som ething 
radically  wrong somewhere. The engineers of some tram p 
steamers do not seem to realise th a t they are losing heat 
th rough not having the boilers covered well. In  spite of all 
these difficulties, however, they  do get some good results. I  
have seen the consum ption work out at 1.6 lb. per i.li.p . per 
hour, which is not bad for any class of steam er. In  fact, in 
some of these papers which give com parative results I  have 
seen stated the average steam er consumes l.T  lbs., which is 
ra th e r absurd, because an  old tram p steam er of which I  was 
chief used to tu rn  out w ith a consum ption of 1.6.

Engineers know th a t winch condensers, evaporators, feed 
heaters, filters, and m any other parts of the equipm ent are 
actually  saving devices. Take the winch condenser, for in 
stance, the first and m ain saving effected is the expensive item  
of buying  fresh w ater in  a port to supplem ent losses.

The H ox. Secretary: The au thor refers to the boiler as 
being a m achine from  which it is desired to get the best results 
possible, bu t he has om itted to refer to the cleansing of the 
lieating surfaces, yet th a t is a very im portant elem ent. I  
should like one of our members who is present to -night to give 
us a dissertation on th a t subject, as I  know he has had experi
ence of testing  the results from  clean surfaces and from sur
faces on which carbon was allowed to be retained. W e know 
the difficulties th a t beset the engineer of a tram p steam er and 
we also know how difficult it is to persuade owners of tram p 
steam ers th a t such th ings as Mr. F ielden has referred to are 
absolutely necessary in  order to get the best results. I  was



492 M ANAGEM ENT OF BO ILERS.

reading over one of tlie Board of Trade reports recently in  which 
the owner had some very sharp th ings said to him  in connec
tion w ith an accident where the th ird  engineer was killed and 
also two firemen, such comments w ill help to emphasize what 
has been said to-night, th a t the owner of even a tram p steamer 
■ought to be fu lly  alive to the necessity of providing both time 
and appliances so th a t the best results m ay be obtained from 
engines and boilers. The heating surfaces, tubes, furnaces, 
and fire boxes should be thoroughly scrubbed; when this is done 
the results in  th a t voyage will be better th an  on previous 
voyages, when tim e and opportunity did not allow of them  
being cleaned as thoroughly as they should have been. I  ap
prehend th a t the author is not referring  to a forced draught 
boiler, otherwise the sj)eed of the fan and the blast or pressure 
a t the fan  and at the fires would be given, and also the neces
sity  of keeping the smokebox doors perfectly tig h t would have 
been m entioned. W e know the difficulty th a t arises from 
tim e to time when using a certain  class of coal. The smokebox 
doors become badly buckled and the leakage interferes w ith 
the d raught and consum ption. There is a tan k  filter adopted 
in  some steamers, which seems to give good results. The feed 
w ater enters one com partm ent, passes through  a layer of coke, 
thence to the ptimp. I t  m ay tend to heat up the engine-room, 
due to the surface exposed, and the vapour pipe, two disad
vantages which m ay be m inim ised by insu lating  the sides of 
the tan k  and carry ing  the vapour pipe well up the skylight. 
W ith  regard to the question of scale below the bars, the im 
pression given is th a t the scale below the bars does not m ateri
a lly  affect the coal consumption, and perhaps preserves the 
low’er part of the furnace from p itting .

Mr. -I. S. G a n d e r  : There is one point in  connection w ith 
tram p steamers th a t I  th ink  we are inclined to overlook at 
times. I  believe th a t m any of these boiler troubles arise from  
lack of attention  to the elem entary rules of boiler m anagem ent. 
The vessel I  referred to previously, was ru n n in g  from  F ebruary  
to September last in  Eastern  ports, very hard  ru n n in g  all the 
tim e, with cargoes th a t were discharged in  about 40 hours. 
The vessel had to evaporate all water for engine purposes, and 
often for the d rink ing  w ater tanks. The engine fresh w ater 
tanks only held -30 tons. The ship was fitted w ith an H .P . 
slide valve, and had neither feed heaters, filters, nor aux iliary  
condenser. To efficiently lubricate the slide valve, cylinder 
oil was used in ternally . Besides evaporating sufficient water 
to make up for usual engine losses, an extra 7* tons per day
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were consumed in supplying t-lie burners w ith atom ising steam. 
The vessel was fitted on the old steam with oil system which 
has been superseded by the direct pressure systems. These 
conditions I  consider as unfavourable as those of any tram p 
steam er, and yet, on opening up the m ain boilers only a very 
sligh t scale was found on parts of the furnaces and practically  
no thing on the tubes. W hen dealing w ith floating im purities 
the  best p lan  is to scum very easily and not to blow-down. 
W h ere the blow-down is resorted to in  the presence of a surface 
scum the im purities w ill deposit on the heating  surfaces as 
the water level falls and form  a very in jurious scale.

I  m ain tain  th a t the consistent and judicious use of soda will 
keep a boiler in  good condition in  spite of the most adverse 
circum stances. P henolphthaleine or a sim ilar ind icating  
m edium , w ith test tubes, should be placed in  a convenient rack  
and the boiler w ater tested a t least once a day. The point to 
guard  against in  connection w ith the use of soda is th a t, if the  
w ater be made too alkaline there is a tendency towards p rim 
ing. The use of the silver n itra te  tes t every watch will in d i
cate the existence of a leaky condenser tube long before i t  is 
apparent to the taste. A good deal of trouble is caused often 
by the staff not tak in g  the necessary precautions w ith regard  
to river water, and when in  port. W here a donkeym an 
is carried too m uch is frequently  le ft in  his hands. W here an 
engineer is on watch the boiler duties in  port ought to be under 
his personal observation.

Mr. J . C l a r k  : In  connection w ith the electrical process re
ferred to, I  should like to ask is it to prevent scale being formed 
or is it to overcome tbe voltaic action th a t  takes jdace?

C h a i r m a n :  I  h a v e  h a d  110  e x p e r i e n c e  o f  i t ,  a n d  h a v e  o n l y  
s e e n  i t  f i t t e d  i n  c o n n e c t i o n  w i t h  c o n d e n s e r  t u b e s .

M r. C l a r k  : I t  seems to me th a t it would be very difficult to 
prevent scale if the scale-form ing properties are in the water. 
M r. Gander referred to soda causing prim ing , b u t I  do not 
th in k  soda alone w ill cause prim ing. You can have a very 
alkaline water w ithout prim ing  tak ing  p lace; bu t in  conjunc
tion w ith certain  oils which saponify w ith soda, prim ing  will 
take place. There is, however, another action in  connection 
w ith soda; gunm etal m ountings and fittings in  the boiler will 
be affected by the soda if it  is in excess, because it will raise 
the density as it is soluble in w ater, it is not m erely foreign 
m atter in suspension. M r. Adamson rem arked about the effect 
of d irt. I  th in k  nearly  every paper we get at the In s titu te
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bears in  some degree on this question of d irt. There is a 
little  motto th a t we used to h ear: “ D irt is the prophet of the 
breakdow n.” I t  is a motto th a t ought to be emblazoned on a 
good m any stokeholds as well as in  engine-rooms.

M r. G a n d e r  : A serious steam pipe explosion occurred about 
fou r years ago, and the surveyor, in  m aking his report, stated 
th a t the explosion was due to the fact th a t brazing on the steam 
pipe was partia lly  eaten away by the soda. This coincides 
w ith  the rem arks on the same subject by M r. C lark. I t  is 
obvious, however, th a t soda has no business beyond the boilers, 
and the soda in  this instance m ust have been carried over by 
prim ing  in  the presence of excessively alkaline boiler water.

C h a i r m a n : I  t h i n k  i t  o n l y  r e q u i r e s  s o m e  j u d g m e n t  o n  t h e  
p a r t  o f  t h e  e n g i n e e r  t o  se e  t h a t  t h e  s o d a  is  n o t  u s e d  to  e x c e s s .

The m eeting closed with a vote of thanks to the Chairm an 
on the proposal of M r. Clark.

----------- o-----------

M r .  O ’N e i l l ’s r e p l y  t o  d i s c u s s i o n :

In  reference to the C hairm an’s opening rem arks, I  wish to 
state  tha t I  refer to n a tu ra l d raught boilers only. M r. G ander 
speaks of the damage done to boilers in port, when pum ping 
them  up from  fresh w ater rivers. W ith  his opinion on this 
point I  th in k  there is little  doubt, bu t I  th ink  it is a general 
practice now w ith engineers to fill a ballast tan k  and le t the 
sediment settle, both for m ain and donkey boiler use. I  was 
ju n io r engineer in a ship which had a by-pass connection so 
th a t the w ater could be pumped through the m ain feed filter by 
the donkey pum p. This was a good arrangem ent. R eferring  
to his rem arks on the use of the hydrokineters w ith care, this 
should be especially borne in m ind when raising steam  the 
second tim e after the boilers have ru n  a long passage, and 
there has been no tim e to open up the boilers due to quick des
patch, as there is always a certain  am ount of sedim ent, more 
o r less, in the bottom of a boiler after, say about 25 to 30 days 
steam ing , no m atter how careful an engineer m ay be. W ith  
a donkey pum p the water can be pumped on the deck for in 
spection before delivering it through the check valves.

In  regard to my rem arks in the paper, referred  to by M r. 
Shanks, about it being in some instances found necessary to 
keep the density at 5ozs. to the gallon to get a protective scale 
on the plates. This practice I  have never adopted m yself,
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b u t I  have met quite a num ber of engineers who have told me 
of th e ir doing this w ith new boilers. I  have never had the 
experience of tak in g  charge of new boilers at sea so cannot 
give m y own version of th is, bu t I  know of it being done by 
chief engineers in  tram p steam ers w ith m any years’ experience.

M r. H ulm e refers to the opening of the safety valves when 
ra ising  steam , for the escape of the heated a ir, causing them  to 
leak. I  m ay state th a t I  have been doing th is for four years 
w ith the easing gear, and have never experienced any trouble 
from  leaky valves.

The C hairm an rem arks about the oil in the boiler question. 
This, undoubtedly, is one of the greatest dangers at present to 
contend w ith , and I  m uch regret th a t I  did not deal on it in  
m y paper. W ith  an h .p . I), slide valve the use of oil cannot 
be done away w ith , apart from swabbing the rods, bu t a piston 
"valve certain ly  reduces in terna l lubrication  considerably, and 
w hatever advantages are gained by a D valve, are lost by the 
damage which is so often done to the boilers by the use of the 
ex tra  oil.

I  agree w ith Mr. M organ in  his method of cleansing' com- 
bust ion cham ber stays and coating them  w ith zinc powder for 
preserving them  from  corrosion. I  have obtained good re
sults in this way myself, bu t there are some of the stays too 
awkward to get a t to clean sufficiently for the application of 
the zinc powder, and it is w ith these th a t I  have resorted to 
the zinc plates.

