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Automatic Combustion Controls for Marine Boilers
B. TA Y LO R, B.Sc.(Eng.), A .M .I.M ech.E.

T he m ore w idespread use of autom atic controls fo r the regulation  of the air and  
fuel supplies to  a boiler being of fairly  recent date in  the B ritish  m erchan t service, th is 
paper has been prepared w ith  the object o f p roviding a com prehensive survey of the subject 
fo r the use of m arine engineers. A lthough details of contro l equipm ent and  descriptions 
of typical recent installations w hich are included have had  to  be lim ited to  the m ore 
com m only used systems, an  a ttem pt has been m ade to  deal generally w ith  the subject.

T he  possible advantages w hich m ay result from  the use o f autom atic equipm ent are 
discussed in  some detail and , a lthough  the reduction  in  fuel consum ption  com pared w ith  
an  efficiently ru n  m anually  controlled installation  m ay be small, i t  appears th a t o ther 
advantages m ig h t justify  the w ider adop tion  of such equipm ent.

C onsideration  is given to  the p rincipal elements of contro l systems, and  the various 
ways in  w hich they m ay be arranged are discussed. In  view of the im portance of the 
m ethods adopted fo r m easuring and  contro lling  the flow of a ir and  fuel, separate sections 
are devoted to  these points. T he  paper concludes by sum m arizing  some of the m ain 
factors w hich  m ig h t prevent the best use being m ade of com bustion contro l equipm ent.

IN T R O D U C T IO N
In  recent years an  increasing interest has been show n by 

shipow ners in  m ethods of autom atically  contro lling  the opera
tion  of boilers, and  it  appears th a t w ith  the tendency to w iden 
the field o f application  of h igh ly-rated  w atertube boilers there 
will probably be m ore w idespread use of such equipm ent I t  
was therefore felt by  the B ritish  Sh ipbuild ing  Research Associa
tion  th a t the tim e was ripe fo r an  im partia l review of the 
subject and  th is paper gives the  results o f a recent survey in 
w hich the possible advantages of au tom atic  com bustion  con
trols and  the various m ethods of contro l were examined.

Boiler contro ls em ploying varying degrees of autom atic 
operation have been used fo r m any  years in  land  installations 
bu t the application  of com bustion  contro l equipm ent to  m arine 
boilers is o f com paratively recent origin. D evelopm ent of such 
equipm ent has taken place m ain ly  in  the U n ited  States where 
large num bers of vessels bu ilt in  w artim e were fitted  w ith  
autom atic boiler controls. T he  use of au tom atic  contro ls was 
also favoured in  G erm any, particu larly  in  the case o f naval 
boilers. C om paratively few B ritish  bu ilt ships in  service are 
so equipped, b u t a considerable num ber, particu larly  tankers, 
now build ing  in  this co un try  are being fitted w ith  boiler com 
bustion controls.

T he lim ited use of com bustion  contro ls in this country  is

largely due to  the fact th a t a high p roportion  of the m erchant 
ship tonnage fitted w ith  steam propelling m achinery has Scotch 
boilers, operating  a t com paratively low  steam  pressures and 
tem peratures. In  m oderately powered vessels w ith  boiler instal
lations of this type the advantages to  be gained by the use 
of com bustion contro l equ ipm ent are n o t so m arked as in  
the case o f w atertube boilers w orking at higher pressures. T he 
sensitivity o f m odern  designs o f w atertube boilers to  changes 
in  load and  variations in  firing rate, particu larly  those w ith  
water-cooled furnace walls, is m uch  greater and  consequently 
it is probable th a t autom atic contro ls w ill be used to  the 
greatest extent in installations of th is type.

F u ll autom atic boiler con tro l embraces equ ipm ent fo r the 
regulation o f feed w ater and  superheat tem perature and, 
although  steady operation  of the fuel contro ls is affected by 
fluctuations in  the w ater level, discussion of feed-control 
systems is n o t included in  th is paper since m ost com bustion 
contro ls operate satisfactorily w ith  the various types o f feed 
regulators. C ontro l of the steam tem perature w ith in  close 
lim its is also of great im portance a t the h igh superheat tem 
peratures now  frequently  adopted b u t equipm ent fo r th is p u r
pose again m ay be considered independently  o f the com bustion  
contro l system, w hich in  itself goes a long w ay tow ards m ain
tain ing  a com paratively stable superheat tem perature.
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Since stoker-fired coal-burning boilers have alm ost dis
appeared from  the m arine field, the application of control 
equipm ent to  o il-burn ing  installations only has been considered.

FA CTO RS IN F L U E N C IN G  T H E  A D O P T IO N  O F A U TO M A TIC 
B O IL E R  C O N TRO LS

Before dealing w ith  details of the various control systems, 
it was considered desirable to  examine the case for autom atic 
contro l o f m arine boilers in  general. In  this section, therefore, 
an a ttem pt has been m ade to  assess the relative im portance of 
the various advantages w hich m ay result from  the use of 
com bustion  controls.

T he  perform ance of a m anually controlled boiler from  
the p o in t of view of efficiency of operation and cost of m ain
tenance depends to  a large extent upon the skill and experience 
of the operator. T h is , in effect, am ounts to  the ability to  set 
the burners and  air registers and  oil fuel pressure and  tem 
perature fo r optim um  com bustion conditions, and  to  interpret 
changes from  the in itial condition, as indicated by the various 
gauges fitted, in  terms of appropriate adjustm ents to  the fans 
and  oil bu rn ing  equipm ent. T he  prim ary  function  of auto
m atic com bustion contro l is to  relieve the operator of certain 
routine adjustm ents by substitu ting  m echanical setting of the 
oil fuel and  air supplies to  the furnace in  accordance w ith  a 
signal set up  by a change in  the steam pressure. In  the case 
of balanced-draught installations the furnace pressure is also 
m aintained constan t by au tom atic  contro l of the induced 
draught. In  addition  to  varying the rate of com bustion w ith 
the steam dem and, so as to  avoid appreciable pressure fluctua
tions, the equipm ent is usually  capable o f m ain tain ing  a con
stan t ra tio  o f a ir to  fuel w hich is initially  set to  give the best 
com bustion  conditions.

I t  w ill, therefore, be seen th a t from  the aspect o f m ain
ta in ing  efficient com bustion, the operation  of autom atic con
trols is lim ited  to  th e  con tro l o f the air-fuel ratio. A lthough 
th is is o f great im portance it  m ust n o t be forgotten th a t in 
practice inefficient com bustion  can probably be m ore often  a t
tribu ted  to  incorrect ad justm ent o f the position  of the burners 
and  setting  of the air registers, together w ith  poor atom ization 
due to  low oil tem perature o r pressure. W ith  the heavier fuel 
oils now  generally in  use, these po in ts are o f particu lar im por
tance and  it it  evident tha t, even w hen autom atic controls are 
adopted , the satisfactory operation  of a m arine boiler depends 
on the vigilance of the engineers and  firemen. I t  should also 
be poin ted  o u t a t th e  outset th a t installations in  w hich the 
norm al pressure jet atom izers are used canno t be m ade fully 
autom atic ow ing to  the lim ited o u tp u t range of these burners; 
to  cover the full pow er range necessitates the m anual cu tting - 
o u t o f burners o r the substitu tion  of sm aller bu rner tips.

A ccurate contro l o f the  fuel-air ra tio  can  result in  (a) 
saving in  fuel; (b) reduction  of smoke an d  sooting-up o f the 
boiler; and  (c) con tro l o f furnace tem perature.

D ealing  first w ith  the question  o f fuel econom y, there 
is little doub t th a t a saving in  fuel could often  be effected by 
m ore accurate apportion ing  o f the fuel an d  com bustion air 
to su it the particu lar boiler installation. T h e  use o f C O L. 
recorders facilitates the setting of com bustion  a ir supplies bu t 
com paratively few vessels are fitted w ith  such instrum ents; 
where they  are fitted, only  too often  they  do n o t receive the 
constan t a tten tion  necessary to  ensure satisfactory operation 
and  cannot be relied u p o n  fo r accuracy. I t  is possible, of 
course, to  obtain  highly efficient com bustion by relying on  the 
appearance of the flame, m ain ta in ing  th e  lowest funnel gas 
tem perature and  avoiding m aking smoke b u t except under very 
steady steam ing conditions it  is unlikely th a t the excess air 
could be m anually  regulated to  w ith in  such close lim its as 
are possible by the use of autom atic equipm ent.

Since a deficiency o f a ir is readily detected by the form a
tion  of smoke, i t  is likely th a t too m uch  excess a ir is a m ore 
com m on fau lt th an  no t supplying sufficient fo r efficient com 
bustion ; in  either case wastage of fuel results. I t  is, o f course, 
impossible to  state w ith  certain ty  th a t appreciable fuel savings 
could be m ade in  any particu lar case since m anual m ethods of

control m ay leave little m argin  fo r im provem ent, especially in  
the case of vessels w hich operate for com paratively long periods 
at fu ll power. M oreover, in  m odern  boiler installations having 
economizers o r a ir heaters w hich reduce the funnel gas tem 
peratures to very low values, the probable saving in fuel by 
reduction  of excess air is no t large. T h is  is illustrated  clearly 
by the curves show n in Fig. 1,* from  w hich it  w ill be seen 
th a t the possible gain in  boiler efficiency by close contro l of 
the excess air decreases rapidly  w ith  reduction  of the uptake 
tem perature. T ak ing  as an example an average m odern  boiler

* F i g .  1— Variation o f calculated, efficiency w ith  excess air and  
uptake temperature fo r  “standard” oil fuel (gross calorific value 

18£00  B .T h .U ./lb .)

installation in  w hich the funnel gas tem perature is 350 deg. F . 
w ith an  air inlet tem perature o f 100 deg. F ., and  supposing 
tha t by the use o f autom atic controls the average percentage 
C O , could be increased from  11 to  13, w hich is equivalent to  
a reduction  in excess air from  40 to  20 per cent, the decrease 
in fuel consum ption  w ould be little m ore th an  1 per cent.

F igures have been published claim ing reductions in  fuel 
consum ption of 5 to  10 per cen t1 or m ore2 b u t these m ust be 
treated w ith  some reserve, since there are so m any variables 
involved w hich can influence the results o f tests carried o u t 
under norm al sea-going conditions. Bailey and  Dickey3 give 
results of carefully conducted tests carried ou t on a turbine 
driven vessel o f about 3,600 s.h.p. in  w hich the fuel saving 
w hen using autom atic, as com pared w ith  m anual com bustion 
control, varied from  0 '7  to  3 1  per cent.

Incom plete com bustion resulting  in  the fo rm ation  of smoke 
also leads to  sooting-up of the convection heating surfaces of 
the boiler. T he  reduction  of th is trouble has obvious advan
tages, no t the least o f w hich is the saving in  w ater resulting 
from  the less frequent use of sootblowers. A lthough the use 
of autom atic controls, by ensuring an  adequate supply  of air 
to the furnace under variable steam ing conditions, goes a  long 
way tow ards preventing smoke emission, it is no t the complete 
answ er; incorrect adjustm ent of the oil bu rn ing  equipm ent 
may be an equally com m on cause of such trouble.

T he th ird  p o in t m entioned above, i.e. the contro l of 
furnace tem perature, is of im portance in  connexion w ith  the 
perform ance of the refractory  lin ing  of the com bustion chamber. 
In  any  given boiler the peak furnace tem peratures attained 
depend on a num ber of factors inherent in  the design, discus
sion o f w hich is beyond the scope o f th is paper, bu t, in general, 
an increase in  the proportion  of excess a ir supplied leads to 
a decrease of furnace tem perature. W ith  an  all-refractory 
furnace the effective life of the brickwork m ay be considerably 
reduced a t h igh furnace ratings and it  is therefore desirable to

* Baker, L. 1950. “ The Design of Marine Water-Tube Boilers” . 
Charles Griffin and Co., Ltd. Diagram reproduced by permission 
of the publishers.
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increase the air supply under such conditions. In  certain 
m odern boiler designs where the area o f exposed refractory  is 
greatly reduced by the use of w ater-walls, w hich  also leads to 
a reduction  in  furnace tem peratures, th is p o in t is n o t o f such 
im portance, however.

A t reduced loads, excess a ir should be kep t to  a m in im um  
to ensure sufficiently h igh  furnace tem peratures fo r com plete 
com bustion of the fuel. T o  allow fo r econom ical operation at 
all loads therefore calls fo r variation  of the fuel-air ra tio ; 
th is can be readily effected in  m ost autom atic contro l systems 
sim ply by the m an ipu la tion  of a handw heel o n  the contro l 
panel, an  ind icator usually  being provided to  show  the actual 
value a t w hich th e  air to fuel ra tio  is being controlled.

A fu rther advantage of close contro l of the com bustion 
air is the avoidance of excessive steam  tem peratures w hich m ay 
result from  a high p roportion  of excess a ir causing an  increase 
in  the heat flow to  the superheater elem ents by convection.

T he control of steam pressure w ith in  close lim its o f the 
desired value by autom atic com bustion  controls m ay be con 
sidered as secondary to  the m aintenance of efficient com bus
tion. By relieving the watchkeeper o f the necessity o f close 
attention  to  steam pressure, however, the adoption  of autom atic 
controls m ay  result in  m ore a tten tion  being given to  the careful 
adjustm ent o f the oil bu rn ing  equipm ent, the lack of w hich is 
the cause of so m u ch  rou tine m aintenance work.

I t  is, o f course, impossible to  p revent any  fluctuation  in  
the steam pressure, since the operation  of the autom atic controls 
depends on  changes in  pressure to  indicate the variations in 
steam dem and. T he change in  pressure required to  actuate 
the contro ls need only  be very small, however, and  m ost systems 
are designed so th a t the pressure re tu rns to  the desired value 
after a  change in  load.

Sum m arizing  the foregoing, it is apparen t th a t the question 
of w hether th e  advantages to  be gained in  any particu lar 
installation w ould justify  the use o f autom atic controls m ust 
depend on the type o f boiler and  m achinery installation  and 
service of the vessel. I t  w ould  appear th a t the best use could  
be m ade of such equipm ent in  ships where the  service entails 
m uch manceuvring, b u t it  is in  just such cases th a t autom atic 
controls cannot be used to  fu ll advantage, unless w ide-range 
burners capable o f ad justm ent over the desired o u tp u t range 
are fitted.

O n the whole, i t  appears th a t autom atic controls can  offer 
definite benefits in  certain  applications b u t fo r satisfactory 
operation there are various factors w hich m ust be taken into 
account, some o f w hich are discussed later in  this paper.

A U T O M A TIC  C O N T R O L  E Q U IP M E N T
T he various elements w hich go to  make u p  an autom atic 

com bustion contro l system can be conveniently divided into 
fou r groups, nam ely autom atic controllers, relay equipm ent, 
transm ission system and  regulating units. Reliability and 
accuracy are the  first requirem ents in  any  system and, p a r
ticularly  in  m arine service, the equipm ent m ust be sufficiently 
robust and  sim ple to  give trouble-free operation  w ithou t fre
quent attention . I t  is probably fo r th is reason th a t electrical 
contro l systems have n o t a ttained very great popu larity  for 
use on  shipboard. Satisfactory  function ing  o f the controls 
also depends on the controllers being adequately sensitive to  the 
operating signals and , by ensuring  a rate of change in  the 
fuel and  air supplies com parable w ith  th e  speed of response 
of the boiler to  changes in  the steam dem and, prevent hun ting  
of the controls.

In  this section the principles of operation of some of the 
m ain  types of con tro l instrum ents are sum m arized b u t it  is 
obviously beyond the scope of this paper to  give details of all 
the various types o f equipm ent in  use. D escriptions and 
diagram s to  illustrate the operation  of the equipm ent have 
therefore been lim ited to  some of the principal elements of 
the tw o systems m ost widely used in  th is country .

Transm ission System
F o r the transm ission  of signal im pulses and  operation of

F i g .  2 — M aster controller (as used in  the system  show n in
Fig. 10)

the regulating  devices, hydraulic, pneum atic, o r  electrical means, 
o r a com bination  of m ore th an  one of these m ay be employed. 
E ach system has its advantages and  disadvantages, b u t, for 
m arine use, pneum atic contro ls are alm ost exclusively used.

A utom a tic  Controllers
A n autom atic contro ller m ay be defined* as a m echanism  

in  w hich the value of a contro lled  condition  is com pared w ith 
a desired value and  w hich operates in  such a w ay as to  reduce 
the deviation by im posing con tro l action  on  a regulating  un it. 
I t  com prises the m easuring u n it and  the con tro lling  un it.

Instrum en ts included in  m ost com bustion  contro l systems 
w hich m ay be described under th is heading are m aster con 
trollers and  fuel an d  a ir flow controllers. T h e  functions of 
m ore th an  one of these un its  m ay  be carried ou t by  one m ech
anism  in  some systems, however.

In  pneum atically  operated systems the function  o f the 
m aster contro ller is to  convert steam  pressure changes, result
ing from  changes in  the steam dem and, in to  equivalent a ir 
loading pressures for operation  of the devices contro lling  the 
a ir and  fuel supplies. T h is  is usually  accom plished by the 
m ovem ent o f a com pressed a ir contro l valve w hich  is operated 
th rough  a lever system by the pressure detecting element, con-

* The terms and definitions used are those recommended in British 
Standard 152 3 :19 4 9  (Glossary of Terms used in Automatic Con
trolling and Regulating Systems).
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F i g . 3 - -M aster controller (as used in  the system show n in 
Fig. 11)

sisting  o f a B ourdon tube o r m etallic bellows having a con
nexion to  th e  steam  m ain. T ypical controllers o f th is type 
are illu strated  in  Figs. 2 and  3. A ir a t constant pressure is 
supplied  to  the p ilo t valve and  the outlet or air loading pressure 
is regulated by th e  opening of the valve in  such a way as to 
vary  the air pressure in  the discharge line in proportion  to  the 
changes in  steam pressure. In  the controller illustrated in 
Fig. 2, an  increase in  the steam dem and, causing a fall in 
pressure in  the steam m ain, results in the air loading pressure 
being decreased, while the opposite action takes place in  the 
u n it show n in  Fig. 3.

I t  is desirable for the controller to  be sensitive to  small 
changes in  the controlled condition  bu t, on  the other hand, a 
h ighly  sensitive system tends to  over-correct w ith consequent 
h u n tin g  of the controls. In  order to  prevent h u n ting  it is 
necessary to incorporate a stabilizing device to allow the 
m echanism  to  take up  a position corresponding to  the devia
tion  of the steam pressure from  the desired value. T h is  is 
accom plished by applying a  restoring  force to  the lever system 
by means of a spring  or pressure loading device as show n in 
the controllers illustrated in  Figs. 2 and  3. M eans are p ro 
vided fo r varying the m agnitude of the restoring force so that 
the regulating  range or sensitivity o f the controller can be 
altered.

M aster controllers o f this type provide a stable form  of 
control b u t have the disadvantage th a t the steam pressure can 
only be controlled at the desired value w hen the boiler is 
operating a t the norm al load fo r w hich the system is set. A t 
lower rates o f steam flow the pressure is controlled a t a slightly 
higher value th an  norm al and vice versa, th is being due to  the 
fact th a t each position o f the air p ilo t value of the m aster 
controller, and hence the corresponding setting o f the fuel and 
air regulators, is associated w ith  a definite steam pressure. T h is 
tendency m ay be counteracted and contro l established a t the 
desired steam pressure for any load, by the addition  of a re
setting device w hich usually  takes the form  of an air relay 
mechanism.

