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In  a 2-cycle in terna l combustion engine tbe charging and 
exhaust strokes of the 4-cycle engine are elim inated, both  these 
operations being perform ed while the piston is com pleting the  
power or filing  stroke and commencing the compression stroke. 
The piston thus receives an impulse every revolution in  the  
2-cycle engine instead of every two revolutions as in  the 4-cycle 
engine, giv ing a more even tu rn in g  moment 011 tbe shaft, and 
provided th a t in each engine the piston speed and m ean pressure 
rem ain the same, the power developed by a given size of cylinder 
will, in  the case of the 2-cycle engine, be twice th a t  developed 
in  the 4-cycle engine.

I t is evident th a t, w ithout fu rth e r consideration of the differ
ences between the two types of engine, the 2-cycle appears to 
have enormous advantages, and yet we are faced w ith  th e  fact 
th a t in m any directions the 4-cycle engine is predom inant. 
P rac tically  all m otor car engines, aero engines, and the great
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m ajority  of petrol, paraffin and gas engines are 4-cycle engines 
operating 011 the well-known Otto cycle. In  semi-Diesel and 
Diesel engines a more even balance is struck, the semi-Diesels 
being usually  2-stroke engines, while the Diesel engine is either 
4-cycle or 2-cycle, bu t u n til fa irly  recently the form er type has 
been more commonly adopted.

I t  is not u n n atu ra l th a t m any engineers not im m ediately in 
touch with developments of the internal combustion engine are 
impressed w ith the position, occupied in these directions *by the 
4-cycle engine, and are liable to form  incorrect opinions when 
considering the application of either type to a special field such 
as m arine engineering’.n o

The 2-cycle principle applied to petrol, paraffin or gas engines 
holds out very little  hope of successfully com peting w ith  the 
4-cycle engine. F o r various reasons it is impossible to  obtain a 
h igh  mean pressure, 01* to ra n  at such high m ean piston speeds in 
th e  2-stroke petrol, paraffin, or gas engine as in  a 4-cycle engine 
of the same type, w ith the  fesult th a t fu ll advantage cannot be 
taken of the saving in w eight, etc., which would otherwise be 
possible in comparison w ith a 4-cycle engine. Scavenging is 
generally  im perfect and since a m ix ture of fuel and a ir  is em
ployed for this purpose a portion of unburnt fuel inevitably 
escapes w ith the exhaust, and thereby increases the fuel con- 
sum ption. Lubrication of the splash type commonly adopted in 
4-cycle petrol engines is also unsatisfactory for 2-cycle engines 
and involves a heavy consumption of lubricating oil. The Diesel 
cycle of operation lends itself m uch more favourably to the 
2-cycle principle, and for large land and m arine engines the 
difficulties referred to do not arise with properly designed 
engines.

A comparison of the relative merits of the 2 or 4-cycle principle 
as applied to Diesel engines is necessarily inconclusive and very 
possibly quite m isleading unless the actual designs of engines 
incorporating these principles are a t the same tim e studied. I t  
is unfortunate ly  a very easy m atte r to design a wholly unsatis
factory Diesel engine either of 2-cycle or 4-cycle type, bu t i t  is 
obviouslv un fa ir to judge a principle upon applications of th is  
kind. A few years ago an in teresting  artic le appeared in E n g i
neering  g iv ing  the  experiences of an I ta lia n  firm who had con
structed  a 2-cycle and 4-cycle engine, and afte r an exhaustive 
test on both engines they claimed to have proved th a t the 
2-cycle engine was the  less satisfactory, and they  accordingly 
determ ined to build  only 4-cvcle engines. Considering the
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actual engines under comparison their decision was unquestion
ably correct, as th is p articu la r 2-cycle engine was of a 
thoroughly bad design, w ith valve head scavenging and other 
features which rendered success impossible. Several o ther in 
stances can be given where 2-cycle engines produced by inex
perienced firms have failed, due to a com bination of bad design 
and constructional defects. F u ll advantage has been taken 
by several advocates of the 4-cycle engine to represent such 
fa ilures as a proof of inherent defects in the 2-cycle principle.

Sulzers have had a unique experience in  the construc
tion of Diesel engines owing to  the fact th a t they have 
b u ilt large num bers of both 4-cycle and 2-cycle engines, and 
in fact s till continue to do so. R eliab ility  has perhaps been the 
dom inating  idea in  th e ir decision to discontinue the bu ild ing  of 
4-cycle engines above powers of about 1,000 B .H .P . The m ain 
defect of the large 4-cycle engine, which they  have found in 
common w ith o ther makers, has been the liab ility  to heat cracks 
in  the cylinder covers, and expensive \ipkeep of exhaust valves. 
O ther im portan t factors taken into consideration were the ex
cessive w eight, space required, and costly m anufacture of the 
large 4-cycle engines.

F ig . 1 shows a 4-cycle engine of 1,000 H .P . made by 
Sulzers in 1914. The re liab ility  of th is was satisfactorily  de
m onstrated in actual service, as d tiring  a period of two years 
the  engine ran  n ig h t and day for a to tal of 17,147 hours out of 
a possible 17,520 hours. The wear on the cylinder liners was 
only 10 to  12/1,000 inch, and the piston rings were in such 
excellent condition th a t none of them  had to be removed.

A to ta l of 450,000 H .P . 4-cycle up to and including engines 
of th is  size having  been m anufactured by Sulzers, i t  w ill thus 
lie seen th a t th e ir experience of the 4-cycle engine is fairly  
complete.

Sulzer 2-cycle .—The Sulzer 2-cycle engine has been b u ilt in 
considerable num bers, and in varying powers up to 4,000 
B .H .P ., the la tte r  being a six cylinder engine, thus developing 
a total of 666 B .H .P . or about 900 I .H .P .  per cylinder. This 
engine is the largest Diesel engine in  the world, and has been 
runn ing  for the past six years a t Messrs. H arlan d  and W olff’s 
W orks, B elfast. The cylinders are 29 inches dia. x 40 inches 
stroke, and the  revolutions are 132 per m inute.

Scavenging .— Previous to the construction of th is engine 
Sulzers had already m anufactured a large num ber of 2-cyc'le
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engines, and had from tim e to tim e elim inated various features 
which had shown signs of weakness.

The most im portant and distinctive features of the Sulzer 
design is the method of scavenging and recharging the cylinder, 
i .e ., removing the b u rn t products of the firing stroke, and re
placing these w ith a charge of fresh air. This is accomplished 
in  the following m anner, F ig . 3.

The scavenge a ir at a pressure of 1-5 to 2 lbs. per sq. inch is 
supplied by either a reciprocating or electrically driven turbo 
scavenge pum p, and is led to the scavenge trunk  which com
m unicates w ith the cylinder through two ports at the bottom of 
the liner, the upper port being controlled by a valve.

W hen the piston is at the top of its stroke, and combustion 
takes place in the usual m anner, both ports are covered by the 
piston skirt. The piston then moves down and first uncovers 
the upper scavenging port, but the valve being closed, no 
action occurs un til the piston moves fu rther down and u n 
covers the exhaust ports situated opposite the scavenge ports. 
E xhaust commences im m ediately and relieves the pressure in 
the cylinder so th a t when the lower range of scavenging ports 
is uncovered the air enters the cylinder and commences to sweep 
out the rem ainder of the exhaust products. The scavenging 
valve opens before the completion of the down stroke, so th a t 
scavenging takes place through both upper and lower ports, and 
continues through the upper port u n til a fte r the piston on its 
upw ard stroke has covered the exhaust port. This arrangem ent 
not only ensures a most effective means of clearing ou t the ex
haust products, but it also provides for an excess q u an tity  of 
a ir  by enabling the compression stroke to commence slightly  
above atm ospheric pressure. In  other words, supercharging is 
possible, and actual experience has shown th a t th is im portant 
feature of the Sulzer engine has a m arked effect on the ou tput 
and economical working of the engine. F ig . 4 is a weak spring 
diagram  showing' the action occurring du ring  scavenging, theo o o o o '
exhaust and scavenge ports being indicated above and below 
the diagram . I t  w ill be seen th a t as soon as the piston uncovers 
the upper scavenge port there is a slight chop in  pressure owing 
to  the  gases filling th is port as far as the ro tary  valve which is 
of course shut. As soon as the piston uncovers the exhaust port 
the pressure drops so rap id ly  owing to the large exhaust area 
th a t when the lower scavenge port is uncovered atmospheric 
pressure has been reached. Scavenging now continues through



S u l z e r  T w o  C y c l e  E n g in e

E x h a u s t

□ II p o r ts  closed.

fto tg T ij 5 c a i 'e n g e 
Jalue

n n
l i t * i l  h i l i i
mk yu p  I

h

t ix h q u a t  po~H o p e n in g . 
■^cauencjc u a lu c  c lo .r ird .

S c o u t n y  Vialue o p e n in g .

3. Scavenge System Sulzer 2-cycle Engine.

E x h a u s t  po~pt c lo s e d . 
5 c o u e n c |e u o lu e  o p e n .



S U L Z E R  2-CYCLE M ARINE ENGINE. 729

both  ports, the ro tary  valve having, by this tim e, opened, and 
it w ill be observed th a t after the exhaust port has closed on the

upw ard stroke the  curve rises sligh tly  showing a definite in 
crease of pressure above atm ospheric pressure at the commence
m ent of com pression; the cylinder is thus fu lly  charged or 
sligh tly  supercharged w ith  air.

F ig . 5 shows a section through a Sulzer 2-cycle mariner 
engine. I t  w ill be observed the upper port is controlled by a 
sim ple ro tary  sleeve valve, which rotates a t h a lf the crank shaft 
speed. This valve is situated  where the conditions of both 
tem perature and pressure allow it to work under very favour
able conditions. The valve is sim ply a cast iron sleeve which 
rotates slowly in a cast iron cylindrical valve casing. Ample 
clearance is provided since only low pressures have to  be dealt 
w ith, and a sligh t leakage is of no consequence. F igs. 6, 7, 8.

In  m arine engines of over 1,000 H .P ., Sulzers provide elec
trica lly  driven scavenge pum ps in preference to the direct driven 

1 scavenge pum p, and several im portant advantages are thereby 
obtained. See figs. 9, 10, 11.
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D irect driven scavenge pumps absorb about 6% of the
B .H .P ., and by using separate electrically driven pumps with 
power supplied from the auxiliary  engines more power is avail
able, w ith  a given engine, on the propeller shaft w ithout in
creasing the speed or mean indicated pressure. This increase 
in power is thus obtained w ithout increasing the stresses on the 
working parts, and does not involve heavier shafting, since the 
design of these parts is based upon cylinder dimensions, ind i
cated pressure and speed.

In  a m arine engine installa tion  the power for the separate 
turbo scavenge pum ps is obtained from the auxiliary  generators 
which require to be of ample size to provide for lig h tin g  and 
aux iliary  power purposes in  port. W ith  electrically driven 
deck m achinery, it will generally be found th a t the power re
quired in port will not be much less th an  is required at sea when 
using the turbo blowers. The aux iliary  Diesel engines and 
generators have thus approxim ately a constant load factor in
stead of having to work at fu ll power in harbour and at ex
trem ely low loads a t sea— a condition which is always unfavour
able to a Diesel engine.

For instance, considering a large interm ediate liner for cargo 
and passenger trade of about 10,000 tons D .W . and 6,000 
S .H .P ., the average aux iliary  power requirem ents at sea and in 
harbour would be approxim ately as follows : —-

A t Sea. i t . l i . p .

