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1.0 Introduction

This technical note presents some features of the North British Sliding-Cylinder Engine.  This engine was a
double-acting marine diesel engine and a model of the engine is in the Scottish Maritime Museum collection
at Irvine (Inventory No 03413).  Port and starboard views of the model are shown in Figures 1a and 1b.  The
Glasgow Museum of Transport, Riverside Museum also has on display a half-section ship model of the MS
Swanley, Figure 83.  This was the first British built ship with a double-acting diesel engine and was powered
by a North British Sliding-Cylinder Engine.

The 1/8th scale engine model is very well detailed and is almost complete.  It would appear that the
model might have been capable of turning1, but is now in need of repair and renovation.

I knew nothing about the existence of this model (although I had read about the main engines) until
volunteer guide Robert Dickie showed a photograph of the model when he gave a talk on the Scottish
Maritime Museum, to the Glasgow Museum of Transport guides, in 2010.  Since then I have carried out
some research to find out as much as I can about the engine.  It turns out that the engine was not a success,
apart from a single-cylinder experimental engine and a smaller two-cylinder generator engine, only three
ships were ever fitted with main engines and all of these were eventually re-engined (ref. 1 and 2).

The engine had some unique features and was mechanically very interesting and this is the reason
for producing this technical note.  If the engine had been built as a conventional diesel engine there
probably would be nothing to write about.  Instead it was designed with three innovations:

(1) The stuffing box and piston rod, normally required on a double-acting engine, was eliminated.
(2) The uniflow method of scavenging, by use of inlet and exhaust ports, was developed to operate with

a single piston and a sliding-cylinder to obtain the desired scavenging.
(3) The fuel valve camshaft and reversing gear were eliminated by operating the fuel valves by a

combination of cylinder pressure and the sliding-cylinder.

These innovations will form part of the discussion below.

The engines were built during the 1920’s by Barclay Curle & Co. Ltd., at their North British Diesel Engine
Works2 at Whiteinch, Glasgow.  The engine designer was Mr. J.C.M. MacLagan, hence the engines are
sometimes referred to as MacLagan oil engines or MacLagan diesel engines3,4.   The concept of the engine
was covered by United States patents, references 14 to 19, and was widely reported in the technical press,
e.g. ‘The Motor Ship’ and an article in an Australian newspaper, reference 12.  There is also a German
paper by Zima, reference 13.

2.0 The North British Sliding-Cylinder Engine

Like many innovative engine designs it is normal to build an experimental engine and this is the case here.
A single cylinder experimental engine was built and the working principle is briefly described by Mellanby in
reference 10.  A section of the experimental engine is shown in Figure 2.  The engine was a double-acting,
uniflow scavenged, diesel engine working on the 2-stroke cycle7.  The trials of this experimental engine
proved to be favourable and it was decided to proceed with the construction of a large three-cylinder main
engine of similar design8.  This note describes the working principle of this main engine.

The main engine had a cylinder bore of 24.5” (622 mm) and stroke of 44” (1118 mm) and was
designed to give 2000 b.h.p. at 100 r.p.m.  A photograph of the engine on the test bed is shown in Figures
3a and 3b.  Elevations, plans and section of the engine are shown in Figures 4, 5 and 6.  The engine
dimensions were: total length about 30’, height about 29’ (ref. 24), and the width was about 15’.  The weight
was about 220 tons (ref. 24).

Before describing the engine it is necessary to give some background (Lamb, ref. 4 & 6) as to why
the concept of the Sliding-Cylinder engine came about.