The Hon. Secretary expresses his surprise th a t I  om itted to 
refer to the cleansing of the hea ting  surfaces. I  quite agree 
th a t I  have OArerlooked a most im portan t elem ent, and am 
pleased to see th a t i t  has been brought forward extensively in 
the  discussion. There is one point I  should like to m ention, 
th a t  is, the damage done to hea ting  surfaces in  the process of 
scaling, by the spilling  of colza oil from the lam ps used by the 
men. This is, w ithout doubt, done tim e after tim e, and scalers 
knowing how it is resented by the engineer, w ill try  to hide 
-any oil they  m ay upset by rubb ing  dust over it. I t  is always 
advisable, if tim e perm its, to wash the furnaces a t least, with 
strong soda w ater to guard  against this deception.

In  fu rther reference to the H on. Secretary’s rem arks on the 
scaling of furnaces below the fire bars, the im pression he 
gathered is w hat I  m eant—th a t it did not m ateria lly  effect theO *•
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coal consum ption; b u t the scale th a t forms here I  have always 
found to be soft and loose, and when taken oif, I  have found a 
black corrosive scale on the furnace.

There is not the least doubt, as I  m entioned in  the paper, 
th a t most of these troubles have been overcome by fitting  
modern appliances, b u t there are still a num ber of ships afloat 
w ithout them , and will be for some time to come, and as a 

g reat num ber of jun io r engineers commence th e ir sea career in  
th is class of ship it has been my in ten tion  to point out and 
b ring  forward a discussion on the th ings th a t have to be con
tended w ith, so as to endeavour to obtain, for their benefit the 
m anner in which the best results can be derived under the 
circum stances, always rem em bering a mechanic or tradesm an 
who makes a good job w ith bad tools or no tools, will have no' 
difficulty in doing so w ith the best of tools.

—o—

R e p o r t  on  t h e  C i r c u m s t a n c e s  a t t e n d i n g  a n  

E x p l o s io n  w h i c h  o c c u r r e d  a t  a n  E le c t r i c i t y  

G e n e r a t i n g  S t a t i o n

(Cd. 6964 Complete, Price— F iv e p e n c e )

B y M r. ( j .  S. TA YLOR, I I . M. I n s p e c t o r  o f  F a c t o r ie s .

[Reprinted b y  the courteous permission o f  H is M a j e s t y ’s S t a t io n e r y  O f f i c e . ]

T h i s  explosion caused the destruction of a steel storage vessel' 
for compressed a ir used in connection w ith a Diesel oil engine, 
resulted in the death of Christopher Coates, the head fitter at 
the station, and caused such in juries to Mr. W . J .  Sowter, the 
chief engineer, th a t both legs had to be am putated. M r. Mc
D onnell, the assistant engineer, also sustained extensive burns 
and other in ju ries to his face.

The Diesel oil engine is so named after its inventor, Dr. 
R udolph Diesel, of M unich, who produced his first experi
m ental engine in 1893. The first practical engine on the 
Diesel principle was constructed by the M aschinenfabrik
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A ugsburg-N urnberg  A. G. in  1897, and in  tlie same year the 
first B ritish  engine was constructed by Messrs. M irrlees, 
W atson and Y aryan , L td ., a t Glasgow. The principal B ritish  
patents in  connection w ith the Diesel engine expired in  1906 
and 1909, and during  the past few years an  increasing num ber 
of B ritish  firms have undertaken  the m anufacture of Diesel 
engines for land purposes. Certain paten t righ ts  in  connection 
w ith m arine types of Diesel engines are still held by various 
firms of continental engineers, bu t a num ber of B ritish  engi
neers are now constructing m arine Diesel engines under 
licenses from  the paten t holders, and one firm have successfully 
evolved their own type of m arine engine. Diesel engines have 
already been installed  in  a large num ber of electrical stations 
and various classes of factories, w hilst several ocean-going 
vessels have also been fitted w ith sets of these engines for pro
pulsion purposes. In  an  ordinary  gas engine or oil engine, on 
the outward stroke of the piston, the gas or vapourised oil is 
■drawn into the engine cylinder m ixed w ith a volume of air 
sufficient to ensure its complete com bustion; on the re tu rn  
stroke the piston compresses th is m ix ture to a pressure not ex
ceeding 130 lbs. per square inch in a gas engine, and not ex
ceeding 80 lbs. per square inch in  an oil engine. A fter com
pression, the m ix ture is exploded by a heated tube, electric 
spark, or other ignition  arrangem ent, and the explosion gives 
the w orking im pulse to the piston. In  the Diesel engine, 
however, only atm ospheric a ir is drawn into the cylinder, 
which is subsequently compressed by the piston on its inw ard 
stroke to a pressure of about 500 lbs. per square inch. This 
h igh  compression under approxim ately adiabatic conditions 
raises the tem perature of the a ir to over 1,000° F . (dull red 
b ea t) , and ju s t before the piston commences its nex t re tu rn  
stroke, a spray of finely atomised fuel oil is in jected  into the 
cylinder by means of a ir a t a pressure which varies from  650 
to 900 lbs. per square inch. The tem perature of the compressed 
air in  the cylinder is sufficient to cause the im m ediate ignition  
of th is spray, and no special ignition device is required . I t  is 
often contended th a t this auto-ignition of the fuel is the 
essential feature of the Diesel principle, and th a t the extent 
of the compression was decided by this factor. B ut, in  a paper 
read by D r. Diesel, in B erlin , in 1912, he states th a t this view 
is incorrect, and th a t in  order to obtain the h ighest heat effi
ciency from the fuel, the air was heated by compression con
siderably above the ign ition  tem perature of the fuel. F u ll de
scriptions of the various types of Diesel engines have been
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published in  tlie Proceedings of the In stitu tio n  of M echanical 
E ngineers,*  The Transactions of the in s titu te  of M arine E ng i
n e e rs^  and also in  the E ngineering Journals.

D escr ip tio n  o f  D ie s e l  E n g in e  a t  B r a y .— The D iesel engine  
at Bray electrical generating station was constructed by Messrs. 
M irrlees, Bickerton and D ay, L td ., H azel Grove, near Stock
port. I t  had a single cylinder 12 ins. diam eter (see page 498), 
worked on a four-stroke cycle, developed about 50 H .P ., and 
was first started in March, 1910. Compressed air for fuel 
ign ition  and starting purposes was obtained from a two-stage  
air compressor (H ) driven directly from the m ain engine shaft. 
A n inter-cooler was provided for cooling the air between the  
two stages of compression, and the air passed through another 
cooler after the final compression. From  this after-cooler the  
compressed air, at a pressure approaching 900 lbs. per square 
inch, passed through a -|-in. copper pipe into the blast air 
vessel (A). Compressed air from the blast vessel was conveyed  
to the fuel valve (F) by a blast injection pipe of solid drawn 
copper ^-in. diameter, j- in . bore, and about 16 feet in  length . 
The air pressure in  the blast vessel was regulated according to 
the load on the engine, a higher injection  pressure being neces
sary for a heavy load. The blast air vessel (A) consisted of 
a lap welded m ild steel cylinder 3 feet in  length , 8 inches ex 
ternal diameter, and inch in thickness ; circular plugs of 
I f  inches in thickness were welded into the ends, the upper 
p lu g  having a hole com m unicating w ith the entrances to the 
valves in  the steel “  head.” The latter was secured to the top  
plug by means of studs and nuts, and contained three valves 
which respectively controlled the compressed air supply— (1) 
from the air compresser (H), (2) to the fuel valve (E) on the  
engine and the pressure gauge, and (3) to the starting air 
vessels (B and C). The “ h ea d ” was also fitted with a spring  
loaded safety valve inch diameter set to blow off a pressure 
of 1,050 lbs. per square inch, a  f-in ch  copper pipe w ith an 
open and bevelled end extended alm ost to the bottom of the 
blast v e sse l; this pipe acted as a drain for any condensed water, 
tand also conveyed the compressed air to the starting air

* “  Diesel E ngines,”  by H . A<le C lark. Piroc. I .  Mecfhu Engirs. 1903. Pairt 3, 
p . 395.

“  M odern Diesel O il-Engines,”  by  J . E . Schubeler. Proc. I .  M eet. E ngre. 
1911. P a r t  3, p. 519.

“■The Diesel O il-Engine and i ts  in d u s tr ia l im portance ,”  by  D r. E . Diesel. 
Proc. I. Mech. E ngrs. 1912. P a r t  1. p. 179.

t  "  M odern DeTelopm ents in  B ritish  and C on tinen tal O il-Engine P ra c tic e ,"  
by E . Shackleton. T ran s . I. M arine E ngrs. Vol. X X III .,  p. 157.



R E P O R T  ON EX PLOSION .

vessels. There were two such vessels (B and C) of m ild steel 
w ith  a longitudinal lap-weld and welded ends, of the following 
d im ensions: length  G feet, external diam eter 14f inches, th ick
ness £ incli. They were fitted w ith steel “ h ead s” connected 
h}' a T-piece, the vertical branch of which com m unicated with 
the starting' valve on the engine cylinder. Each “ h e a d ” waso  o  _ J

fitted with a valve which adm itted compressed air to the engine 
cylinder, and also w ith a valve which connected the vessel to 
the pressure gauge. The two vessels were also fitted w ith  drain  
valves connected to in ternal drain pipes which were carried 
to the bottom. The three air vessels were rig id ly  tied together 
by means of w rought-iron straps ( f  in. x ins.) and bolts; 
they were placed in  a vertical position with their tops in  the 
same plane, and the lower ends of the vessels below the floor 
level. The interiors of these three air vessels had been coated 
w ith a bitum inous composition to prevent corrosion.

The cover of the engine cylinder was fitted with four valves, 
viz., the air in le t valve (G), fuel valve (F), exhaust valve (E), 
and compressed air sta rtin g  valve (D), held on their seatings 
by means of strong springs, and opened at the proper times by 
means of levers in conjunction w ith cams on a revolving cam 
shaft. The levers which operated the  fuel and sta rtin g  valves 
were pivoted eccentrically upon the same rocking shaft in such 
a m anner th a t when the starting  valve was being operated the 
roller end of the fuel valve lever was held clear of its cam. and 
the fuel valve rem ained closed. By means of a s ta rtin g  hand 
lever attached to the rocking shaft the conditions could be 
reversed, and the fuel valve pu t into operation when the s ta rt
ing valve was closed. This sta rtin g  lever could be held w ith 
a catch in three positions, viz., starting , neu tra l, and runn ing . 
The fuel valve casing consisted of a th ick  cast-iron tube w ith 
a nozzle-piece attached to the lower e n d ; the in terior at this 
end was tapered to form a seating for the needle fuel valve 
which was siirrounded by a cast-iron sleeve concentric with 
the outer casing. A t the upper end of the casing, 
connections were made to fuel pump delivery pipe and 
to the blast vessel The fuel oil passed from the fuel 
pipe th rough  a sm all vertical hole in the walls of the 
casing, and entered the in terio r of the casing through a sm all 
horizontal hole ju st above the atomiser. The la tte r consisted 
of a series of washers round the bottom of the needle valve 
sleeve; the  washers were drilled  w ith a num ber of sm all holes, 
the holes of adjoin ing washers being staggered. W hen the 
needle fuel valve was lifted, the compressed air from the blast
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vessel in jected  the fuel oil th rough  the holes in  the washers 
into the engine cylinder in  the form  of a tine spray. The 
needle fuel valve passed th rough a suitable stuffing box and 
g land  carried in  a cover form ing one casting w ith  the spring 
box. This cover was secured to the cylinder head by two 
studs, one inch diam eter, and held the fuel valve casing in 
position in the head. The fuel oil was pum ped to the fuel 
valve by means of a pum p driven off the cam shaft, and this 
pum p was supplied w ith oil from an overhead tank .