For turbo blowers and cooling water pumps ... ... 380
L igh ting  ... ... ... ... ... ... ... 60
Steering and other auxiliaries ... ... ... ... 100

540

In  Harbour.
W inches 12 at 25 H .P . =  ... ... ... ... 300

4 at 35 I I .P . = ..........................................  140

440
Assum ing approx. 2/3 winches in operation ................  300
L ig h tin g  ..................................................................................  50
O ther aux iliary  purposes, pum ping, etc. ... ... ... 60

410
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8. Scavenge Trunk and Rotary Valve.



9 . Section th rough R eciprocating  Scavenge Pum p.
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10. Turbo Blower for MotorsMp “ Handicap. ’

Assum ing three aux iliary  generators are fitted, one being a 
complete stand-by, then  th ree engines each of about 275 to 
300 H .P . w ill be required and will under above conditions be 
generally  runn ing  at 3 /4  to fu ll load. In  o ther cases it w ill be 
found th a t a still more even balance is struck between the 
norm al load a t sea and in  harbour, and the best possible use is 
thus made of the  aux ilia ry  Diesel engines and generators.

F u rth e r advantages of the separate turbo scavenge are th a t 
for a given power the size and weight of m ain engines and of 
the complete m achinery installa tion are reduced, even tak in g  
into account th a t two complete turbo pum ps and motors are 
supplied, one of which forms a complete stand-by. The turbo  
blowers can be run at the speed and output which is found most 
suitable for the load on the m ain engines. Starting ' and 
manoeuvring is improved bv supplying the sligh tly  warm ed 
scavenge a ir in sufficient quan tity  to com pletely sweep out th e  
cold s ta rting  air, and thus commence compression w ith  a tem 
perature which will ensure a sufficiently h igh  final tem peratu re 
to secure proper combustion.
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11. Turbo Blower and Reciprocating Scavenge Pump.

I f ,  however, for any reason, such as in  a ship fitted w ith 
steam  deck m achinery, it is not desirable to provide electrically
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driven turbo pumps, then  tlie scavenge pum ps m ay e ith er be 
driven by steam turbines or else the ord inary  reciprocating 
pum p can be employed.

H eat Stresses.— The cylinder cover is the next most im portant 
feature to which atten tion  is drawn. The combustion space in 
a Diesel engine is bounded by the cylinder cover, piston and the 
upper portion of the cylinder liner, or in  the case of an opposed 
piston engine by two pistons and a portion of the cy linder liner. 
The tem perature of combustion is about 2 ,500°F . to 3 ,000°F. 
and falls during- the working stroke to about 1 ,200°F ., these 
figures varying, of course, according to the relative w eight of 
the fuel and a ir charge.

Assum ing the  same w eight of fuel is b u rn t per firing stroke 
in a 2-cycle and in  a 4-cycle engine, the 2-cycle engine thus in  a 
given tim e burn ing  twice the am ount of fuel and developing 
twice the am ount of power as compared w ith  the 4-cycle engine, 
the m axim um  tem perature obtained in  each case will be ap 
proxim ately the same, the 2-cycle being sligh tly  h igher ow ing 
to a h igher compression tem perature. The m ean tem perature 
of the complete cycle w ill, however, be approxim ately 25% 
higher in  the 2-cycle engine owing to the fact th a t in the 4- 
cycle engine the tem perature is reduced by the lower average 
tem perature obtained during  the exhaust and in le t strokes. 
R oughly  it  m ay be taken th a t the mean tem perature of a 4-cycle 
engine working a t approxim ate fu ll load is about 900°F ., while 
the m ean tem perature of the 2-cycle engine while burn ing  twice 
the am ount of fuel and developing twice the power is about 
1 ,100°F. F ig . 12 shows the fluctuation in the tem perature of 
gases in  a 2-cycle and 4-cycle engine when working at the same 
indicated m ean pressure.

The heat flow through  the m ateria l of the cylinder liners, 
piston and cylinder head, gives rise to stresses in  the m aterial 
which become more serious as the size of cylinder increases. 
The cylinder cover has always proved the greatest difficulty as 
the casting is usually  the  most com plicated and at the same 
time is subjected to the m axim um  tem perature and pressure 
conditions. The cylinder cover and piston are together re 
sponsible for over 80% of to tal heat flow to the cooling m edium , 
the rem ainder of the  heat being carried away th rough 
the cylinder liner. A lthough the w ater or oil-cooled piston of a 
large engine carries away a t least as m uch heat as the cover, 
the casting is m uch sm aller than  the cover casting, and freedom 
for expansion is more easily obtained. The liner of the norm al



Time ” —>

Four-Cycle M.I.P. =99.7 lb./sq.inch. 
Mean Indicated Pressure: . . T .Two-Cycle M.l.P. ‘ 98A- Ib./sq.mch.

12 Temp, diagram 2-cycle and 4-cycle.
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type of engine is also a less difficult problem th an  tlie cover as i t  
is a perfectly symmetrical casting at the region of the combustion 
cham ber, where the m axim um  tem peratures are encountered. 
This rem ark, however, does not apply to liners of the opposed 
piston type of engine where holes have to be cut in  the com
bustion space, as in  th is case veiy  serious stresses are in tro 
duced, and several cases of cracked lines have occurred.

The freedom from failu re due to heat stress of the Sulzer 2- 
cycle engine is p rim arily  a ttribu tab le  to the design of the 
cylinder cover which was evolved about six years ago as a resu lt 
of careful investigation of the causes of fa ilu re in  both 2-cycle 
and 4-cycle cylinder covers.

F ig . 13 shows section through a Sulzer cover and a 4-cycle 
cover of norm al design.

COMPARISON
betw een

13. Section through Sulzer 2-cycle and 4 cycle Cover.
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Figs. 14 and 14a are photos of Sulzer 2-cycle cover and a 
4-cycle cover. I t  w ill be seen th a t the 4-cycle cover is cracked 
between the fuel valve opening and the valve openings on either 
side, this being a common source of weakness in 4-cycle covers 
of large engines.

14. Sulzer 2-cycle and 4-cycle Cover. 14a 4-cycle Cover.

F ig . 15 is a photo showing three different types of cover : 
(1) a norm al 4-cycle desig n ; (2) Sulzer 2-cycle cover; (3) 2-cycle 
cover w ith valve scavenge openings.

I t  will be observed from F ig . 13 th a t the Sulzer cover is a 
perfectly simple and sym m etrical casting with a single hole in 
the centre of the combustion space. In  th is hole is placed a 
combined valve box containing the fuel and air s ta rtin g  valves 
and small passages are in addition provided for a relief valve 
and the indicator connection.

The under side of the cylinder cover only extends over tbe 
combustion space to the pressure jo in t between liner and cover. 
This is an im portant feature to provide against the inequality  of 
expansion which m ust occur between the h ighly  heated cen tral 
portion and outer portion of the underside, if extended, as is 
usually the case, to the outer edge of the cover.

The sim plicity of the  casting ensures soundness in m anu
facture and enables a com paratively th in  wall of m etal to be 
provided between the combustion cham ber and cooling water. 
The rate of heat flow being dependent not only on the difference 
in tem perature between each side of the wall, but also on its 
thickness, the same tem perature difference enables more heat to 
be transferred, according as the wall is dim inished in thickness



SULZER 2-CYCLE MARINE EN GINE. 741

without increase of heat stress. Comparisons have not in fre
quently been made showing the heat flow per u n it surface in 
various types of engines and it lias been suggested th a t because 
the heat flow is greater in a 2-cycle engine than in a 4-cycle 
engine troubles clue to heat stresses are more liable to occur. 
This is, of course, a perfectly unjustifiable argum ent, as it 
takes no account of wall thickness which is m uch less in the 
2-cycle engine, seeing th a t for a given output the cylinder 
dimensions are considerably smaller. For instance, a much 
higher stress m ay be obtained in a norm al design of 4-cycle 
cylinder cover than in the Sulzer 2-cycle cover with its thin 
walls even though in the la tte r case the heat flow per u n it area 
is m uch greater than  in the 4-cycle cover.

15. 4-cycle, Sulzer 2-cycle, Valve Head Scavenge C o d e rs .

The pistons and liners are, as already stated, much less liable 
to trouble. The Sulzer liner follows generally adopted practice 
as regards the combustion chamber portion, while at the bottom 
of the liner exhaust ports and a double row of scavenge ports 
are provided. The bars in the exhaust ports are water cooled, 
the passages being perfectly straigh t and easy to clean if 
required. The tem perature at the bottom of the cylinder liner 
being' verv much less than  in the combustion cham ber and more- 
over not being subject to more than  the exhaust pressure, there 
need not be the slightest anxiety in regard to this p a rt of the 
engine. The mean tem perature of the exhaust in a Sulzer 
2-cycle engine runn ing  at full power is only 450° F ., while the 
actual tem perature of m etal in the bars of the exhaust ports is 
only 300° F ., th a t is, little  more than  the tem p, to which m any
C .I. parts of a steam installation are subjected. I t ,  therefore,
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seems a little  absurd to suggest--as lias been done—th a t the 
Sulzer design simply transfers the heat stress troubles from the 
cylinder cover to the liner.

F ig . 16 shows the exhaust temp, of a Sulzer 2-cycle and a 
4-cycle engine runn ing  a t various loads.

An investigation of the actual stresses caused in the walls of 
the combustion chamber of an I.C. engine is an exceedingly 
difficult m atter, and it is very doubtful w hether there is a t the 
present moment sufficient experim ental data on which to base 
reliable calculations. H eat stresses are caused not only on 
account of the mean temp, drop between the inner and outer 
walls, but they are considerably affected by the cyclic varia
tions in  tem perature occurring throughout the various opera
tions of the cycle. In  addition, there are, in all probability

Diesel Engines.
16. Exhaust Temperature, 2 cycle, A eycio.
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in itia l casting stresses, particu larly  in complicated castings such 
-as 4-cycle cover— which cannot be assessed. However elaborate, 
therefore, theoretical calculations may be, the results are not 
■convincing unless hacked up by actual practical experience. 
Sulzer’s experience in this direction has clearly shown that the 
2-cycle engine is much less susceptible to heat stress troubles 
than the 4-cycle engine.

F ig. 17 shows an experim ental single cylinder 2-cycle engine 
constructed by Sulzers in 1914. The cylinder dia. is 39-4 inches 
and  the stroke 43'5 inches and sligh tly  over 2,000 B .H .P . was 
developed when ru n n in g  at about 150 revolutions per m in. E x 
haustive tests carried out on th is engine during  a period of 2 
years during  which several six hours tria ls  were made at a mean 
pressure of over 120 lbs. per sq. inch failed to reveal any defects 
due to heat stress in either the cylinder liner, cover or piston.

Another interesting experim ent was carried out on a 2-cycle 
subm arine engine cylinder to discover, by means of runn ing  the 
engine continuously under a very high pressure, the first source 
of failure. The dimensions of the cylinder were 2 1 | inches 
diam eter and 19‘6 inches stroke, the designed output being 
400 B .H .P . at 310 revolutions per m in. A continuous full 
power tria l of 10 days duration was carried out on ta r oil and 
this was succeeded by a 3^ hours tria l at over 50% overload 
an d  at an indicated mean pressure of 124 lbs. per sq. inch. No 
defect of any kind whatsoever was to be found in cylinders, 
pistons or valves, and the only apparent evidence of this exces
sive overload was in the exhaust pipe which was uncooled and 
become red hot during the overload tria l.

