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Ch a i r m a n  : I  am  very pleased to  b e  w ith  you th is afternoon 
because in  New Zealand th ey  did  me the  honour of making 
me an  Associate of the  A ustralian In s titu te  of M arine Engi
neers. Some twelve m onths ago I  had  the  pleasure of decorat
ing your H onorary  Secretary, Mr. Adamson, w ith  a sim ilar 
emblem to  th a t  which I  possess, on behalf of th a t  In s titu te . 
In  New Zealand we have a special in terest in  m arine engineers 
because of the  distance we are from  the  heart of the  Em pire. 
I  do not know w hether any  of you, in  your wanderings over 
th is extensive exhibition, have seen the  New Zealand court 
w ith  its  specimens of th a t  coun try ’s varied productions, coal, 
gold, ca ttle , wool, grain, tim ber, and  m inerals of every des
cription. Backed up by  a beautiful clim ate, a productive 
coun try  and  an  enterprising people, you m ay imagine we believe 
ourselves to  be in  an  enviable position. Our only trouble 
is th a t  we ara so far aw ay from the  heart of the  Em pire, and 
in this respect th e  m arine engineer has been of immense service
to us. I  recollect',the tim e when it took 100 days in a sailing
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ship— sometimes 120, 130 or even 140 days— to  get to  th a t  
country , b u t w ith  th e  assistance of th e  m arine engineer and  
the  im provem ents in  m achinery we rely upon steam ers doing 
the  voyage from  London or P lym outh  in  six weeks w ith  the  
same regu larity  which we see shown a t  our railw ay stations 
in  th is country. W hen I  glanced a t th is paper by  Mr. Cummins 
and  saw th e  reference to  a  subject which had  certain ly  no t 
occurred to  me, I  w ondered if i t  would be of any  assistance 
in  shortening th e  distance. I  am  inclined to  th in k  it  will. 
F or a  long tim e p ast there has been a good deal of ta lk  abou t 
an  “ all red  ro u te .”  The route generally spoken of is a service 
from  G reat B rita in  to  Canada, across C anada by rail, thence 
from  V ancouver or some o ther p o rt on th e  w est coast to  New 
Zealand and  A ustralia, m aking th e  whole land journey  across 
B ritish  te rrito ry . My friend Mr. Adam son would be able 
to  form  a b e tte r  opinion th an  myself on th is  point, b u t I  m ust 
confess th a t  I  would prefer to  see these boats trav e l direct 
from  th is  country  to  New Zealand, travelling  a t  a higher 
speed. T h at is ju s t the  same to  me as reducing th e  mileage. 
F o r instance, supposing the  M auretania  to  go from  here to  
New Zealand. The ordinary  vessel going a t 1 2 | knots takes 
six weeks ; if i t  were possible for the  Mauretania  to  keep up 
her speed of 25 knots, it w ould take only th ree weeks to  do th e  
voyage. The question is w hether by any  such proposal as is 
m entioned in th is paper we can bring about an  increase in 
speed which will justify  shipping companies in, a t  any  rate , 
giving it a tria l. A t present the  conditions are th a t  the  cost 
of coaling to  get th e  higher speed would be such as to  m ake 
it alm ost prohibitive. I  myself a t  one tim e used to  imagine 
th a t  it m ight be possible to  get a very  suitable com bination 
of coal and  some of the  oils which would give the  heating 
power in  a m ore economical way, b u t perhaps our friend Mr. 
Cummins offers a solution in his paper which will have the 
effect I  wish to  see, and  which m ost of us wish to  see, the  speed 
of our ships increase so th a t the  d is tan t p a rts  of the  Em pire 
m ay be brough t closer in tim e if no t in distance. I  have 
travelled  to  an d  fro m any  tim es an d  in  m any directions on 
boardship, an d  the  question has often occurred to  me, W ho 
is th e  m ost im portan t m an on th e  ship ? I  th in k  w ith  a slight 
stu d y  of navigation  and  some assistance, I  perhaps m ight 
m anage to  navigate a ship ; b u t I  am  very  doubtful as to  m y 
ab ility  to  handle some of th a t  in tricate and  huge m achinery
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which is the  propelling power of our ocean liners. N ot only 
th a t, b u t all over the  vessel one sees m achinery doing the  
work which a t  one tim e was done by hum an hands, and  it 
seems to  be quite w ithin reason, and I  am  n o t sure th a t  it  
is no t in some cases already required, th a t  the  m an who 
com m ands should be a good practical engineer as well as a 
navigator. Again I  th an k  you for the  opportunity  of m eeting 
you th is afternoon, and  now have pleasure in  calling upon 
Mr. Adamson, in the  unavoidable absence of Mr. Cummins, 
to  read the  paper on “ In ternal Combustion Engines for Marine 
Use.”

-----------------------

The object of this paper is to  raise a discussion and to elicit the 
opinions of members, on the type and design of the standard  
m arine in ternal com bustion engine of the future. W e are 
no t ye t in sight of the gas engined battleship or A tlantic 
liner, b u t steady  progress is being made w ith engines of small 
power, and the problem of larger powers is now being tackled 
by several engineers.

The first question which arises is : Will the engine of the fu ture 
be a gas turbine ? As there are, so far as the w riter is aware, 
no practical examples of such a machine in use, the pro
bability is th a t the reciprocating type of engine will be de
veloped first, a t any rate , until something practical is evolved 
in the way of a gas turbine.

The first consideration is th a t  of fuel. The fuels a t  pre
sent used in connexion w ith in ternal combustion engines are 
coal, anthracite and bituminous, coke, crude petroleum, paraffin, 
petrol and alcohol. For m ercantile marine use, cheapness of 
fuel is essential, and the choice would natu ra lly  fall on coal, 
except in certain parts of the world near oil fields, where it  
would pay to use crude petroleum. Petrol is quite ou t of 
th e  question owing to its prohibitive cost. Coke, unless sold 
as a bye product, would be too expensive. Alcohol m ay 
perhaps in the future be able to  compete w ith petroleum.