The sequence of operations in  s ta rting  up  and ru n n in g  the 
engine are as follow s:—The blast and s ta rting  a ir vessels when 
received from the m akers are already charged w ith air a t a 
pressure of 900 lbs. per square inch, and should he kept charged 
by the compressor w hilst the engine is in operation. Before 
s ta rtin g , the respective pressures in  the air vessels should be 
ascertained by connecting them  to the gauges. The sta rtin g  
lever should then  be placed in  the “ s ta r t in g ” position, and 
the crank  barred round u n til ju st over the top centre (piston 
on the downward stroke). A fter exam ination of the various 
lubricators and opening all the valves on the w ater circu lating  
system, the requisite valves on the fuel supply system should 
be opened and the fuel pumps and pipes tested to ensure th a t 
they  are charged w ith  oil. The air suction in let on the com
pressor, the valves between the compressor and blast vessel, 
and th a t between the blast vessel and the fuel valve should 
then be opened. As soon as the valve on either s ta rtin g  air 
vessel is opened, compressed air w ill be adm itted to the engine 
cylinder and the engine set in  motion. A fter the engine has 
m ade from four to six revolutions the s ta rting  lever should be 
p u t i n  the “ ru n n in g ” position, and the valve on the sta rtin g  
a ir vessel im m ediately closed.

C ir c u m s t a n c e s  a x d  R e s u l t  o f  E x p l o s io n .— On Sunday 
m orning, J u ly  7th , the Diesel engine was stopped by the 
engine a ttendan t, and about 6 p .m . on the same day, when 
the station was visited by Air. M cDonnell, the assistant engi
neer, the attendan t drew his attention  to the loss of a ir from 
th e  three air vessels. A t th is tim e, the gauges indicated a 
zero pressure in  the reserve s ta rting  air vessel, and pressures 
of 350 lbs. per square inch in  the other sta rtin g  vessel and in 
the blast vessel. Owing to sickness, M r. W . J .  Sowter, the 
chief engineer, had not paid his usual visit to th e  station on 
this date. H ence neither of the engineers had any personal 
knowledge of the pressures in the air vessels when the engine 
was stopped. The valves on the reserve sta rtin g  vessel were
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provided with a chain and lock, hu t the reserve air in  th is 
vessel appears to have been used by ,the engine a ttendan t in 
attem pting  to start the engine during  the Sunday afternoon. 
On Monday, Ju ly  8th, the Diesel engine was overhauled, the 
fuel, exhaust and air valves were taken  out, reground, and re
placed; the atom iser was cleaned, and the clearances on the 
valves were set by Mr. M cDonnell. I t  was impossible to sta rt 
the engine w ith an a ir pressure of only 350 lbs. per square 
inch in  the blast vessel, as this would be insufficient to in ject 
the fuel oil into the cylinder. The Diesel engine was used 
for driv ing an  alternato r by means of a b e l t ; and although 
the p lan t included three other alternators driven by two steam 
engines and a water tu rb ine, it  was im practicable to use th e  
Diesel alternator as a motor, and thus drive the engine and 
compressor u n til the necessary air pressure had been obtained 
in  the blast vessel. In  the absence of an auxiliary  compressor, 
the  pressure in  the blast vessel had to be raised by other ex
terna l means. A prin ted  copy of instructions supplied by th e  
m akers of the engine, contained the following s ta tem en t:—

“ I f  by any m ishap the air is lost and no compressor 
is available, or if the engine cannot be ru n  by external 
means so as to charge the receivers by its owTn a ir com
pressor, then these may be charged w ith carbonic acid 
gas or oxygen from the cylinders containing these 
gases, as used for m any purposes.”

As compressed oxygen had been so used w ithout accident 
when the a ir pressure was lost in the previous F eb ruary , a 
cylinder of compressed oxygen was ordered by M r. Sowter from 
a firm of D ublin chemists, which was delivered at the  factory 
on the m orning of W ednesday, Ju ly  10th. Oxygen cylinders 
are usually  charged w ith gas at a pressure of 1,800 lbs. per 
square inch. Shortly after its arrival the oxygen cylinder was 
coupled to the compressor connection of the blast vessel and the 
pressure was raised to 800 lbs. per square inch. The supply of 
oxygen was tem porarily  stopped and the valve opened between 
the blast vessel and the sta rtin g  vessel; compressed a ir and 
oxygen thus passed over into the la tte r vessel, bu t the pressure- 
in  this was only slightly  raised above 350 lbs. per square inch, 
as the pressure in  the blast vessel fell from 800 lbs. to 750 lbs. 
per square inch. The volume of the starting  vessel was about 
nine times the volume of the blast vessel. The valve between 
the vessels was closed, and the oxygen again tu rned  on to the 
b last vessel un til the pressure w ithin was raised to 800 lbs. p er
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square in c h ; the oxygen cylinder was then  removed and the 
h igh  pressure air delivery pipe from the compressor re-con
nected to the hlast vessel.

The ordinary  fuel (crude oil) was then  em ptied from  the  
fuel pum p, and from the engine fuel supply pipe which was 
tem porarily  disconnected from  the fuel valve. The fuel pum p 
and pipe were then  charged w ith ordinary lam p oil (kerosene), 
and when the fuel valve connection had been made, several 
strokes by hand were made w ith the pum p, so th a t the atom iser 
in  the fuel valve casing was charged w ith kerosene. The crude 
oil was then  tu rned  on from the supply tan k , and the s ta rtin g  
lever on the engine placed in  the “ s ta r t in g ” position. M r. 
M cDonnell stated th a t he then  opened the valves in  the follow
ing  o rder:— (1) vah^e from blast vessel to fuel valve; (2) 
valve from compressor to blast vessel; (-3) valve between b last 
vessel and pressure gauge; and (4) s ta rtin g  valve on s ta rtin g  
a ir vessel. The engine began to move, and after the s ta rtin g  
valve was fu lly  opened, seemed to ru n  quite satisfactorily . 
M r. M cDonnell therefore went to the engine platform  and pu t 
the s ta rting  lever over from the “  s ta r t in g ” to the “  ru n n in g ” 
position. Xo firing stroke occurred, b u t air could be heard 
escaping from one of the valves w ith a h issing noise. The 
fitter Coates was at th is moment standing  on the far side of the 
engine w ith his hand on the air in take pipe, which is connected 
to  the a ir valve on the engine cylinder. Coates made some 
rem ark apparen tly  about the escape of a ir, bu t M r. M cDonnell 
did not hear this d istinc tly ; Coates then  moved to the o ther 
side of the engine, and at this in stan t an explosion occurred 
at the fuel valve on the cylinder, a blue flame was seen to 
travel along the blast pipe to the b last vessel, and 
the la tte r  exploded w ith great violence. M r. Sowter was 
s tand ing  on a concrete p latform  about 1 ft. 6 ins. above th e  
floor level close to the b last vessel which exploded, and was 
struck on the legs by flying m etal. P robably  the same frag 
m ent struck  Coates, who was on the floor level, in the abdo
m en, causing his death w ith in  a few m inutes. M r. M cDonnell 
was standing on the engine platform  and sustained burns to his 
hands and face as a resu lt of the fuel valve explosion. In  addi
tion to these personal in ju ries, the explosion and flying portions 
of the blast vessel caused considerable damage to the b u ild ing  
and p lant.

P articu lars  have been obtained as to the condition and posi
tion of the exploded parts of the enffine and b last vessel. 
Through the kindness of M r. Edw ard H iller, M .I .M .E ., C hief
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E ngineer of tlie N ational Boiler and General Insurance Co., 
L td ., the portions of the fractured blast vessel, fuel valve and 
connecting pipes have been examined personally at their offices. 
By the courtesy of Messrs. M irrlees, B ickerton and D ay, L td ., 
the two s tartin g  a ir vessels were seen a t th e ir works.

The upper part of the fuel valve cover was found on the 
p latform  near the engine cy linder; it showed no signs of hav
ing  been violently projected, bu t was fractured across the webs 
below the spring box. The lower part of the cover w7as frac
tured  on one side close to the gland and inside a stud hole. 
The top of the fuel valve casing which was outside the cylinder 
cover had a piece broken out on the same side as the fractu re in 
the lower part of the casing cover. Tlie fuel valve needle was 
in  position in  the casing and only sligh tly  bent. The per
forated washers form ing the atom iser were in  position around 
th e  needle, and had a sligh t carbonaceous deposit on them . 
T he air in let and exhaust valves in the cylinder cover were 
both found to be leaky, and apparently  at least one of these was 
in  this condition prior to the explosion. N either of the valves 
had  been damaged, and the exhaust passage was coated w ith 
the  usual sooty deposit. The a ir sta rtin g  valve was found in 
■order, bu t it is not clear w hether the hand lever was left in  the

s ta r t in g ” or in  the “ ru n n in g ” position. M r. M cDonnell 
is -certain th a t he pu t the lever into the “ ru n n in g ” position, 
and th inks tha t he probably pulled it back involuntarily  at the 
m om ent of the explosion in the fuel valve casing when he 
jum ped from the engine platform . The engine cylinder cover 
was quite in tact and the bolts showed no signs of in ju ry . The 
b last injection pipe was burst in  three places; the pipe had 
been opened up and flattened over lengths from eight to 10 
inches, and the m etal at the edges of these fractures was re 
duced to the thickness of a piece of paper. The in terior of the 
pipe was coated w ith a more or less oilv deposit. The blast vessel 
was blown into eight fragm ents, and both the top and bottom 
plugs were completely separated from the cylindrical body of 
the  vessel. The steel head with the valves rem ained attached 
to  the top plug, and the holding’ down studs had not been 
in ju red . The welding' between the top p lug  and vessel was 
defective for about three-fourtlis of the circum ference. The 
w elding of the bottom plug  was good and the m etal had been 
torn from the weld near the inside edge of the plug. The frag 
m ents of the body are of various shapes, and showed th a t the 
m ateria l at the longitud inal weld was practically  as strong as 
th e  other parts. The fragm ents show signs of stretch ing , and
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as p art of one piece had heen bent double w ithout indications 
of cracking, the steel appears to have been of good average 
quality  and ductility . The in terior surfaces of the fragm ents 
form ing the centre of the vessel were blued, showing sub
jection to a high tem perature, bu t the action of heat was less 
m arked towards the ends of the vessel and on the plugs. No 
evidence of corrosion, either external or in terna l, was noticed, 
bu t the whole of the in terna l coating of anti-corrosive pain t, 
w ith the exception of a sligh t trace, had been removed, pro
bably by the explosion. The brass relief valve was broken off, 
apparen tly  when the top of the b last vessel struck  some object 
in  its flight. The spring and other parts of the valve were in 
order, and there were indications th a t the valve had operated 
during tlie explosion, but a valve in. diameter would offer 
little  relief for an  explosive pressure. The w rought iron strap 
encircling the blast vessel was broken into several pieces, and 
one piece had been blown w ith such violence against 
one of the s ta rting  air vessels th a t a considerable 
indentation was made in the m etal. This a ir vessel was 
R ig h tly  displaced from its vertical position, and the 
cast-iron T-piece between the two s tarting  vessels was 
fractured. These vessels have since been tested hydrau lically  
to a pressure of 1,500 lbs. per square inch and found to be 
sound. The in ternal pipe of the b last vessel had been burst in  
two pieces in a somewhat sim ilar m anner to the b last pipe. 
The copper pipe, connecting the high pressure air cooler to the 
b last vessel, was broken off near the la tte r, b u t showed no 
signs of bu lg ing  or overheating. The a ir compressor and 
a ir coolers were un in ju red  and in  order.