Tests such as these, valuable though they are, are still less 
■conclusive than  results of actual runn ing  in service. I t  is, 
therefore, in teresting to note that there are at least 1,500 Sulzer 
2-cycle cylinders in service, and of these over 400 cylinders 
are above 20in. dia. The mean indicated pressure is generally 
about 100 lbs./ins. and the power per cylinder in several cases is 
over 750 I .H .P . I f  there was some defect inherent in the 
•design, as for instance, if heat stresses had not been taken pro
perly into account there would surely be a considerable per
centage of failures due to cracked liners, pistons or covers. 
T he fact that this has not been the case is the clearest proof 
tha t the design is sound, both in theory and practice.

A nother point of advantage associated with the Sulzer 2-cycle 
■cover is that owing to the sligh tly  concave shape of the under 
side, taken in  conjunction with a sim ilarly  concave shaped



piston head a well shaped combustion space is obtained, contri
buting to efficient burning of the fuel.
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17. Single Cylinder Sulzer Engine, 2 ,000 B.H.P.
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Mechanical Features.—The design of various details in  the 
Sulss&r E ngine have been evolved as the  result of long experi
ence. B earing pressures and stresses are kept w ithin the lim its 
of what has been found to be am ply sufficient for reliable work
ing under the particu lar conditions of service called for. In  
the Sulzer m arine engine, the working parts, such as the crank
shaft, connecting rods, guides, vertical shaft, cam shaft, etc., 
generally  follow normal practice, as m ay be seen from the 
various drawings and photographs of the engine. Accessibility 
and ease in dism antling and overhauling have in particu lar 
received special attention. F ig . 1 7 a .

In  a 2,000 B .H .P . Sulzer 4-cylinder m arine engine, a cylinder 
cover can be removed and piston wholly w ithdraw n, in less than 
one hour from commencing to dism antle.

Forced lubrication is invariably employed, the oil being led 
into the bottom of the main bearing brasses and thence to the 
connecting rod bottom ends. The pressure in the system is 
about 10 to 15 lbs. in m arine engines, the oil being supplied 
from  a gravity  tank  according to the usual practice, commonly 
adopted with a geared turbine installation. Instead of oil being 
supplied to the gudgeon pins through a separate pipe fixed to 
the connecting rod or through a hole in the connecting rod, a 
separate telescopic pipe is fitted, this being a sim pler and more 
reliable fitting, and furtherm ore, advantage can be taken of 
increasing if necessary the pressure of oil in this system to 
ensure adequate lubrication. Comments have been made on 
this departure from normal practice, but it is difficult to under
stand where either difficulties or troubles are .to be expected in 
such an obviously simple fitting.

The cylinders are lubricated in the usual m anner by oil 
supplied by a pump with sight feed adjustm ent. In  4-cycle 
engines owing to the short piston and the absence of scavenging 
o r exhaust ports in the cylinder liner it is obvious th a t  any b u rn t 
lubricating oil or other im purities in the cylinder m ust find a 
way out a t the bottom of the cylinder liner. F or this reason 
it has been found desirable in most 4-cycle engines to lengthen 
the piston rod and provide a special chamber between the 
cylinder and crank-ease to avoid contam ination of the lub ri
cating  oil in  the crank cham ber by foreign m atter coming from 
the cylinder. No such difficulty arises in the Sulzer 2-cycle 
engine,as i t  is found th a t practically  all im purities are blown out 
the exhaust ports, and as a fu rth e r precaution a gland ring  is 
■fitted at the bottom of the liner, thus effectually isolating the 
cylinder from the crank chamber.
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Tlie consumption of lubricating  oil amounts to less than 1% 
of the fuel oil used and in a ship of 3,000 B .H .P . would am ount 
to about 24 gallons per day. W ith  careful attention, however, 
the consumption can be still fu rther reduced.
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F ig . 18 shows diagram m atically  the arrangem ent adopted for 
piston cooling. Sea water is generally used, and it will he seen 
that no glands are necessary, as the w ater under atmosphere 
pressure escapes freely through an open drain. The piston is 
b u ilt up in two portions, the piston head being so attached to

the piston rod th a t the load is transm itted directly without pass
ing  through the portion carrying the rings. The piston sk irt is 
a th in  cylindrical body which serves to lengthen the piston as 
necessary w ithout adding appreciably to the total reciprocating 
weight. F ig . 19.

Starting and Reversing Arrangements.— Since a 2-cycle engine 
receives an impulse every revolution only four cylinders are 
required to ensure th a t there is no “  Dead point ” on starting , 
whereas a m inim um  of sis cylinders is necessary for th is purpose 
on a 4-cvcle engine. Sulzer m arine engines are made in units



20. Marine Engine (4 S 60).
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of 4, 6 or 8 cylinders, depending upon the power required and 
other conditions.

F ig . 2U shows a 4-cylinder 2-cycle m arine engine of 1,250 
B .H .P . at 100 r.p .m .

F ig . 21 shows two 6-cylinder land engines of 3,000 B .H .P . 
each.

F ig . 22 shows an 8-cylinder subm arine engine of 3,500 B .H .P . 
at 300 r.p .m .

In  a 4-cylinder engine the crankshaft is in two lengths and 
the pair of cranks on each length are at 180°, while the plane 
of the cranks on the forw ard and aft, lengths are a t rig h t angles 
to each other, one crank at least is therefore, a t any angu lar 
position of the shaft, in a favourable position for s ta rtin g . 
S ta rtin g  is accomplished by adm itting  compressed a ir th rough  
cam operated a ir  s ta rtin g  valves on all four cylinders. A fter 
a revolution or two of the engine, s ta rtin g  a ir  is cu t off and fuel 
adm itted  to two cylinders, the rem aining two cylinders s till 
operating on air. F in a lly  a ir  is cut off and fuel adm itted  to  all 
cylinders.

R eversing .— For reversing it is only necessary to a lter the 
period or tim e of opening of the a ir  s ta rting  valve, fuel valve, 
and ro tary  scavenge valve. The la tte r valve is driven off the 
vertical shaft through spiral gearing to the horizontal shaft, 
and reversing is accomplished by providing a dog clutch w ith  a 
certain  am ount of play between the driv ing faces which is 
taken up and autom atically  corrects the tim ing  on reversing the 
m otion of the engine. The fuel and a ir s ta rtin g  valves are 
operated by means of the m echanism  shown in F ig . 23.

A stern .

R eversing-

A h e ad .

23. Reversing Mechanism.
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I t  will be seen tliat a separate cam “  a ” and cam roller “ a l  ” 
is provided for ahead running , while cam “ b ”  and cam roller 
“ b l ”  are for astern runn ing , and by moving the hand wheel 
and ro ta ting  the reversing shaft either the ahead or astern cams 
can be brought into action as required. The arrangem ent is 
identically  the same for both t lie a ir starting  and fuel valves. 
F igs. 24, 25.

The alteration  in the tim ing  of the engine in the m anner de
scribed. for either ahead or astern running , requires very little  
elfort and even in  engines of the largest size can easily be 
accomplished by hand, so th a t no servo motors are ever neces
sary for this operation.

S to r tin g .— In  order to provide for the various operations of 
s ta rtin g  being carried out in th e ir proper sequence, the rocking 
levers are mounted on eccentrics on two control shafts, one for 
each p a ir of cylinders, which are turned  by hand in  the case of

24. Reversing Gear (Ahead).
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25. Reversing Gear (Astern).

a sm all engine, or by an a ir  servo motor or s ta rtin g  engine for 
large engines. The eccentrics are so set th a t afte r having pu t 
the reversing shaft in the position for ahead or astern ru n n in g  
the following operations are carried out. F igs. 26, 27, 28.

(1) In  the “  stop ”  position a ll cam rollers are lifted  clear of 
the cams, and on p u ttin g  both control shafts into the position 
for “ R unn ing  on A ir,”  a ll a ir s ta rtin g  cam rollers are brought 
down on th e ir respective a ir s ta rting  cams, and a t the same tim e 
the m ain a ir  s ta rtin g  valve—to which reference w ill be m ade 
later— is opened on each cylinder by means of a cam fitted on 
the control shaft. In  th is position the fuel cam rollers are still 
clear of the cams, but one cylinder being in tbe  correct position 
a ir  will be adm itted  through  the cam operated advance a ir 
s ta rting  valve on th is  cylinder, and the engine will then  com
mence to ro tate on air.

(2) The next movement is p a rtia lly  to ro tate the a t t  section 
of control shaft to “ R unn ing  on F u e l,” which removes the air
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sta rtin g  cam rollers from the cams and brings the fuel cams 
into operation on the aft pair of cylinders, thus leaving two 
cylinders on a ir and two cylinders on fuel.

(3) F in a lly  a sim ilar movement of the forward section of 
control shaft brings the fuel cams for the forward two cylinders 
on to their respective cams and at the same tim e puts the a ir 
starting- cams out of action, thus resu lting  in all cylinders being 
in operation on fuel. A part from the sim plicity  of the 
m echanism  described, an im portant advantage is gained by the 
system of levers employed, as it enables the lif t  and period 
opening of the fuel needle valve to be reduced by ad justing  the 
hand wheel to give any desired clearance between the roller and 
cam, and at the same tim e the exact tim e of commencement of 
opening is practically  unaltered . This g reatly  increases the 
re liab ilitv  of working under low loads, and enables the q u an tity  
of blast a ir  which is dependent on the blast pressure and 
period of opening, to be adjusted as m ay be necessary to give 
the best results according to the p articu la r load and condition 
under which the engine is runn ing . The ad justm ent is ind i
cated by a pointer on a graduated sector, the divisions 0— 10 
showing the range of ad justm ent for ahead and astern ru nn ing . 
(F ig . 23).

The arrangem ent of two a ir s ta rtin g  valves— a m ain and an 
advance valve for each cylinder—has the following im portan t 
advantages. The m ain valve which opens d irectly  in to  the 
combustion cham ber rem ains shut while the engine is ru n n in g  
on fuel and thus isolates the advance air starting  valve operated 
by the cam shaft, from the bu rn ing  gases in  the  m ain engine 
cylinder. Any chance of carbonization or sticking of the cam 
operated advance valve is thus practically  elim inated, b u t if 
desired, the advance valve can be removed and cleaned while the 
engine is running- since the m ain valve in  combustion cham ber 
is, under these conditions, shut. The space between these p a ir 
of valves is in d irect com m unication when engine is runn ing  
w ith  either the atm osphere or the scavenge tru n k  and is con
sequently not under pressure. Leakage of s ta rtin g  a ir  into the 
cylinder or of b u rn ing  gases into the s ta rtin g  a ir system 
is thus rendered impossible. D uring  s ta rtin g  operations the 
main valve is opened bv a cam on the control shaft, which it 
w ill be remembered is tu rned  bv the s ta rtin g  engine, bu t as the 
valve rem ains open during  the whole period of s tarting , and is 
not required to operate rap id lv . no difficulties arise due to  
sticking. The cam operated advance valve is thus free to work
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under the best conditions removed from the high cylinder tem 
peratures and absolute re liab ility  in sta rtin g  is ensured.

A nother feature of this arrangem ent is th a t im m ediately the 
m ain  air s ta rting  valve on the cylinder is opened by the control 
shaft, the compression pressure is a t once released since the a ir 
passes d irect from the cylinder into either the atmosphere or the 
scavenge trunk . As soon as the cam operated advance valve 
comes into operation the escape to the atmosphere or scavenge 
tru n k  is autom atically  closed and s ta rting  a ir passes by way of 
the advance valve and m ain valve direct to the cylinder. Special 
m eans are provided in the advance valve for balancing against 
the a ir  starting  pressure so th a t very little  effort is needed to 
operate the valve.