In  the autom atic contro l systems generally used in  m arine 
service, m easurem ent o f the flow of fuel and  air to  the boiler 
is carried ou t by the fuel-air ra tio  controller w hich incorporates 
means fo r balancing these quantities in  the required proportion. 
T he  m easurem ent o f flow is by pressure sensitive diaphragm s

o r m etallic bellows, arranged so th a t the forces due to  the 
m etering pressures oppose each other, the position of equili
b rium  being w hen the a ir and fuel supplies are in  the required 
ratio  to  each other. Details of design vary  considerably bu t 
the function  of all fuel-air ratio  controllers used in  pneum ati
cally operated systems is to set u p  a load ing  pressure w hich 
re-adjusts o r sets the regulator governing th e  a ir o r  fuel flow, 
according to  the system, to  m ain ta in  efficient com bustion.

Fig. 4 illustrates the principle of operation  of the fuel-air 
ratio  controller used in  conjunction  w ith  the m aster contro ller 
show n in Fig. 3. I t  w ill be seen th a t if the loads applied by 
the fuel and  air flow m easuring un its  are no t in  equilibrium , 
due to  a variation in  the fuel-air ratio , the in strum en t becomes 
unbalanced, causing a m ovem ent o f the a ir p ilo t valve th rough  
a system of levers sim ilar to  th a t employed in  the m aster 
controller. T h is  results in  a change in the a ir load ing  pres
sure set up  by the controller, w hich  makes the necessary re
adjustm ents to  m aintain  the desired excess air.

T he norm al m ethod of ad justm ent is by m eans of a hand
wheel by w hich the setting of the contro ller m ay be modified 
to make allowance for the num ber and  size of burners in  use, 
etc. A scale is provided w hich is calibrated in  situ.

Relay E qu ipm en t
Relays are used in  m ost autom atic boiler contro l systems 

either to  supplem ent o r am plify the signal set u p  by the con
troller for operating  the regulator, by em ploying energy from  
another source.

T h e  principle of operation  is sim ilar to  th a t o f the relay 
elements o f the controllers, namely the m agnitude of the air 
loading pressure sent o u t from  the relay is determ ined by the 
setting of an air p ilo t valve or valves, w hich contro l the 
pressure of air in  a cham ber by opening or closing ports 
connected to  the com pressed-air supply  line o r atmosphere. 
I t  is usual fo r the p ilo t valve to  be actuated  by a spindle 
w hich is loaded by a com bination of d iaphragm s and  springs 
by w hich the required action  m ay be obtained. T h u s , if the 
air loading pressure from  a controller acts on  a d iaphragm

F i g . 4— Fuel-air ratio controller
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F i g .  5 — A djustable air relay

w hich is also loaded by a spring, as in  the relay show n in 
Fig. 5, the final loading pressure set u p  by the u n it is equal 
to  the in itial loading pressure plus a  constant value, either 
negative or positive, determ ined by the setting of the adjust
able spring  load. In  this w ay the settings of a  num ber of 
regulators operated by one m aster contro ller m ay be ind iv idu
ally adjusted.

O ther relays of the type illustrated  in  Fig. 6 are used to  
produce a load ing  pressure equal to  the sum  of the signal 
pressures set u p  by tw o controllers acting  on  separate dia
phragm s in  spaces A and  B respectively.

I n  addition  to  allowing m odification of the loading pres
sures to  the various regulating  units w hen operating  on  au to 
m atic contro l, relays of the type show n in  F ig . 5 are used for 
rem ote m anual contro l by hand  ad justm en t o f the setting of 
the a ir p ilo t valves. T h u s , when the transfer valve is set for 
m anual operation, the incom ing loading pressure n o  longer 
passes th rough  to  the relay cham ber and  connexion A  (Fig. 5) 
is opened to  the atm osphere. T he  pressure sent o u t by the relay 
and  hence the setting of the air and  fuel regulators then  depends

F i g .  7 — C ylinder type regulator

entirely on  the com pression of the loading sp ring  B.
A ir relays are also used in  some systems to  m odify  the 

speed of contro l and  can  be employed to  establish contro l at 
a constan t steam pressure.

R egulating U nits
A regulating u n it m ay be defined as the u n it com prising 

those elements w hich ad ju s t the physical q u an tity  on  w hich 
the controlled cond ition  depends.

F o r contro ls requiring  a  com paratively large m ovem ent 
such as dam pers, speed contro l rheostats, etc., air operated 
power cylinders sim ilar to  th a t illustrated  in  Fig. 7 are n o r
m ally employed. In  certain  o ther applications such as the 
adjustm ent of fuel contro l valves, d iaphragm s o r  m etallic 
bellows w hich have a com paratively sm all range of m ovem ent 
m ay be used. A n oil-fuel regulating  valve designed to  m ain tain  
a pressure a t the burners p roportional to  the loading pressure 
applied to  the d iaphragm  is show n in  Fig. 8.

C ylinder type regulating un its  sim ply consist of a power
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measured dem and, whereas in the case o f m etered contro l the 
fuel and  air flow rates are m easured and  co-ordinated  in  the 
correct proportion  in  accordance w ith  the steam dem and. In  
positional control, therefore, the setting of the regulating units 
w hich contro l the dampers, valves, o r speed of the fans or 
pum ps depends entirely on  the m agnitude of the impulse or 
signal set u p  by the steam pressure m easuring  unit. I t  has 
the advantage of sim plicity and  lower cost b u t cannot guaran
tee the m aintenance of the ratio  between a ir  and  fuel for 
m axim um  com bustion efficiency over long  periods, since the 
settings of the regulating  units in  relation  to the controller 
only rem ain correct as long as the conditions o f operation do 
no t alter from  those obtain ing  a t th e  tim e of the initial setting. 
A ny deviation from  these conditions w hich m ay be b rough t 
about by such factors as variations in  the quality  of the fuel 
or sooting up  of the boiler passes w ill affect the com bustion 
efficiency m aintained by a positional contro l system. T h e  use 
o f positional contro l also requires the characteristics of the 
fuel and  air contro ls to  be sim ilar, otherwise the fuel-air ratio  
will vary w ith  changes in  load. These conditions are difficult 
to  obtain in  practice so th a t in  all probability  hand  adjustm ents 
w ould be frequently  required in  order to  m ain ta in  efficient 
com bustion under fluctuating  load conditions.

In  the “U nified” boiler control, illustrated  d iagram m ati- 
cally in  Fig. 9, w hich is of the positional type, th is objection 
can be overcome to  a large extent. T h is  system consists of an 
arrangem ent fo r sim ultaneously varying the speeds of all the 
boiler auxiliary m otors th rough  a centralized control. T he  
W ard-L eonard  system of speed contro l is em ployed, in  w hich 
the d.c. m otors of the fans and  fuel pum ps are supplied w ith 
a variable voltage cu rren t by means of a buck and boost

F ig. 8— O il flozv regulating valve

cylinder w ith a p iston  connected to  the equipm ent w hich 
adjusts the rate of flow of the air or fuel. T he admission of 
compressed air to the top  o r  bottom  of the cylinder is con
trolled by a p ilo t valve w hich is actuated by a diaphragm  or 
bellows elem ent subjected to  the loading pressure set up  by 
the controller. T o  ensure stability o f regulators o f th is  type 
a “fo llow -up” com pensating m echanism  such as th a t shown 
in Fig. 7 is fitted, w hich allows the p iston to  take up a definite 
position corresponding to  the loading pressure.

TY PES O F  CO N TR O L S Y S T E M S
In  addition  to  the variations in  design of the contro l equip

m en t available, the m anner in  w hich the units are intercon
nected to  form  a complete system also shows w ide differences. 
All systems have one po in t in  com m on, however, in  th a t the 
initial contro l im pulse is always based on the steam demand. 
In  order th a t a change in  the steam dem and m ay be detected 
and  the necessary corrections m ade before the steam pressure 
has altered greatly from  the desired value, it  is the usual prac
tice to  take the pressure connexion for the m aster controller 
from  the m ain steam line, preferably some distance from  the 
boiler. In  this way the contro l apparatus is m ade sensitive 
to  changes in  the rate o f steam flow in addition  to  variations 
in  the boiler d rum  pressure, since the pressure d rop  th rough  
the superheater o r along the steam m ain  varies approxim ately as 
the square of the steam flow. A steam flow m eter m ay, of 
course, be used to  measure the steam dem and and  in  certain 
cases, particularly  coal bu rn ing  installations, th is m ethod is 
used, since the quan tity  o f steam produced, m easured by the 
flow meter, m ay be taken as a m easure of the effective fuel 
supplied to  the boiler. In  th is way the difficulty of m easuring 
the rate o f fuel in p u t in  such cases is overcome.

All autom atic com bustion  controls can be broadly divided 
in to  two groups, nam ely positional contro l and  metered control 
systems. T he  fundam ental difference between the tw o p rin 
ciples is th a t positional controls ad just the fuel and  air flow 
regulators to  predeterm ined settings corresponding to  the
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generator w ith reversible field, in  series w ith  the m ain  generator. 
T he m ost economical arrangem ent is fo r this generator to  be 
driven from  the m ain  generator set. Regulation of the generator 
voltage is effected by autom atic ad justm ent o f the field rheostat 
by a m aster controller and  regulator operated by the steam 
pressure. O n a change in  steam dem and, the setting of the 
generator field rheostat is autom atically  adjusted in  proportion  
to  the deviation of the pressure from  the desired value. T h is 
causes a corresponding change in the voltage of the d.c. supply 
to the arm atures of the auxiliary m otors, w hich have a constan t 
field strength, and  consequently a change in  the rate of fuel 
and  a ir supplies is b rough t about by the change in  speed of 
the motors. By suitable design of the auxiliary-m otor w ind
ings, it is possible to  give each m oto r a speed-load characteristic 
to  avoid variation o f the fuel-air ra tio  w ith  changes in  boiler 
load. T o  allow fo r a lteration  o f the fuel-air ra tio  o r for 
changes in  the operating  conditions, hand-operated trim m ing  
rheostats fo r regulation of the cu rren t supplied to  the separa
tely excited field w indings of the individual auxiliary m otors 
are fitted.

M etered contro l systems do n o t suffer from  the dis
advantages of norm al positional controls, since adjustm ents are 
autom atically m ade to  the fuel and air supplies u n til the 
desired conditions are actually  obtained, the accuracy being 
lim ited only  by th a t o f the m easuring an d  regulating  units.

F o r m ain ta in ing  the com bustion  rate there is little  to  
choose between the tw o systems bu t, from  the p o in t o f view of 
efficiency, m etered con tro l is to  be preferred. In  certain  vessels, 
however, the additional com plication  and  greater cost of 
metered controls m ay n o t be justifiable and in  such cases 
simple positional contro l, even w ith  its disadvantages, m ay 
find application. I t  w ould also appear th a t where the boiler

Air Flow 
Measuring 

Connections

installation is com paratively simple, and  the fu nc tion  of the 
autom atic equipm ent is to  con tro l the boilers under relatively 
steady steam ing conditions, positional con tro ls w ould  be satis
factory  provided th a t the setting of the regulators could  be 
checked a t fairly frequent intervals to  m ain ta in  efficient com 
bustion.

A utom atic contro l systems m ay also be classified accord
ing to  load contro l characteristics as falling pressure o r con
stan t pressure systems. F alling  pressure system s have the 
advantage of being som ewhat sim pler and, as the nam e implies, 
contro ls of th is type operate over a predeterm ined pressure 
range, the m axim um  steam pressure occurring  a t the lowest 
load, w ith  each pressure value corresponding to  a particu lar 
com bustion rate. T h is  results in  the boiler pressure being 
controlled at a slightly lower value w hen the steam dem and is 
above norm al and  vice versa. In  the m ajority  of cases, how
ever, th is is n o t a serious objection.

C onstan t pressure systems m ust allow a sm all in itial d rop  
in  pressure on increase in  the steam requirem ents, since the 
m ethod  of ind icating  change in  load by a d rop  in  pressure in 
the steam  m ain  is com m on to  bo th  systems. T he  con tro l 
apparatus is so designed in  constan t pressure systems, however, 
th a t con tinuous adjustm ents are m ade in  the firing  rate un til 
the pressure re tu rns to  its correct value again.

M ost of the autom atic controls used in  m arine w ork are 
of the m etering type; such systems m ay be subdivided in to  
tw o fu rther groups, usually  know n as series and  parallel 
systems. These are defined by the sequence w ith  w hich the 
air and  fuel controls are adjusted.

In  b o th  systems the basic principle o f operation  is the 
same in  th a t the m aster controller delivers a signal, the m ag
n itude of w hich m ay be modified by a relay, to  the regulating
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F i g .  1 0 —Diagrammatic arrangement of controls of the series operation type
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units contro lling  the dam pers, valves, rheostats, etc. T he units 
controlling both  the fuel feed and air flow are modified sim ul
taneously in  the parallel system, in accordance w ith  the signal 
received from  the m aster controller. In  order to  ensure correct 
com bustion conditions the fuel-air ratio  controller makes any 
necessary re-adjustm ents to  the fuel o r air flow, depending on 
the arrangem ent of the system, to su it the m easured value 
o f the air o r  fuel supply. I n  the series system, on the other 
hand, the signal from  the m aster controller actuates either 
the air flow regulator u n it o r the oil fuel supply regulator. 
T he resulting  change in  flow is m easured by the fuel-air ratio  
u n it w hich transm its a correcting  signal to  the regulator con
tro lling  the o ther controlled condition. C ontro l o f the furnace 
pressure, w hich is an additional controllable variable in  balanced 
d raugh t installations, is usually  effected by equipm ent inde
pendent of the fuel and  a ir contro ls and  is designed to  m aintain  
the required negative pressure in  th e  com bustion cham ber by 
contro l of a dam per o r speed of the induced d raught fan.

T he  norm al arrangem ent in  m ulti-boiler installations is 
fo r one m aster controller to  be fitted to  contro l the ou tp u t of 
all the boilers, the d istribu tion  of load between the un its being 
adjustable by means of relays in  the signal pressure transm ission 
lines. A  separate fuel-air ra tio  controller is used for each boiler.

Series C ontrol
In  systems of th is type, as poin ted  o u t above, the controls 

may be arranged to  operate in  tw o w ays: —
(a) A ir flow regulator actuated  by change in  steam pres

sure. F uel supply determ ined by metered a ir flow 
and  controlled by fuel-air ra tio  controller, o r

(b) fuel supply regulator actuated  by change in  steam 
pressure. A ir supply  determ ined by m easured oil 
flow and  controlled by fuel-air ra tio  controller.

A  typical system of type (a) is illustrated  in F ig . 10. T h is 
shows the arrangem ent of controls recently fitted on a tanker 
having tw o La M o n t boilers w ith  all-electric auxiliaries. C om 
pressed air at a pressure of 501b. per sq. in. provides the m otive 
power for the various elements of the system. Briefly, the 
operation of the equipm ent is as follow s: —

O n an  increase in  the steam dem and causing a fall in  pres
sure in  the steam m ain, the m aster controller, o f the type 
illustrated  in  Fig. 2, decreases the a ir load ing  pressure sent ou t 
to  the regulating un its  S M I and  SM 2, w hich actuate the 
dam pers in  the air-supply  trunks. In  th is w ay the supply  of a ir 
to  the boilers is increased in  p roportion  to  the steam dem and. 
T he  increased air flow causes a change in  the differential a ir 
pressures between the boiler a ir casings an d  the com bustion  
chambers, w hich act on  the diaphragm s of the fuel-air ratio  
controllers. These units, being unbalanced by the increased 
d raugh t pressures, alter the air load ing  pressures sent o u t to 
the fuel regulating valves CV1 and  CV2, thus increasing the 
oil pressure a t the burners. Since these valves, w hich are of 
the type show n in  Fig. 8, are designed so th a t the fuel pressure 
bears a definite relationship to  the air loading pressure, move
m ent o f the valve takes place u n til the oil flow is p roportional 
to  this loading pressure. By ad justing  the loading pressure to 
m aintain  the required ratio  w ith  the pressure applied to  the 
air flow  m easuring diaphragm , the fuel-air ra tio  regulator there
fore increases the oil flow while a t the same tim e m aintain ing 
efficient com bustion conditions.

O n an  increase in  the steam pressure the reverse actions 
take place.

T o  allow for differences in  d raugh t loss th rough  the boilers 
and  fo r setting the regulators, relays of the design illustrated in 
Fig. 5 are fitted in  the loading pressure lines from  the m aster 
controller to  the air flow regulators, as show n in Fig. 10.
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F i g .  1 1 — Diagrammatic arrangement of controls of the parallel operation type
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These relays also enable the controls to  be operated m anually  
from  the boiler-control panel by cu ttin g -o u t the m aster con
troller by means of the transfer valves.

T o  prevent the oil pressure being controlled a t  too low 
a value, a pressure loaded sw itch is fitted to each oil-fuel pum p 
m o to r in  this particu lar installa tion  so th a t in the event of a 
sudden reduction in  load the p um p  m otors are sh u t down.

Parallel Control
In  th is system, although  the rates of fuel an d  a ir  flow 

are modified sim ultaneously, differences in  the characteristics 
of the contro ls m ay  necessitate some fu rth er re-ad justm ent to  
m aintain  the correct ra tio  of a ir to  fuel. T he  contro ls m ay 
therefore be arranged in  tw o ways, as follow s: —

(c) Fuel an d  a ir adjusted  sim ultaneously. R e-adjustm ent 
of air flow, as necessary, by fuel-air ratio  controller.

(d) Fuel and  air adjusted sim ultaneously. R e-adjust
m en t of oil flow, as necessary, by fuel-air ra tio  con
troller.

C ontrols o f th is type used in  m arine w ork usually  employ 
the principles of operation o f system (c), a typical installation 
being illustrated diagram m atically in  Fig. 11. T h is  particu lar 
arrangem ent was adopted in  a  num ber of recently bu ilt passen
ger and  refrigerated cargo liners, each fitted w ith  two Babcock 
and  W ilcox single pass header boilers. Com pressed air is 
again used as the operating  m edium .

In  the layout illustrated , the m aster controller, of the type 
show n in Fig. 3, is supplied w ith  com pressed a ir a t a pressure 
of 301b. per sq. in. and  establishes an  air loading pressure 
determ ined by the position  of the p ilo t valve w hich is actuated 
by the B ourdon tube connected to  the steam  m ain. T he  m ag
nitude of the air-load ing  pressure, w hich varies inversely as 
the steam pressure th rough  a range of 5 to  251b. per sq. in., 
determines the setting of the oil-fuel regulating  valve and the 
fo rced-d raugh t fan  dam per. A ir flow m easuring connexions 
to  determ ine the d raugh t loss th rough  the bu rner registers and 
an  oil-fuel pressure connexion are led to  the fuel-air ratio  
controller w hich  is illustrated  in  th e  previous section (Fig. 4). 
T h is  u n it superim poses a  load ing  pressure on  th a t established 
by the m aster controller, th ro u g h  an  “averaging” relay (shown 
in  Fig. 6) in  the contro l a ir line to  the forced-draught dam per 
regulator. In  th is w ay the loading pressure contro lling  the 
setting of the air-flow  regulator is m odified, if required, in 
order to  m ain ta in  the correct ra tio  o f a ir to  fuel.

I t  w ill be noted  th a t a relay device is fitted in  the air- 
loading line from  the m aster controller, the function  of w hich 
is to  in troduce a re-setting  form  of contro l in  o rder to  m ain 
ta in  a substantially constan t steam pressure regardless of the 
load on  the boiler. A hand-operated  air relay w ith  a transfer 
valve is also fitted to  enable the setting of the regulators to  be 
adjusted and  allow fo r m anual operation  of the controls.