The use of coal as a fuel involves, of course, the provision 
of a  gas producer and  its accessories, and  in comparing a 
p lan t composed of engines and gas producers, w ith a  p lan t 
using petroleum  direct, either on the Diesel, or vaporiser
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system , due account m ust be taken  of the  additional space 
required for the form er p lant, its ex tra  cost, and  the  value of 
the ex tra  space occupied, com pared w ith  the  dearer fuel of 
the la tte r  plant.

The m ost successful gas producers, from the  po in t of view 
of easy and reliable working are those using an th racite  fuel. 
On account of the ex tra  cost of th is fuel, as com pared w ith 
ordinary bitum inous coal, i t  will be essential, if the best fuel 
economy is to  be obtained to  have producers capable of dealing 
w ith  all qualities of bitum inous coals, such as are now sold 
as steam  coal. A t the  presen t tim e, owing to  the  trouble 
caused by the  form ation of ta r , and o ther difficulties, producers 
dealing w ith  bitum inous fuel are no t entirely  satisfactory, 
b u t no doub t in the  near future, the necessary im provem ents 
will be effected to  enable ordinary  bitum inous steam  coal to 
be used successfully.

The nex t question to  be considered is, which type of in ternal 
com bustion engine will best fulfil the som ewhat difficult con
ditions imposed by  m arine necessities ?

These conditions are—
(1) Absolute reliability.
(2) Capability of continuous non-stop running for long 

periods.
(3) Capability of running in either direction and  of being 

s ta rted  w ith  absolute ce rta in ty  from any  position of the 
cranks, w ithout the use of barring gear.

(4) C apability of working economically a t  various speeds.
(5) Complete accessibility of all working p arts  for exam 

ination, overhauling and  repair.
W ith reference to  the first two conditions, g reat advances 

have been m ade of la te  years, in th is direction.
G reater a tten tio n  has been paid  to  arrangem ents for lub rica t

ing the various working p arts  satisfactorily, ignition m ethods 
have been im proved, and  details generally brought to  per
fection.

There are, however, some difficulties to  be overcome yet, 
m ainly due to  producer troubles and unclean gas, causing 
deposits of ta r  and  other im purities on the valves and  in ternal 
working parts.

Coming to  the  th ird  condition, viz., capability  of running 
th e  propeller in either direction, and  of being s ta rted  from  any 
position w ithout the use of barring gear, th is brings us to  one
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of the greatest difficulties experienced in  adapting  the in ternal 
com bustion engine to  m arine use.

There are tw o ways of tackling the problem. F irs t, by 
running the engine in  one direction only and  interposing 
some kind of coupling between the crank shaft and  the  p ro 
peller shaft, by  which reversing of the ro tation  of the  propeller 
shaft m ay be effected, or, second, by the d irect coupling of 
crank and  propeller shaft as in a steam  engine and  m aking 
the engine itself capable of reversing. Several m ethods of 
carrying out the first arrangem ent have been used, and  pro
posed, a few of which m ay be m entioned here.

There is the ingenious “ Paragon ” system  of our m ember, Mr. 
W illiam P. D urtnall, in which an  electric dynam o and  m otor 
are interposed between the crank shaft and  the  propeller, by 
which reversing, and  also speed variation is effected. For 
sm aller powers bevel gearing has been used to  effect the 
necessary reversing m otion.

O ther system s which have been suggested are the  in terposi
tion of an  hydraulic pum p and  m otor between the  crank shaft 
and  propeller shaft, and Mr. D unlop’s system  in which the 
connecting medium  is compressed air. W here reversing is 
effected by  gearing some form  of clutch is generally used, 
which also enables the engine to  be s ta rted  up w ith  no load. 
For small powers, there is no v ita l objection, except th a t  of 
complication, against clutches and spur gearing, b u t when 
larger powers have to  be dealt w ith, there are serious m echanical 
difficulties to  be overcome, and  these difficulties have induced 
engineers to  study  electrical, and other m ethods of coupling.

In  the w riter’s opinion all these coupling devices are more 
or less tem porary  measures rendered necessary in order to  ad ap t 
the in ternal combustion engine as used for sta tionary  work 
to  the different conditions required for m arine work.

Sooner or later, on the score of sim plicity and cost, all gearing 
between the crank shaft and the propeller shaft will be abolished, 
the engine being coupled direct, as in a  steam  engine.

The present systems, actual and proposed, m ay be considered 
as a stage on the  road tow ards d irect coupling. In  the early 
days of steam  m arine engineering, gearing was used between 
the crank and propeller shafts to  keep down the speed of the 
engine, to  w hat was, in those days, a standard .

I t  was only a question of tim e to  m ake the necessary modifi
cations to  the engine to  enable i t  to  run  a t  the same speed as
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the propeller. In  the same m anner m arine engineers will 
now, no doubt, set them selves th e  problem  of m aking the 
in ternal com bustion engine into a satisfactory  reversing m achine 
w ith  adequate provision for speed variation , thus dispensing 
w ith  all gear and  enabling the  crank shaft to  be coupled 
direct to  the propeller shaft. F ortunately , in this case, the 
revolutions m ost suitable for the propeller are also suitable for 
the engine, and  there is no need to  m ake compromises as 
regards revolutions, or adopt reduction gearing, as in the case of 
coupling up  a steam  turbine and  propeller.

As regards the fourth  point, viz., capability  of working 
economically a t various speeds, the conditions to  be fulfilled 
are certainly difficult, if the in ternal com bustion engine is 
to  be m ade as flexible as a  steam  engine.

The principal difficulty lies in the relation betw een the 
revolutions and  power required for driving a ship a t various 
speeds. The horse power falls a t  a m uch more rapid rate 
th an  the revolutions, as the speed of the ship is reduced. 
In  a steam  engine this reduction of horse power can be 
effected by cutting  off earlier, and thus decreasing the m ean 
pressure.

In  an internal combustion engine any decrease in power, 
outside of th a t given by reduction of revolutions, m ust be 
effected by cu tting  out explosions, or varying the s treng th  of 
the  explosive m ix ture, or both. In  m ercantile m arine work 
sufficient reduction of the power for the  range of speeds required 
can be effected by either of the  above m ethods separately, 
or combined.

