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As Marine Engineers, m ost of the Members of th is Institu te  
will have followed p re tty  closely the  discussions which have 
taken  place in recent years upon the  vexed question of the 
su itability  of the  Belleville w ater-tube boiler for the  purpose 
of generating steam  in the  warships of the B ritish  Navy. B ut 
unless you have been actually  engaged upon the construction 
of these boilers or have gone to  great trouble in searching 
through back num bers of periodicals and engineering text-books 
it is probable th a t  you will not have been able to  follow very 
closely w hat was the precise n a tu re  of th e  questions a t  issue. 
The A uthor first began to  take  an  in terest in  th is subject whilst 
engaged in  assisting w ith  the  erection of several of these boilers
011 board ship, and has since devoted a large am ount of tim e 
to  the  problem  of endeavouring to  obtain  a concise account of 
w hat we m ay term  th e  “ Belleville boiler question.”

In  th e  first place we have to  find out how it  came about th a t  
th is boiler was adopted as the  s tand ard  p a tte rn  of steam  gener­
a to r for the  B ritish  Navy. A lthough the  cylindrical type of 
m arine boiler has always proved itself a good servan t in prac-
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2 0 A REVIEW OF THE
tice, still it has one or two features which are undesirable from 
a “ naval ” point of view. The chief objections against it  are 
its large size and its slow steam ing properties which are due to 
th e  large q uan tity  of w ater th a t it  contains. W hen the im ­
portance of having a quick steam ing boiler first became 
apparen t, the  only type of boiler in existence which looked 
anything  like the right sort was the w ater-tube boiler designed 
by M. Belleville. There does no t appear to have been any other 
type which had been tested  under working conditions a t th a t  
particular tim e and which had proved so satisfactory ; hence 
it  came abou t th a t th e  A dm iralty  adopted  this boiler as their 
s tand ard  type and caused it  to  be fitted on board a large 
num ber of our largest warships.

1. G e n e r a l  D e s c r ip t io n  o f  t h e  B e l l e v i l l e  B o i l e r .
The m odern type of Belleville boiler consists of two princi­

pal p a rts—
(1) The generator, or boiler proper.
(2) The economiser, or feed-water heater.

The generator is formed of a num ber of sets of tubes placed 
side by side over a fire grate, w ith a steam -drum  fastened
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across the top and a water-collector across the  bottom . The 
generator is so placed th a t  the  bottom  tube of each set, or 
element, is abou t 2 feet above the  bars of the  fire-grate. Ju s t 
above the  top  row of tubes there is a free space which is called 
a com bustion cham ber, and then  above th is comes th e  econo­
miser, the  distance between the top  row of generator tubes and 
the bottom  row of economiser tubes being abou t 5 feet. The 
economiser is arranged in a sim ilar m anner to  the  generator, 
and has a cold-water collector across th e  bottom  and a hot- 
w ater collector across the  top. The passage of the flames and 
hot gases on th e ir way up th rough  th e  tubes is guided by 
baffle plates, and they  m eet together in the  com bustion cham ­
ber p repara to ry  to  passing up through the  economiser whence 
they  m ake th e ir way up the  funnel.

II . D e t a i l e d  D e s c r i p t i o n  o f  t h e  B e l l e v i l l e  B o i l e r .
In  order to  appreciate the  difficulties which surround the 

construction of these boilers it  will be necessary to exam ine 
each feature separately  as follows :—

(a) The Generator ami Economiser Elements.
Seven elements, or sets of tubes, p laced side by side, m ake 

up th e  generator, each elem ent being composed of fourteen 
tubes arranged in  two columns, side by side, which are con­
nected  a t the  ends by junction  boxes th a t rest one on top  of 
the  other.

The w ater in these tubes enters and leaves the junction 
boxes a t  the  same level, b u t on passing along a tube it rises 
about two or th ree inches, and so in th is m anner it  can be 
m ade to  climb from th e  bottom  of th e  elem ent to  the  top. 
The tubes are abou t 7 ft. 6 in. long, 4 | in. diam eter, and \  in. 
thick. Six elem ents placed side by side form  th e  economiser, 
each elem ent being abou t ten  tubes high. The length of an 
economiser tube  is about G ft. and its diam eter 2 | in. All the 
tubes are m ade of solid draw n steel and  coated inside and ou t 
w ith  zinc by means of an  electrolytic process. The junction 
boxes are m ade of cast steel, those a t  the  fron t end of the boiler 
having liandlioles provided in  them  for inspection purposes.

A fter the  boiler has been tested  under hydraulic pressure, 
and  ju s t before the  prelim inary steam ing, it  is custom ary to  
inspect all the  tubes to  see w hether any are obstructed. The
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exam ination is m ost conveniently conducted by rem oving th e

incandescent electric lam p, fixed to  th e  end of a long rod, 
r igh t down to  the  back end of one of th e  tubes, the light is then  
reflected back from the  back junction  box up the com panion

T U B E  C O N N E C T IO N S .

tube, and by this means the two tubes are thoroughly ex­
am ined a t the  one tim e. An im portan t point to note is th a t  
the joint of the door is made inside the box by a th in  asbestos- 
ring. Since the  doors are more or less oval in shape, i t  would 
be difficult to “ face ” the flanges on them , b u t they  m ay be
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ground fairly tru e  upon an em ery wheel in a  very short space 
of tim e. The tubes are screwed into the junction  boxes both  
a t  th e  back and fron t end of the boiler, and instead of adopting 
the  usual m ethod of m aking a steam -tigh t jo int, viz. by a 
tap er th read, the  practice is to  have the  p itch  of the th read  on 
the  tube slightly different to th a t in the  box so th a t  the  two 
jam b together. They are then  further secured by a back nu t 
called a “ ring .” Of the  two tubes which run  in to  each junc­
tion  box one screws in direct, b u t the o ther is m ade shorter in 
length and coupled up to  a steel nipple which is screwed into 
the box. The connector is called a “ sleeve,” and is kept in 
position by a “ ring ,” so th a t “ sleeve ” and “ ring ” take  the  
place of the usual “ socket ” (or connector) and “ back-nut ” 
in ordinary  pipe work.

The generator and economiser are enclosed in a steel casing 
which is m ade double, the  space between being filled in w ith  
non-conducting m a te r ia l ; the  fron t of the casing is provided 
w ith  two large doors th rough which the  elem ents can be re­
moved. These doors are provided w ith double locks, so th a t 
the  tubes m ay be inspected by unfastening one lock and 
leaving the  o ther closed, the  arrangem ent being a safety  
device ; sight holes are also provided in  the  m iddle of the  
doors. E ach  junction  box of the  th ree bottom  rows of tubes 
is fitted w ith  a fusible plug which is arranged to  indicate th e  
absence of w ater in  th e  lower p a r t  of an  element.

The tubes m ay be kept free from  deposit on the outside sur­
face by m eans of scrapers or by the steam  tube sweeping 
apparatu s which consists of a flexible metallic tube  w ith a 
nozzle on th e  end, th e  steam  je t being controlled by a lever 
which opens and shuts th e  steam  valve.

Before cleaning th e  tubes the  fires are allowed to  burn  low, 
and  then  are pushed to  th e  back of the  g rate  ou t of the  way.

The boiler casing in the  neighbourhood of the  fire-grate is 
lined w ith  firebricks.