A  simple arrangem ent o f ind icator lam ps is also provided 
w hich shows w hen the pressure of oil to  the burners reaches 
the lim its o f operation  for the particu lar sizes o f burners in  use.

T h e  arrangem ents of the contro ls used in  the tw o instal
lations described above are com m only adopted, b u t the details 
are subject to  considerable varia tion  depending on the num ber 
and type o f boilers, num ber o f auxiliaries and  m ethods of air 
and oil flow control.

Since the fuel is burned  in  suspension, oil b u rn ing  is very 
sensitive to  changes in  the rate o f air o r fuel supply  a n d  there
fore, in  theory, the parallel system in  w hich the re-adjustm ent 
of both  fuel and  a ir is sim ultaneous w ould appear to  be prefer
able where frequent load changes occur. I n  series controlled 
systems in  w hich the fuel-air ra tio  contro ller actuates the oil 
supply  regulator (type (a) ), there is a  tem porary  increase in 
excess a ir w hen the steam dem and is increasing since re-ad just
m ent of the fuel lags behind the air flow. S im ilarly, a tem 
porary decrease in  th e  excess a ir occurs d u ring  reduction  in 
the boiler load. If , as in  system (b), the a ir supply  is controlled 
by the ratio  contro ller, however, the reverse w ill apply. I t  
is doubtfu l w hether the parallel con tro l system is m uch  better 
in  th is respect, since in  order th a t the correct p roportion  of

a ir to fuel m ay be m aintained d u ring  changes in  load it w ould 
be necessary fo r the flow -characteristic curves of the air and  
fuel supply  regulators to  be sim ilar. I f  these conditions do 
n o t ob tain  in  practice, deviation from  the desired fuel-air ra tio  
will occur in itia lly  o n  a change in  setting of the controls. 
Since the oil flow characteristics vary w ith  the num ber of 
burners in  operation  and  the sizes o f bu rner tip s being used and 
the air flow characteristic varies for different fan  speeds, i t  is 
quite likely th a t the correction required  to  be m ade by the 
fuel-air ra tio  contro ller in  a  parallel con tro l system m ay be as 
great as th a t required w hen the rates of oil and  air flow are 
no t altered sim ultaneously. F ro m  th is p o in t o f view it there
fore appears th a t there is little to  choose between the various 
arrangem ents.

T h e  question of w hether the oil o r air flow should  be 
m odified directly by the m aster contro ller in  the series system, 
o r w hether the controlled cond ition  re-adjusted  by the ratio  
controller in  the parallel system is the a ir supply  o r  fuel, is 
o f im portance from  an  operational safety aspect. I t  w ill be 
seen th a t if the fuel supply  depends o n  the a ir flow, as in 
systems (a) and  (d), there is no  chance of an  excess of oil 
being supplied to  the furnace in  the event o f a failure in  the 
a ir supply. T h e  only effect w ould  be a fall in  the boiler pres
sure and  the possibility of an  explosion occurring  is obviated. 
If, o n  the o ther hand, the p rim ary  contro l is to  the fuel supply, 
the flow of oil to  the furnace w ould con tinue if the air flow 
were cu t dow n unless some safety device is incorporated  w hich 
w ould stop  the fuel pum ps in  an  emergency of th is nature.

T he  dependence of the oil supply  on  the air flow has one 
disadvantage in th a t the accurate m easurem ent o f the small 
differential a ir pressures, by w hich the a ir flow is m etered, 
presents considerable difficulty a t low  ratings. T here is there
fore a m in im um  load below w hich autom atic regulation  cannot 
be applied satisfactorily. T h is  difficulty in  m easuring very 
low values of a ir flow is also encountered in those systems in 
w hich the oil supply  is directly controlled. In  th is case it is 
usually  arranged for the dam per o r  fan speed contro l to  have 
a stop, determ ined by the safe m in im um  air flow, below w hich 
only the fuel supply  is varied.

In  view of the im portance of the m ethods adopted for 
m easuring and regulating the flow of a ir and  fuel, fu r th e r con
sideration is given to these m atters in  the follow ing sections.

M E A S U R E M E N T  A N D  C O N T R O L O F A IR  F L O W
Since the flow of a ir th rough  a boiler, fo r a  given pressure 

head a t the fan, depends on  the resistance of the a ir supply 
system, boiler tube banks, a ir heaters, etc., the flow fo r any 
particu lar dam per setting or fan  speed is n o t constan t ow ing 
to the variation  in  resistance caused by deposits on the heat
ing surfaces. F o r accurate con tro l of the fuel-air ratio  it 
therefore becomes necessary to  in troduce some form  of flow 
m easuring apparatus.

T he  m ost convenient m ethod  of ob tain ing  an  indication  
of the flow of air is to  m easure the pressure drop across a 
section o f the system, the velocity being p roportional to  a 
function  of the differential pressure. C onnexions m ay be m ade 
to  m easure the d rop  in  pressure across a section o f the boiler 
o r th rough  the burner registers; alternatively, an  orifice plate 
or venturi th ro a t cou ld  be fitted in  the a ir supply  trunking . 
T he  m ethod of m easuring the pressure d rop  across a section o f 
the boiler has the advantage th a t the to tal gas flow is m easured,
i.e. casing leakage is taken in to  account, bu t the available 
pressure d rop  in  m ost m arine boilers precludes accurate m eter
ing. O ther disadvantages are th a t the density of the gases does 
no t rem ain constan t ow ing to furnace tem perature variations, 
and  the d raugh t loss fo r any given gas flow is liable to  differ 
from  the calibrating  conditions due to sooting-up of the tube 
surfaces.

T o  overcome these objections, the m ethod m ost com m only 
adopted is to  m easure the pressure drop th ro u g h  the registers, 
pressure tappings being taken from  the boiler fro n t a ir casing 
and  the com bustion cham ber, as in  the tw o systems illustrated 
in  Figs. 10 and  11. A rrangem ents o f th is type have the great
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advantage th a t adjustm ent of the fuel-air ratio  controller 
should no t be necessary w hen the num ber of burners in  opera
tion  is altered, provided th a t the fuel flow is indicated by 
the oil pressure a t the burners. T h is  follows from  the fact 
tha t the required ratio  o f oil pressure to  air pressure rem ains 
substantially constant regardless of the num ber of burners 
in  operation.

T h is  m ethod takes advantage of the com paratively large 
pressure drop th rough  the registers and allows autom atic con
trol to be used even if the steam ing rate is reduced to  the point 
where only one or tw o burners are required. A rrangem ents 
fo r shu tting  off the a ir supply to  a burner w hen the sprayer 
is cu t-o u t are no t usually w holly effective, however; errors m ay 
therefore result from  air leakage th rough  closed air deflectors 
and in  practice it is o ften  necessary to  make slight trim m ing  
adjustm ents to  the fuel-air ratio  controller to  m ain tain  the 
desired excess air w hen changing the num ber of burners. Since 
the brick tubes are, in  effect, being used as m easuring orifices 
the accuracy is affected by wastage of the quarls; ano ther pos
sible source of error is variation in  the tem perature of the air 
supply and  also, in installations having balanced d raugh t or 
closed stokehold forced draught, there is invariably some leakage 
of a ir th rough  the boiler casings. Nevertheless, it w ould appear 
th a t the advantages of this m ethod of air flow measurem ent 
outw eigh the disadvantages.

In  some cases the pressure tapp ing  from  the com bustion 
cham ber is om itted, the pressure in  the boiler a ir  casing being 
taken as a measure of the air flow. A lthough the possibility 
of stoppage of the furnace pressure m easuring connexion is 
elim inated, th is arrangem ent, in  effect, only  indicates the total 
pressure drop th rough  the boiler and  uptakes; i t  therefore 
suffers from  the disadvantage of inaccuracy due to  changes in  
resistance th rough  the tube banks.

Probably the m ost accurate m ethod of m easuring air flow 
is by the use of an  orifice plate o r venturi m eter in  the air 
supply system. T h is  m ethod has no t been used to  any great 
extent in  m arine installations, however, since it  is necessary 
fo r a venturi m eter to  be inserted in  a straight section of tru n k 
ing  of considerable length to obtain accurate results. T here is 
also the objection th a t an orifice plate introduces additional 
resistance and difficulties arise a t low  steam ing rates ow ing 
to  the small pressure differences obtained. Unless a sim ilar 
m ethod was also used for the m easurem ent o f oil flow, re
adjustm ent of the fuel-air ra tio  controller w ould be necessary 
on  changing  the num ber of burners in  operation. I t  there
fore appears th a t a lthough the norm al m ethod of a ir flow 
m easurem ent by the differential pressure across the registers is 
n o t the m ost accurate th a t could be used, the practical diffi
culties arising  from  the adoption of alternative m ethods w ould 
outw eigh their advantages.

Regulation of the rate of flow m ay be accom plished by 
dam pers in  the forced d raught fan  discharge ducts, by altera
tion  of the fan speed or by a com bination of these tw o methods.

F o r any given fan  speed the volum e of a ir delivered 
depends on  the pressure head in  the discharge trunking , w hich 
in  tu rn  depends on  the resistance of the system. C ontrol of 
air flow by dam per am ounts to  regulation of the resistance and 
therefore by in troducing  additional resistance in  the air pas
sages, in  o rder to  lim it the air flow  to  the required value, the 
fan  power is increased. In  view of the fact th a t the power 
required to drive the fans accounts for a h igh p roportion  of 
the boiler auxiliary p lan t load, th is m ay be a factor of some 
im portance in  certain  types of installations such as those in  
w hich the fans are driven by constant speed m otors or where 
the boilers m ay be operated fo r considerable periods a t reduced 
loads.

Regulation of the air supply by the norm al type of single 
leaf dam per has a second disadvantage in  th a t the flow char
acteristic is no t a stra igh t line, the effect o f any particular 
angular m ovem ent depending on the am oun t the dam per is 
open. A  greater m ovem ent is required w hen the dam per is 
open th an  w hen it is nearly closed to  obtain  a sim ilar change 
in  a ir flow. T h is  tends to  cause sluggishness in response when

operating at loads approaching full power. Im provem ents m ay 
be effected in  this connexion by restric ting  the m ovem ent of 
the dam per to  less than  90 deg., so th a t w hen closed the 
dam per is inclined to  the axis of the trunking .

C ontrol of the a ir flow by variation in  fan  speed reduces 
the loss of power incurred  by the use of dam pers b u t in  order 
to operate a m ulti-boiler installation by fan  speed alone it 
w ould be necessary to  have a separate fan  fo r each boiler owing 
to  the variation in  resistance from  one boiler to  another. T he 
application of fan  speed contro l is also lim ited  by the fact 
th a t the speed of the m oto r w ould need to  be infinitely variable; 
if speed variation is m ade in  steps, h u n tin g  between tw o con
secutive speeds is likely to  occur w hen the required fan ou tp u t 
is n o t obtained exactly a t one of the controlled speeds. Fan  
speed regulation alone also has the disadvantage th a t the speed 
o f response to  changes in  dem and is n o t so rap id  as w ith 
dam per contro l, ow ing to  the rotational inertia o f the fan.

F or m arine applications the com bination of fan  speed and 
dam per contro l appears to  be the best arrangem ent since the 
advantages of both  systems can be utilized. T here are various 
ways in  w hich a system of th is nature can be arranged : for 
example, the dam pers could  be arranged norm ally  to  occupy a 
position giving practically  m axim um  flow so th a t on a dem and 
for a change in  the air supply, initial adjustm ent w ould be 
made by m ovem ent of the dam pers, followed by a change in 
the fan  speed. T he  dam pers w ould then  re tu rn  to their 
initial position, w hich w ould allow fo r fu rth er opening on  an 
increase in  load. R apid adjustm ent in  the rate o f a ir supply 
could therefore be m ade w ithou t the loss of fan  power w hich 
w ould occur if dam pers alone were used. In  some m ulti
boiler installations, prim ary  contro l o f the a ir flow is carried 
ou t by adjustm ent o f the fan  speed and  the d is tribu tion  of 
air to  the individual boilers is effected by dampers. Parallel 
type contro l systems m ay also em ploy com bined dam per and 
fan  speed a ir contro l, the fan  speed being adjusted  a t the same 
time as the oil flow by the m aster controller, final adjustm ent 
by the dam per being controlled by the fuel-air ra tio  controller.

W ith  the possibility of a w ider use being m ade of alter
nating  cu rren t on shipboard, m ethods o f con tro lling  the air 
delivered by constan t speed fans m ay become of im portance, 
since the a.c. m otor is essentially a constan t speed machine. 
In  such cases a m ethod often used in  land  installations m ay 
be adopted in  w hich the a ir flow is regulated by adjustable 
radial vanes fitted in  the fan inlet. By alteration of the angle 
of these vanes, w hich im part a swirl to  the a ir before entering 
the impeller, the o u tp u t of the fan can be modified a t constan t 
speed w ithout affecting the resistance of the system. T h e  fan 
can therefore be operated m ore efficiently than  in  the case of 
dam per control.

M E A S U R E M E N T  A N D  CO N T R O L O F F U E L
M anual regulation of the fuel supply  in  oil fired m arine 

boilers is norm ally accom plished by contro l of the pressure of 
the oil supplied to  the burners. P rim ary  contro l by means of 
the speed of the oil fuel pum p is usual w hilst close regulation 
is effected by the ad justm ent of a valve in  the oil line. Both 
these m ethods can be adapted to  au tom atic  contro l bu t it is 
no t usual to  install equipm ent fo r both  valve regulation and 
pum p speed control, either one or the o ther being used. 
A utom atic adjustm ent o f the opening o f a valve in  the oil 
supply line is the m ore com m on m ethod, the valve being 
actuated by an a ir loaded d iaphragm  o r  pow er cylinder.

T he  same difficulties arise w ith  regard to  speed control 
of oil pum ps as in  the case o f fan speed regulation, w hich was 
considered in the preceding section. T h is  m ethod, however, 
m ay have the advantage of econom y in  power. Since a 
secondary contro l is n o t norm ally fitted as is sometimes the 
case in  the contro l of air flow, it becomes m ore necessary for 
the speed of the pum p to  be controllable w ith in  close lim its 
in  order to  avoid hunting.

M easurem ent of oil flow does no t present such great 
difficulty as the determ ination of the air supply and  the usual 
practice is merely to  take a pressure connexion from  the oil
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iujc siippiying tne burners, thus utilizing  the sprayer tips 
as m easuring orifices. As already m entioned, this is a very 
convenient arrangem ent w hen the a ir flow is m easured by the 
pressure drop th rough  the registers and  should give accurate 
control providing th a t the tem perature of the oil is m aintained 
w ith in  close limits. W ith  o ther m ethods of a ir flow m etering 
it  m ay be more convenient to m easure the oil flow by means 
of an  orifice plate in  the supply  line, the pressure d rop  across 
which would be approxim ately p roportional to  the square of 
the oil flow. T he  degree of accuracy obtainable by this m ethod 
is not likely to  be m uch  greater than  th a t of the norm al system, 
however, unless some wear takes place in the bu rner tip  orifices.

FACTORS A F F E C T IN G  F U N C T IO N IN G  O F  T H E  C O N TR O LS
Even though  contro ls m ay be fitted w hich are entirely 

satisfactory fo r the service required, the efficient operation of 
an autom atically contro lled  boiler depends on  a num ber of 
other factors, neglect of w hich m ay prevent the best use being 
made of the con tro l equipm ent.

A p o in t w hich canno t be overstressed is the necessity for 
close co-operation between the designers of the boilers and 
auxiliaries and  the m anufacturers o f the autom atic contro l gear. 
Serious lim itations m ay be placed upon  the operation of the 
control equipm ent by lack o f appreciation of the requirem ents 
for satisfactory function ing  of the au tom atic  controls. As an 
example o f this, the case m ay be m entioned of a recent vessel 
in w hich trouble was experienced due to  the speed range of 
the electrically-driven oil pum ps being insufficient to  cope w ith 
the reduced o u tp u t required on  cu tting  dow n the num ber of 
burners.

Boilers having a low w ater storage capacity  and  a high 
p roportion  of rad ian t heating surface have a m uch  m ore rapid  
rate of response to  changes in  the firing rate th an  those having 
refractory walls and  large w ater d rum s, regardless o f the details 
of the contro l equipm ent used. I t  follows tha t fo r efficient 
operation of the controls, their action  m ust be m ore rap id  
and precise the m ore quickly the boiler responds to  changes 
in  the steam ing rate. T h e  m ethods to  be adopted for contro l 
of the fuel and air should therefore be chosen w ith  th is in  m ind.

A ny gain in  econom y of an installation  obviously depends 
on  the initial setting o f the fuel-air ra tio  controllers; th is should 
be done by determ ining the op tim um  conditions for various 
steam ing rates by analysis o f the funnel gases, while a t the 
same tim e m ain ta in ing  the desired furnace tem peratures. T he 
routine use of an  O rsat apparatus is hardly  practicable, how
ever, so to  give an  ind ication  of any  variation from  the initial 
setting a reliable and carefully m aintained C 0 2 recorder should 
invariably be fitted. I t  m ust be rem embered th a t such equip
m ent can  only be taken as a  guide to  the efficiency of com 
bustion and, as pointed o u t earlier, ad justm ent o f the burners 
to give the best conditions depends on  the operator.

As m entioned above, accurate contro l of the oil flow is 
dependent on the m aintenance of a steady oil tem perature, 
w hich is also o f the u tm ost im portance to  ensure correct a tom i
zation. T herm osta tic  contro l of oil tem perature is therefore 
highly desirable b u t con tro l w ith in  reasonably close lim its over 
a wide power range by therm ostat only is no t easy. In  cases

where there are frequent load fluctuations it  w ould seem desir
able to  make use of an  oil-flow m eter as well as a therm ostat 
to  contro l the oil-heater steam  supply.

T h e  pow er range over w hich boilers m ay operate com 
pletely autom atically  is usually severely restricted by the type 
of burners used. T he pressure range over w hich  the norm al 
type of pressure-jet atom izer can  operate efficiently is of the 
order of 90 to  2901b. per sq. in. and , therefore, since the volum e 
of oil delivered is roughly p roportional to  the square roo t of 
the pressure, the o u tp u t can  only be reduced by about 45 per 
cent. T h is  w ould probably correspond to  a decrease in  the 
sh ip’s speed of n o t m uch  m ore th an  20 per cent. In  cases 
where the service requires frequent load changes, serious con
sideration should  therefore be given to  the use of wide range 
burners.

V arious types o f oil burners capable of a  greater range 
of o u tp u t than  the pressure-jet atom izer are available bu t none 
is used to  any great extent in  m arine boilers. T he  return-flow  
burner is easily adapted  to  au tom atic  operation  bu t, together 
w ith  the p lunger type, probably does n o t have a sufficiently 
variable capacity  to  allow au tom atic  contro l under all condi
tions. Burners capable of m ain tain ing  efficient atom ization  
over a greater range are operated by com pressed a ir o r steam ; 
the latter type are being used to  some extent in  recent A m erican 
ships bu t the loss of w ater involved usually  precludes their 
adoption.

I t  w ould appear th a t the only variable capacity  burner 
having a sufficiently wide range to  allow com plete autom atic 
operation of a m arine boiler installation  is the ro tary -cup  type, 
the o u tp u t of w hich is capable of being reduced in  the ratio  
of 1 8 :1 , i.e. approxim ately ten times th a t o f the pressure-jet 
atomizer. B urners of th is type, driven by an  air turbine, were 
used in  G erm an w arships and  others o f a sim ilar type are 
widely used in  the U n ited  States fo r industria l boilers. I t  is 
doubtful, however, w hether the added com plication  and  greater 
cost of fitting  such equipm ent w ould be justified, except in 
special classes of ships such as cross-channel vessels o r others 
where the steam dem and is subject to  rap id  fluctuations.
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Discussion
C a p t a in (E ) W. G r e g s o n , M .Sc., R.N.R. (M ember) said 

it was difficult to  open a discussion on this particular paper 
because the paper itself was essentially factual and objective. 
I t dealt w ith  a subject w hich all w ho were interested in  steam 
propulsion  were studying pretty  widely at the present m om ent, 
because prices of bunker oil were such th a t they could not 
afford to let any th ing  slide w hich prom ised higher efficiency.