C a u s e  o f  t h e  E x p l o s io n .— Tests have not been made upon 
the m aterial of the blast vessel, as there was no reason to doubt 
its su itab ility . Assum ing this m ild steel had an u ltim ate 
tensile stress of 30 tons per square inch, and allow ing 30 per 
cent, reduction in strength  for the welding, a pressure of a t 
least 5,320 lbs. per square inch would be necessary to rup tu re  
the blast vessel. Such pressure m ight be produced in a vessel 
contain ing a gaseous m ix tu re : (1) by rise of tem perature due 
(to addition of heat from  some external sou rce; (2) by 
rise of tem perature due to injection of a mass of 
h igh ly  heated gas; (3) by transm ission of an explosive 
pressure wave from some connected vessel; or (4) by  
rise of tem perature and increase in the gaseous con
ten ts due to ignition  of some combustible m aterial w ith in . 
Previous to the explosion, the blast vessel contained a m ixture
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of pure oxygen and air in tlie proportion of about 3 vols. of 
oxygen to 2 vols. of a ir, equivalent to about 68 per cent, of 
oxygen. Tlie gaseous m ixture was at a pressure of 800 lbs. per 
square inch, and at a tem perature of about 70° F . (the tem 
perature of the engine house). In  order to produce a pressure 
of over 5,000 lbs. per square inch, the gaseous m ix tu re would 
have to be raised to a tem perature approaching w hite heat. 
There is, however, no evidence of the proxim ity  of any external 
source of heat which would produce such a tem perature. The 
second cause appears to be equally u n lik e ly ; though the tem 
perature of combustion in a Diesel engine cylinder m ay ap
proach white heat, the total mass of gas in  the cylinder would 
be inadequate to raise the tem perature of the gaseous m ix tu re 
in  the blast vessel to th a t corresponding w ith the bu rsting  
pressure. D ealing w ith the th ird  possible cause, the blast 
vessel was connected to two sources from which an explosive 
wave m ight he propagated, viz., (1) the h igh  pressure a ir  de
livery pipe from the a ir compressor, and (2) the blast pipe from 
the fuel valve casing. Except for a fractu re near its junction  
w ith the head of the blast vessel, the air delivery pipe was u n 
dam aged by the explosion. The air compressor apparently  
was w orking satisfactorily. A n explosion o rig inating  in the 
pipe or in  the compressor, which could produce sufficient pres
sure to burst the blast vessel, would have caused fractures in 
these parts. The absence of damage indicates th a t the explo
sion did not originate in them . On the contrary, evidence of 
dam age was found in  the condition of the blast pipe and the 
fuel valve casing. The form er was burst open and the cover 
of the la tte r was fractured. Moreover, Air. M cDonnell stated 
th a t an explosion first occurred in the fuel valve, and then  a 
flame appeared to travel along the blast pipe. This suggests 
th a t an explosion took place, and the ignition  wave passed 
along the blast pipe to the blast vessel. An ignition wave, 
however, cannot be transm itted  as such through a gaseous 
m ix ture unless th a t m ix ture contains some combustible 
constituents. U nder norm al conditions the blast vessel 
and pipe should only contain compressed a ir, though at 
the tim e of the explosion th is a ir was enriched w ith oxygen, 
but this m ixture would not be combustible.

A pressure wave arising  from  an explosion either in the 
engine cylinder or fuel valve casing, however, m ight have 
been transm itted  to the blast vessel. W hen a Diesel engine 
is ru n n in g  on norm al load, the ignition  of the fuel oil does not 
take place so rapidly as to cause an explosion, b u t the finely
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sprayed oil burns more or less quietly in tbe compressed and 
heated air. I t  is, however, well known th a t on s ta rting  these 
engines the in itia l strokes are often accompanied by explosions 
of considerable violence, which are usually  a ttribu ted  to an 
excess of fuel oil in  the engine cylinder. The question there
fore arises, did such an explosion take place in  the cylinder 
of the engine, and, if so, did it produce a pressure wave of 
sufficient in tensity  to be transm itted  to the blast vessel and 
cause its rup tu re  ? M r. Sowter is unable to say w hether a 
firing stroke occurred in  the engine cylinder before the explo
sion in  the blast vessel, and M r. M cDonnell neither heard nor 
felt the usual thud  of a firing stroke; he did not th in k  th a t one 
took place, unless it was sim ultaneous w ith the explosion of 
the fuel valve casing. The engine was started  by means of 
compressed a ir from the sta rtin g  vessel, and made between 6 
and 9 revolutions before the s ta rting  lever was pu t into the 
“ ru n n in g ” position. The air in the sta rtin g  vessel had been 
enriched with oxygen from the blast vessel, bu t the am ount of 
added oxygen appears to have been verv small, as the pressure 
in the s ta rting  vessel was only raised a few pounds. I t  is 
estimated that the added oxygen did not exceed froth of the 
to tal volume of the vessel, so th a t the enriched a ir contained 
between 22 and 23 per cent, of oxygen instead of 21 per cent, 
in  norm al air. The s ta rting  air a t a pressure of 350 lbs. per 
square inch expanded and set the piston in m otion on the down
ward s tro k e ; on the upw ard stroke almost a ll of this a ir would 
escape through the exhaust valve, and norm al air from the 
engine house would be drawn into the cylinder previous to the 
compression stroke. Hence, when the fuel valve was put into 
operation, the fuel oil (in th is case kerosene) would be injected 
as a spray into the compressed and heated air which contained 
very little  more th an  the norm al am ount of oxygen. The com
pressed a ir which in jected  the kerosene was certain ly  rich  in 
oxygen, and some of th is would enter the cylinder, b u t whether 
in sufficient quan tity  to cause an excessive explosion in  the 
cylinder seems doubtful. U nder ordinary conditions of work
ing  the am ount of fuel oil adm itted is very sm all, and the 
fuel valve is open only whilst the piston travels about T',Ttl i of 
its stroke— fess than  two inches in this engine. Hence, the 
am ount of air rich  in  oxygen which would enter w ith the 
charge of fuel would be insufficient to increase the rap id ity  of 
combustion to such an extent as to cause a very violent explo
sion in  the cylinder. Moreover, as the am ount of a ir present 
in the cylinder is alwavs in excess of th a t required  for complete 
combustion of the fuel, unless an excessive charge of fuel was
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adm itted through a defect in  the fuel valve, 01* a deposit of 
carbonaceous m atter, either on the cylinder cover or 011 the top 
of the piston, was present, there would be 110 combustible 
m aterial with which the excess of oxygen could combine. 
There is the possibility of both an excessive charge of fuel and 
carbonaceous deposits, and it is said th a t some of the la tte r 
rem ained in the cylinder after the explosion. In  tlie present 
case, the conditions are fu rth e r complicated by leaky air-m let 
and exhaust valves before the explosion, which would tend to 
reduce both pressure and tem perature of the compressed a ir in 
the cylinder, and also reduce the am ount of oxygen available 
for com bination with the fuel oil. A ny explosion in  the engine 
cylinder which could transm it a wave of sufficient pressure to 
burst the blast vessel would in all probability  have caused more 
damage to the cylinder and attached parts than  was actually  
found. The cylinder cover and cover bolts, the a ir, exhaust, 
and starting  valves were un in jured , and the damage to the 
fuel valve casing and cover were indicative ra ther of an ex
plosion w ith in  the casing than  of excessive pressure in the 
engine cylinder. Hence it appears th a t the explosion was not 
due to a pressure wave (without flame) transm itted  from the 
cylinder to the blast vessel. The fragm ents of the blast vessel, 
especially those from near its central section, bore signs of 
local heating, and the bitum inous lin ing  appeared to have been 
b u rn t off. The fragm ents were not much reduced near the 
edges of the fractures, though there were indications th a t ther' _ ~
m aterial was sufficiently ductile to have shown, under a 
steadily increasing pressure, considerable th in n in g  before 
fracture. I t  may therefore be concluded th a t an explosion 
occurred w ithin the vessel and developed with such rap id ity  
th a t an instantaneous pressure was produced causing a stress 
in  the walls beyond the u ltim ate strength  of the m aterial. The 
explosion appeared to have been localised near the central 
portion of the vessel, which showed signs of exposure to a 
h igher tem perature than  the ends, and there was absence of 
any stretching- or damage to the four bolts securing the steel 
head to the blast vessel. The fractures in  the blast pipe and 
the in ternal drain pipe indicated violent, b u t localised, ex
plosions. There is evidence tha t these were preceded by an 
explosion which was more or less localised in the fuel valve 
casing. U nder ordinary conditions of working, tlie blast vessel 
contains an oily emulsion in addition to compressed air. This 
emulsion is a m ix tu re of water, from the m oisture in atmos
pheric air, and traces of lubrica ting  oil from  the a ir



HEPOHT OX EXPLOSION .

compressor cylinder. Though much of the w ater and oil is 
removed by drains on the air coolers of the compressing 
p lan t, appreciable quantities of these pass over as vapours into 
the blast vessel and are there condensed. In  the case of the 
engine a t B ray, the oily emulsion was blown periodically from 
the blast vessel into the sta rtin g  vessel from which i t  was 
drained at intervals. In  course of tim e the in terio r of the 
vessels becomes coated w ith oily m atter. There is definite 
proof of oily deposits w ith in  blast vessels and sim ilar com
pressed air cylinders. Since the explosion at B ray, an ex
plosion of a blast vessel occurred on the Vulcanus, a ship fitted 
w ith Diesel engines, w hilst ly ing  in  port. I  am inform ed by 
two engineering experts who examined this exploded vessel, 
th a t the in terio r had an appreciable coating of oily m atter. 
The blast vessel of the Vulcanus had been in  use about a year, 
w hilst the blast vessel at B ray had been in  use over two years, 
and the in terior had never been scraped or otherwise cleaned. 
M any explosions and failures of air receivers, used in  con
nection with compressed a ir p lan t for m ines, factories and other 
works, have been traced to ignition of lub rica ting  oil or vapour 
carried over into the receivers.* The in terio r of the B ray  blast 
vessel had been coated w ith bitum inous composition which 
would also provide some am ount of combustible m atter. M ore
over, since the engine had been standing for a few days pre
vious to the explosion, it is im probable th a t any vapour of 
lubrica ting  oil was present in  the blast vessel, especially as the 
lub rica ting  oil had a flash point between 425° and 450° F .