Fig-. 27 shows a section throug'h the combined fuel and a irO o
starting  valve box.

27. Combined Fuel and Air Starting Valve Box showing Ma:n and Advance Air
Starting Valves.
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E ig . 29 show a ir s ta rtin g  diagram s from which it w ill 
he seen th a t only one a ir s ta rtin g  charge was adm itted 
to  cylinder “ 1 ” belonging to the first group of cylinders, and 
only three charges to cylinder “ 3 ”  of the second group before 
regu lar firing took place. The consum ption of s ta rtin g  a ir  is 
therefore as sm all as possible, and th is  is of considerable im 
portance in  a m arine insta lla tion  where num erous manoeuvres 
have to be pei'formed on a given a ir bottle capacity  w ithout 
having sufficient tim e to recharge.

In  all Sulzer m arine engines the m ain a ir compressors are 
designed of approxim ately  sufficient capacity  to supply twice 
the  am ount of a ir  actually  necessary for b last purposes. Con
sequently in  a tw in  screw ship the m ain compressors on e ither 
engine are sufficient, in  case of the breakdown of one com-



Taken on Cylinder No.l.

Sulzer Two-Cycle Marine Diesel Engine.

Successive Indicator Diagrams taken while starting.

29. Air Starting Diagrams.
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pressor, for ru n n in g  both engines, or when both are runn ing  
th e re  is p len ty  of surplus air for recharg ing  the a ir  bottles. 
A dditional electrically  driven a ir compressors are, however, 
usuallv  fitted as a fu rth e r safeguard of the air supply. Also to 
•comply w ith  L loyd’s requirem ents an emergency compressor 
which can be started  w ithout compressed a ir is fitted so th a t in  
the event of all a ir pressure being accidentally  lost recharg ing  
•can be accomplished.

E ig . 30 shows a type of combined hot-bulb engine and com
pressor Sulzer provide for this purpose. The engine is started  
w ithout using compressed air and the set is also suitable for driv
ing  an emergency dynamo or can be direct coupled, as shewn in 
the  illustra tion  to a centrifugal pum p for cooling w ater or other 
au x ilia ry  purposes.

30. Hob Bulb Engine Compressor and Pump.

F uel Control.— In  a ll operations of s ta rting  and reversing, a 
com plete system of interlocking is provided to avoid the possi
b ility  of a m istake. The separate fuel pum p provided for each 
cy linder is also controlled from the mechanism  operating  the
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control shaft in  such a m anner th a t the pump is only delivering 
fuel when required, i.e ., when the fuel valves on cylinder are 
in  operation. W hen no fuel is required the suction valve is 
held continuously off its seat, while when runn ing  the quan tity  
of oil delivered is varied as necessary by hand ad justm ent to 
give the required load, by holding the suction valve open during  
a greater or less portion of the delivery stroke. The fuel pum ps 
are in  addition controlled by a governor of the cen trifugal 
type, which cuts off fuel as necessary from th e  different 
cylinders in  order to prevent the engine racing. (See E ig . 31)-

31. Fuel Pump and Governor 4-cylinder Sulzer Marine Engine.
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A ir  Compressor.— The a ir compressor for supplying blast a ir 
to  the fuel valve requires a h igh  degree of re liab ility , w hich 
can only be obtained by the most careful a tten tion  to details in 
the design. In  the early  days of a Diesel engine the a ir  com
pressor was a fru itfu l cause of trouble, and induced several 
firms to abandon air injection of the fuel for m echanical or 
solid injection. Sulzers have for m any years standardised a 
design of three stage compressor, and experience covering large 
num bers of engines in service has shown th a t a ll the early  de
fects in  design have been elim inated and a t least the same 
degree of re liab ility  is obtainable in the compressor as in the 
engine itself.

Mean Pressure and P iston Speed .— I t  is particu la rly  im 
po rtan t in tbe case of a Diesel m arine engine to adopt a con
servative H .P . ra tin g  for any given size of engine. In  steam 
engine practice it  is usual to  allow a certain  m ean pressure 
referred to the L .P . cylinder which taken together w ith the 
piston speed represents from wide experience the ou tpu t the 
engine w ill safely develop. The boilers are so designed th a t 
under tr ia l conditions w ith clean fires and engines “ linked 
o u t”  a certain  m axim um  power is obtained, which is p rac ti
cally  never required under service conditions at sea. The con
ditions of steam supply sufficiently guard  against the possibility 
of overloading the engines. In  a Diesel engine, however, the 
power is dependent w ith in  lim its upon the fuel supplied to the 
cylinder and the ease w ith which an overload can be obtained by 
a sim ple ad justm ent of fuel control m ust be foreseen and 
guarded against.

The Sulzer 2-cycle Diesel m arine engine is rated to work at 
a m ean indicated  pressure of about 95 lbs. per sq. inch on 
continuous service, a lthough a considerably h igher pressure is 
possible w ithout any visible sign of overloading, such as a 
smoky exhaust. In  the tria ls  of the single screw M otor Ship 
Augusta , a converted steam ship fitted w ith  a four cylinder 
eugine of 800 B .H .P ., the indicated mean pressure at norm al 
continuous load was 98-8lbs. per sq. inch, while for several 
hours a m ean pressure of 124-6 lbs. was m ain tained  w ith a per
fectly clear exhaust, the engine developing 1,015 B .H .P .

More recently  the Conde de Churruca, a tw in  screw tanker, of 
2,500 B .H .P ., w'hen on her m aiden vovage from Newcastle to 
Morocco and back, worked at a mean indicated pressure vary ing  
between 106 and 112lbs. per sq. inch. D uring  tbe contract 
tria ls  of th is ship, indicated mean pressures of 120 to 128 lbs.
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were obtained. I t  m ust be d istinctly  understood, however, th a t  
although these h igh  mean pressures are easily obtained it is not 
recommended th a t tlie rated mean pressure should be continu
ously exceeded on service. F or six hours or so an overload of 
10% is, however, justifiable. The piston speed of Sulzer 
m arine engines has been determ ined w ith  a view to m ain ta in ing  
w ith a certain  stroke bore ra tio , a speed of revolution w hich is 
generally  appropriate for the conditions of service called for. 
The piston speed is not affected by the question of w hether the 
engine is 2-cycle or 4-cycle. In  Sulzer 2-cycle subm arine 
engines, piston speedsof over 1,100 ft./m m . have not caused the  
slightest trouble, but for m ercantile engines the speed is gener
a lly  750 to 800 ft./m m . and w ith a stroke bore ratio  of about 
1-7/1, th is gives a low speed of revolution to the crankshaft, 
which is generally suitable for propeller efficiency.

E fficiency .— I t  is sometimes assumed th a t the m echanical 
efficiency or ratio  of 13.H .P . / I .H .P .  of a 2-cycle engine m ust 
necessarily be lower th an  for a 4-cycle engine owing to the power 
required for d riv ing the scavenge pum p. I t  m ust be remem 
bered. however, th a t the moving parts of a 4-cycle engine are for 
the same power considerably heavier and both the im mber and 
sizes of bearing surfaces greater than  in a 2-cycle engine, thus 
adding to frictional losses. F urtherm ore, “ pum ping losses” 
are incurred during  the in let and exhaust stroke of the 4-cycle 
engine, owing to the frictional and eddy resistance of the  air, 
and exhaust products passing through the valves and pipes. A 
badly designed 2-cycle engine w ith a h igh  scavenging pressure 
such as is necessary w ith valve head scavenging is certain ly  con
ducive to poor efficiency, but in the Sulzer design with am ple 
scavenging port areas, a pressure of only 1 |  to 2 lbs. is sufficient. 
Ind ica to r diagram s taken from the reciprocating scavenging 
pumps of a four cylinder Sulzer m arine engine developing 1,720 
I .H .P .  indicated 59-2 I .H .P .  and the to tal m echanical effi- 
ciencv of the engine was 73-5% or about the same as a norm al 
4-cvcle engine.

Using separate electrically driven scavenge pum ps the 
m echanical efficiency of the m ain engine neglecting the power 
supplied to the scavenge pumps is about 78% to 80%. The 
overall efficiency as shown by fuel consum ption tests tak ing  into 
account the power for the separate scavenging pum ps is slightly  
higher w ith th is system th an  w ith direct driven pumps.

_ E xhaustive tests have shown th a t the therm o dynam ic effi
ciency of the Sulzer 2-cycle engine is practically  independent
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of the class of fuel oil used, thus using gas oil, ta r  oil, mazout or 
M exican fuel oil, an engine of 1,250 B .H .P . w ith  d irect driven 
scavenge pum ps shows a therm o dynam ic efficiency of 32% to 
34% . This has been improved upon in large engines using 
separate tu rbo  scavenging. The fuel consum ption using fuel 
of about 18.000 B .T .U . calorific value is 0-40 to 0-42lbs. per 
B .H .P . /hour, which is p ractically  the same as a 4-cycle engine. 
F igs. 32, 33.

1700 I . H . P .  S u lz c r  Two-Cycle M arin e  D ie s e l  E n g in e .

R e s u l t s  o f T r i a l s  a t v a r io u e  s p e e d 3 : B .H .P . c o r r e s p o n d in g_
to  F ro p e  1 1 er> Lav/

32. Fuel Consumption and Efficiency Curves, 4-cylinder Sulzer Marine Engine.

W eig h t and Space .— The “ Steam ing w e ig h t”  of a Sulzer 
m arine installa tion , including propeller, shafting  and norm al 
auxiliaries, is usually  about 10% to 15% less th an  a correspond
ing steam installa tion  of the same power w ith  trip le  expansion 
engines and boilers. The percentage saving in m achinery space 
may be still g reater and in p racticallv  all cases the engine room 
can be even sm aller th an  the  m inim um  size of engine room 
which, according to Board of Trade rules, it is found necessary 
to provide in order to obtain the best allowance for ne tt re
gistered tonnage.

The fact th a t an engine has a low w eight per B .H .P . m ay 
suggest lig h t scantlings, special m aterials, or o ther means



f  Load, 9 5 6 B.H.P., 92.7 r.p m. \ Load, ^42 B.H.P., 82,8 r.p.m.

1700 I.H.P. Sulzer Two-6.ycle Marine Diesel Engine.

Indicator Diagrams at various speeds, B.H.P. according to Propeller Law.

33. Indicator Diagrams. 1,250 B.H.P. Sulzer Marine Engine.
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which m ay be employed to reduce the w eight of a p articu la r 
engine in  comparison w ith another engine of the same type. 
Thus, for example, considering 4-cycle engines, there is a con
siderable saving in w eight in  the W erkspoor engine as com
pared w ith the 13urmeister and W ain  engine, due to a  totally  
different method of bu ild ing  up th e  engine fram ing  and sup
porting the cylinders. S im ilarly , subm arine engine weights 
are reduced by using special m aterials, cast steel instead of cast 
iron, and so on, and also by runn ing  the engines a t very h igh  
mean pressures and piston speeds.

I t  w ill be seen from various illustra tions of the  Sulzei 
engine th a t the engine fram ing  is of robust design. The bed
plate, crank  ease, cylinder columns, cylinder jackets and 
cylinder covers are all of cast iron, while the m ain runn ing  parts, 
such as crank shafts, connecting rods, piston rods, cam shafts, 
etc., are of ordinary  mild steel. The relatively lig h t weight is 
obtained by runn ing  on the  2-cycle principle in  such a m anner 
th a t a  h igh  m ean indicated pressure can be safely m ain ta in ed ; 
thus, in a cylinder of a given diam eter approxim ately double the 
horsepower is obtained compared with a 4-cycle engine cylinder 
of the  sam e dimension running  at the same piston speed.