H is ow n first con tac t w ith  autom atic control had been in 
the m iddle ’thirties. A t th a t tim e he had been looking into 
the possibilities of adap ting  certain  types of C ontinental forced 
circulation boilers to m arine practice. Some o f these boilers, 
particularly  the Benson boiler w hich was a “once-through” 
design w ith  practically no reserve of w ater o r steam, had of 
necessity to  be autom atically controlled. He remembered m ak
ing several short trip s in  G erm an ships w ith  boilers of this 
type. T he  controls were fully autom atic; the sort of th ing  
where you pressed bu tton  A, the lights on the board w ent up, 
the boiler was lit up , and everything (theoretically) worked 
autom atically. H e remembered the G erm an engineers po in ting  
ou t that they had been able to  effect quite a considerable 
reduction in the stokehold personnel by adopting  th is type of 
autom atic contro l b u t he had no t been impressed by this 
statem ent as the ships seemed to be full of white coated 
scientists w ho spent their tim e keeping the controls working.

H is next contac t w ith  autom atic contro l had been the 
new American ships com ing into service just before the war. 
T hey  had been fitted w ith  controls of designs w hich we o u r
selves were now adopting and they were m uch sim pler and 
m ore effective.

He th o u g h t tha t, apart from  the urge for fuel economy, 
the reason the Americans had taken to  autom atic contro l at 
th a t tim e was because they were expanding their m erchant 
m arine and  had no t the supply of seagoing engineers com ing 
forw ard to  ru n  these ships, so they had of necessity to  adopt 
autom atic com bustion control. These controls seemed to work 
satisfactorily and the chief engineers of all the ships he had 
visited seemed very contented w ith  them.

U n til then he had always m aintained th a t any experienced 
operator could, when conditions were stabilized, set any m odern 
boiler p lan t to  optim um  operation very quickly and  w ithout 
any recourse to  autom atic means. T he  error in  th a t state
m ent was, of course, th a t any m odification to  d raughting  such 
as a change in the direction of the w ind or the course of the 
ship m eant a re-set of a ir conditions.

In  the early days o f the war, a num ber of m odern A m eri
can cargo ships fitted w ith autom atic controls had been taken 
over, and  these ships had been m anned w ith  our own people. 
T h is  had given an opportun ity  o f studying in m ore detail the 
operation of autom atic contro l and also of getting log figures 
and seeing the reaction on fuel consum ption. Theoretically, the 
efficiency gained by fitting  autom atic com bustion control, com 
pared w ith good hand contro l, was very small, bu t in practice 
they com pared m ost favourably w ith sim ilar vessels w ithout 
autom atic control. B ritish engineers w ho took over these ships 
liked the controls, and they operated entirely satisfactorily.

As the lecturer had to ld  them , more and more ships were 
being fitted w ith  autom atic com bustion contro l, and in a very 
short time they w ould be able to say w hat sort of real gain

could be obtained on voyage returns as against sho rt tests. 
I t  seemed to  him  from  w hat he had seen of these contro ls 
tha t they m ust no t expect too m uch  and, incidentally, th a t 
the makers m ust no t prom ise too m uch. T he  great advan
tage of autom atic contro l was th is : it took away a good deal 
of the ru nn ing  about operational w ork of the watchkeeper in 
the boiler room , and  th a t enabled him  to pay m ore attention  
to w hat he (C aptain Gregson) called “static”  adjustm ents as 
against differential adjustm ents. T he autom atic controls w ould 
look after the a ir/fue l ratio  quite satisfactorily, bu t th a t was 
only p art of the story; the “ static” adjustm ents covered the 
correct positioning of burners, registers, etc.— in m any ways 
more dom inant factors in getting economic running , than  pure 
a ir/fue l ratio. T h a t was a big gain from  autom atic con tro l; 
the watchkeeper in the boiler room  could pay atten tion  to the 
things outside the range of differential control.

M r. T ay lor m entioned one im portan t advantage of auto
matic contro l apart from  com bustion— the reaction on  boilers 
no t fitted for superheat contro l either by attem perators or 
double furnaces, etc. W ith  the simple boiler there was a ten
dency for superheat to  fly about w hen manoeuvring due to  a 
rush  of ho t gases passing over the superheater w ith  reduced 
steam flow. W ith  autom atic contro l you could  keep super
heat on a steady line irrespective of load and quick manoeuvring.

As to  fan  contro l, C aptain  G regson said he had had experi
ence w ith plain  dam per contro l w hich was reasonably simple, 
and  a com bination of dam per and  fan speed control. T his 
latter was m ore efficient because you could ru n  the fan a t the 
speed appropriate to the duty. O n the o ther hand, it sim pli
fied the w hole installation  if you elim inated the additional 
items necessary for speed control.

T he  real crux  of the m ethod of fan  contro l centred on the 
fact th a t it was no good gaining a little efficiency by better 
com bustion, and  losing all you gained by inefficient operation 
on  the auxiliary side. If the m erchant service began to  adopt 
a.c. cu rren t where speed contro l o f m otors was m ore difficult, 
constant speed machines w ould become standard  for fan drives 
and  maybe some system of vane control w ould allow  fans to 
ru n  a t op tim um  efficiency.

M r. T ay lo r had pointed ou t th a t it  was no use having 
autom atic com bustion contro l w ithout some form  of wide 
range burner. T he  ord inary  straightforw ard  pressure jet system 
gave satisfactory atom ization w ith in  a range of 100/3001b. 
pressure; taking the square root law, th a t gave a range of oil 
bu rn ing  of 1 to  173 , w hich was inadequate for manoeuvring. 
U nder those conditions, when getting  dow n to  low pow er or 
manoeuvring, oil burners m ust be shu t off or b rough t in to  
action as required. T h a t was no t really difficult because the 
men in  the boiler room  had no t to w orry about o il/fue l ratio  
controls and, provided they were advised on  the telegraph as 
to  w hat was doing, it was a quick operation to  shu t burners 
off or bring  them  on again. Incidentally , you could never 
completely shu t the registers and  stop excess air getting  into 
the furnace.

T he  au thor had m entioned particularly  the ro tary  cup 
type of burner for wide range w orking; C aptain  G regson said 
th a t he had seen a fair num ber in  pre-w ar years aboard G erm an 
ships. Also, the bulk of the G erm an warships had been fitted
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with th a t type of burner, and  quite a num ber of people had 
had an  opportun ity  of seeing them  at w ork after the war. H e 
thought the disadvantage was that, a lthough  the ro tary  cup 
burner was excellent at full pow er, w ith  low powers and  w ith 
the spinner operating at a m uch  lower speed, atom ization  was 
poor and, irrespective o f a ir /fu e l contro l, the actual efficiency 
was very low and C 0 2 fell to  a very small figure indeed. I t  
appeared to be a bad design if required to  operate in the lower 
power ranges.

W henever any th ing  new was adopted there were so m any 
operational factors w hich cropped up  th a t (as we were all 
hum an) there was a p ro m p t urge to  blame the apparatus. 
He remembered one case in  a sh ip  where the controls had been 
w orking very satisfactorily and  then a signal was received 
saying they were hayw ire; w hen the ship got back they found 
the controls operating  perfectly. T he  ship was in excellent 
hands and there was therefore no im agination about the fact 
th a t there m ust have been som ething w rong a t the tim e of the 
report. T he  trouble had occurred d u ring  heavy w eather and 
heavy ro lling  and  they naturally  though t it was som ething to 
do w ith the m echanism  of the control apparatus, a lthough  it 
seemed stou t enough. F u rth e r investigation showed th a t the 
failure had occurred w hen the ship was passing th rough  a zone 
w ith a very hum id  atm osphere, i.e. the air entering  the com 
pressor operating  the contro ls was heavily charged w ith 
moisture. T he  air left the com pressor at high tem perature so 
the w ater was present as vapour; it duly  condensed on cooling 
in  the pipew ork connected w ith  the various operational portions 
of the apparatus, and  slugs of w ater w andering th rough  the 
pipe system had upset operation. A fter know ing the cause, 
the easy way to  get over the trouble was to  fit an adequately 
sized after-cooler in  the com pressor line w ith  a receiver w hich 
was readily drainable even w hen the ship was rolling heavily.

M r. W . L y n n  N e l s o n , O.B.E. (M ember) said the au thor 
had described in  fair detail the tw o types of autom atic oil 
bu rn ing  systems at present p redom inant in the U nited  States, 
w hich were now  being m anufactured  in  this country , and  being 
extensively fitted to  new B ritish bu ilt tonnage.

F rom  the descriptions given, it was observed th a t the 
m ajor difference of the tw o systems was as follow s: on one 
the a ir /fu e l contro l was in series, w hich m eant th a t the steam 
pressure fluctuation  actuated a m aster sender w hich altered 
the air pressure to  the furnace, w hich alteration in  tu rn  changed 
the fuel pressure in  the correct a ir /fue l ratio. In  the other 
system, the furnace a ir and fuel pressure were controlled in 
parallel and  sim ultaneously by the m aster sender, and kept in 
correct ratio  by the controller.

Personally, he preferred the la tter system, as his experience 
had shown th a t there was a certain  elem ent o f lag in the series 
actuation , in  spite of the finest of adjustm ents.

M r. N elson said he applauded the rem arks of the au thor 
in w hich he had stressed the necessity for the closest co
operation between the designers of the boilers and  auxiliaries 
and the m anufacturers of the autom atic contro l gear. I t  had 
been found  th a t if there was any  variance in  the uniflow  in 
the a ir ducts and  dam pers in  each of the respective boilers 
w hich caused turbulence, th is could seriously affect a ir/fue l 
balance, and  could make quite a lo t of trouble. A t this point 
he felt there was room  for revolutionary design in  the dam pers 
of high pressure w atertube boilers of the integral tube type.

D id  the au th o r consider th a t a  dam per o f the stream 
lined m ulti-vane un i-operated  design— like a V enetian blind, 
so to  speak— w ould be an  im provem ent in giving m ore sensitive 
contro l o f air?

H e noticed th a t the oil flow regulating valve as show n 
was specially designed to give very sensitive control of the
oil flow w ith in  fine limits. However, as this u n it merely shu t 
against the positive displacem ent fuel pum p, w ould the au thor 
tell them  if the same consideration  were given to  the design 
of the relief valve, w hich was an  im perative fitting, and  was 
presum ably p a rt of the oil bu rn ing  installation? I f  it were 
not, then the object was defeated.

M r. T ay lo r had n o t m entioned the 3001b. per sq. in. by
pass valve burner prevalent in  the U n ited  States.

T he  au th o r had  stressed a salient p o in t w hen he m en
tioned the w ider range of fuel con tro l w hen manoeuvring; 
w ith  the usual type of atom izer the pressure a t the tip  dropped 
to  govern the am ount, m aking fo r inconsistency in  atom izing, 
w hich was n o t good, and  naturally  the shu tting  off of fires 
was essential. M aybe some day they w ould  have a burner in 
m arine installations w hich w ould elim inate th is problem.

T h e  description o f unified electric contro l fuel pum ps 
and  fans had  interested h im  very m uch. H e believed there 
was a fu tu re  fo r developm ent on  these lines as opposed to 
dam per contro l, an d  was inclined to  disagree w ith  M r. T aylor 
on the question of fan  speed control.

T h e  au tho r had  referred to  the tankers fitted w ith  tw o La 
M o n t boilers. M r. N elson happened to know  these ships well, 
and  he could  assure the m eeting th a t the auto fuel bu rn ing  
system was giving every satisfaction. I t  m igh t be m entioned 
th a t the ships had electrical rheostat con tro l of the fan  and  
fuel pum ps over and above the o ther controls. T hey  had m et 
certain  snags at first, m ainly due to  the fact th a t the range 
characteristics o f the rheostats were n o t responsive enough 
over the w ider ranges.

M r . R. L . J. H a yd en  said th a t while the paper gave a 
thorough  description of certain  typical systems of autom atic 
com bustion  contro ls fo r m arine boilers, he felt th a t more 
em phasis m igh t have been paid  to  the econom ic justification 
of autom atic contro l equipm ent. T h e  au th o r had referred to 
the savings possible by means of a reduction  in  the excess air 
con ten t of the flue gases and  the elim ination of incom plete 
com bustion due to  the form ation of smoke. T here appeared 
to  be several o ther im p o rtan t features to  be taken in to  con
sideration w hen assessing w hether autom atic com bustion  con 
tro l was desirable: in  the first place, the possible elim ination 
of smoke and  sm uts on  deck under manoeuvring conditions; 
secondly, a possible reduction  in  the operating  personnel. As 
against these items, and the items the au th o r had already m en
tioned, m ust be offset the cost of m ain ta in ing  a set o f autom atic 
contro l equipm ent. H e w ould be glad if the au th o r could  give 
any ind ication  from  operating  experience o f the cost of these 
various items.

T h e  au th o r had  m entioned th a t electrically controlled 
systems had been little used. T here was, however, a t least 
one system o f electrical au tom atic  com bustion contro l w hich 
had found  considerable application  in  A m erican ships, although 
n o  B ritish  coun terpart was m ade, o r had been installed, in 
th is country .

O n page 7, the au tho r gave the im pression th a t the 
system o f unified boiler contro l, w hich he referred to  as 
“positional contro l”, was cheaper th an  an  a ir operated metered 
control. M r. H ayden said he w ould like to  query w hether th is 
was a correct in terpre tation  of the au th o r’s m eaning. I t  was 
very doubtfu l w hether simple positional contro l could  be 
successfully applied to  m arine boilers w ith  g roups of burners.

T he au th o r had m entioned dam per contro l o f fans, and 
it m ight be well to  po in t o u t here th a t if the induced d raugh t 
fan was to  be dam per controlled from  the pressure in  the com 
bustion  cham ber, there was a m in im um  dam per opening 
required by classification societies, an d  the restriction  on  the 
dam per opening could  lead to  too high a suction being carried 
in  the furnace under low loads, a lthough the furnace pressure 
controller had set the dam per as far in  the shu t direction  as 
possible. T he  au th o r’s opinion w ould be welcome as to 
w hether the system of bypass contro l on the fans, w hich w ould 
bypass gas from  the discharge of the fan to  the suction, could 
be adopted, th u s leaving a t all times a clear passage th rough  
the fan. T he  fan characteristics and  the am ount of gas flow 
th rough  the bypass w ould have to  be considered to  avoid 
overloading the fan motors.

O n page 11 the au th o r suggested the use of an orifice 
for m easuring the flow of oil to  the burners. M r. H ayden 
considered th a t th is was hard ly  practicable w ith  the large
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range of viscosities likely to  occur at the orifice even if the 
orifice were placed in  the ho t oil line.

Some tim e ago there had appeared in  the Press references 
to a  system of autom atic viscosity contro l to  m aintain  a fixed 
viscosity of the oil a t the burners. I t  had always appeared 
th a t this w ould be a w orthw hile fitting, as a choice of tem 
perature at w hich oil should be b u rn t was usually no t decided 
on any very definite basis, and  was usually left to the judg
m ent of the firemen o r engineers.

O n page 11 also was a statem ent that no burners capable 
o f a greater range of o u tp u t th an  the pressure jet atom izer had 
been used to  any great extent in  m arine boilers. T h is was 
certainly no t the case w hen taking American installations into 
account, and even in th is country  there had been quite exten
sive application of w ide range re tu rn  flow atom izers, having 
a load range between 3 to  3 i  to  1.

T he au th o r had inferred th a t the pressure jet atom izer 
could only operate efficiently over the range of pressure from  
90 to 2901b. per sq. in. T he  experience of M r. H ayden’s com 
pany had been tha t 901b. per sq. in. w ith the present heavy 
oils was som ewhat low for good atom ization, and  there 
appeared to  be no reason w hy higher pressures than  2901b. per 
sq. in. should no t be adopted, w ith  a resulting im provem ent 
in atom ization. T he  lim itations on the upper pressure were 
no t im posed by the efficiency of atom ization, bu t by the cost 
and design of high pressure oil pum ps, heaters and piping.

Reference had been m ade also to  the use of a sp inning 
cup  burner, and  it was suggested th a t this m ight be applied 
to cross-C hannel vessels. F irstly , a sp inn ing  cup  burner, if 
driven by an  air turbine, b rought w ith it undue com plications 
in the design of air heaters. If  the high pressure for the air 
turbine did no t pass th rough  the a ir heater, then  at low load 
the air heater had practically no air flow through  it, and 
burn ing  of air heater tubes could occur. I t  was doubtful, in 
his opinion, w hether such an air turbine driven burner, or 
even a m otor burn ing  u n it o f the same type, showed any 
advantage over o ther types of atom izer, and he could no t 
understand w hy the cross-C hannel vessels should be par
ticularly  suited to the adoption of this type of burner. T im e 
spent on manoeuvring in  cross-C hannel vessels was no t great, 
and a considerable proportion  of their runn ing  tim e was a t a 
full steady load.

M r . LI. Y o un g  said th a t he though t the au tho r was guilty 
of, and  should  be gently chided for, inconsistency. H e had 
stated tha t the term s and  definitions he was using were those 
recom m ended in the B ritish S tandard  Glossary, b u t he alm ost 
im mediately reverted to  the use of the term s m ore com m only 
employed. In  one way, perhaps, he was righ t, as one could 
hardly expect an engineer a t sea to  have a t hand a S tandard 
G lossary dealing w ith  a m atter w ith  w hich he m ight be totally 
unacquainted.

T he  im provem ent in  efficiency due to  autom atic control 
was a m atter w hich m ust interest both  supplier and  user alike, 
since if the user could n o t be persuaded tha t he w ould save 
money by an initial capital expense, he could hardly be 
expected to  make an expenditure. T h e  au thor had m entioned 
one source of inform ation on possible savings. M r. Y oung 
said he w ould be interested to  know if there were others. He 
felt, however, th a t one m ust rely upon  the technical considera
tions rather than  actual savings whereby one could say th a t 
the m achine should do a better job th an  the fallible hum an 
operator. T he  difficulty was th a t the cost of obtaining the 
proof m ight be excessive w hen all the precautions necessary 
were taken in to  account. I t  m ust be remembered, however, 
th a t the material being used, fuel oil, was becoming m ore and 
more valuable, and it m igh t be reasonable to  say th a t an 
increase in efficiency, even if it could no t be m easured, m ight 
be w orth  while, since it could be expected to  last th rough  the 
life o f the plant.

W hile, on the face of it, the  lack of wide range burners 
m ight be a disadvantage to a fu lly  autom atic contro l gear, it 
was less a disadvantage than  it m ight seem, and certainly not

one that w ould justify on its ow n account a high priced 
alternative. All burners m ust be changed from  time to  tim e 
for cleaning; the labour in  rem oving and  replacing burners was 
no t onerous, and  the difficulties involved in  carrying o u t this 
onerous, and the difficulties involved in e a rn in g  ou t this 
w ork while manoeuvring was no t a serious m atter.