The D epartm ental Committee on Compressed Gas Cylinders 
appointed in 1895, repo rted t

“  T hat there is no direct proof of the possibility of the 
spontaneous ign ition  of oil in the presence of compressed 
oxygen, a t ordinary tem perature in contact as it would be 
with m etal surfaces. If , however, ignition  occurred the 
explosion m igh t be violent.”

In  view of th is statem ent, it seems unlikely  th a t the spon
taneous ignition  of the oily deposit on the blast vessel occurred

* “ Explosions and Ig n itions in A ir Com pressors and R eceivers/* by A. G. 
W hite . Proe. I.C .E . 1899, vol. cxxxiv.

"  N otes 011 Accidents due to Com bustion w ith in  A ir Com pressors/* by A. 
R. Ledoux. T rans. Am. In s tn . Min. E ngrs. F e b ru a ry , 1903.

"  Ign itio n s and E xplosions in th e  D ischarge P ipes and R eceivers of A ir 
Com pressors/* l>y A. M. Gow M.E. “ E ngineering  News/* 2nd M arch, 1905.

t  R eport of th e  Com m ittee appointed  to in q u ire  in to  the  causes of explo
sion and th e  p recau tions required  to ensure th e  safety  of cylinders of com
pressed gas (p. 8 . London, 1903 (C. 7952). P rice  Is. ik l .
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in the presence of a m ixture of compressed gases containing 
68 per cent, of oxygen at the ordinary tem perature of the 
engine house. Some of the oily deposit probably was vap- 
ourised and ignited by injection of heated air or vapour into 
the blast vessel. As the engine had only made a few strokes, 
it  is doubtful if this heated air or vapour travelled from  the 
compressor, though explosions have been known to occur in 
th is w ay; an explosion attended w ith fa ta l results, a t Barrow 
in  1911, was attribu ted  to ignition  of oil vapour in  a com
pressed air receiver pipe vised in connection w ith an experi
m ental engine on the Diesel principle. H eated gas or vapour 
could, however, enter the blast vessel by means of the blast or 
a ir  injection pipe. Before the engine was started, this blast 
pipe would be tilled by the blast vessel w ith a rich  oxygen 
m ixture which would be in contact w ith the kerosene in the fuel 
valve casing. The hash point of ordinary kerosene is between 
70° and 90° P ., and it is conceivable th a t kerosene vapour 
m ight have diffused into the oxygen m ixture in the casing and 
blast pipe. The kerosene or its vapour m ight have been 
ignited in several ways, bu t it is difficult to say w hat actually  
occurred. W hen the fuel valve was opened, the kerosene in  
the casing may have been ignited by a flash back from the 
cy linder; a case is known in which this occurred w ith ordinary 
a ir  injection, owing to the fuel valve sticking up, and a con
siderable length  of the blast, pipe was burst open. A gain, 
kerosene would ignite at a lower tem perature in compressed 
oxygen than  in a ir. and it is possible tha t it m ight have 
beten detonated in the oxygen m ixture by the fuel 
valve coming down on to its seat. F u rth er, Sir Boverton R ed
wood has dem onstrated that kerosene (F .P . 79° F .), if finely 
sprayed by pressure through a leaky rivet hole, formed a m ist 
which readily ignited at a tem perature of 50° F .+ Therefore, 
if any obstruction was present in the fuel oil orifice in  the valve 
casing, the mere sprayinp' of kerosene into the oxygen m ixture 
m ight have produced ignition.

W hatever the cause of ignition, and w hether it originated 
from the cylinder or the fuel valve casing, the evidence is 
clear th a t an explosion occurred in  the casing. A fter the 
accident, the blast pipe showed on its in terior surface traces of 
oil, possibly carried over from the blast vessel, or due to creep-

1 “ Petro leum  a*id its P ro d u c ts ,”  bv S ir "Boverton Redwood, Vol. I., 
p. 506.

A nnual R eport of Cliipf In specto r of Explosives for 1886, rep o rt on the 
explosion on petroleum  oil ta n k  steam er P efriani, 1886.
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m g of fuel oil along the pipe, or accidental injection in operat
ing  tlie fuel pum p by hand. The explosion in the valve casing 
probably vapourised some kerosene which would propagate an 
ign ition  along the blast pipe and set up violent local explosions 
which burst the pipe, producing the effect observed of a flame 
trave lling  along the pipe. The flame would travel to the blast 
vessel, raise the tem perature sufficiently to vapourise and ignite 
the oily deposit and the bitum inous lin ing , which in the pre
sence of excess of oxygen produced a violent explosion. The 
blast vessel probably contained some condensed w ater, and as 
water vapour would be present both in  the vessel and piping, 
this m ay have accelerated the velocity of explosion and even 
added to its in tensity . Dixon* has shown tha t gaseous m ix
tures which cannot be exploded when perfectly  dry, will do so 
readily  when a trace of water vapour is introduced, and th a t 
the velocity of the explosion is enormously increased by the 
presence of w ater vapour. The fact th a t the oxygen m ixture 
in  the blast vessel and blast pipe was at a pressure of 800 lbs. 
per square inch would not affect the propagation of an explo
sion from the valve casing, for B erth e lo tt has shown th a t the 
velocity of transm ission of explosions is independent of the 
pressure, the diam eter of the tubes contain ing the explosive 
gaseous m ix tu re, and also of the m aterial composing the 
tubes.

There is no doubt th a t the presence of more th an  three times 
the norm al am ount of oxygen in the blast vessel added g reatly  
to the violence of the explosion, and also facilitated  the tran s
mission of the explosion from the fuel valve, if it did not 
actually  cause the in itia l explosion in the fuel valve casing. 
B ut it seems also clear th a t an explosion of the blast vessel 
would not have occurred if the walls of the vessel had been 
free from  oily deposit. How far the anti-corrosive lin ing  
added to the effect it is impossible to say.

Loss o f  A ir P r e s s u r e  f r o m  B l a s t  a n d  S t a r t i n g  V e s s e l s  
a n d  M e a n s  o f  R e - c h a r g i n g  t h e s e  V e s s e l s .  -Shortly after 
s ta rting  a Diesel engine, the sta rtin g  air vessels are charged 
to a pressure of 850 to 900 lbs. per square inch, which pressure 
should be m aintained. The pressure in the blast vessel varies 
w ith  the load, bu t should not be allowed to fall below 520 lbs. 
per square inch. W hilst an engine m ay be set in  m otion w ith 
a s ta rting  air pressure as low as 350 lbs. per square inch, it :s

* Jo u rn a l of tlie Chem ical Society; Vol. 49 94, 384 (1896).
t  “ T heoretical C h e m is try / ' W. N ern s t; tran s la ted  by G. S. P a lm er, 

p. 577. ‘M acm illan & Co. 1895.
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generally  impossible to obtain a firing stroke unless the blast 
a ir pressure exceeds the compression pressure (500 lbs. per 
square inch) in  the engine cylinder. I t  sometimes happens, 
in attem pting  to start an engine, th a t the starting  air is lost 
through some tem porary defect, and the pressures are so re
duced th a t it is impossible to start w ithout re-charging the 
a ir vessels. Several m akers of Diesel engines are .;f opinion 
th a t this loss of sta rtin g  air rarely  occurs, b u t the general 
experience of m any users of these engines is the reverse, 
especially w ith first installations where the engine a ttendan t 
has not had tim e to gain m uch experience w ith this type of 
engine. The air pressure had been lost on only three occasions 
at Bray during  the years the Diesel engine had been ru n 
ning, but this engine was under the supervision of experienced 
engineers. In  some p lants, the a ir pressures have been lost as 
often as six times in  twelve months with a single se t; one in 
stance is known where the a ir pressures were lost from  the six 
air vessels com prising two sets, due to the carelessness of an 
engine m an in fa iling  to tu rn  on the fuel oil when starting  
an engine.

There are several methods by which the a ir vessels can be 
re-charged, v iz . :—

(1) The engine and compressor may be driven by some
other source of energy.

(2) A n auxiliary  air compressor m ay be installed.
(3) One or more of the a ir vessels m ay be taken out and

re-charged either by the engine m akers or by some 
firm with a Diesel engine or suitable a ir  compress
ing plant.

(I) Cylinders of compressed air or of other compressed 
gases m ay be obtained.

The method of re-charging adopted in anv particu lar case will 
depend upon the local circum stances. W here two or more sets 
of Diesel engines are installed, loss of a ir from all the sets of' 
vessels should be a rare occurrence, as these are usually  con
nected by piping so th a t an engine can be started  from any air 
vessel. W here a Diesel engine is used to drive a direct cu rren t 
dynam o, this m ay be ru n  as a motor by means of curren t from 
a storage battery  or from another generator set. I f  other 
prim e movers are used on the premises, it m ay be possible to 
drive a Diesel engine by means of shafting  and belting  con
nected to these. A uxiliary  air compressors driven by a small 
petrol engine, oil engine or electric motor, are sometimes in - 
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stalled  witli large sets of Diesel engines; and such aux iliary  
engines and compressors are invariably  fitted w ith m arine 
Diesel sets, as large storage vessels are used and the engines are 
generally  driven by compressed a ir when manoeuvring. Owing 
to additional expense, power driven aux ilia ry  compressors are 
rarely  provided w ith ordinary  Diesel p lants, h u t several engine 
m akers supply hand pumps for re-charging purposes; these, 
however, are extrem ely slow and need relays of m en to work 
them . The removal of the a ir vessels is often troublesom e, and 
considerable delay is involved if they have to be sent a distance 
by ra il or steam er for re-charging. Nevertheless, th is proce
dure has been adopted in  several instances. Cylinders of com
pressed a ir (pressure 1,800 lbs. per square inch) can be obtained 
from the g’as com pressing firms in  London and some of the large 
provincial cities. Such cylinders have been utilised on several 
occasions for the purpose of re-charging the a ir vessels of Diesel 
engines. B ut these facilities do not appear to be generally  
known, and so fa r as can be ascertained th is m ethod of re
charg ing  is not specifically m entioned in  the instructions issued 
by any of the B ritish  or continental makers of Diesel engines. 
Cylinders of other compressed gases, such as carbon dioxide, 
nitrogen, hydrogen, am m onia, and oxygen can also be obtained 
in most towns, w hilst cylinders of compressed carbon dioxide 
and ammonia are often carried on ships for use in  re frigera ting  
plants. Carbon dioxide and nitrogen are inert gases, and will 
not form any explosive m ix ture either w ith a ir, oil, or oil 
v ap o u r; and though they will m odify the combustion of oil 
fuel, they m ay be considered as suitable for re-charging p u r
poses. Cylinders of liquid carbon dioxide are cheap and easily 
obtainable; th is gas is therefore generally  suggested in the in 
structions issued by Diesel engine m akers, and often used by 
th e ir clients. S till, there are some disadvantages a ttach ing  to 
the use of carbon dioxide, as considerable care has to be exer
cised in charging tbe vessels, and the gas cylinder m ust be kept 
in  warm water. Moreover, if the blast vessel requires charg ing  
with carbon dioxide in  addition to the sta rtin g  vessel, the ex
haust gases will contain quantities of u n b u rn t carbon when the 
engine is first started , and the exhaust valve should be taken 
out and cleaned at the first opportunity . Use of compressed 
nitrogen for re-charging a ir vessels is prohibitive on account 
of the cost of cylinders of this gas.