(b) The Feed-Water Collector.
As its nam e implies, th is vessel collects th e  feed w ater as it 

comes in  from  the  m ud-drum s, and then  d istributes it  to  the  
various elements, b u t as there  are only two m ud-drum s, one 
a t each side of the  boiler, some m eans had to  be devised to 
p reven t all th e  w ater going up in to  the  wing elements and none 
going up in to  th e  cen tral ones. The bottom  junction  box of
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each elem ent fits over a conical steel nipple which is screwed 
into  the top side of the  feed-water collector ; th e  d iam eter of 
hole in the nipple is only 1 in., whereas we have seen th a t  
the  diam eter of the tube itself is 41 in. and consequently 
the  necessary th ro ttling  action  is obtained. The following 
m ethod is adopted for coupling up an elem ent to the  feed 
collector A bar is inserted under the lug on th e  bottom  
junction  box and th e  whole elem ent raised up a  couple of 
inches ; two th in  rings of nickel are now placed over the  cone 
of the  nipple and the  elem ent is allowed to  drop down in to  
position ; this forms an  excellent jo in t and the elem ent is then  
anchored by a single tee-headed bolt. The cross-section of 
the  collector form s a square.

(c) The Steam Drum.
This is a cylinder m ade of mild steel p lates which is placed 

horizontally  across the tops of the elem ents a t the  fron t end

of th e  boiler. I t  contains a large num ber of baffle plates and 
the  whole of the  interior surface is coated w ith  zinc. The 
elements of the generator are connected up to  pipes which lead 
up in to  the interior of the  drum  and term inate  abou t 10 in
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above the bottom , so th a t the discharge takes place well above 
the  w ater level in the drum . The connexion is m ade by 
means of a flanged jo in t secured by four bolts, th e  jointing 
m aterial being gauze-wire and red-lead p u tty . The ends of 
the drum  are steel castings which are tu rned  circular, a fte r 
which the  shell p lates are riveted  on. E ach “ end ” contains 
a handhole and also has a steel p ipe screwed in to  it  term ed a 
“ dow ncast p ipe .” This pipe leads down outside the  boiler 
casing to the m ud-drum  and is coupled up to  it  by  a sleeve and 
ring. The d iam eter of the pipe is in. On the  top  side of 
the  drum  seating blocks are provided for stop  valve and  for air 
and  pressure gauge cocks ; there is also a  block on th e  fron t of 
the  drum  for the feed check valve and  one underneath  for a 
drain  cock. The d iam eter of the  steam  drum  is abou t 2 ft., 
and  its length abou t 7 ft.

(d) The M ud-drums.
These are steel castings which are placed one a t each side of 

the  boiler. Each m ud-drum  contains a m anganese bronze,

non-return  valve which can swing freely on a pivot, and a 
vertical baffle p late  ; i t  is also fitted w ith  a blow down valve, 
a drain  valve and  a salinom eter cock. The vessels discharge 
in to  th e  feed-collector by  m eans of an  elbow pipe, the  jo in ts 
being m ade by sleeves and rings .as before. These particu lar
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jo in ts are however very awkward ones to  make, and it  would 
certain ly  sim plify m atters if they  could be replaced by flanged 
joints, for the  A uthor has known it to  take an experienced 
workm an a whole day to  coupJe up one of these elbows.

(e) The Automatic-Feed Apparatus.
This consists of a float which, as it  rises and falls w ith the 

level of the w ater in the float cham ber, opens and shuts a valve 
on the  feed pipe, and adm its or stops the  admission of feed 
w ater to  the economiser, and in this m anner au tom atically

regulates the q u an tity  of w ater in the boiler. The cast steel 
float cham ber is bolted on to the  boiler casing and connected 
to the  elements by two small draw n steel pipes, the top  con­
nexion being m ade above the  norm al w ater level in the  
generator elem ents and the bottom  one below it. E very th ing  
inside the  cham ber including the hollow steel float, is coated 
w ith  zinc. Across the  top  of the cham ber is fixed a s tra igh t 
horizontal lever A B C ,  which has its fulcrum  between A and 
B. P a r t of th e  weight of the  float is balanced by the  down­
w ard pressure which the  spindle B exerts, due to  th e  lead 
weights a t C, and th e  m otion of the  float is guided by a spindle 
a t  the  bottom . To the  outside of the  float cham ber a t th e  top
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a small valve box A is secured, which is however no t connected 
in any  w ay w ith  the  inside of the  float cham ber, b u t is only 
placed here for convenience. Two pipes lead in to  th e  box A, 
one comes direct from the  feed pum ps th rough  a hand feed- 
regulating valve and  delivers th e  feed-water in to  A, and the 
other takes the  feed-water from A direct to  the  cold-water 
collector of th e  economiser. U nder norm al circum stances the  
float cham ber is half full of w ater, as indicated  by th e  gauge 
glass on the  fron t ; b u t if th e  w ater level falls the  float falls 
too, and  in falling raises th e  spindle B. Since A and B are on 
opposite sides of the  fulcrum  when B is raised, A is depressed 
and consequently th e  valve A is opened ; th is adm its w ater to  
the  economiser and brings th e  boiler level up again. The 
float now closes A and stops the  admission of feed w ater until 
such tim e as th e  boiler level falls below norm al again. The 
glands A and B are m ade steam -tigh t with special antifriction 
(Belleville) packing and knife edges are used wherever possible 
to  reduce friction. Should there be any doub t as to  w hether 
the  apparatus is working satisfactorily  i t  should be tested  by 
pulling down the  handle a ttach ed  to  th e  lever A B C .

(f) The Furnace A ir-Supp ly .
Owing to th e  close prox im ity  of the w ater tubes of th e  gen­

era to r to the  fire g ra te  it  is found advisable to  supply  air above 
th e  fire in order to  prom ote com bustion ; th is air is supplied by 
an air-blowing engine a t a pressure of abou t 10 lbs. per sq. in. to 
an iron pipe situated  outside th e  casing ju s t above th e  fire doors 
and provided w ith  a large num ber of cocks to  regulate th e  
supply. A sim ilar pipe supplies air to  the  com bustion cham ber 
for th e  purpose of thoroughly m ixing the  gases of com bustion.

I I I .  G e n e r a l  A r r a n g e m e n t  o p  a  “  B e l l e v i l l e  ”
P l a n t .

For the  sake of sim plicity it will be best to  consider the case 
of a pair of Belleville boilers supplying steam  to  a com pound 
condensing m arine engine.

A powerful W eir feed-pum p sucks the  w ater from  the  feed 
ta n k  in the  engine room and delivers it  a t  a pressure of 700 lbs. 
per sq. in. th rough  a hand  feed-regulating valve in to  th e  valve 
box a ttached  to th e  float cham ber of each boiler. The float then  
au tom atica lly  adm its the  w ater th rough th e  valve A to  th e
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cold w ater collector of the  economiser. F rom  th is collector 
the w ater passes th rough a num ber of small tubes, each of which 
is fitted  w ith  a non-return  valve, in to  the  economiser elements. 
I t  circulates up th rough  these elements, abstracting  h ea t from 
the  flue gases on its way up, and is discharged a t th e  top  into 
the  ho t w ater collector. Leaving the  ho t w ater collector it 
passes down a pipe leading to  the  feed check-valve on the  fron t 
of the steam  drum . Passing through the valve, i t  is squ irted  
through a tin y  hole in to  the  in terior of the  drum . Here i t  
m eets the  hot w ater which has been discharged from th e  pipes

connected to  the  generator elem ents, mixes w ith  it, travels 
along th e  bottom  of th e  drum  and falls down th e  dow ncast 
pipes in to  the  m ud-drum s. In  th e  m ud-drum s th e  w ater is 
subjected to  a sudden change in  the  direction of its  flow ; 
being sent up  again and th rough  th e  elbow pipe in to  the  feed 
collector by m eans of th e  vertical baffle p late. I t  is custom ary 
to  add  lime to  th e  feed w ater in order to  collect any  grease left 
in it, and the  lime and grease form  together a sort of m ud. 
W hen th e  w ater is subjected to  the sudden change of direction 
in  th e  m ud-drum  th is m ud falls out of it  and  is deposited in 
th e  bottom  of th e  drum , whence it  is blown off a t  regu lar in ­
tervals.