One disadvantage of the wide range burner was that it 
m ight need m ore delicate and  less robust instrum ents w hich 
form ed part of the autom atic control. In  the case m entioned 
in  the paper, the ro tating  cup  burner, the power available at 
m inim um  load to  operate the flow meter w ould be 1 /1 8= 
w hich was, say, three thousandths o f th a t available a t full 
load. F or th is reason the m easurem ent of air across the burner 
deflectors and oil across the nozzle tip , while n o t academ ically 
perfect, had proved to be a very sound and  practical solution, 
as the changing of the burners provided w hat was in  effect a 
variable orifice in  the case of both  oil and  air. T he  au th o r 
had very rightly  stressed the disadvantages of m easuring total 
air flow by means of an  orifice o r venturi. T h is  differential 
pressure m ust be paid for in  term s of auxiliary power, and  the 
cost lasted fo r the whole of the life of the p lan t. Careful 
though t was necessary, therefore, before deciding tha t such a 
m ethod, w hich also involved long straigh t ducting , should be 
employed.

T he au thor had com m ented on the efficiency of vanes and 
dampers. O n the whole, M r. Y oung believed th a t at low 
loads th is was very true. T here  was no t a great deal of 
difference in  efficiency a t the norm al operating  loads.

W ith  regard to  the ou tp u t curve— flow against angular 
displacem ent of a dam per as com pared w ith  a vane— he believed 
there was very little difference, and it  was necessary always to 
make angular adjustm ent to  correct the sharply  rising flow 
curve a t low loads against the flattening off a t high loads. I t 
was, however, quite simple to  provide a  lineal characteristic 
in  the linkage.

M r. N elson had enquired about the efficiency of the 
Venetian blind or louvre type damper. T h is  type of dam per 
was frequently employed in  land  practice and  had a better 
flow characteristic and therefore higher efficiency th an  the 
ord inary  butterfly  dam per. W hat was perhaps m ore im portan t 
was the sizing of the dam per fo r its d u ty  so th a t the ratio  
between dam per resistance and  system resistance could be kept 
to the optim um  value whereby both  effective control and 
efficiency were m aintained.

T he au tho r had made several references to the fouling up 
of boiler surfaces. M r. Y oung suggested th a t if it was p ro 
posed to  allow a boiler surface to  become so fouled th a t a 
m easuring device could no t be connected across it, then  au to
m atic contro l should in  no  case be contem plated.

T he au thor deprecated the use of the O rsat apparatus, 
and  appeared to  recom m end the sole use of a perm anent CO_. 
instrum ent. W hile this was an excellent arrangem ent, p ro 
viding the instrum ent could be properly serviced and  m ain
tained, it m ust be remembered th a t the C 0 2 instrum ent was 
in  effect an  O rsat, th a t it  was a laboratory instrum ent, and  
for perfect operation necessitated m aintenance a t fairly frequent 
intervals. He suggested, in any case, th a t a small bracket 
suitably located so th a t an O rsat apparatus could be quickly 
connected a t the boiler outlet, thereby perm itting  relatively 
easy snap readings to  be made a t any tim e, w ould be a useful 
investm ent, w hether or not a perm anent CO; instrum ent was 
installed.

T he  au thor had fu rther com m ented upon  the danger of 
explosion due to oil being injected in to  the furnace w ithout 
air a t the tim e of fan failure. M r. Y oung believed tha t the 
danger did no t exist at the tim e when the fan actually failed 
and when a lack of air was evident bu t rather when, after a 
short shut-dow n, the oil in the furnace had vaporized and 
the re-injection of fire and  a ir  gave rise to an explosive atm os
phere, and  this could only be overcome by a proper degree 
of purging. I t  seemed essential th a t boiler operational drill 
should include such furnace purging, no m atter w hat the 
emergency.
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Discussion

M r . Z o l l e r  had  considered com bustion  contro l as a boiler 
designer and  therefore found  th is paper interesting as being 
w ritten from  another viewpoint. A few m inor statem ents 
invited com m ent. T he contro l system was capable o f changing 
excess air w ith  boiler load autom atically . W hen a ir flow was 
checked by oil burner resistance, no  allowance was made for 
leakage th rough  shu t burners. T h is  was an  advantage, because 
this leakage air was no t available fo r com bustion  and  the air 
flow through the burners in  use was independent o f the n u m 
ber in operation.

A n autom atic contro l system should  only m odulate the 
various elements and the operator should decide w hen to  change 
atom izer tips, ligh t off and  sh u t dow n burners, shu t dow n oil 
pum ps and change the speed of tw o speed fans. W arning 
lights were useful in  calling  atten tion  to  low oil pressure, etc., 
and these should be set to  prevent smoke o r any o ther change 
from  norm al; a dangerous cond ition  m igh t arise if the oil 
fuel p um p  were sh u t dow n due to  a m om entary fall in  atom iz
ing pressure.

In  Am erica it  was often m ore easy to obtain a crew  when 
autom atic contro l was installed. T he  psychology of firemen 
should also be considered in  the layout o f the contro l board  and  
its associated instrum ents. F o r example, the dials should be 
large enough to  perm it of the operator m oving around the 
stokehold while w atch ing  essential indicators.

Superheat contro l was steadier w hen the m aster loading 
pressure w as used to  anticipate changes. T h is  com pensated 
for tim e lag between altering  the burner, dam per or steam valve 
and m easuring th e  change in  steam  tem perature. T he  final 
control elem ent was always the therm ostat a t the boiler stop. 
In  the same way, sw ings in  oil tem perature m igh t be avoided 
w hen m aoeuvring; the steam valve to  the heater was closed as 
soon as a  change in  the loading air pressure indicated a fall 
in  boiler load and  vice versa.

T he term  “highly rated  boiler” was am biguous and  often 
related to  the evaporation per square foo t o f boiler heating 
surface. T h is  had little influence on  the choice of an  autom atic 
control system. E ach contro l elem ent should be capable of 
adjustm ent on the ship un til its characteristic m atched the 
inertia of th a t p art o f the steam generator it controlled.

U nified contro l was no t autom atic and  had no relation 
to  “autom atic com bustion contro ls fo r m arine boilers” . 
Experience w ith  oil fired land  boilers showed the system to 
be inflexible, and  to  bu ild  the special m otors the m oto r designer 
required from  the boiler, oil pum p and  fan makers, inform ation  
tha t was n o t available either before o r after the ship was at 
sea. F an  speeds and  powers could  n o t be forecast a t all loads 
because all s tandard  codes perm itted w ide tolerances in  fan 
characteristics. O il burners required w ide variations in  oil 
pressure n o t directly related to  boiler load and  oil p um p  o u t
p u t varied w ith in  wide lim its. Fuel properties influenced 
pum p leakage and  speed as well as boiler perform ance. W ide 
trim m ing  ranges m ust be provided w hich increased m otor sizes 
and necessitated continual m anual follow up. A t the best, 
unified contro l was positional w ithou t the advantage possessed 
by a positioned system w hich had been fitted in  the G erm an 
N avy and  w hich had  cam s th a t could  be adjusted w ith  diffi
culty  to  fit the  average boiler operating  characteristics observed 
a t sea.

T h e  fo l lo w in g  c o n t r ib u t io n  f r o m  M r . J .  E .  O ’ B r e e n , w h o  
h a d  been  p re v e n te d  f r o m  a t te n d in g , w a s  re a d  b y  M r .  B u r n s .

O n page 2 of the paper the au th o r had referred to  loss 
of w ater as a result o f soot-blow ing. M r. O ’Breen could  say 
th a t w ithou t autom atic con tro l the chances o f the safety valves 
lifting  were fa r greater. Steam  passing th rough  the valves 
m eant a fu r th e r loss o f valuable water.

T h e  au th o r had  referred to  m anual adjustm ents necessary 
to vary the fu e l/a ir  ra tio  a t different loads; it w ould be quite 
an  easy m atte r to  vary th is ratio  autom atically , and  it w ould 
no t add  m uch  to  the cost of the con tro l gear.

F u rth e r, the au th o r had  stated th a t m ost systems were 
designed so th a t the pressure returned to  the desired value

after a change in  load. T h is  was quite true, it  was a simple 
m atter to  design and  arrange the contro l gear so th a t the 
pressure always returned  to  the required  pressure, b u t M r. 
O ’Breen was n o t so certain  th a t th is was advisable in  all cases.

O n page 7 the au th o r referred to  th is p o in t again, and 
stated th a t w ith  range contro l “th e  boiler pressure was con
trolled at a slightly lower value w hen the steam  dem and was 
above norm al and  vice versa”. T h is  was n o t the case when 
the boiler was equipped w ith  a superheater, and  under those 
conditions range contro l had  the advantage of p roducing  a 
slightly higher average pressure a t  the tu rb ine th ro ttle  valve. 
T he easiest w ay to  make th is quite clear was by giv ing an 
exam ple: given th a t safety valves on the boiler d rum  were set 
for 4251b. per sq. in. and  th a t the d rop  in  pressure between 
boiler d rum  and  tu rb ine stop valve on  peak load was 301b. 
per sq. in ., w ith  m in im um  load 101b. per sq. in ., i t  w ould  be 
clear th a t w ith  a system  where the pressure re tu rned  to  a 
predeterm ined po in t, th is pressure could  n o t be m ore than  
about 3901b. per sq. in ., as otherw ise the safety valves w ould 
lift. W ith  range con tro l, the lowest pressure (corresponding 
to peak load) w ould  be 3901b. per sq. in ., the  highest pressure 
could be chosen anywhere between 390 and  4151b. per sq. in. 
(425-10), say, at 4051b., and  the average pressure a t  the stop 
valve w ith  range contro l w ould therefore be well above the 
predeterm ined pressure in  the o ther systems.

T he  au th o r had referred to  w ide range burners; M r. 
O’Breen knew  only  too  well the lim itation  o f autom atic con
tro l w ith  narrow  range burners, and  it  was su rp ris ing  to  him  
th a t bu rner makers had  n o t been able to  develop a  burner 
w hich w ould  give a wide range, say, from  100 dow n to 10 
per cent. H e believed th a t the reason was th a t the owners 
had n o t insisted on  the supply  of such a burner.

H e was fam iliar w ith  a design w hich was used fo r w ater 
spraying an d  w hich in  his view could , w ith  slight alterations, 
be used as an  oil burner. T h is  design could  easily be used 
over a 10 to  1 range, and  fu r th e r had  the advantage of 
having a large m axim um  capacity  so th a t it  w ould n o t be 
necessary to  have five o r  six burners per boiler.

T h e  au th o r had m entioned th a t in  the con tro ller illus
trated  in  Fig. 2, th e  signal a ir pressure decreased w ith  a decrease 
in  the steam pressure. M r. O ’Breen w ished to  p o in t o u t th a t 
whenever required i t  was possible to  reverse th is condition , 
namely, to produce rising  signal a ir pressure w ith  falling 
steam pressure; all th a t was required was to  tu rn  the w eigh- 
beam ro u n d  and p u t the p ilo t valve on  the o ther side of the 
regulator.

H e d id  n o t quite agree w ith  the au th o r’s statem ent th a t 
w hen using  a venturi th roa t fo r a ir m easurem ent a considerable 
length  of ducting  was required. H e could show the au tho r 
an autom atic contro l installation  where the ven tu ri was in  fro n t 
of a bend. T h e  m ain  th ing  was th a t the pressure d rop  th rough  
the venturi alw ays increased w ith  increased flow, b u t i t  d id  
n o t m atte r if the relation was exactly a square law  one o r  no t, 
as it was possible to  correct any irregularity  by m eans of a 
cam in the a ir flow  regulator.

M r. D . Bu r n s  said M r. N elson had m entioned the fact 
th a t au tom atic  contro l seemed to have been started  in  m arine 
use in  the U n ited  States, and  th is co u n try  had to  some extent 
lagged behind. H e th o u g h t th a t was entirely  the shipow ners’ 
ow n fault, because the contro l systems in  question w hich  M r. 
T ay lo r had m entioned had been in  use in  th is co un try  since 
about 1927, and  details had  been p u t forw ard m any times 
in th is country . I t  was only  w hen th e  Am ericans themselves 
showed w hat results could  be obtained, however, th a t people 
in th is coun try  became interested.

W ith  regard  to  the series and  parallel systems, he was of 
the opinion th a t the advantage o f the series system, whereby 
the steam pressure controlled the air flow, w hich was then 
m easured and  controlled the oil flow, was th a t if the a ir flow 
failed, the oil was autom atically  sh u t off.

W ith  reference to  the operating  gear show n in Fig. 7 of 
the paper, as a  cylinder type regulator, he th o u g h t it should
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be stressed tha t the com pensating m echanism  show n could be 
adjusted so as to  take in to  account the characteristics of a 
dam per or vane, o r whatever other regulator was operated.

C om ’r(E ) J. I. T . G r e e n , R.N . (M ember) said tha t 
a lthough he spoke as a N aval officer he d id  no t represent any 
views b u t his ow n, w hich were solely those of a student of 
m arine engineering.

T h e  advantages to  be gained by and  the price to  be paid 
fo r autom atic con tro l o f a ir /fue l ratio , and  the m any form s 
such contro l m ay take, had been well covered in th is and in 
preceding papers. T here were some points concerning the 
characteristics w hich d id  no t appear to  have been raised, and 
perhaps it w ould help to  clear u p  doubts if M r. T aylor w ould 
give some details, for instance, of the variation in respect to 
tim e one w ould expect in the rate of fuel supply and  the con
trolled steam pressure when (a) steady steaming, and (b) the 
m axim um  rate o f change (say, from  “S top” to “ F ull A stern”) 
was dem anded. C ould the au thor show diagram m atically 
w hat these changes w ould be o n  a tim e basis? In  o ther words, 
could one expect a simple system designed prim arily  fo r steady 
steam ing to  function  w ithout h u n ting  w hen a large and  sudden 
change was made, and  w ould it be safe to  apply such control 
to  a highly rated boiler? H e assumed, o f course, th a t wide 
range burners were in  use.

T h e  fans, in  th is and  o ther papers, were assumed to be 
electrically driven. In  the case of steam driven fans, where the 
exhaust was condensed th rough  feed heaters, their speed was 
affected very m aterially by the exhaust pressure, and therefore 
by the flow of feed to  the boiler. A lthough this autom atic com 
bustion  con tro l was no t connected to  the feed system, its opera
tion  w ould cause fluctuations in  the rate of steam release, 
especially w hen manoeuvring, and  th is w ould be reflected in  
variations in  w ater level, and hence in  feed flow. H ad  trials 
been carried o u t w ith  the object of tracking dow n and elim ina
ting  any possibly serious hun tin g  of the whole system from  
this cause?

In  order to  bring  ou t some of the details of the system, 
could  M r. T aylor explain w hy the m aster controllers fo r the 
series and  the parallel operation systems were different? C om 
paring  Figs. 2 and  3 o f the paper, it w ould be seen th a t in  
the first the steam pressure was opposed by a spring  only, 
thus giving a set opening of the air valve for any  given steam 
pressure, whereas in  the second there was w hat m igh t be called 
a hun ting  gear w hich shu t off the air supply w hen the desired 
pressure was reached. T h u s  fo r series operation (Fig. 10), 
the m aster controller delivered a steady stream  of a ir to  the 
relays feeding the dam per contro l, whereas fo r parallel opera
tion  a fixed pressure was applied to  the cylinder type regulator 
(Fig. 7) and the oil flow regulating valve (Fig. 8).

C om m ander G reen’s fou rth  question concerned the effect 
of a m ajor disturbance in the operating  conditions. A lthough 
some safety precautions were discussed in  the paper by Bailey 
and D ickey,(3) he could find no reference to  the effect on  the 
system of a boiler tube failure w hich in  some systems w ould 
result in  an  im m ediate increase of the fuel supply. K now ing 
w hat it  was like w hen a tube bu rst in  a boiler, he had a 
feeling th a t fiddling about w ith  selector valves w ould n o t be 
a desirable addition  to  one’s duties. T he  operating  personnel 
m ust be provided, he suggested, w ith  a quick means of over
rid ing  all the  autom atic controls and  dealing w ith  the emer
gency w ithou t them . C ould the au th o r explain the action 
necessary to  obtain m anual contro l to  m eet such sudden 
emergencies?

M r. G . J. G o l l i n  said M r. T aylor’s paper was very 
valuable as illustrating  the great progress m ade by control 
designers and  m anufacturers. H e w ould like to th ink  th a t oil 
b u rn ing  equipm ent in  general had  been b rough t to  a sim ilar 
p itch  of efficiency. I t  was obviously of little use to  install 
autom atic controls to  operate bu rner equipm ent w ith  a 3 : 1 
tu rndow n  range if the oil bu rn ing  equipm ent itself was incap
able of operation efficiently over such a range. I t was no t

sufficient to  ensure a constant fu e l/a ir ratio  over the w orking 
range if the a ir register were incapable of ensuring  satisfactory 
m ixing of the incom ing a ir w ith  the oil spray. T h is  was no t 
an easy problem  because the degree of m ixing depended on 
the air velocity just as m uch  as on  the aerodynam ic design of 
the a ir register, and w ith  a 3 :1  tu rndow n  range the velocity 
of the incom ing a ir m igh t be insufficient to  ensure good m ixing, 
w ith  the result th a t one was forced to  accept a m uch  lower 
com bustion efficiency a t the lower end of the range.

T u rn in g  to  Fig. 1, he felt th a t the com m on m istake had 
been made of com paring the boiler efficiency a t constan t exit 
flue gas tem perature assum ing th a t the excess air was reduced, 
say, from  50 to  20 per cent. I t  w ould  have been useful if 
the 100 per cent excess a ir line had been show n in Fig. 1, 
because it  was by no means uncom m on to  find oil bu rn ing  
equipm ent operating w ith  7 5 per cen t C O ,. I f  the excess 
a ir were reduced, the effect was tw ofold; no t only was the 
w eight of waste gas reduced, b u t w ith  a reduction  of excess air 
one could reasonably expect a  reduction  in  waste gas tem 
perature. As excess air was cu t dow n so the tem perature in  
the com bustion cham ber increased, and  w ith  it the radiating 
quality  of the flame. T h u s , decreasing excess a ir increased the 
heat transfer in  the p rim ary com bustion cham ber and  altered 
the p roportion  of the load carried by various parts of the 
boiler w ith a consequent decrease in  exit flue gas tem perature. 
If, therefore, the w riter were com paring  operation w ith 50 o r 
60 per cent excess air and  th a t w ith  20 per cent excess air, 
he w ould assume th a t the change in  operating conditions w ould 
result in  a tem perature d rop  of 50-100 deg. F . T h is  w ould 
considerably increase the gain in efficiency and  fuel saving. 
Results on  land  installations showed th a t the actual saving 
achieved was often  considerably in  excess of the theoretical, 
w hich was in  agreem ent w ith  the opinions given by the au thor 
and C aptain  Gregson.

H e felt th a t as regards the valve show n in  Fig. 8 perhaps 
it  w ould be better to  contro l oil pressure in  the delivery line 
to  a bank of boilers by applying autom atic contro l to a su it
ably designed pressure relief valve placed across the suction 
and  delivery sides of the pum p. T h is  appeared to  give more 

.stable conditions than  a  mere th ro ttlin g  valve in  the oil line 
to  the burners. T he  design of valve show n in Fig. 8, w ith 
its relatively small annu la r oil openings, was ap t to  ac t as 
an oil filter and, therefore, to  w ork efficiently m ust be p ro 
tected by a fine filter on the upstream  side. In  designing 
valves for handling fuel oil, he considered it was preferable 
th a t valves of the p iston  and  p o rt type should be used rather 
than  valves of the poppet type, w hich presented fine annu lar 
openings.