W hile reduction of w eight in  a m arine engine is not o f 
prim ary  im portance from the point of view of the gain  in cargo- 
carrying capacity , i t  has a very im portant bearing 011 th e  
in itia l cost of an in sta lla tion  seeing th a t if the same m aterials 
are used and if the engine is not more complicated the cost o f 
production m ust be m ain ly  determ ined by the w eight.

Some Applications of Sulzer 2-Cycle Engines.
Figs. 34, 35, 36 illu stra te  some large Sulzer 2-cycle land in 

stallations. There are at present 28 land  installa tions of over 
2,000 13.H .P . each, and about 50 installa tions of over 1,000 
B .H .P . equipped w ith  Sulzer engines.

F ig . 37 show's a 400 B .H .P . m arine engine. A bout one 
hundred sets of these engines have been bu ilt. No a ir s ta rtin g  
motor is necessary in  engines of th is size and it w ill be seen th a t 
two hand levers are provided for tu rn in g  the control shafts for 
each pair of cylinders.

F ig . 38 shows an 800 B .H .P . m arine engine wThich  was fitted 
in the single screw vessel A ugusta . On sea tria ls  th is  engine 
developed over 1,000 B .H .P . I t  w ill be observed th a t single 
crosshead guides are fitted instead of double guides which are 
adopted in  la rger engines.



35. 2 ,300 B.H.P. Sulzer 2-cycde Engine.



37. Sulzer 2-cycle M arine Engine, 400 B.H.P.



7t>H SITLZER 2-CYCLE MARINE ENGINE.

38. Sulzer 2-cycle Marine Engine, 800 B.H.P.

F ig . 38a is a Sulzer 2-cycle m arine engine developing 1,500 
B .H .P . a t 110 revs, per m in., the scavenging pum ps being in 
th is case electrically driven. Two of these engines are fitted in 
the Norwegian Motor.ship H andicap  and are now in service. 
This ship was described in the F ebruary  issue of the “  Motor 
Ship,” and she has now reached Bahia Blanca, afte r a very suc
cessful voyage of 25 days from Newport.

F ig . 39 shows the s ta rtin g  platform  of the m otor tanker Condc 
de Churruca. situated on the upper g ra ting . In  some larger 
engines of 2,000 B .H .P . bu ilt for the Chargeur E eun i Co. of 
France, the controls are so arranged th a t they  can be worked 
either from the top or bottom levels. F igs. 40 to 45 fu rther 
illustra te  the application of the Sulzer engine to m arine purposes.

Future D evelopm ents.— There are sure signs th a t shipowners 
are realising the advantages of the m otorship and confidence in  
the re liab ility  of the Diesel engine, which was at one tim e in 
doubt, lias now been well established bv the successful runn ing  
of several different types of engines. Perhaps the most serious 
objection th a t can now be urged against the m otorship is the 
h ig h er in itia l cost as compared w ith  the steam ship, and th is can 
only be m et bv striv ing to reduce the to tal w eight of m achinery, 
to  u tilise ordinary inexpensive m aterials and to sim plify the
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designs with a view to obtaining the lowest possible production 
costs. B earing in m ind the certain  gain  in  cargo-carrying 
capacity  on a given displacement, it is even now possible to 
produce a motorship a t p ractically  the same price per ton cargo- 
carry ing capacity as a corresponding steamship.

43 . U .S.A . Subm arine.

W ith  regard to the lim its of power of the Diesel m arine 
engine, there appears to be in some directions a tendency to 
favour double acting engines, presum ably on the grounds th a t 
by th is means larger powers can be developed. The double 
acting  engine has. however, its own problems which rem ain to 
be solved by experim ental means and by observation of actual 
results in service whereas there is a vast am ount of experience 
behiud the single acting  engine. So far the only notable 
example of a double acting  engine is in  the M otorship Assyrian  
(late F ritz), bu ilt bv Messrs. Blohm and Yoss, and the experi
m ent does not invite a repetition of th is type of engine. The 
first cost m ust be far h igher th an  for a single acting  engine, 
accessibility for overhaul is extrem ely bad and there does not 
appear to be a single advantage of any im portance whatsoever 
as compared w ith the single acting  engine.

At the present mom ent there is no doubt th a t all needs of the 
M ercantile M arine, w ith the possible exception of fast A tlan tic  
liners, can be im m ediately fulfilled bv the single acting 2-cvcle 
engine. S tandard  designs of Sulzer m arine engines, the m ain
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particu lars and details of w hich are based upon actual practical 
experience, are already prepared in  various sizes up to an eight 
cylinder engine, which will develop for continuous sea service
7,500 B .H .P . a t 82 r.p .m . The diam eter of cylinder in  th is  
engine is only 35-5 inches, which is 3-9 inches less th an  the 
single cylinder experim ental engine, and only 5-5 inches la rger 
in diam eter than  several land engines which have been in  opera
tion for the  past five or six years. I t  is inconceivable, there
fore, th a t the much discussed heat stress troubles w ill arise in  
an engine of this size. A tw in screw vessel of 15,000 B .H .P . or 
a trip le  screw of 22,500 B .H .P . is thus an im m ediate possibility, 
presenting  less experim ental features and showing vastly m ore 
attractive gains than  did the double reduction geared tu rb ine  
ship of a few years ago. I t  is not too sanguine to expect th a t 
the shipowners and their technical staffs w ill carefully  study 
the question of the m otorship for any new construction and to  
meet the ever increasing needs of keen com petition they will 
surely be tem pted to adopt the Diesel engine, which is the most 
economical and suitable prime mover a t present in existence for 
m arine purposes.

DISCUSSION.

The C h a ir m a n  : U nfortunately  our Chairm an of Council is 
unable to be present to -night but we have a com m unication 
from him  which I  w ill ask our Hon. Secretary to read.

Mr. H . A. R u c k - K e e n e  : W e are m uch indebted to E n g r.- 
Lieut.-Com dr. Le M esurier for his most in teresting and instruc
tive paper on the Sulzer 2-stroke cycle m arine engine.

Messrs. Sulzer F reres have had a wide experience w ith both 
the 2-stroke and the 4-stroke cycle engines, and therefore th e  
A uthor’s rem arks w ith regard to the two types are all the more 
valuable.

I  have often been asked the question which is raised by th e  
A uthor as to which type of engine is most reliable. Up to the pre
sent there have been fa r more 4-stroke cycle Diesel engines fitted 
into m erchant ships, and, consequently, we have had far more 
experience a t sea with the 4-stroke than  w ith the 2-stroke cycle 
type.

C ertain types of 4-stroke cycle Diesel engines have proved 
themselves to be as reliable as the ordinary  reciprocating steam 
engine, and I  see no reason why the 2-stroke cycle engine should 
not prove itself to  be equally reliable.
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As the A uthor states in  his paper the 2-stroke cycle engine 
w ith  the same num ber and diam eters of cylinders and stroke 
should give nearly  twice the indicated horse-power of the/ 
4-stroke cycle engine.

Now th e  highest indicated horse-power on an 8-cy'linder. 
4-stroke cycle m arine engine is about 3,000. This appears at 
present to be about the lim it of horse-power obtainable w ith 
the 4-stroke cycle single acting engine.

To obtain a m uch h igher power than  th is, as would be re
quired for, say, fast passenger liners, it appears to follow tha t 
e ither a 2-stroke cycle or a double acting  Diesel engine would 
require to be fitted to fulfil the requirem ents.

The only double acting Diesel engines so far fitted in a m er
chant ship are, as stated by the A uthor, those in the Twin Screw 
A ssyrian ex F r itz , bu ilt by Messrs. Blohm and Voss, of H am 
burg. in  1914. These engines are of the 2-stroke cycle type, 
bu t they  only develop 850 brake horse-power per shaft. Other 
much larger double acting  Diesel engines are, however, in 
course of construction.

The Author has gone very fu lly  into the question of the 
scavenge a ir used in the Sulzer 2-stroke cycle engine, and it is 
in teresting  to note th a t bv reducing tlie pressure of the scavenge 
a ir  to 1-5 or 2 lbs. per sqaure inch and by using turbo-blowers 
instead of reciprocating scavenge pum ps, a considerable reduc
tion  in  the power form erly required for producing the scavenge 
a ir  has been obtained.

The A uthor points out, I  th ink  quite righ tly , th a t  the reduc
tion  in the num ber of valves in the cylinder covers of 2-stroke 
cycle engines as compared w ith 4-stroke cycle engines enables 
sim pler castings to be used and reduces the liab ility  of the 
covers cracking through heat stresses.

A ir compressors in the early days of m arine Diesel engines 
were the source of some trouble, bu t the  experience which has 
been gained in  the last ten years has led m akers to so improve 
th e ir designs th a t one hears li tt le  about compressor troubles at 
the present tim e.

The build ing  of heavy oil engines for m arine purposes has 
been taken up by most of the m arine engineering firms in  this 
countrv and there certain ly  is a great fu tu re  for these engines 
for m erchant ships, if only the in itia l cost of m anufacture as 
compared w ith steam engines can be reduced.
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In  conclusion, I should like to thank the A uthor for his very 
valuable paper.

The C h a i r m a n  : I  am sorry th a t members present are appar
ently  re luc tan t to open the discussion and therefore by way of 
encouragement I  feel bound to make a few remarks.

I  feel certain  th a t the A uthor would have described m any 
additional details had there been tim e. As it is, he has told 
you about a great m any in teresting features of the Sulzer 
engines. From  a personal experience w ith  a set of these engines 
which the A uthor has mentioned in his treatise , I  was very 
much struck by the easy way in which they were handled. I  
was assured th a t the engineer who had charge of the port engine 
of the vessel referred to was a steam trained  motor engineer 
and th a t he had only on one occasion failed to execute the order 
given on the telegraph index and th a t fa ilu re was due to the  
directions being printed in Spanish, a language w ith  which he 
was not fam iliar. He im m ediately discovered his m istake 
and speedily rectified it.

I t  is p ractically  impossible for an engineer to make a m istake 
in the m anipulation  of the Sulzer m arine type engines, de
scribed by the A uthor, owing to a num ber of cleverly arranged 
and effective devices which are fitted.

As regards the rotary blower I th ink  Messrs. Sulzer Bros, 
are working on the righ t lines in  recommending its use. I t  
seems a g reat waste of space to have a large scavenging pum p a t 
the end of the m ain engines.

W ith  the ro tary  arrangem ent Messrs. Sulzer Bros, are really  
obtain ing  a relatively longer piston stroke because, with the  
cylinder filled w ith fresh a ir  a t a pressure sligh tly  above the  
pressure of the atmosphere, the final pressure will in consequence 
be h igher than  in  the case of a 4-stroke cycle engine cylinder of 
sim ilar dimensions, which starts its  compression stroke w ith a 
partia l vacuum.

I notice th a t w ith the exception of the Beardmore-Tosi engine, 
in which fresh water is used for piston cooling, the  makers of 
Diesel engines use sea w ater for both cylinder and piston cool
ing purposes. I  shall be pleased to learn  w hether the A uthor 
has had anv experience of Sulzer-engined vessels ru n n in g  in  
m uddy waters, and, if so w hether anv deposit has been found 
in  the cylinder jackets. The use of salt w ater for piston cooling 
ra th e r leads the steam engineer to th ink  th a t scale will be de
posited on the hot surface of the piston core, but th a t is a bogey.
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The tem perature of the cooling water never becomes h igh  
enough to cause such scale form ation, being about 150° F . a t a 
m axim um .