Leaving the  feed-collector th e  w ater enters th e  generator 
elem ents th rough  the conical nipples and circulates up  through  
them , a large p a r t  of it  being converted in to  steam  on its way
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up. The m ix ture of boiling w ater and steam  is then discharged 
into the steam -drum  against the baffle plates. Most of th e  
w ater then  falls down to the  bottom  of the  drum , and  m ixing 
w ith the  incoming feed-water re tu rns to  the m ud-drum s. 
The steam  is draw n off through the stop-valve, and, unfo rtu ­
nately, if the  ra te  of evaporation happens to be fairly  high a 
considerable q uan tity  of prim ing w ater is carried off w ith  th e  
steam  in spite of all the  baffle p lates which are fitted to  p reven t 
it. In  order th a t  the supply  of steam  to  the  engines m ay be 
fairly dry, some means has to  be devised to  remove this w ater, 
and the  following m ethod is adopted. Suppose the  engines 
require d ry  steam  a t a pressure of 300 lbs. per sq. in. the boilers 
will generate steam  a t 350 lbs. per sq. in., and this steam  wall then  
be first reduced in pressure and then  passed through  a separator 
before it enters the engines. A special type  of reducing valve 
is used, in which the  steam  passes through ports cut in th e  valve 
casing in to  the  interior of the  valve itself which is hollow and 
shaped like a diving-bell.

The valve is suspended inside the  casing by a spindle from 
an external horizontal lever and is so arranged th a t  a spiral

spring connected to  this lever always tends to  pull the  valve 
dow nw ards and uncover th e  ports, thus adm itting  steam  (o 
the  engines ; b u t as soon as the  pressure acting on the  in terior of

flidueir
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the dome of the  valve rises to  300 lbs. per sq. in. the  valve will have 
overcome th e  pull due to  th e  spring and th e  ports will now be, 
closed ; th e  pressure now begins to drop again, b u t is prevented  
from  so doing by th e  valve again uncovering its ports, and so 
on. Means are provided for ad justing  the  tension of the  
spring so th a t  the  steam  pressure m ay be kep t constan t a t  any 
requii'ed value a t  th e  engines. Leaving the  reducing valve the  
steam  passes th rough  the  separa to r and in to  the h. p. valve- 
chest. Passing out of the  low pressure cylinder th e  steam  
enters a surface condenser, is condensed, and pum ped out in to  
the  ho t well. The air-pum p then  discharges th e  ho t w ater 
th rough  a grease ex tracto r in to  the  feed tan k , which completes 
the  cycle of operations and leaves the  w ater exactly  where it 
was a t  th e  sta rt.

I V .  D e f e c t s  i n  t h e  “  B e l l e v i l l e  ”  B o i l e r .
I t  was in th e  year 1903 th a t  a Special Committee, which had  

been appoin ted  by the  A dm iralty  to  inquire in to  th e  working 
of th e  Belleville boiler in the  ships of the  R oyal N avy  and to  
report as to  a su itable type of boiler to  be fitted in fu ture w ar­
ships, presented its report. The report contains an account 
of a series of trials on two vessels, the  H yacinth  and Minerva, 
which were specially selected for th e  purpose, the  Hyacinth  
having Belleville w ater-tube boilers and the M inerva  cylindrical 
re tu rn -tube -boilers.

Among th e  defects which were noted  in  the  Belleville boilers 
we m ay refer to  th e  following :—

(1) The circulation is defective and uncertain .
(2) An au tom atic feeding arrangem ent of a delicate and 

com plicated kind is absolutely necessary for the safe working 
of these boilers.

(3) The great excess of pressure over th a t in  th e  boilers 
which is required in  the feed pipes and pum ps.

(4) The considerable excess of boiler pressure over th a t  a t 
th e  engines.

(5) A separator w ith  an Autom atic drain  is required to  get rid 
of the  w ater carried over from  th e  boilers when any  sudden 
excessive dem and for steam  is made.

(6) There is a constan t and excessive loss of feed-water.
I t  is w orth  while exam ining a few of these criticisms, as by

so doing we m ay learn  a good deal more abou t the  behaviour of
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the Belleville boiler under working conditions. W ith  regard  
to  the  first defect :—We m ay explain th is sta tem ent of the  
Committee by considering w hat happens during the  process of 
steam  raising as observed by the  A uthor in a model of th is type  
of boiler in which the  elements were composed of glass tubes. 
W hen the  fires are first lit the  w ater in  the  bottom  rows of tubes 
gets ho t and expands. I t  first of all tries to  go backw ards up 
the  dow ncast pipes, b u t is prevented  from so doing by the  non­
re tu rn  valve. Steam  bubbles now begin to  form and rise to 
the  upper sides of the tubes ; the  bubbles increase in size and 
finally two or three push their way up th rough  the  elem ent to  
the  surface of th e  w ater. The process of steam  form ation 
continues to  get more rapid  and large bubbles are discharged 
in quick succession a t the w ater surface. And now a curious 
th ing  happens—the ho t w ater is pushed forward up the  tubes 
and discharged in little  jets into the  steam  drum  and the  whole 
elem ent is filled w ith a mass of w ater and steam  which sways 
to and fro, each discharge in to  the  steam  drum  being followed 
by a corresponding suction through the  non-return  valve. The 
boiler is then  fairly under weigh and continues to  feed itself 
autom atically  by the  arrangem ent previously described. The 
reason w hy the  discharge in to  the  steam  drum  is so jerky  is 
because of the  succession of shocks which is im parted  to  the  
w ater by the ab ru p t changes of direction it experiences in the  
junction  boxes.

S t e a m  F o r m a t io n  i n  t h e  B e l l e v i l l e  B o i l e r

In  the figure, C I) represents a section of the bottom  tube of 
an elem ent in which steam  form ation is ju s t commencing. A t

J

some point on the tube where the tem perature  is highest a 
steam  bubble such as A is form ed which gradually  increases in 
size un til it occupies the whole tube for a length of some inches. 
The pressure of the steam  goes on increasing inside the bubble 
until it is sufficiently great to  set the  whole of the w ater in the
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elem ent in  motion. As soon as this m ixture of w ater and 
steam  is blown forward the pressure in A drops, and cold w ater 
is driven in through the  non-return  valve to  fill up the  sp a ce ; 
a t  th e  sam e tim e th e  bulk of the  w ater which has been pushed 
forw ard begins to  drop back again, the  two stream s m eet to ­
gether w ith  a small bubble between them , b u t only rem ain a t 
rest for an in stan t until the  pressure rises again and the  process 
is repeated.

Tf we exam ine th e  process of steam  raising in a model boiler 
composed of a uniform  glass sp iral we find a perfectly  con­
tinuous discharge in to  th e  steam  drum  owing to  the absence 
of the  aforem entioned shocks.