In  practice, changing the num ber of burners in  operation 
usually m aterially affected the a ir delivery th rough  registers, 
as indicated by the d rop  in  pressure across the inlet to  the 
register and  the com bustion cham ber. T h a t, as had been 
pointed ou t, was partially  due to  leakage th rough  idle registers, 
bu t the fric tion  in  the forced d raugh t casings should no t be 
ignored. In  the past, there had been a tendency to  make these 
casings too  tigh t, w ith  the result th a t the internal friction  
in  the casing became appreciable com pared w ith  the pressure 
drop across the register. T here was room  for a considerable 
im provem ent in  the aerodynam ic design of forced d raught 
casings if accurate controls th rough  the use of the pressure in 
the forced d raugh t casings was to  be employed.

M ention  had been m ade of the use of sp inn ing  cup  burners 
for m arine purposes and  he was surprised to  learn  from  the 
paper th a t a tu rndow n  range of 18 :1  had been claimed. I t 
was even m ore curious th a t in  the case of the G erm an burner 
the cup was described as ru n n in g  a t a slower speed in the 
lower p a rt of the range. I t  was generally understood that 
to  obtain reasonable results from  a sp inn ing  cup burner opera
ting  on  fuel oil, the  cu p  speed m ust n o t fall below, say, 3,500 
r.p.m . Experience on  land  indicated th a t ro tary  cu p  burners 
rarely had a range in  excess o f 4 :1 .  I n  this connexion, it 
m ust be borne in  m ind  th a t the operation of a burner of this 
type depended as m uch  upon the air blown around the cup
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Discussion

as on the action of the cup itself. These burners were really 
low pressure air burners w ith  a sp inn ing  cup used to  initiate 
atom ization and  also to  act as a d istributor. T hey  norm ally 
operate w ith  about 10-15 per cent o f the air fo r com bustion 
passed around  the nose a t 4 to  6 inch  W .G . If  an  attem pt 
were made to  operate such a b u rner over a large range, it  
w ould be necessary to  c u t dow n the p rim ary  air by means of 
a damper w hich w ould soon result in  the a ir velocity th rough  
the nose being too  low to  com plete atom ization and  to  m ould  
the flame. In  con trast, one m ig h t envisage the use of a ir 
atom izing burners a t a pressure of, say, 30 to  401b. per sq. in., 
seeing th a t these burners could  operate over a very large tu rn 
dow n range. H e had been inform ed th a t such burners had 
been applied w ith  great success to  the boilers installed in 
specialized vessels designed fo r th e  w haling industry  an d  th a t 
burners of th a t type had  operated w ith  a very large measure 
of autom atic con tro l in  such ships.

M r . T . R. A l e x a n d e r  (M ember) asked the indulgence of 
the m eeting in  speaking, no t of the application  of autom atic 
com bustion contro l in  m arine work, b u t in  land  boiler houses. 
H e believed he was the first m an  in  B ritain  to  install and  operate 
such apparatus and his rem arks w ould be based on  his experi
ence w ith it since 1927.

T he  p lan t consisted of fou r Babcock and  W ilcox boilers 
w ith chain grate stokers and  induced d rau g h t; the m aster con
troller was sim ilar to  th a t show n in Fig. 7 o f the paper. All 
the m ovem ents from  the m aster contro ller were transm itted  
m echanically by shafts, rods an d  cranks, the apparatus was 
very prim itive and  clum sy and  included over 100 feet o f 2in. 
shafting, yet it  was still w orking very satisfactorily. I t  was 
robust and  had no t cost m ore than  £1 a year fo r m aintenance, 
including one ring  of soft packing in  the controller. T he 
im provem ent in  efficiency due to  the installation  of the appara
tus was about 1 5  per cent, b u t m uch  m ore im portan t im prove
m ents were obtained in  the p roduction  processes using steam

because a  m uch  steadier pressure could  be depended upon  and 
therefore tim e cycles could be reduced to  a m in im um  w ith 
safety and  confidence.

T he  steam dem and varied from  m axim um  dow n to tw o- 
th ird s of m axim um  and  it was found  advantageous to use 
the fu ll scope of the apparatus to  operate between m axim um  
and  m in im um  dem and instead of between fu ll load and  no 
load. T h is  gave m uch closer regulation o n  grate speeds, boiler 
dam pers and  induced d rau g h t fan speeds so th a t it was possible 
to  keep th e  pressure w ith in  ± lib . per sq. in. w ith  efficiency at 
all loads d u ring  the hours o f production .

P robably the greatest advantage of the apparatus was th a t 
although, o f course, it could no t anticipate a change of load 
o r fuel, i t  d id  respond to  a m inu te  change long before it  was 
apparen t on  a pressure gauge.

A nother good feature o f the apparatus was its sim plicity; 
th is was a ll-im portan t in  a w orks where it was n o t possible 
for the engineer to  spend a large p a rt of his tim e in  the boiler 
house and  where the stoker took m ore responsibility th an  he 
did in  a ship. T h e  apparatus m ust be capable of operation 
and  ad justm ent by the stoker him self, as then  he w ould  get 
the best o u t o f it ; fu rtherm ore, he w ould do w hat he could  to 
keep it w orking efficiently because it was such a great help 
to  him.

M r. A lexander said he felt th a t the tendency in  the m odem  
instrum ent was away from  this sim plicity; m ore com plicated 
instrum ents m igh t give greater efficiency bu t, w ith o u t constant 
supervision by a technican, it could  no t be continuous.

M r. A lexander th o u g h t th a t a good w ay to  operate the 
induced d raugh t fan w ithou t dam per con tro l was to  drive it 
by a steam engine.

Infinitely variable speed could be obtained by contro l of 
the steam th ro u g h  the autom atic com bustion  con tro l and  the 
exhaust could  be used in  the w ater treatm en t p lan t o r feed 
heater.

Correspondence
M r. L . B a k e r , D .S.C . (M em ber o f Council) proposed to  

confine his rem arks to  the points of fact and  princip le on 
which he differed from  the au th o r and  to  leave the discussion 
of the various equipm ent to  those w ith  experience.

H e doubted w hether the p ropo rtion  of Scotch boilers 
was a serious reason for the resistance to  com bustion contro l 
equipm ent; he felt th a t it  was due to  the failure of m anufac
turers to  convince superin tendent engineers th a t there was the 
possibility o f an  adequate re tu rn  for th e  capital outlay. In  
A m erican m anned ships and  to  a lesser extent in  tankers, 
m anning  problem s seemed to  have influenced the decision. As 
long as one Chinese firem an could  look after tw o boilers at sea, 
there w ould no t seem to  be m u ch  scope on financial g rounds!

H is second m ajor objection to  com bustion contro l equip
m ent was th a t there was no  satisfactory wide range burner 
yet available. T he  G erm an ro tary  cap burner was hopelessly 
inefficient except at its design o u tpu t. I n  his view, the case 
for com bustion con tro l rested entirely on  the existence of a 
burner w ith  a range wide enough to  cope w ith  the full range 
of steam ou tpu t, i.e. about 20 to  1. By rem oving from  the 
firem an personal responsibility for steam pressure contro l and 
fu e l/a ir  ra tio  and  en tru sting  to  h im  the m ore skilled opera
tion  of ensuring th a t th e  com bustion  conditions were as 
designed, m erely resulted in  the loss of the rou tine w atch  keep
ing w hich ensured reasonable vigilance.

T he  au th o r’s rem arks on  the wear of refractory  due to 
high furnace tem perature were n o t understood. M r. Baker 
was n o t aware of any m ercantile boiler, o r indeed of any N aval 
boiler in  service, in w hich the lim iting  tem perature of reason
able quality  refractories was reached. D eterioration  of refrac
tories was m ainly  due to  im purities in  the fuel o r m al-operation

of the burners. A dditional excess a ir d id  n o t affect either 
of these.

H e w ould draw  the au th o r’s a tten tion  to  a difficulty in  
achieving real efficiency by au tom atic  com bustion  control, 
namely, th a t the contro l o f fuel was dependent up o n  the con
tro l o f the viscosity of the fuel over a relatively narrow  range—  
to  do th a t autom atically  appeared to  be an  extrem ely difficult 
problem.

M r . P. F . M o r g a n , B.A. (G raduate) w rote th a t his 
interest in  autom atic boiler controls, o f w hich he knew very 
little  apart from  w hat had been learnt from  the paper, was 
occasioned by the rem arkable sim ilarity  o f the problem s and  
principles ru ling  bo th  au tom atic  boiler con tro l gear and  steam 
turbine con tro l gear fo r land  installations.

T he m ost strik ing  sim ilarity  occurred  over the “regulation” 
found  in  the tw o cases and  indeed in  any  system o f hydraulic 
contro l servo-m echanism . In  a steam turbine, the regulation 
was the necessary d rop  in  speed of a speed-governed turbine 
between no load and  fu ll load ; th is was paralleled by the d rop  
in  steam pressure found  in  the sim ple boiler con tro l systems 
between ligh t load and  fu ll load. I t  was necessary fo r the 
stability of the system and  although it had been show n th a t 
the pressure d rop  could  be considerably reduced, care was essen
tial to  avoid h u n tin g  due to  the controls.

I t  was equally desirable in  bo th  cases to  obtain  stra igh t- 
line regulation; in  the boilers show n in  Fig. 10, the  a ir supply 
should be increased in  d irect p ropo rtion  to  the load ; fo r a 
steam turbine, th e  steam supply  could  best be increased u n i
form ly w ith  the load by suitably shaping the th ro ttle  control 
valve. Probably it  was no t desirable to  adop t steam practice
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when contro lling  air flow. W ould it  not be more effective, 
however, instead of restricting the m ovem ent of the dam per to 
less th an  90 deg. to tu rn  the crank lever connecting the dam per 
to  the operating  piston rod? I t  w ould then be possible to take 
advantage of the fact th a t w hen the angle between the piston 
connecting rod  and  the dam per crank was small, for a given 
movem ent o f the operating  p iston  only a small movem ent of 
the dam per crank resulted and was therefore suitable when 
the dam per was alm ost closed. W hen the connecting rod and  
dam per crank were alm ost a t rig h t angles to each other, the 
same m ovem ent of the operating  piston produced a m uch  bigger 
m ovem ent o f the crank. If th is were no t adequate it w ould 
be necessary to  have recourse to the linkages used in steam 
turbine practice.

T h e  chief advantage of compressed air was its availability 
on board ship. D id  no t difficulties arise when using this 
m edium  due to  the very fact th a t it was compressible and 
th a t therefore expansion was caused by rises in tem perature?

M r. S .  E. S h a w  though t the au thor was to  be congratu
lated on a factual and im partial survey of the subject, especially 
on his unprejudiced recognition of the lim itations of autom atic 
contro l as applied to m arine boilers. T he question a t once 
arose as to  w hether the additional com plication was w orth 
while. As the au tho r pointed ou t, m anual m ethods of control, 
as exercised by a well trained fireman, left little m argin  for 
im provem ent in  the case of vessels w hich steamed for long 
periods a t full o r nearly full power. O n the other hand, no 
am oun t o f instrum entation  o r autom atic contro l could elimi
nate the loss incurred  by badly adjusted or d irty  sprayers 
neglected by indifferent operators.

G iven the reasonable assum ption tha t ships large enough 
to be fitted w ith some form  o f boiler contro l did norm ally 
steam steadily for long periods, results reasonably comparable 
w ith  any th ing  show n by autom atic systems could be obtained 
by institu ting  a series of biennial checks carried o u t by the 
shore staff, using full instrum entation , laying down for the 
fireman a given set of conditions pertain ing  to  m axim um  
efficiency when steam ing at loads of, say, 40, 60, 80 and 100 
per cen t M .C .R . These set conditions could include uptake 
and superheated steam tem peratures, C O ., a ir tem perature and 
pressure, oil tem perature and  pressure and  the num ber and 
position of sprayers to  be used, when possible.

N orm ally intelligent operators should be capable of the 
elementary interpolation to  secure efficiency a t interm ediate 
loadings. T h is  practically am ounted to positional control, with 
m axim um  efficiency checked at fixed points. In  the case of 
the “U nified” contro l c 'ted  by the author, this was exactly 
w hat happened w ith virtually  an  infinite num ber of check points 
replacing the four chosen in  the preceding paragraph. In  
that system the m otor characteristics were so modified that 
the fu e l/a ir ratio  was always in the correct p roportion  irres
pective of boiler load, any long term variations such as boiler 
fouling o r change in calorific value of fuel being m et by 
infrequent hand adjustm ent o f the appropriate trim m ing  rheo
stats. As the “system” was actually built in to  the m otors, 
the am oun t o f extraneous auxiliary gear was reduced to  a 
m inim um , w ith reliability correspondingly im proved.

T he au tho r’s fear th a t variable speed fans m ight lag behind 
the rate of change of boiler load m igh t be safely dispelled in 
this case; the specially com pounded d.c. m otors had an  accelera
tion w hich enabled them  to keep abreast of the rate of load 
increase of w hich any norm al boiler was capable. T h is, coupled 
w ith  the convenience of having all contro l concentrated in the 
single handwheel of the m ain rheostat, facilitated the rapid 
manoeuvring so often necessary w hen com ing alongside in bad 
weather.

M r. J. A. S t e v e n s  (M ember) expressed the opinion that if 
high pressure steam p lan t were to  m aintain  a clear cu t 
superiority over the Diesel engine for m arine propulsion in  the 
higher power ranges, both  in operational efficiency and in  m ain

tenance costs, tw o factors m ore than  any th ing  else w ould make 
this possible. These were advancem ent in  the m etallurgical 
com position of boiler com ponents and  autom atic com bustion 
control.

I t  was perhaps unfo rtunate  tha t the cred it for the success
ful installation of autom atic com bustion contro l on  shipboard 
should go to  am bitious and far-seeing shipowners in  the U.S.A. 
T h is  was perhaps indicative of the approach to  m arine engineer
ing problems show n by the U .S.A . shipowners and  shipbuilders 
as a  whole.

T here could be no  doubt, however, th a t au tom atic  com 
bustion control had come to stay and w ith  the heavy fuels 
now generally in  use where a ir/fue l ratio  contro l was of p a r
ticular im portance, the success o f the application  still rested 
w ith the shipboard operator. I t  was un fo rtunate ly  the case 
th a t a mediocre operator could obtain only average results 
from  a first class installation.

I t  was refreshing tha t, other th an  a reference to  “heavy 
fuel” , no a ttem pt was made to  join in  the fairly com m on 
practice cu rren t now adays of a ttribu ting  all com bustion 
troubles and deficiencies to  the fuel oil.

T he soot blower in  m odern practice was, o f course, of 
alm ost as m uch im portance as the com bustion contro l equip
m ent itself, w ith  the fact tha t the more efficient the com 
bustion control, the less the need arose for the soot blower. 
T he  w ater consum ption  factor, in the case of the more advanced 
designs of soot blower in  present day use, could be ignored, 
the blowing m edium  being compressed air.

T he paper set o u t concisely the com m oner types of au to 
m atic com bustion contro l in use today, bu t it seemed th a t not 
all of the systems employed a positive emergency provision for 
shu tting  dow n the fuel supply completely in  the event of 
mechanical o r electrical failure o f the forced d raugh t fan.

In  actual operation, assum ing the forced d raugh t fan to  
have cu t ou t due to  a fault, the water level in  the boiler was 
drastically reduced, if no t lost ou t o f sight in the glass, due, 
it  w ould appear, to  the sudden alteration in  the heat release 
in the furnace causing the rap id  separation of the entrained 
steam bubbles from  the w ater itself, w ith  consequently “denser” 
water. T he  fuel continued to  be injected in to  the furnace 
th roughou t this period.

As could be im agined, fuel sprayed in to  the furnace w ith 
no forced d raught available w ould give rise in the space of a 
very short tim e to  a highly dangerous condition  and  had 
resulted in  several severe “soot” fires, especially w hen the forced 
d raugh t was restored and  the partially  consum ed oil was carried 
upstream  in the gas path  and “ secondary” com bustion  occurred. 
One m ethod of approach to  th is problem , of course, was the 
fitting of low-level w ater alarm s w ith  a positive fuel shu t off.

In  practice, as stated, the pressure range was from  about 
90 to 2901b. per sq. in. and  some provision m ust be made to  
prevent fuel a t a pressure lower th an  901b. per sq. in. being 
allowed to  pass th rough  the burner, since below th is figure 
the pressure was no t sufficient to  atom ize it and consequently a 
highly dangerous condition  arose. T o  elim inate th is pos
sibility entirely it was the practice in  some cases to  fit a dis
tance piece in  the diaphragm -operated fuel valve w hich w ould 
no t perm it a fuel pressure lower than  901b. per sq. in. T h is  
practice was preferable to  allowing the fuel to  cu t back to  zero 
bu t d id  dem and increased vigilance from  the operator.

A lthough he referred briefly to  the hybrid steam pressure 
jet burner, it was perhaps to  be regretted that the au th o r did 
no t m ention the electronic type o f contro l fitted to  it  in some 
Am erican ships. A lthough th is form  of bu rner was dismissed 
by the au tho r on  account of the loss o f w ater w hich usually 
precluded its adoption, w ith  m odern installations where both  
feed and  domestic w ater were evaporated and  distilled from  sea 
water, th a t factor was of little or no relative im portance and  it 
was perhaps only a m atter o f tim e before this type of installa
tion, w hich had proved so advantageous in  shore practice, 
w ould become equally well established in  the m arine field.
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Author’s Reply
T he au th o r’s thanks were due to  C aptain  G regson for his 

remarks, w hich amplified the relevant sections of the paper.
C ap ta in  G regson had referred to  the difficulty of assessing 

any gain in  efficiency resulting  from  the installation of au to
m atic controls. In  th is connexion, the au th o r had  m entioned 
tha t the results of trials carried ou t under norm al seagoing con
ditions were liable to  erro r due to  the m any variables affecting fuel 
consum ption ; even the figures obtained from  voyage retu rns 
w ould have to  be examined w ith  great care to  allow for differ
ences in  loading, w eather conditions, fouling  of the sh ip’s 
bottom , etc. I t  w ould appear th a t tests on a vessel w ith  tu rb o 
electric propulsion  w ould allow fo r the greatest accuracy, in 
view of the ease of power m easurem ent in  such cases.

In  connexion w ith  C aptain  G regson’s rem arks regarding 
wide range burners, w hich had been referred to  by a num ber 
of contribu tors, the au th o r pointed  ou t th a t the m ain  advantage 
claimed for the G erm an ro tary  cup  burner was its im proved 
efficiency a t reduced loads, w hich was particu larly  desirable 
in  the case of w arship boilers. Some test figures from  boilers 
o f the G erm an a ircraft carrier G raf Zeppelin , fitted w ith  Saake 
ring  type burners, had  been published in B .I.O .S . R eport No. 
382* from  w hich the follow ing are ex tracts : —

O utpu t Oil fired O O

t . /h r . K g /h r . per cent. Efficier

6 2 1 5,127 11-3 87-8
47-4 3,840 12 • 5 89-4
3 1 3 2,354 13-2 93
17-5 1,258 14-3 94

I t  was m entioned in  th is report th a t the original Saake 
burner did no t give very good results, bu t w ith  the ring  type 
burner it w ould be seen th a t the m axim um  burner efficiency and 
C O . was obtained at about 25 per cent fu ll power.

As m entioned by C aptain  G regson, sufficient care was not 
taken to  avoid condensation troubles in  the compressed air lines 
in  some of the earlier installations. T he  au tho r understood 
tha t it was now  the recom m ended practice to  fit an after-cooler 
to  the air com pressor and  a suitable filter w as also norm ally 
fitted in  the air line.

M r. N elson’s query  regarding the efficiency of the louvre 
type dam per had been ably dealt w ith  by M r. Y oung and the 
au thor had no th ing  fu rth er to  add.