D a n g e r  o f  U s in g  O x y g e n  o r  Co m b u s t ib l e  G a s e s  f o r  R e 
c h a r g in g .— H ydrogen and ammonia are combustible gases, 
and for this reason they  are not suitable for re-charging p u r
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poses. At ordinary tem peratures ammonia liquifies a t a p res- 
sure of about 120 lbs. per square inch, which is inadequate for 
re-charging the air vessels. Compressed hydrogen is easily ob
tainable, bu t -when m ixed w ith air in  certain  proportions the 
m ixture is h igh ly  explosive and the tem perature of ig n i
tion decreases as the pressure of the m ixture is in 
creased. One case was found where an engineer had 
obtained a cylinder of compressed hydrogen for re -charg ing  
the blast vessels of a Diesel engine, and its use for th is p u r
pose m ight have been attended w ith disastrous results, but, 
fortunate ly , the engine was connected to a dynamo, and th is 
was used as a motor to drive the engine and compressor un til 
the necessary pressure had been obtained. U nder norm al con
ditions pure oxygen is a very active supporter of combxistion, 
bu t when compressed, this activity  is considerably increased, 
and the ignition-tem perature o f any combustible vapour would 
be lower in compressed oxygen than  in  the gas a t atm ospheric 
pressure. Hence the danger, recognised by gas compressing- 
firms, of allowing compressed oxygen to come into contact w ith 
oil or grease. These firms issue instructions to th e ir cus
tomers w arning them  not to use oil or grease for lubricating" 
valves, gauges, or other fittings on oxygen cylinders. This 
recom m endation was also made by the D epartm ental Com
m ittee on compressed gas cylinders in  their report.* U nder 
these circum stances, compressed oxygen is not only unsuitable 
for re-charging the a ir vessels of Diesel engines, bu t its use 
is obviously dangerous. Nevertheless, some firms of Diesel 
engine makers have issued instructions th a t compressed oxygen 
m ay be used for re-charging purposes, as cylinders of th is gas 
are easily obtainable. Oxygen, however, does not appear to- 
have been used to any extent for these purposes, and in  addi
tion to the two occasions at B ray in F ebruary  and Ju ly , 1912, 
only one other case of its use in  G reat B rita in  has been noted. 
In  this la tte r case the engine was started w ithout accident, b u t  
the am ount of oxygen added to the blast vessel appears to  
have been less than  tha t used at B ray in  Ju ly  last. On both 
occasions at B ray the am ount of oxygen was practically  the 
same, and there is some difficulty in  suggesting why no trouble 
occurred on the first occasion, and vet such disastrous results 
on the second. I t  is possible th a t the h igher atm ospheric tem 
perature prevailing in  Ju ly  m ay have had some effect tending

* R eport of th e  Com m ittee appointed  to  in q u ire  in to  th e  causes of explo
sion and tlie p recau tions requ ired  to  ensure th e  sa fe ty  of the  cylinders of 
compressed gas, p. 24. London, 1903. (C. 7952.) P rice  Is. 4kL
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to produce tlie explosion. The h igher tem perature would 
cause (1) vapourisation of more kerosene in the fuel valve cas
in g ; (2) the kerosene vapour would he more readily  ignited  hy 
detonation or otherw ise; (3) the compressed air delivery to the 
b last vessel would be at a h igher tem perature and therefore 
contain more oil vapour w ith a greater deposit in  the blast 
vessel and b last pipe. On tbe other hand the fuel valve pos
sibly stuck up on the second occasion, or there m igh t have been 
some obstruction in the fuel orifice which caused the kerosene 
to be finely sprayed into the rich ly  oxygenated a ir and so 
ignited  at a com paratively low tem perature.

Other E xplosions w ith  Compressed Oxygen.— A s the re
sult of inquiry it has been ascertained that at least two ex 
plosions of the blast vessels of D iesel engines have occurred on 
the Continent, ow ing to the use of compressed oxygen for re
charging. Through the kindness of the London representative 
of the M. A. N . (M ascliinenfabrik A ugsburg-X urnberg A . G .) 
a report has been obtained of one case which occurred at a 
tube works in Bavaria in Decem ber, 1910, resu lting in  the  
deaths of two workmen and injuries to others who were ena- 
gaged in starting a 50-li.p. D iesel engine constructed by a 
rival A ugsburg firm, now in liquidation. The foreman had 
obtained a cylinder of compressed oxygen from the w elding  
department, and charged the blast vessel and one starting  
vessel w ith the gas. W hen the starting lever was put into the 
“ ru n n in g” position, the blast vessel exploded with great vio
lence, and the fragm ents struck the unfortunate m en. The 
cause of the ignition  in th is case has not been satisfactorily  
explained, but was supposed to be due to presence of lubricating  
oil, carried over from the compressor into the blast vessel. 
Only a single stage compressor appears to have been fitted on 
this e n g in e : the air supply for the compressor was taken from  
the air compressed in the engine cylinder on the upward stroke 
of the piston.

E x p l o s io n s  i n  t h e  A i r  C o m p r e s s in g  P l a n t  o f  D i e s e l  
E n g i n e s .— M any explosions and failures of a ir receivers con
nected w ith a ir compressing p lan t, have been recorded in  the 
past, which have been traced to the presence of lub rica ting  oil 
in  these receivers. As the result of inqu iry , i t  has also been 
found th a t sim ilar explosions have occurred in the pipes and 
air vessels of Diesel engines. A t  Barrow in 1911, an engineer 
was killed by the explosion of a  compressed a ir  receiver pipe 
of an experim ental oil engine on the Diesel principle. The 
pipe was cooled by a w ater-jacket, bu t af the inquest, the works
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chem ist a ttribu ted  the explosion to ignition of lubrica ting  oil 
vapour, which had been carried over from the compressor and 
formed an explosive m ix ture with the compressed air. In  
several cases explosions have occurred in  the high pressure air 
delivery pipe near tlie compressor. G enerally, the pipe had 
been subjected to a high tem perature, and contained car
bonaceous deposits, showing th a t carbonisation and ignition 
of the oil vapour had occurred. In  some instances these de
posits appeared to have choked tlie pipe sufficiently to cause an 
explosion by rise of pressure. In  one case* an  explosion which 
occurred in the blast vessel, blew the safety valve across the 
engine room and fractured the blast pipe near its connection 
w ith the steel head on the blast vessel. W hether ignition  in  
this case originated in the high pressure air pipe, or in the 
fuel valve casing and extended along the blast pipe cannot be 
definitely determ ined. I t  is, however, evident th a t owing to 
presence of oil in  the blast vessels of Diesel engines there is the 
same possibility of ignition and explosion in  these vessels as 
in  the a ir receivers of ordinary air compressing p lants. More
over, the ignition-tem perature of tlie oil vapour is lowered at 
the high pressures employed w ith Diesel engines. M ineral 
lubrica ting  oils w ith h igh  flash points should always be used 
in the cylinders of air compressors. Since any defects in  the 
cooling arrangem ents, or in the discharge valve of a compressor 
m ay resu lt in a considerable rise in tem perature of the com
pressed air, the am ount of lubrica ting  oil vapourised m ay be 
increased, and the ignition-tem perature easily reached if the 
defect is not discovered. Tem peratures above 130° F . have 
been taken on the outside of a b last vessel, with an engine 
runn ing  under norm al conditions. There is also the possibility 
of ignition  of the oily deposit in the blast vessel of a Diesel 
engine, by a “ back f ire ” from the engine cylinder into the 
fuel valve casing and blast pipe. Such a case is known to 
have occurred in  connection w ith a m arine Diesel en g in e ; the 
blast pipe was burst for a length  of 20 feet.

In  addition to explosions from  ignition of oil vapour, ex
plosions of the h igh  pressure a ir cooler casings have occurred, 
and some of these have caused personal in juries. Cooler cas
ings are usually  made of cast iron, and contain the h igh  pres
sure air pipes around which cold water is circulated to reduce 
the tem perature of the compressed air before it is delivered to 
the blast vessel. The compressed air, and possibly also the

* "  The E lectrica l Review.” A ugust 16th, 1912, p. 248.
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particles of solid m atter w hich it contains, appear to exercise 
a scouring action on the in terior of the pipes, especially in  th e . 
neighbourhood of bends. A fter a tim e the pipes m ay be re
duced in  thickness to such an extent th a t they  are unable to 
w ithstand the pressure of 650 to 900 lbs. per square inch to 
w hich they are subjected, and therefore burst. I f  th is should 
occur w ith in  the cooler casing, the cast iron is unable to w ith
stand the stress suddenly imposed by the h igh  pressure, and 
usually  the end of the casing is projected violently  across the 
room. An ordinary  spring loaded safety valve is quite inade
quate to relieve the sudden pressure exerted, and other safe
guards should be provided, e.g., th in  diaphragm s of m etal or 
other m aterial which readily  rup tu re  w ith excessive pressure.

P r e v e n t i o n  o f  E x p l o s io n s  i n  c o n n e c t io n  w i t h  D i e s e l  
E n g i n e s . Though a few Diesel engines have been w orking for 
over 10 years, and a considerable num ber have been in  use 
over three years apparently  w ithout any serious accident or 
breakdown, it m ust be adm itted th a t certain  la ten t possibilities 
of accident exist, even when the p lan t is under the direct 
supervision of skilled engineers. I t  is not suggested tha t 
there is no risk  of accident w ith other types of engines driven 
by steam, gas, oil or spirit. Though m any m akers of Diesel 
engines are of the contrary  opinion, the average user of these 
engines considers th a t, owing to the h igh  pressures employed 
and the accurate fitting  required in  the w orking parts, they 
should be entrusted  only to skilled attendants or at least to 
attendan ts under the d irect supervision of an experienced engi
neer. W hilst it is n a tu ra l th a t Diesel engine m akers do not 
wish to advertise cases of breakdowns or accident in  connection 
with these engines, as the resu lt of inqu iry  several cases of 
accident due to failures of the air compressing p lan t have been 
b rough t to ligh t and others have occurred w ith engine parts 
not relevant to this inquiry . One is, therefore, forced to the 
conclusion, previously expressed in  the technical press*, th a t 
the experiences of Various m akers and users with regard  to 
failures and accidents, if published, would be advantageous to 
the engineering public.