A nother peculiarity  which has been noted  in th e  ac tual 
boilers when under steam  is th a t  when the  engines to  which 
th ey  are supplying steam  are suddenly stopped the  level of the  
w ater in th e  gauge glasses often drops suddenly and goes nearly  
ou t of sight, w ith  the  resu lt th a t  the  feed-valve A opens wide 
and  the pum ps race away to  supply  th e  deficiency and bring 
up the level again. The reason for th is is as follows Since 
the  w ater lias to  be pushed up into the  steam  drum  it  follows 
th a t  the  pressure in the  lower generator tubes m ust be slightly 
in excess of th a t in the  upper rows of tubes in  order to  overcome 
frictional resistances ; moreover, since th e  w ater is discharged 
bodily in to  th e  steam  drum  there cannot, stric tly  speaking, be 
said to  be a n y  w a t e r  l e v e l  a t  a l l  except when the  boiler is 
not steam ing, so th a t  we are led to  the  conclusion th a t the  
gauge-glasses merely indicate th e  “ head ” of w ater which is 
equivalent to  the  excess of pressure required  to  drive th e  m ix­
tu re  of w ater and  steam  up  th rough  th e  elem ents. Now for 
fast steam ing this pressure head m ust of necessity be greater 
th a n  for slow steam ing, and so the  height of th e  w ater in the  
gauge glass on the  float cham ber will stand  higher in the  form er 
case th a n  in  th e  la tte r  ; b u t we have already seen th a t  th e  float 
is so ad justed  th a t  i t  will no t let any  more w ater in  u n til the  
level falls below half glass. Hence, when th e  dem and for steam  
is suddenly increased the  am ount of w ater in th e  boiler is re­
duced, and when the dem and suddenly ceases, as in the  instance 
quoted, the  am ount of w ater is au tom atically  increased. K now ­
ing this peculiarity  it is custom ary  to  allow for it  by rem oving 
some of the  lead weights a t  C and working w ith  an apparent 
water-level of m ore th a n  half glass, w hen th e  ra te  of evaporation  
is high.
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W a t e r  L e v e l  i n  t h e  B e l l e v i l l e  B o i l e r

The level of the  w ater in the  boiler is supposed to  be indi­
cated by two gauge glasses, one placed on the  float cham ber of 
the autom atic feed apparatus which is a ttached  to  the left wing  
elem ent, and the o ther m ounted on a column which is a ttached  
to  the right wing elem ent (or vice versa).

We have already seen th a t these gauges do no t indicate the 
level of the  w ater in the  elements, b u t only register the  pres- 
sure-head in the lower tubes above th a t in the upper tubes, bu t 
a t  the  same tim e it m ust be noted th a t  they  do indicate the  
presence of water in  the two wing elements to  which they  are 
connected, b u t they  are u tte rly  incapable of registering the 
absence of water in  any of the  o ther elements, so th a t if by any 
means the  conical nipple which leads into a central elem ent 
happens to  get choked up by some obstruction the  fireman has 
no means w hatever of ascertaining this fact except by observ­
ing the  fusible plugs, and it is quite possible for the tubes to 
have become seriously overheated before the plugs blow. The 
only really safe m ethod under all circum stances is to  have a 
gauge glass on every elem ent of the  boiler—next to  this comes 
a m inute and careful inspection of the interior of the  tubes, 
every tim e the  boiler is opened up.

If from  any cause an elem ent does happen to  get sho rt of 
water, it is the bottom  tubes which get em pty  first and the  top 
ones last, whereas one m ight a t  first sight expect the contrary , 
viz. th a t  the w ater would boil off a t  the top  of the  element.

Coming now to  the  second defect, viz. the  com plicated au to ­
m atic feed arrangem ent, we realise the  necessity of th is ap par­
a tu s because the  to ta l q u an tity  of w ater in the  generator a t 
any  given in s tan t is so small and the dem and for steam  is so 
g reat th a t no hum an  being could hope to  keep a constan t 
am ount of w ater in the  boiler for any length of tim e by  hand 
regulation  alone— it thus becomes essential to  have a  sensitive 
au tom atic  appara tu s. W e m ay also note in this connexion 
th a t  every  o ther type of boiler which is fitted w ith  an  au tom atic 
feeding ap para tu s has th e  float placed in th e  steam  drum  itself 
where there  is always a dep th  of several inches of w ater below 
it  and p len ty  of free space above it, so th a t  its action does 
really  depend on the  actual boiler water-level.

W ith  regard  to  the  sta tem ents m ade which refer to  th e  high 
pressures employed, we find th a t  th e  enorm ous pressure in the
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feed pipes is necessary to  overcome frictional resistance in the  
feed valves and pipes and in the  economiser elem ents ; in both 
cases we realise th a t  it  is objectionable because of the  trouble of 
keeping the  jo in ts tig h t under these excessive pressures. The 
au tom atic  drain  referred to  in sta tem ent No. 5 as being a t ­
tached to  the  separator is arranged as follows :—A hollow steel 
float is fixed inside th e  separator to  a horizontal lever which 
passes through the  shell of the  separator and has some lead 
weights hung from  the extrem e end. The lever actuates two 
sm all plunger valves placed one each side of its fulcrum  ; one 
valve adm its live steam  from  th e  top  of the  separator to  the 
drain  valve, the  o ther valve com m unicates w ith the  condenser. 
The drain  valve has a p iston  fixed on th e  upper end of its 
spindle and th e  top side of this p iston  is placed in  com m unica­
tion  w ith  the steam  pressure or else w ith the  condenser—depend­
ing upon which of the  small plunger valves is open. If  the  
w ater in the separator is below the pre-arranged level th e  float 
dips down—this opens the  steam  valve and the  steam  pressure 
acting upon the  top  of th e  p iston  keeps the  valve shut. If  on 
th e  o ther hand  th e  w ater rises above th is level, th e  condenser 
valve is opened, and  since there is now a vacuum  above the  
piston the pressure in  th e  separator hfts up  the drain  valve 
and blows off the w ater in to  th e  feed tank .

The great loss of feed-w ater m entioned in sta tem ent No. 6 
was chiefly due to  th e  jo in ts of th e  handhole doors no t being 
properly faced up and also to  th e  varying thickness of the  
asbestos rings used. B ut we also find th a t  the  cylindrical 
boilers of the M inerva  lost a great deal of feed w ater and  also 
developed other defects, such as “ birdsnesting ” in  the  smoke 
tubes (supposed to  have been due to  the  use of re tarders in  the  
tubes which were fitted  to  regulate the  air passing through  th e  
fires).

V. A d v a n t a g e s  o p  t h e  “ B e l l e v i l l e  ” B o i l e r .
The Belleville boiler is superior to the  cylindrical boiler in 

the  following properties :—
1. I t  has a  higher therm al efficiency.
2. I t  raises steam  quicker.
3. I t  is no t so heavy.
Here are a few figures which were obtained on th e  trials 

previously referred to  :—
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(a) Thermal Efficiency.

Power developed. Cylindrical. Belleville.

2,000 H .P ................................... (ill-7 77-2
5,000 H .P .................................... 680 71-8
8,000 H .P .................................... 61-4 7:i-:i

(b) Equivalent evaporation per pound of coal, from  
and at 212°F.

Power developed. Cylindrical. Belleville.

2,000 H .P . . . . 10-26 11-46
5,000 H .P . . . . 10-33 11-0
8,000 H .P. . . . 9-27 11-03

(c) Comparison of Weights.
W eight of Boiler Room Installa tion  in  tons.

Max. ou tpu t of steam  per hour in cubic feet.
O utput per ton of Boiler Room weight.

Cylindrical . 
Belleville .