The crank doors of the Sulzer m arine engines look large and 
heavv. My first impression was th a t they would be difficult to 
handle, bu t I  was inform ed th a t they are m ade of alum inium  
and can be lifted  by one man.

I t  was not my in tention to speak on th is  subject to-n ight, but 
I hope these remarks will lead to a good discussion.

M r. E . A. E v a n s : The A uthor laid  special stress upon the  
fact, when showing the diagram s, th a t the scavenging port 
rem ains sligh tly  open a fte r the piston has closed the exhaust 
port. F u rth e r  enlightenm ent 011 th is very im portan t point 
would be appreciated. The scavenging a ir appears to be de
flected on to the exhaust side of the cylinder w all, and should 
therefore take a c ircu lar pa th  in  the cylinder before it is d is
charged th rough  the exhaust port. Obviously a considerable 
am ount of turbulence m ust result by the bom bardm ent of the 
out-going a ir  on the in-com ing air. In  fact it is possible th a t a 
portion a t least of the products of com bustion w ill rem ain  in  
the  cylinder by v irtue of the circu lar pa th  of the air, also a pro
portion of the scavenging a ir  will be deflected d irectly  through  
the exhaust w ithout perform ing its function. No doubt pro
vision has been m ade for th is possible short-com ing, bu t it  is 
not obvious to  the speaker, probably because he has been more 
accustomed to associating deflector-headed pistons w ith  2-stroke 
engines.

M ention was made in  the paper th a t the scavenging in th is  
type o f engine is superior to th a t in  the 4-stroke engine. No 
doubt th is  statem ent is based upon the result of analyses of the 
Stases a t various stages of the cycle. W ill the A uthor kindly 
reveal the results of these analyses and how the gas was sam 
pled ; also w ith dem erits of the  deflector type of piston.

The system of cooling the piston appears to call for criticism  
in  th a t  the w ater im pinges on one point of the  piston head, 
whereas the opposite side is not cooled because the stream  of 
w ater is deflected from it  by the curvature of the under side of 
the piston head. W ould not th is  system resu lt in  uneven 
cooling?

The subject of lubrication was very briefly m entioned, no 
doubt, because the paper was so thoroughly  filled w ith other 
details, b u t i t  is one which is extrem ely im portan t, especially
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as there appears to be a considerable am ount of confusion about 
the lubrication of the Sulzer 2-stroke m arine engine. One 
hears in  one part of the country th a t Sulzers do not give any 
guidance in the type of oil to be used, whereas, elsewhere one 
finds com paratively th in  oil being used and in  another place 
th ic k 'o il  beina' used. W hen one reads Schenker’s book on 
“ Fuel and L ubrica ting  Oils for Diesel E n g in e s”  one is even 
more mystified, for he states th a t w ith an engine below 30 H .P . 
per cylinder an oil w ith a viscosity of 4-5 a t 50° C. would be 
used, whereas engines up to 60 H .P . per cylinder, an  oil of 
double th a t viscosity should be used, bu t on engines of largest 
power, the vei-y thickest oils obtainable should be used, such as 
those which are suitable in  superheated steam cylinders. No 
doubt the au thor will deal w ith th is very im portant point in  his 
reply.

I t  is very in teresting  to learn th a t the 2-stroke engine only 
runs at a tem perature of 25% higher than  th a t of the 4-stroke, 
evidently am ple provision is made for heat radiation. On the 
first graph showing the tem perature at the various points of the 
stroke, the exhaust tem peratures, as far as I could see, were 
roughly 25% higher in  the 2-stroke than  in  the  4-stroke, 
whereas on the second illustra tion  the conditions were reversed. 
W hy the difference in  tem perature ?

1 was interested to notice on the 2-stroke cover there were 
18 bolt boles, whereas on the 4-stroke engine cover there were 
only 10. Is the slight difference of pressure between the two 
types of engines sufficient to demand th is extra security  by the 
increased num ber of bolts?

I  venture to suggest the A uthor w ill revise one expression in 
tlie title  of the paper, from 2-cycle into 2-stroke, because 
whether it be 2-stroke or 4-stroke, only one-cycle of operation 
has been performed.

Mr. H .  S. H u m p h r e y s : I  would like to ask the author how 
the w eight of the 2-cycle Sulzer engine compares with the 
Cammell-Laird type, tak ing  for exam ple a set of say 3,000-h.p. 
Also how would the floor space compare in the two types? 'ih e  
au tho r told us tha t Messrs. Sulzer Bros, had gone into the  ques
tion of the opposed type and had found difficulties owing to the 
cu tting  of the liner, also owing to distortion tak ing  place. I  
should like to know whether there were any o ther reasons for 
fa ilu re ow ing to the cu tting  of ho'es in the liner.

M r. F . O. B e c k e t t  : In  the illustration  shown, the head of the 
piston seems a very weak design as regards the attachm ent to
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the piston rod. W hen you have a large mass of w rought steel 
attached to m etal of another grade you have got to m ake ex tra  
allowance. W ith  reference to the cylinder cover jo in ting , m ay 
I  ask whether it  is a type of spigot formed round the lin er?  The 
photograph does not m ake th is clear. I  see the consum ption of 
lubricating oil is given as 24 galls, per day in a ship of 3,Ut)t) 
b .h .p . ; this seems a large am ount. R egarding the use of sea 
water for cooling, 1 see no objection to this, and if you are only 
raising the tem perature to 160° E . the solids are not depositing 
themselves, b u t as the C hairm an rem arked, there is a  possi
b ility  of silting  up if strainers are not fitted. In  m any cases 
where steam ships have occasion to s it on sandbanks, special 
injection has to be provided. I  am  in  favour of the 2-cycle 
engine, and I  fail to understand why engineers do not see th e  
advantages of 2-cycle as against 4-cycle.

M r. F a r e n d e n  : The consum ption of lub rica ting  oil in  a  
3,000 b .h .p . engine, nam ely, 24 gallons per day, seems heavy 
in comparison with steam  engines. I  th ink  the consum ption in 
a 12,000 ton ship runn ing  to A ustralia would be prohibitive. I  
am  disappointed that, the au th o r has not given a  comparison to 
show w hat space would be saved by using Diesel engines instead 
of steam reciprocating engines in  a sh ip  of say 7,000-h.p.

Mr. H . R u e : R aving  come recently into contact w ith the 
fitting of Diesel engines in a cargo vessel of about 7,000 tons, I  
heard from the builder of this vessel th a t the excess in cost as 
com pared w ith  fitting  ordinary steam  reciprocating engines and 
boilers was over £40,000. This would be about a year ago, and 
the difference would now of course be less. As fa r as cargo 
space was concerned, the space saved was as fa r as I  can rem em 
ber about 3,500 cu. ft. A lthough the consumption was only 
about 9 tons per day, in £  s. d. there was no saving in the end, 
as owing to the  cargo she was carrying she could never be fu lly  
loaded. I t  seems to me, therefore, th a t the steam  engine still 
holds its own.

Mr. A. H . M a t i i e r  : I  should like to congratulate M r. Le 
M esurier on the excellent m anner in w hich he has p u t his 
subject before us. The am ount of inform ation he has given us 
is very considerable. L ike m any m arine .engineers I  have 
wondered why the 4-cvcle engine has become so predominant, and 
after hearing  Mr. Le M esurier’s lecture I  am still more mystified 
to know why the 2-cycle engine has not been more generally  
adopted. There are so m any in teresting  and im portant features 
of the Sulzer engines which Mr. Le M esurier has touched upon
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tha t they would form subject m atter for a long' discussion. O ne 
point which interested me very much was the  author’s reference 
to the fact th a t the lower end of the cylinders is open to the 
crank chamber. We know w hat the result was in the 4-stroke 
cycle engine w ith cylinder ends open to the crank-cham ber, the 
bearing lubricating oil gradually  becoming contam inated with 
carbonised oil from the cylinder walls and having  to be con
stan tly  watched to ensure th a t it did not get into a dangerous 
condition. A lterations were made in a num ber of existing 
engines to prevent this passage of carbonised oil from the cylin
ders into the crank chamber. I  judge th a t on tine top of the 
stroke the lower edge of the piston does not pass the gland ring , 
in o ther words the piston sk irt works continually in the gland 
ring . I  am with Mr. Farenden in his rem arks regarding the 
consumption of lubricating  oil in comparison with the  steam 
engine, and I  th ink  it would be a great advantage if  the present 
heavy consumption could be reduced to a m uch more reasonable 
figure.

The C h a ir m a n  : I  do not know how much tim e M r. Le 
M esurier can spare to-night to reply to the various speakers. 
Perhaps he will say how lie would prefer to deal with the points 
raised.

M r .  L e  M e s u r i e r  : T h e  m e e t i n g  l ia s  a l r e a d y  l a s t e d  so  l o n g  
t h a t  I  d o  n o t  t h i n k  i t  a d v i s a b l e  to  r e p l y  a t  l e n g t h ,  so  I  .w ill  j u s t  
b r i e f ly  r e f e r  t o  o n e  o r  tw o  p o i n t s  r a i s e d ,  a n d  w o u ld  l i k e  t o  d e a l  
m o r e  f u l l y  w i t h  t h e  r e m a i n d e r  i n  w r i t i n g .

Mr. Hum phreys asked for some particulars regarding a 
3,000-h.p. Sulzer engine, as compared with a  Cammell L aird 
engine of the same power, bu t as I  have no knowledge of a 
Cammell Laird engine which has been constructed of this power 
it is impossible to make a comparison. The w eight of a Sulzer 
engine of this power, however, would be ra ther less th an  300 tons 
which, as far as I  can gather from inform ation published on 
certain  Cammell L aird engines, will be less than the w eight of a 
•Cammell L aird engine of the same power.

I n  regard to space, the Gammell Laird engine will be h igher 
and probably wider, but the overall length  will be less. The 
saving in overall length  does not appear to me, however, to be of 
m uch im portance as a Sulzer engine can easily be accommodated 
in less th an  the space allowed by the 13% Board of Trade rule. 
Mr. Farenden also referred to the question of space and, as an 
exam ple, the Sulzer m achinery of a ship to develop about the 
sam e power (12,500 S .H .P . continuous service) as the
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ss. N a rku n d a o i  the P . & 0 . Company will be accommodated in 
an engine room 79 feet long.

R eferring  to Mr. Evans’ query as to the reason for the scaveng
ing port rem aining open a fte r piston has closed the exhaust port, 
the advantage of this is, th a t  the cylinder is fu lly  charged, or 
even slightly  supercharged, w ith a ir, whereas in a 4-cycle engine 
the flow of air from outside through the valves in to  th e  cy linder 
implies tha t the pressure in the cylinder m ust be less th an  atmos
pheric pressure. Furtherm ore , in the 4-cycle engine the com
pression space is necessarily le ft filled with the products of com
bustion whereas in the Sulzer engine these are effectually swept 
o u t during  the scavenging process. The nett resu lt is th a t the 
Sulzer engine has a larger and purer supply of a ir  into which 
the  fuel is injected and th is is conducive to good combustion.

Mr. Rue has evidently obtained a very unfavourable quota
tion for the Diesel installa tion to which he refers. No doubt 
the prices of different m akers m ust vary p re tty  considerably, bu t 
it  is quite certain  th a t a  Sulzer engine installa tion  as compared 
w ith a steam installation  could not possibly cost any th ing  like 
the figure M r. Rue mentions in  excess of the cost of a steam  
installation.