D ealing with the preVention of those classes of accidents pre
viously m entioned :—

(1) The blast and s ta rting  air vessels are usually  made of 
m ild steel of suitable quality . In  some cases the whole vessel 
is solid drawn, in  others the body is solid drawn and the ends

* “ The E n g in eer,"  15th N ovem ber. 1912, and 3rd Ja n u a ry , 1913.
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welded, or the body lap-welded and the ends welded. These 
•vessels are made to specification, and their construction is 
generally  supervised by engineering inspectors of Lloyds or 
sim ilar authorities. Tlie thickness of the m aterial is such as to 
allow an am ple m argin of safety for w orking stresses, and the 
finished vessels are tested liydraulicallv  to about twice the  
w orking pressure, but stretch tests of the vessels, as recom
mended by the Committee on Compressed Gas Cylinderst, do 
not seem to be generally  carried out.

(2) Some firms liave the vessels coated in terna lly  w ith an ti
corrosive pain t, bu t other firms consider th a t this is liable to  
scale off and cause trouble by entering the pipes and valves, 
w hilst it m ay provide combustible m aterial in the blast vessel. 
Some engineers are of opinion, th a t if corrosion occurs in  the  
vessels, small holes will be formed through which the com
pressed air will escape w ithout explosion. I t  m ay be m en
tioned, tha t one firm of continental engineers are now said to 
be shrinking' wrought iron bands or sleeves on the lower ends 
of their a ir vessels to prevent the fragm ents flying in the event 
of an explosion. There can be no doubt th a t corrosion is liable 
to occur in the air vessels, owing to the quan tity  of w ater vapour 
condensed in them , and if the a ir supply for the compressor is 
draw n from a source which contains acid fumes (such as the 
neighbourhood of a battery  room), then the condensed w ater 
m ay contain appreciable quantities of acid, and the corrosion 
m ay be rapid. The large starting  a ir vessels fitted w ith some 
m arine Diesel engines are constructed like small boilers, and 
fitted with manholes giving access to the in te r io r ; b u t ordinary 
air vessels have 110 provision which will allow internal examina
tion, except the small hole in the top plug. I f  such provision 
is made, the cost of manufacture of the vessels would be in 
creased, more joints will be necessary, which are difficult to 
keep tight with pressures of 900 lbs. per square inch. So far, 
Lloyds have not issued any rules with regard to examination of 
the air vessels of Diesel engines, but according to an article in 
a technical journal* rules have been issued by the G erm anischer 
Lloyd.

(3) Compressed gases other than  air, carbon dioxide, or 
nitrogen should be absolutely prohibited for the purpose of re
charging the air vessels of Diesel engines, and a statem ent to

t  B eport of tile C om m ittee appointed  to in q u ire  in to  the  causes of explo
sion and  th e  p recau tions requ ired  to ensure th e  safety  of compressed gas 
(pp. 14 & 22). London, 1903. (C. 7952). P rice  Is. 4Jd.

* "  T he M otor Ship  and M otor B oat,”  12th December, 1912, p. 473.
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th is effect should he prin ted  in  the instructions issued hy engine 
m akers. Some of these do not appear to issue any instructions 
on the subject of re-charging air vessels, bu t it is desirable, if  
accidents are to be avoided, th a t some guidance should be given 
both to the engine user and his employees. Since the fa ta lity  
a t B ray, m any Diesel engine m akers have issued notices w arn ing  
their clients not to use compressed oxygen for re-charging p u r
poses.

(4) Various means have been adopted to m inim ise the am ount 
of lubricating  oil which passes over into the blast vessel from  
the air compressor. Only m ineral oil w ith a high flash point, 
and the smallest practicable quan tity , should be used for lu b ri
cating the air compressor cylinder. In  some p lan ts i t  m ay be 
practicable and advisable to provide special oil separators be
tween the air compressor and blast vessel, as considerable diffi
cu lty  is experienced in rem oving the last traces of oil from  th e  
compressed air.

(5) Adequate arrangem ents should be made for cooling th°> 
high pressure a ir, and the cooling pipes should be fitted w ith 
drains through which condensed w ater and oil can be periodi
cally removed. Inc iden tally , cooler casings should either be 
made w ith sufficient m aterial to w ithstand the m axim um  a ir  
pressure in  the cooling pipes, or adequate means of reliev ing  
the pressure should be fitted on the casing.

(6) Only in  a few instances have attem pts been made to clean 
or examine the in teriors of Diesel a ir vessels after a period of 
use. I t  is contended by some engineers th a t the coating of oil 
on the in terior of an a ir vessel is an advantage, as it  acts 
as an anti-corrosive and so preserves the m etal. O n 
the other hand this oil is regarded as a source of danger by 
m any experts, and it prevents any exam ination of th e  m etallic 
surfaces. Much of the oil coating can be removed by scraping, 
or by suitable solvents, b u t these methods are probably not so 
satisfactory as the use of steam. This could be applied in 
some instances w ithout rem oving the a ir vessels from th e ir  
place. Steam is always used to remove the oil from  the tanks 
and other parts of oil tan k  ships before they are entered fo r 
repairs. The frequency w ith which air vessels should be 
cleaned and examined m ust depend to some extent on the 
num ber of hours an engine is in  use, and on the opportunities 
afforded for such work when the engine is standing. A t oneO  o

works it was ascertained th a t  the blast vessel of the Diesel 
engine was cleaned every six m onths, hu t in m any works the
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air vessels bad not been opened up for two or three years. 
Y ery little  additional expense or trouble would be involved if 
Diesel engine users bad the air vessels cleaned and examined 
periodically, say every twelve m onths or oftener.

(7) I t  m igh t also be advantageous to test the a ir vessels 
hydraulically  to twice their working pressure about once in  
four years; the expansion of the vessel should be gauged w hilst 
under test. As Diesel a ir vessels are not subjected to shock or 
rough usage under norm al conditions of w orking, there is less 
necessity for periodical annealing than  in  the case of com
pressed gas cylinders, although annealing before the quadren
n ial test would improve the ductility  of the m aterial.

(8) Yarious suggestions have been made w ith regard  to pro
vision of some device to prevent transm ission of an explosion 
from  the fuel valve along the blast pipe to the blast vessel. The 
interposition of a non-return  valve in the blast pipe is not con
sidered practical by the m ajority  of engineers, as such a valve 
is liable to stick owing to the presence of oily m atter, and even 
i f  th is did not happen, it is probable th a t an explosion would 
trave l w ith such rap id ity  as to pass the valve before it closed. 
One firm are now fitting  relief valves on the b last pipes of their 
engines close to the fuel valve casing. I t  is considered th a t in  
the  event of a “  back fire ” or explosion in  the fuel valve casing, 
the relief valve would operate and prevent progress of the ex
plosion along the blast pipe.

(9') A nother firm (Messrs. John  Thorneycroft & Co., L td ., 
Basingstoke) have devised a flame interceptor which they  have 
fitted in both the blast and s ta rtin g  air pipes of a Diesel engine. 
This consists of a cylindrical steel cham ber 6 ins. diam eter, 
4 ins. long, § in . in  th ickness; the interior of the cham ber is 
packed with a series of th in  perforated m etal plates, soldered 
together near their edges, and held in place by distance pieces 
which come into contact with the steel covers of the cham ber. 
The covers are £ in. th ick , recessed on the inner side to form  
a jo in t w ith the end of the cham ber, the whole being held to
gether by six £ in. bolts between the covers. The holes in  ad
jo in ing  perforated plates are staggered. Suitable unions are 
screwed into the centres of the covers so tha t the in terceptor 
can be placed in a line of piping. I f  an explosion travels along 
a pipe and reaches an interceptor, the tem perature of the gases 
w ill be reduced below the ign ition  point of any oil vapour by 
contact w ith the m etal in  the perforated plates. The large dia-
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of the gases passing through. The interceptor is of simple 
construction, and can he readily  removed and cleaned when 
necessary.

C o x c l t 'S  roxs.

The inquiry  leads to the following conclusions :—

(1) The explosion of the blast vessel was caused hy  the 
ignition  of an  oily deposit on its in terior.

(2) Ign ition  was transm itted  by a flame explosion from the 
fuel valve casing passing along- the blast pipe, b u t 
there is no evidence to showT w hether th is ign ition  
originated in  the fuel valve casing- or was transm ittedO o
from the engine cylinder.

(3) Ign ition  was facilitated , and the re su ltan t explosions
were intensified, by the large volume of compressed 
oxygen contained in the blast vessel and blast pipe.

(4) This compressed oxygen had been used in  the b last 
vessel in  order to raise the pressure sufficiently to s ta rt 
the engine, and was so used in  accordance w ith the 
prin ted  instructions issued by the m akers of the 
engines.

(5) Owing to the presence of deposits of lubrica ting  oil 
carried over from  the compressors, the same danger of 
ignition  and explosion exists in  blast vessels of Diesel 
engines as in the a ir receivers of a ir com pressing 
plants.

(6) There are considerable practical difficulties which pre
vent the removal of all the lub rica ting  oil vapour 
from  compressed air before i t  enters the blast vessels, 
although entire removal is verv desirable.O  v

(7) “ Back fires” or explosions are sometimes transm itted  
from the cylinders of Diesel engines to the fuel valve 
casings and blast pipes; and ignitions, sometimes ac
companied by explosions, occur in  the high-pressure 
air delivery pipes of the compressors.

(8) Loss of a ir pressure from the blast and s ta rting  a ir
vessels of Diesel engines occurs more frequently  than  
the engine m akers adm it. This loss is often due to 
carelessness, bu t sometimes due to the inexperience of 
the engine attendant.
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R e c o m m e n d a t io n s .

I t  is suggested tliat tlie observance of tlie following recom
m endations would tend to reduce tlie risk  of explosions and 
accidents in connection w ith the runn ing  of Diesel oil
engines :—

(1) Compressed oxygen. on account of its intense chemical
affinity, and combustible gases like hydrogen, should 
not be used for the purpose of re-charging air vessels, 
and a w arning to th is effect should be issued by the 
m akers of Diesel engines.

(2) Definite instructions should be issued by the m akers 
w ith regard to the adoption of safe methods for re
charging air vessels.r> o

(•3) Only competent engineers, or experienced men under 
tbe direct supervision of a qualified engineer, should 
be employed as engine attendants on Diesel plants.