In  connexion w ith the second p o in t raised by M r. N elson 
regarding the design of the oil fuel pressure p um p  relief valve, 
this fitting was norm ally  supplied w ith  the oil bu rn ing  un it 
and as such was p art of the standard  equipm ent. T he  design 
of th is bypass valve from  the discharge to  the suction side of 
the oil p um p  should be such as to  m ain tain  a constan t pressure 
on the upstream  side of the regulating  valve by bypassing fuel 
in excess of requirem ents delivered by the pum p w hen the ou t
pu t was reduced below norm al.

O w ing to  lim itations of space it was no t possible to  deal 
in  any detail w ith  the various types of w ide-range burners avail

* Plummer, G. A. La M ont Boilers in Germany (For Naval and 
Mercantile M arine Use). B.I.O.S. Final Report No. 382, H.M. 
Stationery Office.

able; a fu ll description of the design and  operation  of the 
burner m entioned by M r. N elson was given in  a paper published 
in  the T ransactions of the Society of N aval A rchitects and 
M arine E ngineersf.

In  reply to  M r. H ayden’s query in  connexion w ith  the cost 
of m aintenance of the autom atic contro l equipm ent, it was 
difficult to  give any definite figures. Some ow ners operating 
ships w ith autom atic boiler contro ls had  a routine exam ination 
of the equipm ent made by the m anufactu rer’s representative 
every tim e the vessel re turned to  a p o rt in  the U nited  K ingdom , 
although it  was only rarely tha t any adjustm ents o r replacements 
were necessary. T he cost, therefore, depended largely on the 
frequency o f such exam inations bu t w ould  be hardly  likely to  
exceed £100 p.a. I t  was not considered desirable to  place undue 
em phasis on the economics of the subject in  a paper of this 
nature and  it was no t the au th o r’s in ten tion  to  justify  the use 
of autom atic contro ls b u t merely to  exam ine the case for and 
against their use from  the po in t of view of an im partial 
observer. As m entioned in  the paper, no definite figures could 
be given of possible fuel savings and  as M r. H ayden himself 
had  pointed  out, autom atic controls m igh t have advantages 
w hich could no t be directly assessed in  term s of £.s.d.

A lthough the statem ent on p. 7 referring to  the relative 
cost of positional and  m etered contro ls was no t in tended to 
refer to  the unified contro l system, M r. H ayden’s in terpre tation  
was nevertheless correct since it was claim ed by the m akers that 
the adoption of this type of speed contro l led to  a reduction 
in  cost and  w eight com pared w ith  the norm al sh u n t controlled 
m otors. T he  m ain  savings resulted from  the use of smaller 
m otors, since speed contro l was no t effected by field weakening 
and  also separate controllers were no t required.

M r. H ayden’s suggestion fo r contro l of furnace pressure 
by the use of autom atic bypass contro l on  the induced d raught 
fan  w ould appear to  be quite feasible b u t the use of speed con
trolled fans seemed to  be a sim pler m ethod.

In  his rem arks regard ing  the contro l o f viscosity M r. 
H ayden touched on  an  im portan t po in t since, however efficient 
the operation  of the com bustion contro l gear, the best com bus
tion  conditions could not be obtained unless the fuel oil were de
livered to  the burners at the correct tem perature. H is criticism  
of the use of an orifice in  the oil line for m easurem ent of oil 
flow appeared to  be unfounded , however, because th is principle 
was used in  any case, the bu rner tips norm ally  being the 
m easuring orifices.

W ith  regard to  M r. H ayden’s fu rth er po in t in  connexion 
w ith  the difficulty of air heater design w hen using  the ro tary - 
cup burner driven by an air turbine, the au tho r understood  th a t 
in  the G erm an design only 20 per cent of the com bustion air 
was delivered to  the furnace via the burner turbine.

T he au thor disagreed w ith  M r. H ayden on the question of 
the tim e occupied in  m anoeuvring by cross-channel vessels as he 
was no t aware of any other class of ship where the p roportion  
of the ru n n in g  tim e at fu ll load was likely to  be smaller. One 
particu lar ship came to m ind, adm ittedly  on  a short sea route, 
where about 35 per cent of the to ta l steam ing tim e was norm ally 
spent in  manoeuvring at reduced load.

t  Haynes, G. P. and Letvin, S. 1938. A New Fuel-Oil Burner. 
Trans.Soc.N.A.M .E., Vol. 46, p. 277.
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M r. Y oung’s censure in  regard to  the lack of consistency 
in the term s used was accepted w ith due hum ility  (the proviso 
should perhaps have been added tha t the term s recom mended in 
the B ritish S tandard  Glossary were adhered to  only in  the sec
tion  indicated). As M r. Y oung rightly  pointed out, however, 
the term s used were considered to  make the paper m ore readable 
to  those unfam iliar w ith  the subject.

In  his rem arks on  w ide-range burners, M r. Y oung pu t 
rather a different aspect o n  the question of the desirability of 
burners capable of an o u tp u t range sufficient to  cover all norm al 
load requirem ents. C ontro l apparatus of sufficient sensitivity 
w ould undoubtedly  reduce the reliability and robustness so 
necessary fo r m arine use and  therefore it m ight be preferable to  
lim it the range of variable capacity burners for th is reason.

T he  au th o r could no t agree w ith  M r. Zoller’s statem ent 
th a t leakage of a ir th rough  closed registers was an  advantage; 
even if only from  the po in t o f view o f reducing therm al shock 
of the refractories, i t  w ould appear advantageous to  reduce air 
leakage to  a m inim um . T he suggestion by M r. Zoller tha t the 
m aster loading pressure could be used to  contro l the steam flow 
to  the oil heater w ould appear w orthy of careful consideration 
and, if operated in  conjunction  w ith  some form  of viscosity 
control, should lead to  m ore accurate function ing  of the system 
under varying load conditions.

A lthough the term  “highly rated boiler” was no t clearly 
defined, as pointed ou t by M r. Zoller, it was often colloquially 
used to  denote one having a high o u tp u t per u n it of weight 
o r volum e and gave an  indication  of th e  sensitivity of the boiler 
to  changes in the rate of firing.

M r. Zoller pointed ou t the difficulties w hich m ight be 
experienced in  the application of unified boiler contro l to 
m arine service and the au thor agreed th a t if it were necessary 
for the m otors to  be capable of wide speed adjustm ent by field 
weakening, the advantages o f the system were nullified.

T he  au thor was interested in  M r. O ’Breen’s rem arks, par
ticularly  those on  operating pressures w ith  range control, and 
noted th a t in  the example quoted the controlled pressure and  no t 
the boiler pressure was somewhat reduced a t m axim um  load.

N otw ithstand ing  the fact th a t a venturi tube for a ir flow 
m easurem ent m ight be used in  close proxim ity  to  a bend, M r. 
O ’Breen w ould agree th a t it  was preferable to  fit it in  a straight 
length of ducting  where possible; in  any case the venturi itself 
occupied a considerable length w hich could introduce some 
difficulty in  a shipboard installation.

T h e  au th o r thanked M r. B urns for his rem arks bu t did 
no t th in k  they called for any comm ent.

In  reply to  C om m ander G reen’s first po in t regarding the 
rate o f change of steam pressure and  fuel supply, the au thor 
regretted th a t he could no t provide any  specific data, w hich 
w ould necessarily have to be based on  tests, since these variables 
depended only to  a small extent on details of th e  contro l system 
and m ainly on  the boiler design, fuel pum p details, etc. T he 
m ethods of contro l adopted fo r a ir and  fuel flow influenced 
the rate of response in  so fa r as the tim e lag between a change 
in  air loading pressure and  adjustm ent o f the controlled condi
tion  depended on the characteristics of the regulator used. As 
pointed o u t in  the paper m ore rap id  adjustm ents could be made 
by means of dam pers and  regulating  valves than  by speed con
tro l of the fans and  pum ps. M eans were provided in  the control 
units fo r adjustm ents to  prevent over correction and consequent 
hun ting  in  the case of rap id  changes in  load. I t  was, of course, 
no t possible fo r autom atic controls to  anticipate a sudden change 
in  steam dem and as, for example, going from  “S top” to  “Full 
A stern” . W hen the boilers were m anually  controlled, the fuel 
supply could be increased im m ediately the order was received 
on the telegraph bu t when on autom atic control a reduction  in 
steam pressure on opening the astern manoeuvring valve was 
necessary before the firing rate  could be modified.

W hen dealing w ith  fan  speed control, N aval practice was 
no t considered bu t, where the fans were steam driven, regulation 
of the speed m ust be m ade by autom atic adjustm ent of the 
governor setting or, as C om m ander G reen pointed out, speed 
fluctuations w ould result from  variations in  the exhaust pressure.

T he reason for the differences in  the m aster controllers 
illustrated in  Figs. 2 and  3 was th a t they had  been developed 
by different m anufacturers; their function  was the same, namely, 
to  set up  an air loading pressure p roportional to the deviation 
of the steam pressure from  the desired value. Illustrations of 
both  controllers were included to  show the different stabilizing 
devices employed in  com m only used m arine controls but, as 
m entioned in  the text, no attem pt had been m ade to  describe 
the m any types of contro l un its  available.

C om m ander G reen’s final rem arks dealt w ith  operation  of 
the controls in  case of an emergency such as a boiler tube 
failure. In  such a contingency it w ould appear advantageous to  
have the fuel and  air controls centralized at one po in t as was 
usual in  autom atically controlled installations. All control 
systems were designed so th a t the regulators m igh t be easily 
tu rned  over to  m anual contro l and  in  any case the autom atic 
un its  supplem ented, and  did  no t replace, the norm al m eans of 
control.

T he  au tho r was interested in M r. G ollen’s rem arks, par
ticularly  in  connexion w ith  the estim ated gain in  boiler efficiency 
w ith reduction  in  excess air, and  agreed th a t a corresponding 
reduction in  uptake tem perature w ould account fo r the greater 
savings sometimes attained in  practice. I t  was difficult to  
generalize on  th is subject, however, since the funnel gas tem pera
ture depended on  the p roportion  of convection heating surface, 
economizer and  air heater surfaces and  on such variables as the 
feed tem perature to  the economizer. M r. G ollen’s estim ate of a 
d rop  of 50-100 deg. F . in  uptake tem perature fo r a reduction  
in  excess air from  60 to  20 per cent appeared to  be rather on 
the high side. I t  had  been found  in  practice, fo r example in  the 
case of the L a M o n t boilers in  the system show n in  Fig. 10, 
th a t an  increase in  C 0 2 from  10-2 to  12-5 per cent a t constant 
o u tpu t, corresponding to  a reduction  in  excess a ir o f about 
25 per cent, had no effect on  the gas exit tem perature of 
300 deg. F .

C ontro l of the oil supply by autom atic regulation  of the 
bypass valve on  the oil fuel pressure pum p, as suggested by M r. 
Gollen, w ould appear to  be a satisfactory m ethod b u t, as m en
tioned in  the reply to  M r. N elson, this valve was norm ally 
supplied as p a rt of the standard  oil bu rn ing  un it. I t  was w ith 
points of this k ind  in  m ind  th a t the au th o r stressed the desir
ability o f early co-operation between the m anufacturers o f the 
various auxiliaries and  the autom atic contro l equipm ent.

T h e  au thor thanked M r. A lexander for his contribution  
and  was interested to  hear of the m echanical transm ission system 
described; such a m ethod of contro l w ould be hard ly  practicable 
in a m arine installation, however.

T he au tho r agreed w ith  M r. Baker th a t m ann ing  problem s 
had largely influenced the w ider adoption of autom atic con
trols, particularly  in  the case of vessels bu ilt under the U nited  
States w ar-tim e program m e. A num ber of superintendent 
engineers had been favourably im pressed by the operation of 
such equipm ent bu t, as pointed ou t by C aptain  G regson, the 
analysis of voyage records over a considerable period w ould be 
necessary to  obtain  a definite m easure of any fuel economies 
obtained.

T he  question of the operation of the G erm an ro tary  cup 
burner had been referred to  in the reply to  C aptain  Gregson, 
bu t it had been reported by a num ber of authorities th a t such 
burners did no t give consistently h igh com bustion efficiency. 
W hen considering the application of burners capable of control 
over the whole o u tp u t range it m ust be borne in  m ind  tha t, 
as stated by M r. Y oung, the sensitivity of the contro l apparatus 
w ould have to  be greatly increased.

In  referring to  the wastage of brickw ork in  all-refractory 
furnaces under conditions of high furnace ra ting , it was not 
the au thor’s in ten tion  to  suggest th a t the refractoriness of the 
furnace lin ing  m aterial w ould be exceeded in  service. In  the 
presence of fluxing elements, usually  associated w ith  the fuel 
ash or in troduced by the inclusion of sea w ater in  the fuel oil, 
the liquefaction tem perature of the face of the firebrick was 
greatly reduced, often to  w ith in  the range of w orking tem pera
tures. S uch actions were accelerated at increased tem peratures
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Plate I

A nnua l Conversazione, 1951 
(A bove) M r. J. Turnbu ll, O .B.E ., and M rs. T urnbu ll; Dr. S. F. D orey, C .B.E ., F .R .S .,

and M iss R osam und Dorey.
(B elow ) M r. B. C. C urling and M rs. C urling; M iss D orey and Dr. Dorey.



Plate 2

A nnua l Conversazione, 1951
(A bove) M r. J. Turnbull, O .B.E ., and M rs. T urnbu ll; M rs. - Robertson and

M r. A . Robertson, C.C.
(B elow ) M rs. Pemberton; M r. R. B. Shepheard, C .B .E ., and M rs. Shepheard;

M r. H . N . Pemberton.
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and therefore any m eans of lim iting  the furnace tem perature 
a t high ou tpu ts, such as an increase in  excess air, w ould be 
beneficial from  the po in t of view of refractory life.

M r. Baker touched on  an im portan t po in t, also referred 
to  by o ther contributors, w hen he m entioned the necessity o f 
close contro l o f viscosity of the fuel. T h e  au th o r added, how 
ever, th a t the w orking conditions norm ally  corresponded to  a 
relatively flat po rtion  of the tem perature-viscosity  curve and  a 
considerable variation in  tem perature of the oil could be tolerated 
w ithout an  appreciable effect on the viscosity.

T he au th o r thanked  M r. M organ  for his con tribu tion , w ith 
w hich he was in  general agreement. As m entioned by another 
con tribu to r, the regulating  m echanism s employed were usually 
capable of adjustm ent to  give the dam pers the required 
characteristics.

M r. M organ also suggested th a t the m ain  advantage of 
compressed air fo r the transm ission system was its  availability; 
this was no t norm ally  the case, however. Advocates of pneu
m atically controlled systems claimed th a t the m ain  advantages 
over hydraulic transm ission lay in  the increased facility of 
rem ote contro l, the  reduction  in  transm ission p ip ing , lack of 
im portance of leaks in the system, etc.

M r. Shaw ’s in teresting  rem arks d id  no t call for any  com 
m ent on  the p a rt of the au th o r unless it  were to  add  th a t the 
firem an w ould probably have some difficulty in  m aking adjust
m ents to  give the predeterm ined op tim um  conditions at re
duced loads w hen manoeuvring.

M r. Stevens quite righ tly  pointed  ou t th a t it was no t usual

INSTITUTE

M in u tes o f Proceed ings o f th e  O rd in a ry  M eetin g  held at the 
In s t itu te  on Tu e sd a y , 2 7 th  N ovem ber 1951

A n ord inary  m eeting was held at the In s titu te  on Tuesday, 
27th N ovem ber 1951, a t 5.30 p.m . M r. J. T u rn b u ll, O.B.E. 
(C hairm an of C ouncil), was in  the C hair. A paper by M r.
B. T aylor, B .Sc.(Eng.), A .M .I.M ech.E ., entitled “A utom atic 
C om bustion C ontrols fo r M arine Boilers” w as read and  dis
cussed. Seventy mem bers and  visitors were present and  nine 
speakers took p art in  the discussion.

A vote of thanks to  the au tho r was proposed by M r. 
W. L ynn  N elson, O .B.E., and  was accorded w ith  acclamation. 
T he m eeting ended at 7.55 p.m .

A n n u a l C o nversaz io n e
T he A nnual Conversazione was held at G rosvenor House 

on F riday , 7 th  Decem ber 1951. T h e  President, D r. S. F. 
D orey, C .B.E ., F .R .S ., and  M iss D orey received th e  1,250 
guests; d u ring  the d inner w hich followed, a toast to  the 
President and  M iss D orey was proposed by M r. J. T u rn b u ll, 
O.B.E. (C hairm an of C ouncil), to  w hich D r. D orey replied.

A fter dinner, Sydney Jerom e’s Ballroom  O rchestra played 
for dancing un til 1 a.m ., though  there were tw o interludes 
d u rin g  the evening for cabaret, w ith  acts by th e  “D e Vere” 
Y oung Ladies, M arga R ita, Jacqualli (assisted by Jean), Ernie 
D illon and  P artner, the M on tm artre  Ballet, the  Fam ous Caroli 
Brothers and  the Reiffs.

H u ll Loca l Section
O n F riday , 23rd  N ovem ber 1951, the H ull Local Section 

inaugural d inner was held at the G uildhall and  was attended 
by the L o rd  M ayor o f H u ll, A lderm an R. E. Sm ith. T he

to fit a positive fuel shut-off to  operate in the event of failure 
of the forced d raugh t fan  b u t in  this emergency the fuel supply 
w ould be autom atically  reduced to  the pre-set m in im um  value 
by the ratio  controller. I t  w ould be possible, of course, to  fit 
an interlock to  prevent any fuel being supplied to  the furnace 
on loss of fan  pressure b u t th is w ould be independent o f the 
autom atic com bustion controls. I t  m ust be rem embered that 
the p rim ary  function  of these con tro ls was to  m ain ta in  efficient 
com bustion and  no t to  provide fo r all emergency conditions; 
the possibility of a dangerous condition  arising from  a drop in 
the w ater level should be taken care of by the low-level fuel 
shu t off norm ally fitted.

As M r. Stevens w ent on to  say, it was the practice in  some 
cases to  set the fuel regulating  valve to prevent the oil pressure 
falling too low for efficient atom ization. I t  seemed to  the au thor 
th a t the sim ple arrangem ent w hich gave an  ind ication  by lights 
o r audible means w hen the fuel pressure reached predeterm ined 
lim its was the best so lu tion  to  th is problem.

T he  au tho r was n o t fam iliar w ith  the electronically con
trolled steam atom izer m entioned by M r. Stevens unless he re
ferred to  the photo-electric cell flame detector w hich had been 
developed in  the U n ited  States as a safeguard against the injec
tion  of fuel in to  the furnace in  the event o f flame failure. I t  
was the au th o r’s opin ion th a t electronic contro ls w ould  no t find 
wide application fo r boiler room  service.

In  conclusion, the au th o r w ished to  thank  all the con tri
bu tors to  the discussion fo r the m any  useful com m ents, w hich 
added to  the value of th e  paper.

ACTIVITIES

President of the Institu te , D r. S. F . D orey, C .B.E ., F .R .S., 
and  the Secretary, M r. J. S. R obinson, M .A ., travelled from  
L ondon  to  be present; a large num ber of local members and 
guests attended the function .

(S tand ing ) J. G. C harlton (V ice-C hairm an ) , G. H . M . 
H utchinson  (C ha irm an), J. S . R obinson, M .A . (Secre
tary o f the In s titu te ) , D r. B. Pugh, B .Sc. (H onorary  
Secretary o f the S ec tio n ), and C. J. Potter (H onorary  
Treasurer); the L ord  M ayor o f H u ll, F. C. M . H eath  
(V ice-P resident) and Dr. S . F. D orey, C .B.E ., F .R .S . 