567454
167,100178,700 295

394

VI. C o n c l u s i o n .
I t  will be sufficient to sta te  th a t  steam  can be raised from 

“ all cold ” in about fo rty  m inutes (in a Belleville boiler) to  
show th a t  th is boiler is a very rapid  steam er. There is perfect 
freedom  from  injurious strains because the  tubes are quite free 
to  expand in every direction. I t  is astonishing how deceptive 
the  weight of a “ Belleville ” p lan t is— one would n atu ra lly  
expect th a t when only such a small q uan tity  of w ater was con­
tained  in it th e  boiler would be extrem ely light, but it  is the  
weight of the  firebrick settings, the  separator, the  air-blowing 
engines, etc., which have all to be taken  into account, so th a t 
com pared as a whole w ith  an ordinary  boiler equipm ent the  
saving in weight is greatly  reduced. As an offset against the  
above advantages m ust be set th e  disadvantages already nam ed, 
together w ith  the  fact th a t  th e  m anagem ent of Belleville boilers 
requires far more skill and experience th a n  cylindrical boilers ;
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even the  Governm ent contractors find it  advantageous only to  
em ploy those m en who have had  previous experience in  this 
class of work in  order to  facilitate the  erection of these boilers 
in  the  shop as well as on board ship. The coupling up of m ud- 
drum s to dow ncast pipes and feed collectors is a job which calls 
for men of great skill if it is to  be done expeditiously. A nother 
th ing  to  note is the  large am ount of “ spare-gear ” required for 
a Belleville p lan t com pared w ith  th a t for an  equally powerful 
cylindrical boiler p lant. E ach boiler m ust have a t least one 
com plete spare elem ent for the generator and one for the  econo­
miser, because it is found to  take  far less tim e to  p u t in a com­
plete elem ent th an  to  replace a dam aged tube ; then  in add i­
tion  Ave have spare rings, sleeves, nipples, tubes, float gear, 
etc.

W ith  regard  to  the  tria ls of th e  H yacinth  and M inerva, 
as well as in  th e  light of more recent experiences we find th a t 
th e  Belleville boilers have done m uch be tte r th a n  m ost people 
an ticipated  ; particularly  has th is been th e  case on board 
H.M.S. Terrible (formerly one of th e  m ost troublesom e ships in 
th is respect) and in  a good m any of th e  ships of the  Japanese 
N avy ; bu t it seems to  be p re tty  generally adm itted  th a t  while 
these boilers have and still do give very  good results when 
properly  constructed  and managed, and  although for a great 
num ber of years th e  Belleville was the  best type of w ater-tube 
boiler, still of recent years o ther types of w ater-tube boilers 
have been invented  which give even be tte r results and are less 
troublesom e to m anage. I t  is no t surprising therefore to  read 
in the Com m ittee’s repo rt “ T hat th ey  (the Committee) are of 
opinion th a t  the  Belleville boiler has no such advantages over 
o ther types of boiler to  lead it  to  be recom m ended as th e  type 
for use in His M ajesty’s N avy .” Such then  is the  h istory  of 
th e  rise and fall of the  Belleville boiler in th e  ships of the  B ritish  
Navy.

M r. K e a n  i l l u s t r a t e d  h is  r e m a r k s  b y  m e a n s  o f  a  n u m b e r  o f  
d i a g r a m s  a n d  l a n t e r n  s l id e s .

The C h a i r m a n  : We have listened to  an interesting paper on 
this im portan t subject. Mr. K ean has pu t himself to  a g reat 
deal of trouble to explain m ost lucidly all the different parts 
of the  Belleville boiler—not only its advantages, b u t also its 
disadvantages. I t  seems to  me to  be a very in tricate  boiler. 
If any one present has had experience in working these boilers,



38 A REVIEW OF THE
we shall be very pleased to  hear w hat he has to say. Ja p a n  
showed a sensible plan in adopting only p art w ater tube boilers.

Mr. J .  R . R t jt h v e n  said he had had no experience with the 
Belleville boiler, although of late years he had experience with 
o ther w ater-tube boilers. He thought Mr. K ean had described 
the boiler very clearly, and had brought all the points forward. 
On the  whole he thought his review had  m ade it to  appear 
ra th e r worse th an  he thought it  was. H e would be glad if Mr. 
Kean would tell them  about the air in the com bustion chamber. 
The drawing appeared to  show th a t the air was in the  com­
bustion cham ber above the tubes, b u t he understood th a t 
there was also air below the tubes. Was th a t  so ? and w hat 
was the effect of having air under the  tubes in  comparison 
w ith over the tubes ? U nder the tubes seemed to  him  to  be 
the best place. I t  was no t clear whether i t  was possible to  get 
into the steam  collector, which was 2 feet diam eter. Perhaps 
the  end came off altogether, b u t he did no t see any reference to  
a manhole. He thought there were members present who 
had  had  experience w ith  Belleville boilers, and he would like to  
hear their observations. I t  was a m ost im portan t question 
to-day, both  for the N avy and for all of them .

M r. A. H. M a t h e r  said they  were indebted to  M r. K ean. 
The paper was in  a m ost a ttrac tive  and useful form, giving 
practically the history of the rise and fall of the Belleville 
boiler. The paper w ent into the details clearly, both  as to 
advantages and disadvantages. M r. K ean had enum erated 
six defects, bu t another which caused a great deal of trouble 
m ight be added, and he did not th ink  th a t trouble had ever been 
properly cured. He referred to the lead plugs in the ends of 
the elements. Those plugs certainly caused more trouble 
th an  a great m any other parts of the boiler. He had never had 
any personal handling of the boiler, b u t had seen a good deal of 
it when on trial. He rem embered one instance when the lead 
plugs caused so m uch trouble, th a t during the last few hours of 
the tria l they were “ going ” continually. As often as one went 
out they opened the door and p u t in another. In  the end they 
could no t even do th a t, as the  steam  was going down so fast, 
owing to  the  frequent opening of the  smoke-box door, th a t 
they  let them  alone, and kept the door closed. The distilling 
and evaporating p lan t was kept a t  work as hard  as possible, 
but could not cope w ith the losses of w ater. T h a t was a th irty
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hours' trial, and a t  the  finish, when the ship came to Plym outh  
Breakw ater, there was no t enough w ater left to  run  the  electric 
lighting p lant. He had noted  the  views of the  reducing valve 
showed th a t Mr. K ean had dealt w ith  it  very thoroughly, b u t 
had  no t m ade any  m ention of a sm all fitting on the  engine side 
of th a t valve. On all those reducing valves there was fitted  a 
safety  valve on the engine side to  p revent the pressure accum u­
lating beyond th a t required for the high pressure engine casing. 
He rem em bered an  instance of one of the  early ships, fitted 
w ith  Belleville boilers, rushed ou t on tria l in a hurry . A pipe 
was supposed to  be—b u t was n o t—connected from th a t safety 
valve back to  the  condenser or feed-tank. The ship w ent out 
and was ru n  a t  a p re tty  good speed. Suddenly a “ stop ” 
order came from  the bridge. There was a roar from the  valve, 
and the engine-room became full of steam . The safety-valve had 
lifted and the steam  could blow clear through the engine-room. 
T h at accident was no t due to  faulty  design, b u t had  arisen 
through no t having the pipe fitted. This reducing valve was 
one of the features in th e  early days of the Belleville boiler th a t 
was looked upon as a great objection, b u t had  been rectified. 
Strictly  speaking, those boilers could not be said to  have any 
water-level a t  all, and was an objectionable point to  m ost engin­
eers and a tten d an ts who had been accustom ed to  the  good plain 
water-level of the  old type of boiler. T hat, however, was got 
over, and they  now understood the action of the  boiler, and had 
more confidence in handling it.