We can  now proceed to  discuss the  ty p e  of engine which 
will best lend itself to  the stipu la ted  conditions. The choice 
lies between double-acting or single-acting cylinders, tw o-stroke 
cycle, or four-stroke cycle engines.

The adoption of double acting cylinders, although used 
on gas engines of a  certain  type for land  use, w ould in  the 
w riter’s opinion be a risky proceeding. I t  entails arrangem ents 
for cooling the piston and piston rod by w ater circulation, 
and  trouble m ight arise from  the use of salt w ater for th is 
purpose.

The two-stroke cycle has so m any advantages over the four- 
stroke in  fulfilling the  conditions laid down th a t  i t  would 
appear to  be fa r and aw ay the  more suitable for m arine work. 
In  the  first place it w ill ru n  equally well in either direction, 
w ith ad ju stm en t of the ignition. This simplifies the  reversing
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problem  immensely. In  a  four-stroke engine reversing gear 
would be required for the inlet and  exhaust valves. Also, as 
the two-stroke has an  impulse every revolution, the cu tting  
o u t of an  explosion, will have ju st half the disturbing effect 
on the uniform ity of turning, as th a t  of a  four-stroke. There 
are several o ther advantages of the tw o-stroke over the  four- 
stroke, which m ay be enum erated here.

In  the  first place a cylinder of certain  size, arranged as a 
two-stroke, will give twice the power of a cylinder arranged 
as a four-stroke, provided the  num ber of revolutions is the 
same. This means a large reduction in the weight and  cost 
of the tw o-stroke for a given power. Also an  engine of certain  
size arranged as a  tw o-stroke will develop the same power 
as an  engine w ith same size cylinders arranged as a  four-stroke, 
a t  half the num ber of revolutions. This is an  im portan t 
consideration in engines of small power, as a slow running and  
more efficient propeller can be adopted  w ith engines of same 
weight and  cost as the four-stroke type.

In  the second place, as the tw o-stroke engine exhausts 
through ports in the cylinder wall, the hot gases do no t pass 
through a valve. In  the four-stroke engine the gases pass 
through a mechanically operated valve, and  it has been found 
necessary, in engines of quite m oderate power, to  have this 
valve w ater cooled. This entails a lot of com plication, in 
cluding flexible w ater connexion to  the valve spindle. Here, 
again, there would probably  be trouble if salt w ater were used 
for cooling purposes.

In  the th ird  place the impulse every revolution gives a 
vastly  im proved crank shaft torque over th a t  of the four- 
stroke engine, perm itting  of a lighter fly wheel and  crank shaft. 
I t  is difficult to  get a large fly-wheel effect in a m arine engine, 
owing to  the very lim ited d iam eter of wheel possible, and 
the small num ber of revolutions.

The fly-wheel effect varies as the weight, and as the square 
of the speed of the rim, consequently a small diam eter wheel 
entails a large weight to  give the necessary effect. An irregular 
torque is said to  be detrim ental to  propeller efficiency, b u t a t 
the same tim e it is im portan t th a t  the fly-wheel effect be as 
small as possible, so th a t  the engine m ay be stopped and  s tarted  
as quickly as possible. Here, again, the two-stroke has the 
advantage.

In  order to  show the excessive torque variation in a  four-
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th a t the range of torque variation  is 186 per cent, in the case 
of the four-stroke, and only 74 per cent, in the case of the 
two-stroke.

Since the advantages of the two-stroke engine com pared 
w ith the  four-stroke appear to  be so obvious, one natu ra lly  
asks the question w hy this type has n o t already displaced the 
four-stroke.

The four-stroke engine was first in the field, and thus had  a 
good s ta rt in securing the m arket. The two-stroke engine, of 
course, requires a pum p to force the charge into the power 
cylinder. In  some of the earlier types of two-stroke engines 
this pum p was separate and  worked by a  connecting rod 
from the  crankshaft.

This system  is used on the Ochelhauser engines as now m ade. 
The use of a separate pum p has been urged as an  objection 
against the two-stroke engine, the argum ent being th a t the  
four-stroke is so m uch simpler, as the power cylinder also 
performs the  function of the pum p of the two-stroke engine, 
A large num ber of m akers of two-stroke engines of small- 
power now use the front end (i.e. the end nearest the crank 
shaft) of the power cylinder as a pum p. This, of course, 
simplifies and cheapens the engine. The principal difficulty, 
however, experienced w ith most types of two stroke engines, 
is th a t  of pre-ignition. I t  is a very usual practice to  use the 
incoming charge to  expel the ho t gases through the exhaust 
ports, the result being th a t  if a high compression pressure be 
used, the  charge is liable to  be fired by the ho t gases remaining 
in  the cylinder, afte r the  piston has covered the  exhaust 
ports. I t  is no t practicable to  expel the  whole of the  hot 
gases, as the volume of the charge adm itted  would require 
to  be such th a t there would alm ost certainly be a loss of some 
of the  charge through the exhaust ports. Pre-ignition m ay 
and  does occur occasionally in  four-stroke engines, as in  ordinary 
designs there is always the volume of the combustion space 
left filled w ith ho t gas, b u t there is more tim e for th is gas to  
get cooled down before compression begins th an  in the  case of 
two-stroke engines. The result is th a t  tw o-stroke engines 
are generally run  slower, and  w ith less compression th an  four 
stroke, their advantages being thus to  a large ex ten t dis
counted. The rem edy for these fau lts lies, of course, in pro
viding for scavenging the power cylinder by cold air before 
the admission of the new charge.
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M any m ethods have been proposed and used to  effect the 
complete removal of the ho t gases before the new charge is 
adm itted . Two system s are in use, viz. the vacuum  system  
and the pressure system . The first system  aim s a t  creating 
a partia l vacuum  in the  C3’linder a t  the  end of the exhaust 
stroke by a  pum p or o ther means. O ther system s create a 
partia l vacuum  in the  exhaust pipe and allow cold air to  pass 
through the cylinder and  flush the com bustion space. This 
la tte r system  is adopted  by  Messrs. Crossley Bros., who use 
a long exhaust pipe, by which they  obtain a partia l vacuum  
by  the in te rm itten t action of the exhaust. W hen the air 
inlet valve is opened air Hows into the com bustion space and 
expels the h o t gases through the exhaust valve. The pressure 
system  by which cold air is supplied under a slight pressure 
appears to the w riter to  be the  more effective system . 
I t  is th is la tte r  system  which is carried out successfully in 
the Ochelhauser two-stroke engine. In  o ther two-stroke 
engines, such as the Day, and a large num ber of similar type 
used in America, the crank cham ber is used as a receiver for 
the  explosive m ixture, the fron t end of the power cylinder 
being used as a pump.