(4) Traces of oil or oil vapours should be removed as far
as practicable from the compressed air before it passes 
into tbe blast vessel.

(5) A ir vessels, especially blast vessels, should be 
cleaned and examined in terna lly  as fa r as practicable 
once every 12 m on ths; they should also be tested 
hvdraulically  once in  every four vear3, and the am ount 
of expansion of the vessel under the test pressure 
should be carefully  gauged.

(6) Some device should be fitted for preventing the tran s
mission of flame explosions along the compressed air 
pipes.

G. STEYEXSOX TAYLOR.
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E x p l o s i o n s  i n  c o n n e c t i o n  w i t h  D i e s e l  O il E n g i n e s ,  c o m p i l e d
FR O M  IN F O R M A T IO N  O B T A IN E D  FRO M  T E C H N IC A L  P A P E R S  A N D  O T H E It

SOURCES.

Dates of 
explosions. |

(1)

P a its  oi' engine which 
exploded or burst.

(2)

Dec. 1910 * Blast in jection vessel

Aug. 1911 Safety valve on blast ves
sel and blast injection

Ju ly 1912
pipe

Blast injection vessel, 
blast injection pipe, and 
fuel valve casing

Oct. 1912 *Top part of blast vessel

1904 Blast injection pipe
, , 1911 Blast injection pipe
>5 1909 Fuel valve casing

Feb. 1912 ^Scavenge air pipe

Nov. 1912 Cylinder cover

Jan . 1909 

,, 1910 i 

„  1911 I

June  1910 

Ju ly  1911 j 
Sept. 1911 j 

„ 1903 

,, 1912 

M ar. 1912 

Sept. 1912 |

Compressed air pipe and 
inter-cooler casing 

Compressed air cooler 
pipe

Compressed air receiver 
pipe

Compressed air cooler 
pipe

Compressed air cooler 
pipe

Compressedair discharge 
pipe for compressor 

Compressed air delivery 
pipe from compressor 

Compressed air delivery 
pipe from compressor 

Compressed a ir cooler 
pipe and cooler casing 

F ly wheel

Probable cause of explosion. | 

(3)

Ignition of m ixture of oil 
vapour and compressed 
oxygen 

Defect in air compressor

Persons killed or 
injured.

(4)

2 killed, 1 seriously 
and several slight
ly injured.

Ignition of m ixture of oil 
vapour and compressed 
oxygen 

Defective internal drain 
pipe and bad weld in 
blast vessel 

Back fire from cylinder 
Back fire from cylinder 
Excess of fuel oil in 

cylinder 
F racture of cam lever 

operating scavenge 
valve and consequent 
ignition of oil vapour 

Excess of fuel oil in 
cylinder due to leaky 
fuel valve 

Safety valve screwed I injured 
down on blast vessel 

Thinning of pipe a t bend -

1 killed, 1 seriously, 
1 slightly injured

1 loss of arm

12 killed or died 
from burns, and 
several injured

Ignition of m ixture of oil 
vapour and compressed 
air

Thinning of pipe

Thinning of pipe

Thinning of pipe

Thinning of pipe

Thinning of pipe

Thinning of cooler pipe

Excess of fuel oil in 
cylinder caused racing

1 killed

1 slightly injured

In  addition to the above-mentioned cases, several Diesel engines 
have been completely wrecked owing to the pistons seizing in the 
cylinders, in other cases considerable damage has been caused by 
fractures of the crank shafts, whilst cracked pistons and cracked 
cylinder covers are not uncommon.

* These accidents occurred on the Continent.
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A b s t r a c t  o f  P a p e r  a n d  D i s c i  s s i o n  f r o m  t h e  T r a n s a c t i o n s  

o f  t h e  A m e r i c a n  I n s t i t u t e  o f  M i n i n g  E n g i n e e r s . 

V o l u m e  X X X I V .  1 9 0 4 .

N o t e s  on  A c c i d e n t s  Du e  to C o m b u s t i o n  

w i t h i n  Air  C o m p r e s s o r s .

B y A L B E R T  R. L E D O U X  (New York City).
H15AD

February, 1903.

I n this paper an account is given of an accident in  a m ine, 
the compressor in  question being for a three-drill m achine of 
standard  make. A t the tim e of the accident it was supplying 
a ir to a single d rill working in  an upraise from a w ell-venti
lated tunnel, and also giving ventilation to a winze below the 
tunnel where two m en were hand-drilling . The drills were 
located about 1,200 ft. from the compressor. The engineer 
testified th a t he had never been short of air, th a t there had 
been no com plaints of the m achine being inefficient, and th a t 
the water used in  cooling the air-cylinder had never become 
g reatly  heated. H e had used a m ix tu re of good cylinder oil 
and of a ligh ter grade known as “ A tlan tic  R ed.”  The valve 
of the compressor was set to blow off at 80 lbs. H e was in the 
boiler-room when he heard a “  crack like a p is to l” and, going 
into the engine-room, he found w ater spu rting  out of the 
jacket about two feet from the end of the com pressor; he 
tightened the jacket and stopped the leak, and found th a t the 
jacket was perfectly cool. He next noticed th a t “ grease 
began to fry  on the pipe and receiver” ; then th a t the air-pipe 
had become red-hot. The in take of the compressor was in  the 
engine-room, the tem perature of which was 115 deg. F ah r. 
The men in the upraise, finding the a ir getting  bad, opened the 
valve full, ih e  engineer, observing th a t the pressure suddenly 
went down, stopped the engine, bu t, g e tting  the signal for 
more air from the men in  the winze, started it again. Two 
m en were killed and four others barely escaped w ith their lives 
as a result of the bad a ir caused by the combustion of the oil, 
deposited carbon and organic dust accum ulated in  the com
pressor, receiver and pipe.
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Explosions of air-compressors due to th is cause have been 
frequent, and lives have been lost thereby. W h a t is known as 
‘ ‘ flam ing ” of compressors or cylinders is an every-day experi
ence, and in  some cases the  rup tu re  of the air-pipes, hu t, so fa r  
as the author could ascertain , w ithout the serious consequences 
described above.

To prevent such catastrophes he suggested tak in g  in  the air 
from  a point where the tem perature was as low as possible, the 
introduction of aux iliary  coolers, the use of as heavy oil as pos
sible—yet never to excess—the cleaning out of cylinders, 
receivers and pipes, and especially a w arn ing  to the engineer to 
be very sure, when he receives a signal for more air, th a t the 
actual shu tting  down of the compressor m ay not be more 
essential.

AB STRA CT OF DISCUSSION .

Mr. E . H i l l , South N orw alk, Conn., sent a com m unication 
in  which he said the common form ula for the adiabatic com
pression of dry a ir did not account for heat sufficient to flash 
ordinarily  decent cylinder oils, nor did the text-books give due 
consideration to the effect of leaks.

In  presenting a form ula to supply this lack, he pointed out 
th a t a t the beginning of the stroke, the a ir  in  the 
cylinder came from three sources, n am ely : th a t which 
was le ft in  the cylinder clearance spaces on the pre
vious stroke, th a t which had leaked in  from the discharge 
valves and past the piston, and th a t drawn in from  the atm os
phere. The a ir  which was left in the clearance m ight be dis
regarded for purposes of calculation, as, on expansion, it per
formed work, fa lling  in tem perature to th a t ju s t previous to 
compression. The air coming from the leaks expanded from 
the high pressure of discharge to the low in take pressure of the 
cylinder w ithout perform ing work except in creating  velocity 
in its own m ass; bu t as it came to rest in  the cylinder its tem 
perature became tha t of the discharge.

In  some cases the incom ing a ir was g reatly  heated in  conse
quence of being drawn over the heated surfaces of piston rod 
and piston for the purpose of cooling those parts, and through 
the partia l vacuum  created by restricted in le t open ings; b u t 
he assumed a well-designed compressor with dry a ir and adia
batic compression.
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T aking the form ula for tlie adiabatic compression of a gas 
as a basis, be subm itted tlie following-:—O

T i _  t (P ,0 — L P , "•-«)
l — IJV1-2'-'

T 1 being the absolute tem perature of the discharge; t the ab
solute tem perature of the atmosphere from which the supply 
is d raw n ; P t the pressure of the discharge, and L the am ount 
(in percentage of cylinder capacity) of the leak ag e ; the figure 
0-29 being the air constant.

A pplying this form ula to a single stage compressor at sea level, 
compressing to 88 lbs. or seven atmospheres, the atm ospheric 
air being at 62 deg. F a h r ., the following would be the tem 
peratures of discharge, when the leaks of piston and dis- 
charge-valves are as s ta te d :

Leak. Temperature. Leak. Temperature.

0 4.59 deg. Kafir. 0-08 524 deg. Fahr.
0-01 466 ,, 0-10 544 ,,
002 475 ,, ,, 0-12 566 „
0-04 489 „ 0-14 589
0-06 506 „ 0-16 615 ,, , ,

H e pointed out that there was thus a possibility of a temperature 
fully sufficient to produce gas from the oil lubricant and to cause it 
to burn, creating further excessive heat and an increased develop
ment of gas, quickly followed by explosion.

I t  would be noticed that there was a rapid increase in heat as 
the leak increased. A  leak was constant, and it followed that it 
was proportionately higher when tlie revolution speed decreased. 
The oil feed, when adjusted for the m axim um  speed, would be 
in  excess for the slow speed. This com bination of a larger pro
portional leak and a liberal supply of oil was dangerous. This 
was quite in accord with experience as in several cases of 
violent explosions the compressor was ru n n in g  slowly at the 
tim e.

To avoid these dangerous conditions the compressor should 
be made w ith compound air-cylinders. Such compressors, 
when compressing to eight atmospheres or 103 lbs. gauge, 
would develop, under norm al conditions, 245 deg. F ah r. in
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each cylinder. There was less liab ility  to leakage in  these 
compressors, because there was less difference between the dis
charge and the in take side of the piston.

In  two and three stage compressors, the greatest tem pera
tu re  due to any percentage of leak, no m atte r where located, 
was w ithin safe lim its. In  the best m odern compressors, the 
air leaking past the pistons was passed through an inter-cooler, 
and by th is means pressures of from 3,000 to 5,000 were ob
tained w ithout inconvenience or anxiety.

Combustion was more vigorous under h igher pressures and 
no doubt there was likewise an easier oxidation and a lower 
flashpoint for oil under pressure in the cylinder th an  under 
ordinary conditions outside. In  m any cases a noisome gas was 
generated long before the explosion.

Mr. W . L. S a u n d e r s  also advocated compound compressors 
and compressing the a ir in  stages. The oil, which should not 
be used in excess, should be of a high grade, w ith a high 
flashpoint, and should be of a non-coking natu re . A ny de
posit in the cylinder should be removed at least once a week, 
and the discharge valves, a ir receiver, and other places where 
deposits were likely  to accum ulate should be kept clean. The 
intake air should be taken from outside the engine-room and 
inter-coolers should be used.

N . S. S.
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