Mr. W. L a w r i e  said he had  had no experience w ith the  
Belleville boiler. H e though t th a t Mr. K ean had approached 
th e  subject in a ra th e r broader spirit th an  they  had been in the 
habit of finding in some other papers. They would agree th a t 
he had dealt w ith th e  subject very fully and very clearly. In  
regard to  the  question of water-level, to  which Mr. M ather had 
ju st referred, he said it  was alm ost impossible to  have such a 
th ing as a water-level in a w ater-tube boiler of any sort. There 
was such a small q uan tity  of w ater th a t i t  was alm ost an  im ­
possibility. Unless they  could balance evaporization w ith 
th e  feed-water used they  could no t get a water-level w ith 
any w ater-tube boiler. He had no practical knowledge of it, 
b u t i t  h ad  been explained to  him  th a t in th e  early days they 
had a hand  feed, and the m an used to  go and tu rn  the  w ater on 
and off, and look a t the  gauge-glass, and it was a chance be­
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tween the gauge-glass and the check-valve all the time. They 
got over th a t by taking the check-valve adjusting  handles off 
and giving the check-valves a very small area. W hen they  
came to know th a t things like th a t had to  be done, they  would 
see the necessity for an au tom atic valve. The autom atic feed 
arrangem ent referred to by the au th o r would not, he consid­
ered, be very useful on board ship. He was afraid they  would 
not work w ith any reliability. On land boilers i t  was another 
m atter, but a t  sea he did not th ink  it  was possible. Speaking 
in regard to the Minerva  and Hyacinth  trials, he said th a t they 
had  had th a t before them  so often th a t they  need hard ly  refer 
to  them  again. They had had m any references to  those trials. 
There was not the  least doubt th a t the  finding of the  com m ittee 
was generally accepted by engineers as being the only possible 
finding they  could come to. T h a t com m ittee was composed of 
men of great experience, and they  were set a task  which they  
carried out very thoroughly, and they  condemned the Belle­
ville boiler. He thought it would be useless for them  to argue 
in the face of th a t decision. The efficiency of w ater-tube boilers 
had been tested  in m any ways. If they  were to  tes t the  effici­
ency of a w ater-tube boiler alongside a m arine boiler for three 
m onths, he did not th ink there would be the slightest question 
as to  which would show the  best efficiency. If  they  took the 
w ater-tube boiler as i t  left the works clean, he though t they  
would get a  better result from it. They talked of blowing the  
d irt off the tubes w ith steam , and also of scraping. He had 
been told th a t the scraping was a very tedious operation, and 
if they  scraped all those tubes carefully they were going to take 
a lot of tim e. If they  used steam  to  blow it off, they  would very 
often find they  were increasing the trouble by caking the  soot 
on the  tubes, and making it so hard  th a t they would have to  chip 
it off. Taking it all through, he thought the  defects of the 
Belleville boiler were very much greater th an  its advantages. 
In  the  N avy they m ade a great ta lk  of getting up steam  in forty  
minutes, b u t he did not th ink  they  would require steam  in forty  
minutes even in the Navy. He did not th ink  they  would re­
quire the  men-of-war in forty  m inutes. His opinion was th a t  
they would have time to get up steam  a t any ra te . W hen he 
had last spoken on th a t subject he thought he had said the last 
word on the  w ater-tube boiler question. He would now say 
th a t if it was a good thing, it would come into  use and would be 
adopted, no m atte r w hat any body of engineers or any one else
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th o u g h t; because our m arine engine superintendents knew 
w hat was the best. W hen the  w ater-tube boiler was as effici­
en t as the Scotch boiler for everyday hard  work it would be 
adopted  for everyday work. So far as the  N avy was concerned 
they  did no t know w hat their procedure was. Now the Adm ir­
a lty  seemed to be going ahead of the m ercantile m an and try ­
ing to  be up-to-date, b u t he did no t th ink  everything had been 
quite a success. B ut, in  the  m atte r of experience, he did no t 
th ink  they  should have p u t so m any Belleville boilers into so 
m any first-class ships. I t  wras a m istake for which th ey  had 
had to pay.

Mr. D. S. L e e , R .N .R ., said he had  seen good results from 
the Belleville boilers when the engineers in charge had  studied 
them , and had taken  proper precautions and proper m eans for 
obtaining the best results. O thers had  been very unfortunate . 
He would like to  ask Mr. K ean w hy the lower rows of tubes 
always curved aw ay from  the  fire. He had  never been able to  
obtain  a proper answer to  th a t  question, although he had  seen 
m any cases where it had happened. The tubes always curved 
upwards, away from the  fire. I t  was quite correct w hat Mr. 
Lawrie had  said, and  he though t there had been a good deal of 
experim ent w ith  w ater-tube boilers, b u t no doubt they  would 
be able to  adop t the  best one.

Mr. W. E . F a r e n d e n  asked if all the tubes were of the  same 
thickness. Wore n o t the  lower tubes m ade th icker th an  the 
higher rows of tubes ? W ould Mr. K ean also kindly explain 
the  therm al efficiency to  which he had referred in th e  course 
of his paper ?

Mr. Wm. T . T u c k e r  : R eferring to  fusible plugs I  have 
known these to  be called musical plugs owing to  their continu­
ous blowing out, and  I  have seen steel plugs p u t in to  save all 
the  worry and trouble. I  have even heard  th a t  several naval 
engineers have plugged up all the holes w ith  steel screws, deem­
ing fusible plugs to  be useless. I t  is quite a common practice 
now in the  N avy  to  work Belleville boilers w ithout the  non­
re tu rn  valves in the  m ud-drum s.

The Belleville au tom atic feed regulators are no t quite 
reliable owing to  some of the ir p a rts  working th rough  glands 
which can be m ade any degree of tightness, and so cause irregu-
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larities in working. A skilful man, of course, is less liable to  
screw the glands down too tigh t.

The au thor states th a t a Belleville boiler can get up steam  in 
forty  m inutes, b u t I  have seen a m uch quicker ra te  of steam ing 
in  a Danish cruiser, fitted with the Babcock and Wilcox boilers : 
in which case, from the tim e of lighting fires, the ship was going 
full speed in exactly twenty-five m inutes. The engines had 
been p artly  warm ed up w ith donkey boiler steam  previous to 
lighting fires in the m ain boilers.

Mr. 1 jawrie m entions th a t in his opinion the cleaning of soot 
off w ater-tube boiler tubes is a difficult m atter, and th a t  if a 
steam -jet were used it would cake the soot on to  the tubes. 
I  have proved the steam -jet to  be very efficient; even if the 
steam  did cake the soot on to  the  tubes, there is nothing to  
prevent one from using an air-jet, which is now used in  some 
ships.

I  beg to  differ from the rem arks of the Chairm an where he 
says th a t the Japanese have shown us a w ay out of any risk, by  
using one in five cylindrical boilers and four in five w ater-tube 
boilers. This was first adopted  by the British N avy, b u t 
dropped late ly  in favour of a complete installation of w ater- 
tube boilers.

The au thor th inks the  cause of bending upw ards of the 
bottom  tubes is due to  the under side of the tube being hottest, 
bu t this does not explain the result. All w ater-tube boilers 
behave this way—some more th an  others—b u t I  have n o t y e t 
heard of a satisfactory explanation of the cause. If the  tube 
was ho ttest and weakest a t  the bottom , it ought to bend down, 
I should think, and not up, as in an overheated furnace crown.

One great point in favour of w ater-tube boilers is, th a t  the  
stoke-holds containing them  are generally much cooler th an  a 
stoke-hold with cylindrical boilers. In  a war ship having 
Babcock and Wilcox boilers and cylindrical boilers, there was a 
difference between the  tem peratures of the stoke-holds of abou t 
20° F . in favour of the  former.