On the in-stroke the piston draws explosive m ixture into 
the crank cham ber through a valve, and compresses the m ix
tu re  to a few pounds pressure on the out-stroke. The exhaust 
ports are arranged on one side of the power cylinder and the inlet 
ports on the opposite side. The exhaust ports open first 
and  relieve the pressure in the cylinder. The inlet ports are 
then  opened and  the  m ixture flows into the  cylinder, displac
ing the exhaust gases through the  exhaust ports.

A rib is cast on the piston opposite the inlet port to  deflect 
the incoming m ixture aw ay from the exhaust po rt in the hope 
of preventing the  charge from escaping to  the exhaust.

This system  has several drawbacks, notably  the use of the 
crank cham ber as a receiver, owing to  the difficulty of m aking 
i t  absolutely gas tigh t, the chief trouble being the leakage 
p as t the shaft when the bearings are worn.

Owing to  the risk of pre-ignition, due to  the large volume 
of exhaust gases which cannot be expelled w ithout the risk 
of losing a good deal of the incoming m ixture, the compression 
pressure and  speed of these engines m ust be kept very low. 
T hey have, however, the m erit of extrem e simplicity, being 
practically  valveless.

K
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The next point the  w riter wishes to  raise is th a t  of cushioning 
the  weight and inertia forces of the reciprocating parts. I t  
is a point which should appeal to  all m arine engineers. In 
steam  engines the compression is adjusted  in such a w ay 
th a t  the reversal of the load on the crank pin when turn ing  
the dead centre shall be as gradual as possible near the  end of 
the stroke, the reciprocating parts requiring a certain  definite 
force to  bring them  to rest. This force depends upon the 
weight and num ber of revolutions, and  the same force is re 
quired to  s ta rt them  up again on the re tu rn  stroke. This force 
is irrespective of, and additional to, any  pressure on the piston. 
If the piston is not cushioned this force is expended on the  
crank pin and the m ain bearings, and to  no purpose, as it 
cannot exert any turning force on the  crank shaft. All it 
can do is to  pound the bearings. If, however, the piston is 
cushioned, say, for example, the compression pressure is such 
as will just balance the inertia forces, then the crank pin will 
tu rn  the centres w ithout shock.

I t  is not usual in internal combustion engines to  provide means 
for cushioning the reciprocating parts. I t  is true they  are 
cushioned on the compression stroke, b u t in a four-stroke engine 
th a t is only one stroke cushioned in four, and in a two-stroke 
the in-strokes only are cushioned. The m agnitude of these 
forces is not always realized, so an  example m ay be given here.

Taking a cylinder 20 in. diam eter and 24 in. stroke a t  ICO 
revolutions, the force required to  stop and s ta rt the reciprocat
ing parts, is on the top centre 7 |  tons and  on the bottom  
centre 5 tons approxim ately, which is equivalent to 53 lb. 
per sq. in. on the piston a t  top centre, and 35 lb. per sq. in. 
on bottom  centre.

These unbalanced forces acting on the crank pin and  main 
bearings no doubt account for a great deal of the mechanical 
inefficiency of the gas engine as compared w ith a steam  engine. 
The w riter suggests th a t  engines for marine work should 
be cushioned by means of an air cylinder.

If  a two-stroke engine be adopted  it  will be only the dovvn- 
strokes which will need to  be cushioned, the up-strokes being 
cushioned by the compression of the charge in the power 
cylinder.

For a two-stroke engine a pum p cylinder is necessary for 
dealing w ith the m ixture, and  this same cylinder can be utilized 
for cushioning on the down-stroke. If this pum p cylinder is
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m ade as an  extension of the power cylinder the objections 
as regards cost and  space occupied by a separately  driven 
pum p are overcome, and  the three operations of pum ping the 
m ixture into the power cylinder, supplying a scavenging 
charge, and  cushioning the reciprocating p arts  on the down 
stroke, can all be perform ed by this one pum p cylinder.

A fu rther advantage gained by cushioning w ith an  air 
cushion is th a t  the  reciprocating p arts  are s ta rted  up again 
on the re tu rn  stroke, and  the engine is to  a certain  ex ten t 
made double acting. W ith uncushioned reciprocating parts 
the crank pin has not only to stop the m otion of the moving 
p arts a t  the end of the stroke, b u t also to  s ta r t them  up again. 
W hen, however, cushioning is carried out, the crank pin is 
relieved of th is duty.

In  ordinary  in ternal com bustion engines every endeavour 
is m ade to  cu t down the weight of the moving parts in order 
to  save the crank pin and bearings from these inertia stresses. 
Now the indicator diagram  of this class of engine has a 
very  high initial pressure due to  the explosion, and a very 
rap id  fall of pressure due to  expansion and cooling of the gases. 
As the  explosion takes place a t the  beginning of the stroke 
the crank pin has very little  effective leverage to  produce 
torque on the crankshaft, the result being heavy pressure on 
all the brasses, w ith very little effective work performed. If, 
however, the inertia forces are large—suppose, for instance, they  
are equivalent to  a pressure on the piston one half of th a t  
produced by the explosion—then  the load on the bearings would 
be reduced to  one half of w hat it would have been if the moving 
p arts  had 110 inertia. This would give a m uch more effective 
d istribution of the load on the crank pin, relieving it of the 
heavy initial stress due to  the explosion, which would otherwise 
come on it, and  retard ing  the effect of the  initial pressure on 
the piston u n til the  crank and  connecting rod are a t  a more 
favourable angle for producing torque on the crank shaft. 
A nother advantage of the cushioning is th a t  a  certain  portion 
of the negative work of compression can be effected by the 
cylinder itself w ithout any  help from the crank shaft, as the 
work stored up  in the cushioning air during the down power 
stroke is given back to  the piston on the up compression strokes. 
If the air cushion pressure required to  balance the inertia of 
the  moving parts were equal to  th a t  of the compression then 
the whole of the work of compression could be effected in  the
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cylinder, w ithout the intervention of the crank shaft. This 
should tend  to  increase the mechanical efficiency’ of the engine, 
as the transfer of work by means of the alternate compression 
and expansion of air should be more efficient th an  the transfer 
by means of the crankshaft and connecting rod.