O ther questions raised I  would like to deal with in  corre
spondence and in the m eantim e I  wish to thank  you all for your 
attention and for your valued criticism s and rem arks.

M r. A. H .  M a t h e r  : I  should like to propose th a t we as 
members of this In stitu te  accord a very hearty  vote of thanks to 
M r. Le M esurier. H is paper w ill form  a  most valuable addi
tion  to the Transactions of the In stitu te .

Mr. P . R . B r a y  : I  have m uch pleasure in seconding the vote 
of thanks. W e are not only indebted to M r. Le M esurier for 
his paper, b u t also for the excellent wTay in  w hich he has ex
plained the details to us to-night. W e also thank  M r. W hiteside 
for working tlie lan tern  and placing the views before us.

Mr. A. C. Y e a t e s  (Contributed by Correspondence): Sulzer 
2-Cycle Diesel E n g in es .— W ith  such an in teresting  subject, and 
one which opens up such vast fields for research, perhaps more 
so than w ith  any other type of Diesel engine, i t  seems to me 
more th an  a p ity  th a t th e  A uthor should have confined his 
a tten tion  to only one make of engine.

The 2-cycle Diesel engine up to 1915 had  a somewhat hectic 
career, chiefly due to the reasons m entioned by the A uthor, b u t 
since then the development of the port scavenging Diesel engine
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lias continued, and the various problems in  connection w ith the 
type are being solved and overcome in different ways by several 
firms.

The very low tem perature of the exhaust in  the Sulzer engine 
as compared w ith th a t of the 4-cycle engine is 110 doubt due to  
the  abnorm al am ount of scavenging a ir  w hich passes out wTith  
the exhaust gases. I t  certain ly  has the effect of keeping the 
bars of the exhaust ports a t a reasonable tem perature, as pointed 
o u t by the A uthor, but has not th is been ra ther overdone at 
the  expense of efficiency? This a ir has to be provided, which 
m eans la rger scavenge pumps than  are really  necessary, and a 
consequent reduction in  m echanical efficiency.

A part from th is, I  cannot understand why the m echanical 
efficiency of the Sulzer engine is so low. Even w’ith  separately 
driven scavenge pum ps a m echanical efficiency of only 79% is 
obtained. In  the case of the Nobel engine for instance, in 
which the scavenging ports are exceptionally well arranged, a 
m echanical efficiency of 80% is obtained, and th a t w ith d irect 
driven pumps.

R e  the fact th a t only one direct driven scavenge pum p is used 
for four cylinders, could the A uthor say how the pum p crank is 
set in relation to the cranks of the working cylinders? I t  
would seem to me th a t w ith this arrangem ent there will be a 
pressure fluctuation which will cause one cylinder to be starved, 
while another will get more th an  its fa ir  share of scavenging 
air.

The A uthor lays great stress on the am ple area of the scaveng
ing  ports, and I  would like to ask him  w hat the relative areas 
of exhaust and scavenging ports are, includ ing  the auxiliary  
ports, and fu rther, would like him  to explain the ex traord inary  
arrangem ent of the ports as shown in F ig . 6 (section of rotary 
valve).

W ith  regard to  the m echanical features of the engines, do 
S ulzer’s still use the “ through b o lts ”  in  all cases, or do they 
re ly  on the w ater iackets tak ing  the stress due to the im pulse? 
From  the photographs of the la te r  engines it would seem th a t 
the form er method had been abandoned.

The design of the cylinder cover is an excellent feature of the 
Sulzer engine but has been used for m any years in gas engines, 
and it would be in teresting  to know of w hat m ateria l they  are 
made, presum ably they are of cast steel.
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B y  C o r r e s p o n d e n c e  f r o m  M r . L e  M e s t j r i e r .

The rem arks made by the' C hairm an were of p a rticu la r in 
terest as he had visited the M otorship Conde de Churruca  and 
inspected her Sulzer engine installa tion . H e was evidently  
enabled by his v isit to obtain a clear idea of the more essential 
features of the Sulzer engine. The A uthor would have been 
very pleased, if  tim e had perm itted , to describe some more of 
the details of the engine, b u t he had to confine h im self to a 
description of the  more im portan t parts.

The A uthor wishes to thank  Mr. Ruck-Keene for his rem arks 
and agrees w ith  his general sum m ary of the Diesel m arine 
engine situation . The fact th a t there are m any Sulzer engines 
a t work in  which the power per cylinder fa r exceeds th a t of any 
4-cycle engine, shows th a t for m arine purposes the 2-cycle engine 
can also develop m uch h ig h er powers th an  are possible w ith  the 
4-cycle engine. In  point of fact, Sulzers are ready a t any tim e 
to bu ild  a single engine up to  7,500 S .H .P . and unless s till 
h igher powers are dem anded, Sulzer’s see no reason why th ey  
should adopt a more com plicated and costly engine to achieve 
the same results as they  know can be obtained w ith  a sim ple 
single ac ting  2-cycle engine.

Both the C hairm an and Mr. Beckett have referred  to  the 
question of piston cooling, and while it  is quite possible, and in  
some cases perhaps ad visible, to adopt fresh w ater cooling so 
fa r no ill effects have been observed in  various Sulzer engines 
using salt w ater cooling. There can be no question of the p re
cip ita tion  of salt as the tem perature need never be above about 
120° E . The A uthor readily  adm its, however, th a t when a 
ship is operating  in  notoriously sandy w aters the danger w ill 
arise of sand being deposited in  th e  w ater spaces and in  a 
p articu la r ship bu ild ing  at Messrs. A lexander Stephens for the  
B ritish  In d ia , where she has to navigate the E iv er H ooghly, i t  
has been deemed advisable to  in sta l fresh w ater cooling for 
th e  pistons. Messsrs. A lexander Stephens are well advanced 
w ith  the construction to  Sulzer designs of the engines for th is 
ship and in the course of the present ̂ e a r  she is likely  to be in  
service.

Mr. H um phreys referred to the auestion of difficulties w ith 
the liners in  eng-ines of the opposed piston type. I t  has been 
Messrs Sulzer’s experience th a t cu ttin g  holes of any descrip
tion. even of sm all diam eter, seriously increases the stresses, 
consequently in Sulzer engines the lin e r in the region of the
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combustion chamber where it is exposed to h igh  tem peratures 
und pressures is perfectly sym m etrical and unpierced by any 
holes whatsoever. In  earlier designs, trouble was caused by 
d rillin g  an ind icator hole at th is p a rt of the liner.

The A uthor wishes to point out to M r. E . 0 . Beckett th a t the 
attachm ent of the steel piston rod to the piston is quite adequate 
as it  m ust be remembered th a t in  any case the load is always 
downwards and there is, therefore, no tendency for the  piston 
head to break away from the piston rod. The cylinder cover 
jo in tin g  is made w ith a spigot on the cover en tering  a recess in 
the cylinder lin e r; a th in  copper jo in t a t the bottom of the 
recess completes the jo in t.

The consumption of lubrica ting  oil which is rem arked on by 
Mr. Beckett, M r. Evans, Mr. Earenden and M r. M ather, is 
certain ly  m uch greater th an  in  a steam engine, but possibly a 
shipowner will be content to put up w ith  some extravagance in 
the use of lubrica ting  oil when in a ship of th is size he is saving 
perhaps more th an  20 tons of fuel oil per day. In  a recent 
voyage of the Conde de Churruca  the lubrica ting  oil consump
tion was, however, considerably less th an  th a t stated, and pos
sibly in the example given the consumption m ight easily be 
reduced to 12 or 15 gallons per day. The lubrication of the  
ro tary  valve referred to by M r. Evans only requires a very small 
am ount of oil, say, five to seven drops per m inute for each 
valve.

I t  is quite true th a t Sulzer’s do not specify exactly w hat oil 
should be used, for the reason tlia t in a Sulzer engine it is not 
necessary to adopt any particu la r brand of oil. The general 
recom m endations given in  Mr. Schenker’s book, if carried 
out, are sufficient to ensure th a t the lub rica tin g  oil w ill be su it
able for a Sulzer engine.

I f  Mr. Evans will carefully  study the diagram s referred to 
on tem perature variation  and tem perature of exhaust, he w ill 
find th a t these are quite consistent. I t  is quite true  th a t under 
the  p articu la r conditions nam ed the average tem perature of the 
2-cvcle engine is only  approxim ately 25% h ig h er th an  the 
4-cycle, while the exhaust tem perature is as stated and as shown 
on the curves in F ig . 16.

I t  is impossible to give Mr. Evans reasons for the design of 
th e  scavenging arrangem ents adopted bv Sulzers. I t  is suffi
cient, perhaps, to  say th a t the design is based not on a few 
isolated experim ents, bu t on a vast am ount of experience w ith
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every conceivable arrangem ent, including valve bead scaveng
ing. A ctual results are, however, the most im portan t and 
whether there a re  exhaust products or not in the  cylinder, the 
fact rem ains th a t  they  cannot cause any ill-effects, seeing th a t  
the  fuel economy of the Sulzer 2-cycle engine is good, while the 
m ean pressure is even h ig h er th an  is advisable in  a 4-cycle 
engine.

I  quite agree w ith  Mr. Evans that the correct expres
sion is “ 2-stroke cycle ,” b u t to abbreviate th is  conveniently 
the term  “ 2-cycle”  seems to m e preferable, and is more com
m only adopted th an  “ 2-stroke.”

W ith  regard  to  the  cylinder cover, the reason th a t there are 
only ten bolts in  th e  4-cycle cover is th a t it  is impossible, owing 
to the presence of the in le t and exhaust passages, to ob tain  a 
better d istribu tion  of bolts. A lthough there are more bolts 
shown for the 2-cycle cover, they are sm aller in  d iam eter and 
th e ir d istribu tion  is n a tu ra lly  advantageous in securing a good 
jo in t.

To comply w ith  M r. F arenden’s request and because it  was 
certa in ly  an omission from the paper, the A uthor shows in  
F ig . 46 a Sulzer m arine engine of 3,800 B .H .P . from  w hich a 
good idea can be obtained as to the  space occupied by two such 
engines which w'ould correspond to a steam ship of over 8,000 
I . I I .P .  The engine shown is of the separate turbo scavenging 
pum p type, developing 3,800 B .H .P . a t 90 revs, per m in u te ; 
the weight -of engine complete with fly-wheel, silencer, th rust- 
block and th rust-shaft, is about 408 tons.

The A uthor thanks M r. M ather for his kind rem arks, and 
w ith  regard  to the question of lubrication , M r. M ather is quite 
correct in his assum ption th a t the lowTer edge of the piston 
skirt works continually  in  the g land rings, and thus the cylinder 
is effectively isolated from the crank chamber.

Tbe A uthor agrees w ith M r. Y eates th a t the subject of 
2-cvcle Diesel engines is a w ide one and for th a t reason i t  is 
quite impossible to deal adequately w ith  all types of en g in es; 
the paper was, therefore, confined to the  Sulzer 2-cycle engine 
as representing- the engine w ith the  m axim um  am ount of ex
perience behind it.

The low tem peratu re of exhaust is, of course, p rim arily  due 
to the large supply of scavenging air, bu t th a t it  is not a t the 
expense of efficiency is clearly shown by the fact th a t  the Sulzer
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2-cycle engine consiunes only -40 to -42 lbs. of fuel per B .H .P . 
per hour. The A uthor is not aware of any o ther 2-cycle engine 
which obtains on the average a better fuel consum ption th an  
this.