(P resident) are seated.



Institute Activities

D r. D orey proposed the toast of the H u ll Local Section; 
he m ade a plea for a m ore serious attitude to their w ork on 
the p art of the young m en and for m ore co-operation from  
the older m en in  passing on  the benefits they had themselves 
received from  the previous generation. H e said th a t the estab
lishm ent of vigorous local sections was a welcome and healthy 
sign in  the life of the Institu te. M r. F . C. M . H eath, Vice-

J. G. C harlton, the Lord  M ayor, F . C. M . H eath, Dr.
Dorey, G. H . M . H u tch inson  and E. I. Harrison, B .Sc.

President for H ull, in  responding to the toast, referred to  the 
fine trad ition  of shipbuilding and  engineering in the port, 
where ships had been bu ilt since 1693.

O ther speeches were m ade by M r. J. G. C harlton  (Vice- 
C hairm an), w ho proposed the health of the city of H ull, to 
w hich the L ord  M ayor responded, and by D r. B. Pugh , B.Sc. 
(H onorary  Secretary) and M essrs. G. H. M . H utchinson 
(C hairm an) and W. S. M ilner.

Sydney Loca l Section
T he A nnual D inner of the Sydney Local Section was 

held a t the C arlton  H otel, Sydney, on T hursday , 15th 
Novem ber 1951, w hen eighty-five members and  guests were 
present. T he  official guests included Messrs. D . L yon M cL arty , 
D irector of the State D ockyard, N ewcastle; H. G . Conde, 
the State E lectricity C om m issioner; V. J. F. Brain, President 
of the In s titu tion  of Engineers, A ustralia; C apt.(E) E. A. Good, 
Engineer M anager of the G arden Island D ockyard; also 
Professor A. H . W illis, and M essrs. M . D . A they and J. R. 
Robertson, w ho delivered papers to  th e  Section during  the year.

M r. W. G . C. B utcher was in  the C hair and opened 
the proceedings by reading extracts from  letters w hich had 
been received from  M r. B. C. C urling  in  reply to a message 
sent to  him  on his retirem ent and also from  M r. H . A. G arnett, 
the Local V ice-President, who w ould be re tu rn ing  shortlv  to 
Sydney from  Britain.

T he  toast of the Institu te  of M arine Engineers was p ro 
posed by M r. M cL arty  in  a breezy and interesting address, 
to w hich M r. Ross C uthbert replied. T he toast of “O ur 
G uests” was proposed by E ng’r C aptain  G. I. D . H utcheson; 
M r. Conde replied on behalf of the visitors and gave a very 
interesting account of his recent w orld tou r in  search of better 
deliveries for electrical equipm ent for New South  Wales.

Once again th e  d inner was a m ost successful function  and 
the whole evening was a great success. T he  speeches were apt 
and  were greatly enjoyed by those present and after the formal 
d inner members moved about and  rem ained in conversation 
for a considerable time. T he pleasure taken in  this function  
and the support w hich members continued to  give were most 
gratifying to the Local Committee.

Jun io r Section
Barrow-in-Furness Technical College

O n F riday , 30th N ovem ber 1951, M r. H. A rm strong 
(M ember) gave a lecture entitled “T he C onstruction  of Oil

T ankers” to  an audience of eighty at the B arrow -in-Furness 
Technical College. T he P rincipal of the College was in  the 
C hair and C om ’r(E) J. J. H ughes, R .N . (Local V ice-President 
for Barrow) represented the Institu te.

T he  lecture, w hich was illustrated  by an interesting series 
of slides show ing tankers in  varying stages o f construction, 
was well received and  a lively discussion was opened by M r. L . 
Redshaw, Shipyard M anager of the N aval C onstruction  W orks 
of V ickers-Arm strongs, L td . T he  discussion, w hich lasted about 
an  hour, ranged widely from  m ethods of construction , th rough  
various aspects of operation and  m aintenance, to  life and 
conditions on  board  tankers w ith  particu lar reference to  rates 
of pay. M r. A rm strong  had no difficulty in  dealing w ith all 
the poin ts raised. T he m eeting closed w ith a vote of thanks 
to  the au thor, moved by M r. Redshaw and passed w ith 
acclamation.

Poplar Technical College
M r. J. W. C oulthard , D .S.C . (M ember) delivered his lec

ture, “W elding in  Ship Repair W ork” , at Poplar T echnical 
College o n  T hursday , 13 th  December 1951, to  a large audience 
of students from  the m arine engineering, sh ipbuilding, barge 
build ing and  w elding classes. T he  C hair was taken by M r. W. 
Laws, M .Sc., P rincipal o f the College, and the In s titu te  was 
represented by M r. T . W. L ongm uir (M em ber of Council).

T he  lecture was divided in to  three sections, dealing in  
tu rn  w ith  shipwork, boiler w ork and  general heavy w elding, 
including a cast steel com pressor, and  was illustrated by 
num erous slides and diagram s. T he  lecture provoked a large 
num ber of critical enquiries to  w hich M r. C ou lthard  replied 
in detail, the eagerness of the questioners being subdued only 
by the clock. M r. L ongm uir thanked the P rincipal for his 
co-operation in giving facilities for the lecture to be held 
and proposed a vote of thanks to  M r. C ou lthard  fo r the trouble 
he had taken in collecting such a quan tity  of practical in form a
tion. A ppreciation was also expressed of M r W est’s services 
in connexion w ith the show ing of the slides.

C O R R E S P O N D E N C E

“ H igher Steam  Co nd ition s fo r Sh ip s ’ M ach in e ry ” *
There has been correspondence between M r. W. H am ilton  

M artin , the Secretary and M r. M . Ireland as a result of the 
use of the term  “electro-plating” in  the au thors’ reply to M r. 
M artin ’s con tribu tion  to  the discussion on “H igher Steam  
C onditions fo r Ships’ M achinery” , in  w hich he describes a 
new system of electro-polishing. M r. Ire land contends tha t 
a surface cannot be rebuilt and the original dim ensions restored 
by polishing, w hich is a m ild  abrasive process. A n extract 
from  M r. M artin ’s reply is given below :

“M r. Ireland is righ t in  saying th a t electro-plating is 
a m ild  process of metal rem oving.

I have, to  m y dism ay, discovered th a t the advance 
inform ation I  received on the electro-polishing process, 
and w hich form ed the basis of m y contribu tion  to  the 
paper, was incorrectly conveyed to  me. I should no t have 
given the im pression th a t by means of the process surfaces 
of articles could be rebuilt. In  fact, electro-polishing of 
surfaces of parts used in  steam engineering practice and 
gas turbines, etc., cleans and  resm ooths them , practically 
restoring their sectional con tour to  its original form , as 
only one or tw o-thousandths of an inch is removed in  the 
process.

M y contribu tion  (p. 265) to  the discussion should be 
corrected by the substitu tion  th roughou t of the words 
“resm oothing” for “resurfacing” and “ resm oothed” for 
“ resurfaced” , and the second paragraph  should appear as 
fo llow s:

“A process of electro-polishing had recently been 
developed and perfected in  th is country  by a British 
electro-chem ist, by w hich such parts were successfully 
cleaned, resm oothed, polished and rebuilt to  original 
overall dimensions. In  its present stage of developm ent,

* Published in the November 1951 T r a n s a c t io n ' s , Vol. L X III, pp. 
227-269.
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parts m ade from  m aterials such as stainless steels, stainless 
iron, h igh  du ty  nickel-chrom e alloys and  the like could 
be descaled, foreign deposits rem oved from  entire surfaces, 
corrosion and  p itting  reduced and  sm oothed out, polished 
and  brightened, the original sectional con touring  restored 
and  p u t in to  service again in  little tim e, avoiding costly 
renewal.”

M em bersh ip  E lection s

Elected 14th January 1952
M EM B ER S

Reginald D udley H ow ard  A bbott 
Jan  Bakker
Pieter A ndrea D e Blick 
A rchibald C orbett Bone 
D onald  Eadie 
Joseph Jones
A lfred G eorge Reed L o tt, L ieut.(E ), R .N.
Alexander L. P. M ark-W ardlaw , R ear-A dm iral (E), D .S.O .
W illiam  M arsh
H enry  B aron Roberts
A lexander Blackley Sinclair
Ewen H enry Sm ith
W illiam Stonehouse
Bryan T aylor, B.Sc.
Philip  D uncan  T hom as 
O swald W atson 
Reginald Browne W oodw ard 
Robert Jam es W illiam s .

A SSO C IA T E M E M B E R S
John  Robert Gilbey 
F rank  E lgar W illiam  M arsh 
Patrick  Potter 
James W ebster 

A SSO C IA T ES
H asan Abbas 
Peter John  A tkinson 
John  D avidson B arr

H enry  W illiam  C hapm an 
Jo h n  A lexander Coull 
Joseph H enry  Evans 
Indresw ar G ogoi 
H endrik  Johan  Hille 
W illiam  E dw ard  George H olibar 
A rth u r V ivian Lobo 
Bhim Sain M akhija 
R ichard D ennis M cC rudden  
Jo h n  Jam es M cK eon 
W illiam  Peter Swale N unan  
H un te r K err Owen 
Jal Pestonjee 
Ian  H am ilton  Stew art 
D ouglas M u rray  T hom pson  
Geoffrey D avid  T u rnbu ll 
D avid Patterson W est 
B ernard Jo h n  W orden 
John  W ilson Y oung 

S T U D E N T S
Rex Joseph D ’Souza 
D avid Robert Speirs 
B ernard Jam es V aughan

T R A N SF E R  F R O M  A SSO C IA T E TO  M E M B E R
A rth u r B orton 
B ennett D odd 
Robert E lliott
Joseph W illiam  Lam b, Lieut. C om ’r(E), R N . 
A lfred N oel T hom pson  
Leslie A rth u r T urrell 

TR A N SFE R  F R O M  A SSO C IA T E TO  A SSO C IA T E M E M B E R  
M ahm oud  A hm ad Ism ail A l-A rabi 
R onald Jam es H ook 
D onald  M acD onald

T R A N SF E R  FR O M  GRADUATE TO  A SS O C IA T E  M E M B E R
T revor Palm er Jones

TR A N SFE R  F R O M  S T U D E N T  TO  M E M B E R
Geoffrey A lured D uncan  Long, L ieut.(E ), R .N

OBITUARY
W. J. N . B r e t t  (M em ber 446) was born  at B roughty 

Ferry, near D undee, in  1868. W hen he was fou r years old, 
his father died and he was b rough t to  L ondon  where he was 
educated at B uxton College, in  the S tra tfo rd  area. O n leaving 
school, he was apprenticed to  Lester and Perkins and  rem ained 
w ith them , finally  as chief d raughtsm an, un til the com pany 
was merged w ith  ano ther firm  in 1924. Subsequently, he 
worked as a sales representative in  the L ondon  docks area for 
several engineering firms. M r. B rett was closely associated w ith 
the establishm ent of th e  In s titu te  a t S tra tfo rd  in  the earliest 
days; he was elected to  m em bership in February  1891 and for 
a num ber of years, un til the W est H am  T echnical In s titu te  was 
opened in  O ctober 1898, he conducted  classes for apprentices 
on the In s titu te’s premises. O ne o r tw o mem bers, w ho have 
also been connected w ith  the In s titu te  alm ost from  its inception, 
attended these classes. In  M arch  1890, while still an  Asso
ciate, he read a paper entitled “ F ric tion  in  Screw Propelling 
Engines” at a m eeting of the Institu te . H e was proud  of the 
literary accom plishm ents of his fam ily; his m aternal g rand
father was Jam es Lees, a lawyer, w ho w rote “T he  Laws of 
British S h ipping  and  M arine Insurance” ; his paternal g rand
father was d istinguished as being the first m issionary to  B ritish 
G uiana w ho, as well as w riting  m any books on the country  
and the custom s of its people, gave them  fo r the first tim e a 
w ritten  language.

D u rin g  his last years, M r. B rett suffered m uch anxiety

ow ing to  the prolonged illness of his wife and , after her death, 
his ow n health w orsened rap id ly ; he died on  the 29th N ovem 
ber 1951.

F. W. D u g d a l e  (M em ber 10506) was born in  1892 and 
educated at W ellingborough and  K ing ’s College, D urham  
U niversity , where he obtained a B.Sc. degree. H e served an 
apprenticeship w ith  the N o rth  E astern  M arine E ngineering Co., 
L td ., and  then  w ith  S. P. A ustin  and  Son, L td ., both  of 
Sunderland, from  1908/14. H e then  spent a a year at sea, as 
fou rth  engineer w ith  the Ben Line. O n his dem obilization from  
the Royal A rtillery in  1918, he worked fo r D udgeon and G ray, 
L td ., consulting  engineers and  m arine surveyors in  N ewcastle- 
on -T yne and  L ondon , bu t re turned to  S. P. A ustin  and  Son in 
1923 to  assist his father, w ho was then  m anaging director. O n 
his fa ther’s death in  1929, he was appointed m anaging director 
in  his place. In  1936, M r. D ugdale  was elected vice-chairm an 
of the Conference and W orks B oard of the Shipbuild ing  
Em ployers’ Federation  and the follow ing year he was appointed 
chairm an; in  1946 he was vice-president o f the Federation  and 
in  1948/49 he was their president. In  1942 he was elected to 
the presidency of the S underland C ham ber o f Com m erce; he 
twice held office as chairm an of the W ear Shipbuilders’ Associa
tion , from  1935/37 and  from  1945/46. H e was a m em ber of 
L loyd’s Register technical com m ittee and  of the board  of the 
River W ear Com m ission. He was a m em ber of the In s titu tion
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of N aval A rchitects and  of the N o rth  East Coast Institu tion  
of Engineers and  Shipbuilders; he had served as a mem ber of 
council o f the N o rth  E ast Coast In s titu tion  fo r m any years and 
was elected an honorary  m em ber in  1950 in  recognition of his 
services. M r. D ugdale was elected a M em ber of the Institu te  
in  1945.

C. T . In g e r so l l  (M em ber 2070) was born  in  1889; he 
served an  apprenticeship w ith  C aird  and Rayner of Lim ehouse 
and  w ent to  sea as a jun ior engineer w ith  the U ran ian  Steam 
ship C om pany in  1908, transferring  some years later to  the 
New  Zealand S h ipp ing  Co., L td . In  1915 he joined the 
U nion-C astle M ail S team ship Co., L td ., and  served in  their 
vessels un til he obtained a F irs t Class Board of T rad e  certifi
cate in  1921. F rom  1921 un til his retirem ent due to  ill health 
in  1945, M r. Ingersoll was employed by Cable and  Wireless, 
L td ., and served in  all their cable ships, finally as chief 
engineer. H e was a t sea th roughou t the tw o w orld  wars, in 
troopships from  1914/18 and  on cable repair w ork from  
1939/45. M r. Ingersoll was elected a G raduate  of the Institu te  
in  1908, transferred to  Associate M em bership in 1915 and to  
full M em bership in  1921.

A rth u r  P o l l it t  (M em ber 10129) was born  in  1891 and 
was apprenticed to  B row itt, L indley and C om pany of M an 
chester from  1908/12; he attended day and  evening classes at 
the Royal Technical College, Salford, from  1906/12. From  
1912/13 he worked as a junior engineer w ith  H ick, Hargreaves 
and C om pany of B olton and  in  1913 as an assistant in  the 
engineering departm ent of M etropolitan-V ickers Electrical Co., 
L td ., M anchester. F rom  1913/19 he was contract and con
structional engineer w ith  the B rush  Electrical E ngineering Co., 
L td ., L oughborough; from  1919/27 he was employed in  the 
construction  departm ent of th e  M anchester C orporation  Elec
tric ity  D epartm ent. F rom  1927 un til 1948 he was chief con
structional engineer to  the L ondon  Pow er C om pany, W est
minster. In  M arch  1948, on  the nationalization of the service, 
he was appointed chief generation engineer (construction) in 
the L ondon  D ivision of the B ritish E lectricity A uthority , and 
from  O ctober 1950 un til his death on the 23rd December 1951 
he was deputy  divisional controller o f the L ondon  D ivision. 
M r. P o llitt was elected to  m em bership of the In s titu te  in  1945; 
he was also a m em ber of the Ins titu tion  of M echanical E n 
gineers and  the M anchester Association of Engineers and  an 
Associate M em ber of the Ins titu tion  of Electrical Engineers. 
H e was a m em ber of the C ourt o f A ssistants o f the W orshipful 
C om pany of H orners.

G eorge  F r ed er ic k  R o s s  (Associate 10586) was born  in  
M elbourne in  Ju ly  1887 and  after leaving school studied at the 
M elbourne T echnical College, where he obtained a diplom a 
in  electrical engineering. H e obtained em ploym ent at the 
Jum bunna Coal M ine in  G ippsland and  in  1906 joined the 
engineering staff of the M elbourne C ity  C ouncil Electric Supply 
S tation  where he worked un til he was seriously in jured  in  a 
railw ay accident. H e joined the staff of Babcock and  W ilcox, 
L td ., in  Sydney in  1911; from  1915/20 he was em ployed at 
the D um barton  w orks and  later helped w ith  the erection of 
new works for the com pany in  Spain. O n his re tu rn  to  
Sydney in  1921, he was appointed assistant works m anager 
o f the com pany’s new w orks at Regents P ark ; in  1929 he was 
prom oted w orks m anager and acted in  th a t capacity u n til his 
retirem ent from  active duties in  December 1950. M r. Ross 
played an  active p art in  the activities of various professional 
engineering bodies and  in  the w ork of the S tandards A ssociation 
of A ustralia, of w hich he was chairm an for a time. H e was 
elected an  Associate of the In s titu te  in  1945. H e died in 
E ngland on 20th  Septem ber 1951.

J a m e s  Sa lter  (M em ber 8926) was born  at Liverpool in 
1885. H e served an apprenticeship w ith  the L iverpool E n
gineering and  Condenser C om pany from  1901/05 and  at the 
Barrow  w orks of V ickers-A rm strongs, L td ., from  1905/07. 
H e spent th irty -tw o  years at sea, un til 1912, w ith  the U n ion  
Castle Steam ship C om pany, w hen he joined the N ew  Zealand 
Shipp ing  Com pany. H e was appointed chief engineer in  1926 
and supervised the bu ild ing  of new tonnage in  Belfast and 
Clydebank from  1935 to  1939. H e was appointed assistant 
superin tendent engineer in  1939, being stationed at L ondon 
and N ew port, re tu rn ing  to  L ondon  in  1945, from  w hich office 
he retired in  June 1950. M r. Salter, w ho had  been a member 
of the In s titu te  since 1939, died on  9 th  Decem ber 1951.

R o bert  S t e w a r t  (M em ber 8893), bo rn  in  1895, served an 
engineering aprpenticeship w ith  the Fairfield Shipbuild ing  and 
Engineering Co., L td ., Glasgow. A fter six m onths sea service 
w ith the A nchor D onaldson Line, he joined the C lan  Line 
Steamers, L td ., and  sailed in  their ships for six years, by w hich 
tim e he had obtained a F irs t Class B oard of T rad e  certificate. 
A fter six m onths ashore w ith  D . and  W . H enderson, L td ., 
Glasgow, he joined the Southern  Railway C om pany as th ird  
engineer in 1925; he was prom oted chief engineer in  1929 and 
rem ained in  th is capacity un til 1939. In  th a t year he was 
appointed assistant superin tendent m arine engineer of the 
com pany’s m arine w orkshop at D over, being prom oted later to  
superintendent m arine engineer, the appoin tm ent he still held at 
the tim e of his death on the 25th  N ovem ber 1951. M r. Stew art 
was elected a M em ber of the In s titu te  in  1939
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