We have next to  consider w hether there is any loss of effi
ciency involved in this alternate compression and expansion 
in the cushioning cylinder. If the air is compressed and 
expands adiabatically  and  there is no leakage, the only loss of 
efficiency is th a t  due to mechanical friction of the piston. 
There will be a certain loss of efficiency if the compression 
is no t ad iab a tic ; th a t  is to  say, if there is a continuous loss 
of the heat developed by compression. This, however, should 
be very small, as in the first place the alternations of tem perature 
due to  compression and expansion will be very rapid, and 
there will be very little tim e for the heat in the body of the  
cushion air to  be transm itted  to the walls of the cylinder 
and through them  to the external atm osphere. In  the second 
place the greatest tem perature will be developed a t  the end 
of the stroke, when the surface exposed is a t  its m in im um ; 
and, thirdly, the average tem perature of the surfaces, assuming 
them  to follow the tem perature of the air, will not exceed 
abou t 200° F. w ith a compression pressure of 50 lb.

The next question to  be considered is th a t of starting  and 
reversing. If there is no clutch between the crankshaft and the 
propeller shaft, a considerable am ount of stored energy in 
some form will be required for the operations of starting  and 
reversing, and when considering this question, the m ethod of 
working the auxiliary m achinery should also be considered 
w ith a view of adopting the same p lan t for both p u r
poses.

The choice of the m otive power for the auxiliary m achinery, 
viz., w ater pum ps, bilge pum ps, ballast pumps, service pum ps, 
winches, steering gear, windlass, refrigerating m achinery and 
ventilating fans and  electric lighting lies between steam , 
electricity, and compressed air. The use of steam  would be 
a step backwards and would not be suitable for starting  and 
reversing purposes. E lectricity  would be suitable for all 
pum ping work, refrigerating m achinery, fans, electric lighting 
and steering gear, bu t it has not yet been adopted to  any ex ten t 
for deck m achinery, for which compressed air would, no doubt, 
be suitable. There are difficulties in using compressed air
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expansively, b u t these can be overcome by reheating the air 
before use. There is p lenty of waste heat for th is purpose.

The w riter’s suggestion is th a t  the starting  and reversing 
gear should consist of a high-speed in ternal com bustion 
engine, coupled direct to  an  efficient air compresser, which 
would deliver into a receiver, from which air would be taken 
for manoeuvring the engines and working the deck m achinery, 
and any  o ther auxiliaries suitable for compressed air. 
For the  rem ainder of the auxiliary m achinery, a high-speed 
in ternal com bustion engine, coupled to  a dynam o supplying 
curren t for lighting purposes, and for all the o ther auxiliaries. 
The air compressor would be running only when working tho 
cargo and  manoeuvring in and  out of port, the compressed 
a ir receiver containing sufficient a ir for emergency purposes.

The only o ther question remaining for discussion is the 
num ber of cylinders to  be adopted  and their disposition, having 
regard to  lim its of size and facility of handling. By adopting 
the two-stroke engine w ith its impulse every revolution, twice 
the  power can be obtained from  a cylinder of the m axim um  
diam eter allowable th an  from a four-stroke cylinder. Tandem  
cylinders are inadmissible as they  would entail a p iston rod 
exposed to  the ho t gases of the explosion, and double acting 
cylinders are unsuitable for the same reason, so th a t for large 
powers the num ber of cylinders will need to  be increased to  
keep w ithin the limits of the m axim um  possible diam eter.

F o r ordinary  m ercantile work the stroke m ay be m ade re la 
tively  long and  the  revolutions should be m ade as high as 
possible consistent w ith propeller efficiency. For engines of 
small power the num ber of cylinders should, of course, be as 
few as possible, and  the m inim um  num ber will be fixed to  a 
great ex ten t by the question of facility in starting  and reversing.

The conditions are th a t the engines m ust be able to  s ta rt 
in either direction, by sim ply turning on the compressed air. 
By utilizing the  bottom  end of the pum p cylinder for cushioning, 
the advantage is gained th a t  air can be adm itted  under the 
cushioning piston to  give an  upstroke, which is additional 
to  the downstroke given by adm itting  air to  the  power cylinder. 
The m inim um  num ber of cylinders w ith  this arrangem ent 
would be tw o ; w ith a four-stroke engine uncushioned, the 
m inim um  num ber would be four. To get the best turning 
m ovem ent and  balance w ith the two cranks they  should be 
opposite one another, b u t this would no t be the best position
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for certa in ty  of s tarting  up, as they  m ight bo th  be on the 
dead centre. U nder norm al conditions, however, when the 
ignition is cu t off for stopping the engine, the action of the 
cushion a ir on the down-stroke and  the compression on the up
stroke will make the engine stop w ith both  pistons a t  half 
stroke. There is a rem ote contingency th a t  they m ight stick 
on the dead centre, and for small engines a  simple barring 
gear could be provided for this emergency. F or engines of 
larger size three cylinders w ith cranks a t  120° would m ake 
an  ideal arrangem ent. The engine would s ta rt in either direc
tion, irrespective of the position of the cranks, although under 
norm al conditions, the  engine would stop w ith one of the 
pistons a t  abou t half stroke.

In  using compressed air in th is way for starting  and  reversing 
i t  is im portan t to  have the starting  valves on the cylinders 
controlled autom atically  for two reasons—viz., to  ensure th a t  
the correct valves are opened to  give the desired direction 
of rotation, and to  prevent waste of the compressed air, such 
as would result, for instance, if air were adm itted  to  a cylinder 
when the exhaust ports were uncovered, when there would 
be a s traigh t blow through to  the exhaust pipe. The reversing 
gear m ust also work the ignition tim ing apparatus which will 
m ake the necessary correction for ahead and  astern  running.