The figure stated for m echanical efficiency in  the Nobel 
engine, if  correct, is certain ly  rem arkable— it would be still 
more rem arkable if given as 90% or 100%— b ut it  is hard ly  fa ir 
to compare the perform ance of a single engine on the testbed 
with average perform ances of hundreds of Sulzer engines in 
service.

I t  is difficult to believe th a t the Nobel engine has a h igher 
m echanical efficiency th an  the Sulzer engine, seeing th a t the 
•design is so sim ilar th a t it would appear to come into conflict 
w ith  the Sulzer paten t scavenging process described in  this 
paper.

No difficulty arises in  regard  to pressure fluctuations in  the 
scavenge receiver as th is  is of am ple volume to counteract such 
an effect. The cranks are arranged to secure the best balancing 
o f the reciprocating and ro ta ting  masses.

The design of scavenging ports has been based on a large 
■amount of experim ents and results of actual practice. The 
arrangem ent of ports which M r. Y eates criticises m erely shows 
the ports in  the jacket and the liner ports are, of course, quite 
different.

Sulzers have abandoned “ th rough  b o lts ”  in  th e ir  Diesel 
m arine engines, and the stress is taken th rough  the jackets, th is 
a rran g em en t having been found by experience to be sim pler and 
superio r to the old method of “  th rough  b o ltin g .”

The m ateria l of the cylinder covers is cast iron, and the 
A uthor suggests th a t if Mr. Yeates examines the  design more 
closely he will find several im portan t features which are adopted 
exclusively in  the  Sulzer engine.

W ith  regard  to the Conde de Churruca, m ention was m ade at 
the m eeting of certain  vibration which had been experienced 
in  the th ru s t blocks d u rin g  a recent voyage. Investigation  
proved th a t th is was due to  the critica l speed of the propeller 
shafting almost exactly  corresponding w ith  the engine impulses 
a t norm al runn ing  speed— about 95 revolutions per m inute. 
The critica l speed being dependent sim ply upon the ro ta ting  
masses at each end of the shaft (i.e., the propeller and ro ta ting  
masses of engine), and also the len g th  and d iam eter of shafting , 
i t  was found necessary to raise the critica l speed by increasing
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the diam eter of one length  of interm ediate shaft. This has 
now been done, b ring ing  the critica l speed to 124 revolutions 
per m inute, and there is now no chance of torsional oscillations 
occurring in  the shafting. A fu ll power run  from Newcastle to  
London on 22nd F ebruary  confirmed th a t vibrations had  com
pletely disappeared.

Another alteration of quite m inor im portance was also effected 
in the Conde de Churruca  by adding an additional water-cooled 
silencer to avoid any chance of a stray  spark escaping w ith  th e  
exhaust. This precaution was deemed essential as the ship has 
to carry benzine, and it is obviously easily and effectively pro
vided for, where required, by suitable exhaust arrangem ents.

The A uthor thinks it well to rem ark on both these points, as 
the mere m ention of a motorship re tu rn in g  to  a bu ild ing  for 
alterations gives rise to the most fan tastic  rum ours as to  all 
sorts of troubles which are usually  alleged to be due to engine 
defects.

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

Notes.
A N e w  S t e e l .—The following is reprinted from the  

“  Engineer and Iron  Trades Advertiser ” of F ebruary  28th, 
with due acknowledgments :—

D uring the reading of a paper before the Newcastle Forem en 
and D raughtsm en’s Association, Mr. II. H . Ashdown, of Messrs. 
A rm strong, W hitw orth , announced the discovery of a new non
tem per b rittle  steel by his firm. Tem per b rittle  disease, said 
Mr. Ashdown, was a problem which had fo r the  past 15 years 
been receiving the most serious attention of m etallurgists the 
world over. D uring the great war, the greatest difficulty met 
w ith  by the A ir Board was this tem per b rittle  disease in the 
alloy of steels employed in  the m anufacture of crankshafts. This 
disease was the cause of the scrapping of a tremendous am ount 
of valuable m aterial, and, incidentally, of serious delay in the  
m anufacture of aeroplane engines. The lecturer stated th a t th e  
new “ Y ibrac ” steel overshadowed any of the modern alloy 
steels in its general mechanical, and physical properties. T he 
general alloy steels were inconsistent, and often, even under th e  
most careful treatm ent, unreliable ion th e ir im pact properties. 
“  V ibrac ” steel had already been produced in g reat quantities, 
and under works conditions and under any norm al treatm ent it 
was impossible to make i t  tem per b rittle . This new steel now 
placed the firm in an ideal position for the m anufacture of all 
highly-stressed parts in m achinery, such as were required by
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aeroplanes, automobiles, railw ays, etc. M r. Ashdown dealt 
very explicitly with m any of the difficulties met w ith in  works 
practice in regard to the treatm ent and m achining of steels. 
Steel m anufacturers now realised th a t in  order th a t th e ir cus
tomers should obtain the best results from m ateria l, they must 
im part the best inform ation possible concerning its treatm ent 
and general manipulation.. In  conclusion, the lecturer ven
tured a few words of w arning regard ing  foreign com petition, 
and illustrated excellent exam ples of forgings, castings, and 
general m achinery with which he was associated during  his 
service in  Japan . H is final rem arks were— “ F or us to regain 
our m arkets, we m ust search every avenue for better, quicker, 
and cheaper production

The following abstract of a paper read F ebruary  11th before 
the M ining In stitu te  of Scotland by W illiam  Brasenale on 
“ P ipe F riction  and Pum p Efficiency ” is reproduced by the 
courtesy of “  The Iron and Coal Trades Review ” :—

The experim ents described were carried  out to the instruction 
of Mr. W allace Thornycrof't, and it is with his and Mr. W alte r 
G. G ray’s permission th a t the results are used. O riginally  the 
intention was sim ply to find the  cost of pum ping worked out in 
term s of actual horse-power, for three types of pum ps: —(1) 
T urb ine; (2) three-throw  ram ; (-3) differential ram . I t  ,was 
seen th a t while collecting data for these cost figures, o ther in 
formation could be collected. The conditions were excellent, 
i.e ., cool, dry, and clean pum p rooms, large lodgm ents g iving 
clean w ater, electrically .and m echanically well looked after. 
T he ages of the pumps vary from 8 to 12 years, and they were 
in as good—possibly better—condition as the average pumps 
seen a t a modern colliery. In  a word, these were accurate tests 
of pum ps under practical working conditions.

T u r b i n e  P u m i ’s .
Tests made December bth, 1918.

T yp e .— Three tu rb in e  pumps coupled up in p a ra lle l; three 
cells; specified for 300 g.p .m .

Motors.— 50 h.p . inter-pole shunt-wound.
P ipe Column.— 248 ft. of 7 in. dia. steel pipes.
Frictional Losses.—Calculated from  D’Arcy’s form ula.
(1) To find cost of pum ping worked ou t in  term s of actual 

horse-power of w ater pumped, i.e ., 1,000 lbs. of w ater raised 
33 ft. in one m inute.

Conditions o f Test.— The recording w attm eter was coupled 
up to the positive m ain leading to these pumps.
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(2) To find the E .H .P . absorbed in power transm ission and in 
frictional losses in  m otor and pump.

Conditions o f Test.—An am m eter was coupled up at tlie back 
of the  m ain switchboard in  the  power station to the  positive 
m ain leading to the pumps. Tlie cover of the  delivery valve in 
the pipe column at the pumps was unscrewed, and the  water 
between this valve and the clack-valve ru n  off. The stop-valve 
cover was left off. The cocks on the top of pum p were opened, 
the resu lt being th a t after the first five m inutes’ runn ing , the  
pum p was doing no work, the water rem ain ing  in the pum p 
acting as a  lubricant. D uring  the test runs, readings were 
taken a t the am m eter every two m inutes, and the  voltage was 
kept steady a t 500 011 th e  m ain switchboard. Speeds of the 
pumps were also taken. Results were as follow s:—

Nos. 1 and 2 turbine pum ps running together.— T aking aver
age cu rren t over last ten m inutes :— =  30'0 amps.

Speeds: -N o. 1 average r.p .m . =  1,541*6 No. 2 average 
r.p .m . =  1,659*6.

30 0 amps x 500 volts =  15,000 watts.  ̂ =  20 e h.p.
/ 4 b

Total e.li.p. when Nos. 1 and 2 were pum ping ... ... =  97*8 
Total e .h .p . absorbed in power transmission, motor and

pum p ... ... ... ... ... ... ... =  20*0

Total e .h .p . used in water from pum p to ou tfall ... =  77'S 
A ctual w ater h .p . pu t ou t when Nos. 1 and 2 were

pum ping ... ... ... ... ... ... =  33*2

E .H .P . lost in overcoming frictional head and velocity
head ... ... ... ... ... ... ... =  44*6

N o. 2 turbine pum p running solo.— (In  th is case the whole
period m ay be taken because surplus w ater had been draw n out
of pum p during  last test.) Average curren t =  9*93 amps.
Spe«l =  1,673*3 r.p .m . 9-93 amps, x 500 volts =  4,965 watts.
4,965 „ r ,’ - =  6-65 e.h.p.

146
Total e.h .p . when No. 3 was pum ping solo ... ... =  45'52 
Total e.h .p . absorbed in  power transm ission m otor and

p u m p ..................................................................................=  6*65

Total e.h .p . used in  w ater from pum p to ou tfall ... =  38-87 
A ctual w ater h .p . pu t out when No. 2 was pum ping ... =  17-60

E .H .P . lost in overcoming frictional head and velocity
head ... ... ... ... ... ... ... =  21-27
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Nos. 1, 2 and  3 running together.— Taking average current 
over last ten m in u tes:— =  35-5 amps.

Speeds: No. 1 =  1,564, No. 2 =  1,652-5, No. 3 =  1,737-5 
av. r.p .m .

•35-5 amps, x 500 volts =  17,750 watts.
] W 0  =  2390  e ,

/4b
Total e.h .p . when Nos. 1, 2 and 3 were pum ping ... =125'30 
Total e.h .p . absorbed in power transm ission, motor and

p u m p .................................................................................=  23-90

Total e.h .p . used in water from pum p to outfall ... =  101'40 
Actual water h .p. pu t out when Nos. 1, 2 and 3 were

pum ping ... ... ... ... ... ... =  37-98

E .H .P . lost m  overcoming frictional bead and velocity
h e a d ................................................................................., =  63-43

T h r e e - T h r o w  P u m p .

Test made March 10M, 19T9.

Motor. 30 h.p. shunt-wound.
Conditions o f Test.—A water-m easuring tank  was rigged up 

a t outfall of this pum p, and w attm eter was coupled up a t  back 
of switchboard in power station. Readings were taken a t the 
tank  every five m inutes.

Because of the position of the w attm eter in the  circuit, i.e ., a t 
generators, the power used in transmission was recorded as well 
as the power used in overcoming frictional resistances of motors, 
pumps and pipes. The head recorded in Table I. is the actual 
head, and does not include frictional head or velocity head.

D i f f e r e n t i a l  R a m  P u m p .

Test made A p r il  1 st, 1019.

M otor.— 30 h.p . shunt-wound.
Conditions o f Test.— The recording w attm eter was coupled up 

a t  the back of th e  switchboard in the pum p room. The am ount 
of water pumped was measured a t the water-m easuring tank  on 
surface, measurem ents being taken every three m inutes. 
Because of the position of the w attm eter, i.e ., a t the pump, the 
power used in transm ission was not recorded. A bstract of 
figures given in Table I.
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