Mr. K e a n  then replied to  the points which had  been raised. 
F irs t of all, he said, he m ust th an k  them  for the  careful m anner 
in which they had followed his paper. He had been interested 
in the subject right from the tim e when he began his apprentice­
ship. L ater on, when he began to see his way around, he got 
to know more about the  boiler, b u t even then  it was no t possible
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to  find o u t all the  details from  practical experience : it  was 
necessary to  augm ent practical experience w ith reading. He 
had  done a  good deal of reading. One or two good works 
th a t  he m ight m ention in th a t connection were : The M arine 
Steam Engine, M arine Boilers, and various o ther reference 
books on engineering, and also papers. He had  found it 
very useful to  construct a little  model of a  boiler w ith  glass 
tubes, which showed the  circulation of the  w ater. H e had 
learned a good m any things from  th a t  model. H e was sorry 
th a t  none of those present had  had  any actual sea-going experi­
ence of the  Belleville boiler, because, personally, he also was in 
the  same position, his sea-going experience w ith  Belleville 
boilers being lim ited to  a few tria l runs in  the  Channel. 
Mr. R uthven  had raised a question as to  the  air being above 
and below the  tubes. As a m atte r of fact the  air was below 
both  sets of tubes. The air was a t  th e  bottom  below the  
generator tubes, and a t  th e  top below the  economizer tubes. 
I t  was found th a t very often when the gases got to  the  top  of 
th e  generator elements com bustion was incomplete, and if they  
supplied the necessary a ir they  could complete th e  com bustion 
on the way up through the  economizer. Mr. R uthven  had 
also raised a question as to  getting  into the steam  collector. 
There was a  m anhole on it, b u t he did  no t th ink  any one 
could get into the  collector. A m an could get his hand  in to  
it. Mr. M ather had m ade some interesting rem arks about 
the lead plugs. He though t they  had had the  same trouble in 
all ships w ith  those fusible plugs, due, he thought, to  the  com­
position of the  m etal no t being suited  to  the high tem perature  
of the  steam , and he thought th a t since then  an  im prove­
m ent had  been effected. He had been rem inded th a t he had  
no t dealt w ith the  relief valve. He had  had  a som ewhat 
sim ilar experience to  th a t  described. Those hastily  rushed 
trials of the  Belleville boiler to which Mr. M ather had  referred 
seemed to  have been the  order of the  day. Mr. Law rie’s re ­
m arks on the subject had  been very interesting. I t  was true  
th a t  in all w ater-tube boilers the  level fluctuated greatly , b u t 
w hat he (the au thor) desired especially to  p o in t ou t was 
th a t  in  th is particu lar type of boiler the  w ater w ent (so to  
speak) round an d  round  in a m ore or less continuous stream , 
and  hence i t  was no t possible to  have any  w ater-level a t  all— 
n o t even a fluctuating  one. In  regard to  Mr. Law rie’s ques­
tion  as to  which type of boiler, the w ater-tube or the  m arine
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boiler, would after three m onths’ service show the best 
efficiency, he m ust say again th a t he had n o t had sufficient 
p ractical sea-going experience th a t would entitle him to 
speak. Still, so far as efficiency for everyday hard  work 
was concerned, it was only w hat every one would expect th a t 
those boilers of the  w ater-tube type did not stand  the wear and 
tear so well. As a m atte r of fact, after a certain  period of ser­
vice, they  would find very little  of the  original boiler, one p a r t 
after another having been renewed. In  regard to  zincing, the 
process was as follows : A plate of zinc was placed in a b a th  of 
su lphate of zinc and the  tubes th a t were to  be galvanized were 
also placed therein  and hung up by wires, their position being 
frequently  changed to ensure a uniform  coating of m etal be­
ing deposited all over them . They m ade the zinc p late  the 
positive pole and the tubes the negative pole. Then they  
passed a heavy curren t of electricity, a t  low voltage, through, 
and the  zinc off the  p late was deposited both inside and ou t­
side the tubes. According to all accounts, p itting  had been 
very m uch stopped by the  use of lime in the feed-water, and 
also by the  better coating of the  tubes. He did no t know 
w hether any case of quick steam -raising occurred during the 
recent w ar between Russia and Jap an , b u t in  the case of a 
surprise a ttack  by torpedo boat destroyers he was of opinion 
th a t  a fast steam ing boiler m ight very possibly be w orth 
double its weight in  gold to a large battleship.

W ith  regard to the question of personnel, th a t was supposed 
to be a t  the bottom  of the  whole m atter. If they  did  n o t 
know much of the  Belleville boiler, or if they  relied upon a 
book only, they  could no t hope to  m anage it properly. He 
had been told th a t  they  changed ships so often th a t men came 
off cylindrical-boilered ships and were transferred  to  ships 
w ith Belleville boilers, and were expected to  know the  ins and 
outs of the  boilers in two or th ree m onths. I t  was no t to  be 
expected th a t in so short a  tim e the men could acquire the 
necessary knowledge. W ith regard to  Mr. Lee’s question as 
to the curling upw ard of the tubes, he though t th a t was due 
to  the  bottom s of the  tubes being h o tte r th an  the  upw ard side, 
owing to the fact th a t they  were nearer to  the fire ; this caused 
unequal expansions— b u t the subject was one which required 
fu rth e r investigation. The case of a furnace - crown was 
different, because in  th a t case there was a heavy load on the 
crown, due to the  mass of w ater above it. Mr. Faranden had
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asked if the lower tubes were no t m ade thicker th an  the  
upper ones. The average thickness of the tubes was J  inch, 
b u t the  top  ones would be abou t ^  inch in thickness and the 
bottom  ones inch in thickness. Mr. Farenden  h ad  also 
asked for an explanation of therm al efficiency. They knew 
th a t  every pound of coal fired, if com pletely burned, was 
capable of giving off a definite q uan tity  of heat. T h a t q uan tity  
of heat m ight be ascertained by m eans of a coal calorim eter, 
or m ight be calculated from the  coal analysis, and  was called 
the  “ calorific value ” of the  fuel. A usual figure for the calorific 
value was 15,000 B ritish therm al units per lb. of coal. Again, 
every pound of steam  form ed contained a definite q uan tity  
of heat, which q uan tity  m ight be ascertained by reference to  
the  sa tu ra ted  steam  tables. If, then, they  knew the num ber 
of pounds of w ater evaporated  per lb. of fuel burned, they  
could find out how m uch heat had been given to  the  w ater 
in the  boiler by every pound of coal th a t was burned on the 
grate. If all the heat developed by  the  com bustion of the 
coal could be transm itted  to  the  w ater in the boiler, the  therm al 
efficiency would be l ,o r  100 p e rcen t. ; b u t th a t  never could be 
realized in practice, because a large am ount of heat m ust of 
necessity pass aw ay up the  funnel, and  be lost in o ther ways. 
B ut in any case th ey  had—
Q u an tity  of h ea t tran sm itted  to  th e  w ater in the  boiler per lb. of coal b u rned  

Q u an tity  of h ea t w hich I lb. of coal gave o u t if com pletely burned

as an expression for the  therm al efficiency of the  boiler. For 
instance, in one tria l m ade by  the  studen ts on the wet- 
bottom  locomotive boiler a t  U niversity  College, London, a t 
which the au thor had  assisted, the  following m easurem ents 
were m ade :—

Description of fu e l : N ixon’s navigation coal.
Q uantity  fired per hour : 113-1 lb.
Pounds of w ater evaporated  per hour : 663 lb. 
T em perature of boiler feed : 1 12-90° F.
Pressure of steam  in lb ./in .2 absolute 99-58.
Gauge pressure : 88-43 lb ./in .2.

Now the  calorific value of I lb. of th a t  coal was 15,090 B. 
therm al units, and the  to ta l heat in 1 lb. of d ry  sa tu ra ted  
steam  a t the pressure given was 1,108-8 B. Th. U. (reckoned 
above the feed tem perature), and the num ber of pounds of
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w ater evaporated per lb. of coal burned was ^ 5-80,
1 1 O ’ o

and since each pound of steam  required 1,108-8 B. Th. U. 
to  convert it from  w ater a t the feed tem perature  into steam  
a t the boiler pressure they  found—

Q uantity  of heat transm itted  to  the  w ater in the  boiler per 
lb. of coal burned =  5-80 x 1,108-8 =  6,450-7 B. Th. U.,
and th a t gave therm al efficiency =  ^’q 'qqJ  x 100 =  42-8% .