The w riter has no t a ttem p ted  in the lim its of th is paper to  
go fully into details, bu t has merely outlined a few ideas for 
the criticism of the meeting. In  conclusion, therefore, he 
ventures his opinion th a t—

1. The internal combustion p lan t of the fu ture for marine 
work will consist of bitum inous fuel gas producers, supplying 
gas to  tw o-stroke cycle engines.

2 . T hat crude petroleum  will be used where it can com pete 
in price w ith coal. I t  will operate in tw o-stroke cycle engines 
of the Diesel or vaporizer type.

3. T hat effective means will be taken  to  scavenge the power 
cylinder w ith cold air.

4. T hat some m ethod of cushioning the reciprocating weights 
will be adopted.

5. T hat the crankshaft of the engine will be direct coupled 
to  the propeller shafting w ithout the intervention of gearing of 
any  kind, except in  the  case of engines of very small power.

6. T hat manoeuvring will be effected by compressed air, 
which will also be used for working the deck machinery.
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Mr. 0 . S u m n e r , R .N .R . : I  should appreciate th e  privilege 
of being allowed to  say a few words on th e  subject of th is 
paper. I  had  the  honour of giving the  first paper on this 
subject before the  In s titu te  some eight j^ears ago, and  th a t  
is harking back a considerable tim e in  the  h istory  of the  in te r
nal com bustion er>gine. The im pression given me by th e  
paper is th a t  the  In s titu te  of M arine Engineers is apparen tly  
asleep, as it w ould appear th a t  we are no t advancing, as an 
Institu tion , in keeping w ith  the  la test developm ents of the 
in ternal com bustion engine. I t  is positively wonderful w hat 
has been done in  the last decade in th is branch of engineering. 
I  am  struck , first of all, w ith  the  omission of th e  cardinal 
po int to  which I  believe m arine engineers m ust necessarily 
give their first a tten tion , i.e. facilities for manoeuvring a t 
varying speeds, to  which I  will refer later. Passing to  one 
or tw o of th e  salient features of the  paper, we find th a t  item s 
3 and  4 do set fo rth  the  conditions im posed by  m arine necessi
ties and  w ith  which we are all fam iliar, viz., “ capability  of 
running in either direction and  of being s ta rted  w ith  absolute 
ce rta in ty  from  any  position of th e  cranks w ithou t the  use of 
barring gear,” and  “ capability  of working econom ically a t 
various speeds ” ; a dem and for a flexible in terna l com bustion 
engine. We have not got it, and  its  adven t is no m ore in 
sight th an  when Dr. O tto  took out his first p a ten t. Some 
few years ago I  was in  consultation w ith  Mr. Yarrow  on th is 
very  subject. I  had  to  see him  w ith  regard  to  some in terna l 
com bustion engines he was th en  considering. H e selected 
two ; one probably  the  best known oil engine in the  world, 
and  the  o ther a petrol m otor of high repute in its  class— 
to be precise the  oil engine was the  H ornsby-A ckroyd and  
the  petro l m otor the  N apier ; and  while the  la tte r  is outside 
consideration for commercial vessels, the form er is certainly 
not, b u t it was found th a t  when fitting in a vedette  boat it 
was necessary to  keep the  engine running a t  full speed. As 
the g reat gas engine m akers have no t been able to  solve this 
difficulty, i t  would appear to  be a w aste of our tim e to  offer 
them  suggestions or impose conditions w hereunder they  
should solve it. The question is, How can we allow or com 
pensate for the  inheren t defect th a t  the  gas engine is a constan t 
speed engine ? The au th o r gives no suggestion o ther th an  a 
reference to  various estim ates of interm ediaries betw een the 
driving power and  the  propeller. W ith  regard to  the  point
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th a t  the  tw o-stroke engine gives tw ice the power of the  four- 
stroke ; it  would not nearly have this effect owing to  the 
fact th a t  it cannot effect equal scavenging ; and  where a 
separate scavenging pum p is used the  power absorbed by 
th is is considerably more th an  th a t  necessary to  operate the 
valve gear of the ordinary  four-stroke type ; in  short, I  believe 
I am  correct in sta ting  the  ex tra  power gained averages 80 
per cent, and  not 100 per cent.

The suggestion w ith regard  to  cushioning is a very  good 
one, and  it has, I  believe, been tried  by certain  of the  big gas- 
engine m akers, bu t was no t a commercial success for the  
reason th a t  it cannot be adopted w ithout inducing resistance. 
The au tho r cites an  instance of a 12\  tons shock per revolution 
w ith a cylinder of 20 in. d iam eter and  24 in. stroke a t  160 
revolutions ; bu t this has no bearing on the power and  efficiency 
of the engine, because it only acts on th e  dead centres, whereas 
any  cushioning m ust afford resistance to  the  m ovem ent of 
the piston a t  either end of the  stroke. The au th o r does no t 
refer to  the question of ignition of the  fuel, which is p rob 
ably  the  m ost im portan t item  in connexion w ith  the  m arine 
gas engine itself. W hile the  best engine would appear to  be 
th a t w ith an  in ternal vaporizing and  au tom atic ignition 
device, th is m eans a constan t speed engine, and  for any  degree 
of flexibility we m ust have some form  of externally  operated 
vaporizing and  ignition. In  the  au th o r’s opinion the in ternal 
com bustion p lan t of the  fu tu re for m arine work will consist 
of bitum inous fuel gas producers supplying gas to  tw o-stroke 
cycle engines, w ith which I  am  in full agreem ent, provided 
th a t  the  bitum inous coal is of a coking nature . W ith  regard 
to  the  coupling direct of the  gas engine to  the  propeller, of 
course th a t is the  ideal form, b u t nothing has been done up 
to  the  present to  inspire any  confidence th a t  th is  can ever 
be realized. The solution m ay come when a flexible gas 
tu rb ine comes in to  being. The sta tem en t th a t  “ manoeuvring 
will be effected by compressed air ” is, I th ink , open to  ques
tion. The difficulty is th a t  as vessels m ust be capable of 
slowing down for even several days to  half speed or less, we 
m ust provide th a t when running on the  governor during 
engine racing in a heavy sea the  in te rm itten t abnorm al im m er
sions of the propeller will no t stop the  engine, as there can 
never be th a t  au tom atic  “ pick up ” in  an  in terna l com bus
tion  engine which is so valuable a feature of the steam  engine
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when subjected  to  heavy racing. This is due to  the fact 
th a t  the gas m ust first be com pressed in the  cylinder itself 
before it is capable of developing any  m aterial expansion by 
explosion ; and  as th is m eans th a t  a t  every fou rth  or second 
stroke (according to  the cycle) each piston m ust first compress 
its gas to  any th ing  betw een say 3 and  40 atm ospheres (accord
ing to  the type of engine) before com m encing its  working 
stroke, the m inim um  speed of the  gyrating m ass necessary 
to  accom plish th is— and particu larly  a t  the  psychological 
m om ent when the propeller is suddenly abnorm ally im m ersed— 
m ust always dem and a higher crank-shaft speed th an  m ay 
be required when, say, hove to  under “ light ship w ith  heavy 
head seas ” conditions. I  subm it th a t  com pressed air reser
voirs to  ensure the pick up or restarting  of the  engine m any 
tim es a m inute for an  indefinite period under th e  conditions 
referred to  are quite prohibitive by  reason of their w eight 
and  the  great space they  would occupy ; while th e  use of 
m ultiple cylinders to  reduce the  flywheel or sim ilar mass 
would dem and a prohibitive num ber of u n it cylinders in an 
installa tion  of anyth ing  over abou t 500 H .P . The ideal 
system  for slowing down would be by a variable compression, 
which, however, affords no relief to  the  dangers of stopping 
during engine racing, and  is quite im practicable for engines 
of the  in ternal vaporizing type. W e are applying our a tte n 
tion  to  the  gas engine solely because the  whole world knows 
th a t  i t  can, if properly applied, drive our ships more economi
cally th a n  steam .

In  m y opinion the in troduction  of the m uch-needed m arine 
gas engine is being seriously re tarded  by the m arine engineer’s 
hopeless a ttem p ts  to  tack  on to , take from , or otherwise 
“ ad ap t ” the  gas engine in order to  m ake it a variable speed, 
direct coupled, prim e m over ; whereas if we are to  secure 
those very economies which are the  raison d ’etre of the  m arine 
gas engine, we should be conten t to  take the gas engine as it 
is, a fundam entally  constant speed engine, perfected, well-tried, 
and  ready to  hand, and should devote our unceasing a tten tio n  
to  the  evolution of a flexible transm ission appara tus between 
engine and  propelle r; as I  th in k  we shall be obliged to  recognize 
th a t  w hether its  form be electrical, m echanical, or hydraulic, 
the  transm ission device is the  only item  which is keeping back 
the  general adoption of gas-engine propulsion for sea-going 
vessels of m edium  powers. I hope the au th o r will no t th ink
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me antagonistic in any  way. I  am  very in terested  in th is 
subject. I  have been studying it for several years w ith one 
or tw o companies who are more or less in the dark  as to 
m arine requirem ents. The progress th a t  has been m ade w ith 
the in ternal com bustion engine and  producer gas p lan t is 
enormous, and  I th ink  we, as an  In stitu te , are n o t getting  the 
best results pu t forward. These are, no doubt, available, and  
I  th ink  it would be a good th ing if we could get some of the 
m ost prom inent m en in the gas-engine world to  give us their 
opinions.

Mr. W . P. D u r t n a l l  : We were all in terested  to  hear our 
C hairm an’s rem arks in  reference to  the  relative tim e tak en  by 
sailing boats and  steam ships from  London to  New Zealand. 
As he says, it takes a t  present six weeks and  there is no question, 
in m y opinion, th a t  w ith  the  b e tte r utilization of energy ob
tained  by the  use of in ternal com bustion engines we can reduce 
it to  five weeks and  perhaps even to  four weeks. B u t of course 
the question of cost in relation to  speed would become very 
pressing, as the cost would go up considerably. In  relation 
to  the gas-turbine m entioned by the  au th o r as being the ideal 
form  of in ternal com bustion engine, of course I  th ink  it  is a 
possibility, b u t it will be some years before it is a commercial 
success. Some great scientific m en are working on the  subject 
of the  gas tu rb ine in Germ any. They have been very  success
ful, I  believe, in the  experim ents they  have carried out, bu t 
as for applying it for m arine purposes, th a t  is another m atter. 
A fter all, for the gas tu rb ine to  be successful it  is a question 
of revolution speed ; it  is the same difficulty as th a t  which 
presents itself w ith  the steam  turbine. The same problem  
will have to  be solved w ith regard to  the propeller. You will 
perhaps have a very efficient prim e m over in the  gas turbine, 
and  not be able to use it  w ith  efficiency a t the propeller. There 
is a lim it according to  the vessel speed and  the dep th  of im 
mersion. I  quite agree th a t the m atte r of using petrol is a 
commercial question ; although it  would be quite possible to 
drive a  ship by using it, the cost would be too great. Mr. 
Cummins m entions abou t producers, probably coal gas pro
ducers, being used in the  future. I  th in k  the best system  I 
have seen described is the  system  suggested by Mr. S tew art of 
Glasgow. He has a  very  in teresting system  for dealing w ith 
ta r  and  other necessary evils in bitum inous gas producers.
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The au tho r m entions as one of th e  necessary conditions of the  
gas engine for m arine purposes “ th e  capability  of running in 
e ither direction, and  of being s ta rted  w ith  absolute certa in ty  
from  any  position of the  cranks w ithout the  use of barring  
gear.” I  have had  occasion to  st udy  th is question ; as you 
know it  was on these grounds th a t  some tw o years ago I  
brought the  question of electrical propulsion before th is In s ti
tu te , a question which has since been discussed th roughou t 
th is  coun try  and  in all p a rts  of the  world. W ith  regard  to  
reversing the  propeller when th e  vessel is a t  full speed ahead, 
I  do no t th in k  it possible having regard to  the  therm o-dynam ic 
conditions involved in  using the  gas engine. In  order to  
produce the  to rque and  reverse under full-speed conditions, 
the  altera tion  of the  valve gear and  th e  tim ing and  o ther 
necessary appara tus in a direct-coupled reversing engine pu ts  
it  ou t of the question from a practical po int of view a t  present. 
During the  last few years some very  in teresting experim ents 
have been m ade by Messrs. B eardm ore on the  gunboat Rattler. 
T hej7 have m ade extensive trials w ith  a 500 H .P . gas engine a t 
sea for a 9-knot boat. T hey did not adop t d irect reversing ; 
th ey  used a clutch, w ith  epicyclic gear and  hydraulic for 
reversing. I  agree th a t  the  question of reversing is one of 
the  m ost difficult problem s we shall have to  deal w ith  in the 
fu tu re  of the m arine gas engine. I  do not agree w ith  him  th a t 
the  tw o-stroke engine would be preferable to  the  four-stroke ; 
the  efficiency is very  low in a  tw o-stroke engine. I  got more 
horse power per to n  of fuel w ith the  four-stroke ; i t  worked 
out a t  abou t -45 lb. against '52 lb. of oil per b. h. p. I t  
is a m ost in teresting paper and well deserves our very  best 
thanks. I  hope the  Council will do more to  bring papers of 
this description forward, so th a t th ey  m ay be brought before 
the  a tten tio n  of shipowners and  shipbuilders, and  thus encourage 
the  developm ent of this style of m achinery for the  benefit of 
the  shipping industry.