In  the  experim ent they  had  a ra th e r poor therm al efficiency, 
bu t th a t was due p artly  to the  type of boiler, b u t chiefly 
to  the  bad chim ney-draught. Anyway, it  dem onstrated  the 
m ethod of obtaining the therm al efficiency. In  actual 
practice they  never got as much out as they  had  to  p u t 
in, and the  efficiency, therefore, could never be 1. S trictly  
speaking, testing  for the  therm al efficiency, they  ought to  
have a steam  calorim eter under th e  stop-valve leading 
from the  boiler in order to  m easure the dryness of the  steam . 
There were various m ethods of doing th a t, b u t there  was no 
steam  calorim eter a t  the present tim e th a t they  could regard 
as being absolutely reliable and accurate. Mr. Tucker’s rem ark  
in regard to  the “ musical ” plugs had, he thought, already 
been answered. T h at gentlem an had also referred to  the  
galvanizing of the tubes. In  regard to th a t  he m ight say  th a t 
the tubes were not now galvanized. E verything was zinced. 
I t  was true  th a t if the  tubes got overheated the zinc got burned 
off, b u t under norm al conditions they still retained  th e  coating 
of zinc. He had never used the  steam -jet for cleaning the  
tubes, so he was afraid he could not settle between Mr. Tucker 
and Mr. Lawrie on th a t point.

The C h a ir m a n  rem arked th a t  they  were very m uch indebted 
to  Mr. K ean for his interesting paper, and for the  lucid way 
in which he had answered the  questions th a t had  been p u t to 
him. He dared say th a t all engineers present th a t  evening, 
who belonged to  the  commercial marine, would ra th e r  stick 
to  the  old type of boiler in preference to  th e  one which had 
been described th a t night. In  the  m ercantile m arine they 
did  n o t have such a staff as they  had  in the  N avy. To his 
m ind those boilers were far too com plicated ever to  be adopted  
in the  m ercantile marine, as it  would be impossible to  get a 
sufficient staff of men to  keep them  in good repair and thor-
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ough working order. In  the m erchant service there were too 
many changes of engineers and firemen. There was a change 
every tim e they came to port, and it  was almost impossible 
to educate men up to understand efficiently the working of 
the Belleville boiler. He thought w ith Mr. Lawrie th a t i t  
was a great mistake to pu t a complete installation of Belle­
ville boilers on board any vessel. He thought the Japanese 
had showed them  a very good object lesson in installing one- 
th ird  of the Scotch type of boiler and two-thirds Belleville, 
and he thought they were adopting a similar system in the 
British Navy.

M r. W. M c L a r e n  said it gave him much pleasure to propose 
a hearty  vote of thanks to Mr. K ean for his paper. In  one 
instance where a boiler was required it was a question of price 
whether a Lancashire or a w ater-tube boiler was installed. 
The Lancashire was displaced, and then it lay between the 
w ater-tube and the locomotive type. The water-tube was so 
excessive in price th a t they adopted the locomotive boiler, 
which had given since fitted every satisfaction, and th a t along­
side a water-tube boiler, which was not to be compared with it. 
He hoped th a t Mr. K ean m ight come amongst them  again and 
give them something of his university experience.

Mr. J . R. R u t h v e n  seconded the proposition, and regretted 
th a t there had not been more said by those who had experience 
with, w ater-tube boilers, as he knew th a t some of them  could 
have said a great deal more had they been so minded.

The proposed vote of thanks to Mr. K ean was carried by 
acclamation.

Mr. K e a n ,  replying, said he thanked them  very much for 
the kind way his paper had been received. He considered it 
a great honour th a t they had perm itted him to read his paper 
before them. People seemed to  get the opinion th a t a 
“ B.Se.” could never have had any practical experience. He 
might say th a t a t the outset he did not intend to study for 
the degree, bu t had intended to work up and obtain his 
chief’s certificate. He had to thank  the Honorary Secre­
ta ry  for the kind way in which his letter, offering to read the 
paper, had been responded to, and he m ust again thank  them 
for the exceedingly generous m anner in which they had treated

D
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him th a t  evening. He was very pleased to  have been able to  
hear some interesting experiences, and he would have been 
very glad if some of those who had had  good sea-going ex­
perience w ith high-pressure w ater-tube boilers had been presen t 
to  join in  the  discussion.

The C h a ir m a n  then  referred to  the  various outings which 
had been arranged for the summer, observing th a t cards giving 
details could be obtained on application, which should be m ade 
as early as possible.

A vote of thanks to  the  Chairm an term inated  th e  p ro­
ceedings.



58, R om ford Road,
Stratford,

Ju ly  24th 1906.
I t  would be noted  by Members of the  In s titu te  th a t the 

nam e of the  President appears in the list of Peers created  on 
the  occasion of the  K ing’s B irthday  celebrations. The following 

slegram was sent to  him  on Ju n e  29th :—
“ R ight Hon. W. J . Pirrie, President, Devonshire 

House, Belgrave Square—Please accept congratulations 
from In s titu te  of M arine Engineers. A d a m s o n .”

to  which the  following reply was received :—
“ Adamson, In s titu te  Marine Engineers, 58 R om ford 

Road, E .— Very m any thanks for your kind congratula­
tions. P irrie .”

In  connexion w ith this the following paragraphs from the  
Marine Engineer of Ju ly  16th m ay be quoted  :—

“ The news of Mr. P irrie’s elevation to  the  peerage was 
received w ith  great satisfaction in Belfast, the  unanim ous 
verdict being th a t the  honour is richly deserved. H e is 
the head of one of the  m ost famous shipbuilding firms in 
the world. T h a t it is famous m ay be a ttr ib u ted  m ainly 
to  the  great ab ility  and  enterprise of the  m an who has 
been so highly honoured. Lord P irrie—if th a t is to  be 
his title—has done m uch for Belfast. How m uch m ay be 
briefly sum m ed up by th e  question : W hat would Belfast 
be w ithout L ord P irrie  and the  Queen’s Island  ? ”

“ In  the h st of those chosen to  receive honour on the 
occasion of the K ing’s B irthday  we note the R ight Hon. 
W. J .  Pirrie, P resident of the  In s titu te  of M arine Engineers, 
elevated to  the peerage. The Presidents of the  In s titu te  
have been singularly chosen in p ast years from those who 
were m arked for d is tin c tio n ; th is year is therefore no 
exception.” J.A .
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PREFACE.

5 8  R o m f o r d  K o a d ,
S t r a t f o r d ,

A p ril  9 th, 190(>.

A .to in t  m eeting of the  L ondon Association of Forem en 
E ngineers and D raughtsm en and the In s titu te  of M arine 
E ngineers, called on very short notice, was held in Cannon 
Street H otel on Saturday evening, April 7th.

The m eeting, w hich was presided over by L ieu t. 
Carlyon Bellairs, R .N ., M .P., was called on the request of 
several influential engineers in order to consider and 
discuss a m editated proposal on the  p art of the  A dm iralty 
to m ake certain  changes in the  engine rooms of the  Navy, 
and at the  same tim e consider and discuss the  working of 
the new system  of train ing the executive engineers. There 
was a large attendance, the  crowded hall testifying to the 
interest in the  subject, which was introduced in the 
following paper by Mr. W . J . H arding, R .N . (Member).

J a s . A d a m s o n ,
Hon, Secretary,