Mr. J .  T. Milto n  : Before the discussion is adjourned I 
would like to  say  th a t  the  present is a very  appropriate  tim e 
for such a paper because we are ju st on the eve, no t of experi
m ents, b u t of fairly large installa tions of in terna l com bustion 
engines to  be used in m arine work. One large twin-screw 
steam er is being built which will have Diesel engines of the 
tw o-stroke double-acting type, so th a t there will be no diffi
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culty  w ith  regard to  reversing, and each set of engines will 
indicate over 1,000 horse power. It is evident, therefore, 
th a t  some of the  builders are awake a t  the present m om ent. 
This is a foreign vessel, b u t there is also an  in ternal com bustion 
engine being m ade in  th is country  for a sm aller vessel w ith  gas 
as a fuel m ade from an th racite  coal. There can be no question 
th a t  if in ternal com bustion engines come into general use they  
will have to  be suitable for use w ith bitum inous coal, because 
bitum inous coal can be obtained all over the  world ; bu t I 
th ink  th e  first of these engines th a t  will be successful a t  sea 
will no t be gas engines, they  will be oil engines. W ith  oil fuel 
we save the whole of the space occupied by the gas-m aking 
p lan t. If oil can be got fairly cheaply, and  in m any p arts  of 
the  world it  can be obtained cheaply, it will be found th a t  oil 
fuel for in ternal com bustion engines will have a great ad v an 
tage over any  coal w hatever. W hen we come to  long-distance 
ships the  question of the cost of fuel is only one item . The 
question of space occupied by it is a very im p o rtan t m atter. 
E very  ex tra  ton  of fuel carried shuts out a ton  of available 
cargo, and  fuel economy therefore plays a very im portan t 
part. There can be no doubt th a t  oil fuel will have the  ad 
vantage there, not only because it will give more heat per ton, 
b u t also because it does aw ay w ith all gas-producing p lan t. 
I  th ink, as there is another paper to  be read, we will have to 
ad journ  the discussion to  one of our ordinary m eeting nights, 
and  I  an ticipate  the paper will produce a useful discussion 
and  one of very great service to  our In stitu te .

Mr. J a s . A d a m s o n  (Hon. Secretary) : I quite agree w ith 
Mr. Milton th a t  th is paper has come before us a t a very  fitting 
tim e, for more reasons th an  one. No reference has been m ade 
to  the  use of compressed air for winches, b u t several of our 
m em bers have spoken to  me abou t it during the last twelve 
m onths, and  I  hope soon to  hear of a paper being in preparation  
which we m ay have before us, as I th ink  the subject is w orthy 
of consideration. I  was very  glad to  see th a t  Mr. Cummins 
draws our thoughts in th a t  direction. I  was sorry to  hear 
Mr. Sum ner say he though t the In s titu te  was asleep.

Mr. S u m n e r  : I  referred to  our In stitu te s  generally, no t to  
this one in particular.

Mr. A d a m s o n  : Possibly the m embers of the In s titu te  have
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the impression th a t  Mr. Sum ner has been asleep, as, if m y 
recollection serves me rightly, he prom ised th a t  we should 
have a paper from him on an in ternal com bustion engine on 
the  turb ine principle ; th is we are still waiting for.

Mr. M i l t o n  : I  would like to  propose a very  h earty  vote of 
thanks to  the  w riter of the  paper, and to  Mr. Adamson for 
reading it on behalf of the author.

C h a i r m a n  : Before pu ttin g  th is m otion to  the m eeting I 
would like to  add  a word or two. I  am  only a laym an w ith  
regard to  engineering m atters, but let me say— as, perhaps, 
the  oldest m an in the  room— from w hat I  have seen in life, if 
T were an engineer T would no t recognize th e  word “ im possi
ble.” All these things you have been referring to  as difficulties 
are sim ply m atte rs  to  be discussed and  for which a solution 
has to  be found, and I th ink  th e  B ritish race is sufficiently 
energetic to  deal w ith any of these questions, the oil or gas tu r 
bines, or w hatever it m ay be. I t  sim ply requires application 
for all these difficulties to  be solved in the future.

The vote of thanks to  Mr. Cummins was then  p u t to  the 
m eeting, and  carried w ith applause.

I t  has been decided to  continue th e  discussion on th is paper 
on M onday, Oct. 10th. Com m unications are invited from 
m em bers on the subject p rior to  th a t  date , when th ey  will be 
read and  responded to  by Mr. Cummins in the course of his 
reply. J .A .