2.1 Background.  The early diesel engines operated on the 4-stroke cycle (also known as the Otto cycle)
and were single-acting; i.e. there was a combustion space on one side of the piston only.  This results in a
power stroke, per cylinder, once every two revolutions of the crankshaft.  Engines of this type are still being
built today including applications in motor transport and locomotives.  They give satisfactory service and
reliable operation for applications where the power requirements are moderate.  An example of a 1920’s,
single-acting, marine diesel engine operating on the 4-stroke cycle is shown in Figure 7.
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In order to get more power out of the engine for much the same weight, 2-stroke cycle (also known
as the Clerk cycle) engines were developed.  These had a power stroke, per cylinder, every revolution of the
crankshaft.  For the same size of engine as a 4-stroke, this effectively doubled the power output.   The
difficulties for the 2-stroke were the need to scavenge the cylinder of exhaust gases and the more severe
operating conditions associated with a power stroke every revolution.  By the mid 1920’s improvements in
construction materials had made the single-acting 2-stroke cycle engine a serious choice for marine
applications.  An example of a single-acting marine diesel engine operating on the 2-stroke cycle is shown
in Figure 8.

In order to get more power from a 4-stroke engine, double-acting engines were developed.  This
was a logical development, as steam reciprocating engines had been double-acting since the days of James
Watt.  With a combustion space top and bottom of the piston, there were two power strokes, per cylinder,
every two revolutions of the crankshaft; hence the power output was comparable to a single-acting 2-stroke.
The difficulty for the double-acting engine was the inaccessibility of the parts necessary for the bottom end
combustion area and obtaining a good form of combustion space.  A piston rod gland, operating at
combustion pressure, was also required.  The result was that these engines were not in favour for very long.
An example of a double-acting marine diesel engine operating on the 4-stroke cycle is shown in Figure 9.

The next logical step was the development of the double-acting 2-stroke engine.  An example of a
double-acting marine diesel engine operating on the 2-stroke cycle is shown in Figure 10.  With two power
strokes, per cylinder, every revolution of the crankshaft this represented an arrangement for getting as much
power as possible out of the cylinder.   However, there were still some difficulties, in particular:

(a) The piston rod reduced the power output of the bottom (lower) cylinder by about 10% compared to
the top (upper) cylinder.

(b) The piston rod required a sealing gland to stop the products of combustion entering the crankcase.
This gland had to seal against the full combustion pressure.

(c) The scavenging of 2-stroke engines have always presented a challenge for the engine designer.
The double-acting engine added to the problem, the piston rod interfered with effective scavenging.
The solution, shown in Figure 10, utilised the cross-flow scavenging method, but this was not the
most efficient method of clearing the cylinder of exhaust gases.

With this background in mind, the North British Sliding-Cylinder Engine was an attempt to eliminate the
above deficiencies14.

2.2 General Description.  The engine will now be described with reference to the engine model, the
detailed paper by MacLagan reference 3, the United States patents references 14 to 19 and The Motor Ship
references 24 to 28.  The model shows a three-cylinder engine, Figures 11a,b,c & d, with scavenge pump
and 3-stage blast air compressor5.  An integral thrust bearing of the ‘Michell’ type is fitted at the aft end of
the crankshaft.  This thrust bearing will allow the propeller thrust to be transmitted to the engine bedplate,
which would be bolted to the ship’s hull.  The turning gear is on the aft starboard side while the controls are
on the forward port side.  There is no flywheel other than a small wheel for the turning gear, Figure 11a.

The crankshaft is shown in Figure 12.  It is of the semi-built type.  The journals and adjacent webs
are forged in one piece.  The crank pins would be a shrink-fit into the webs to form a complete crankshaft.
The webs of the cranks are cut-away so as to clear the connecting rod forks, discussed below.  The three
cylinder cranks are arranged at 120 degrees to give the balance of forces.  The cranks of the scavenge
pump and the air compressor were also arranged to give the best balance of forces as for a five crank
engine.  Scavenge pump and air compressor were placed at opposite ends of the engine for reasons of
balance in reducing the effects of couples6.  The combustion loads are taken through the columns and the
support beams.  An isometric diagram of the main stationary components is shown in Figure 84.

The engine was built mostly of cast iron and mild steel.  Some components would be made of alloy
steel for reasons of: strength, wear, corrosion or heat resistance.   Bearings would be white metal lined.

2.3 The Elimination of the Piston Rod.  In the background discussion above all the engines were of the
crosshead type, i.e. the piston is driven by a piston rod, crosshead with guide and connecting rod to the
crankshaft.  There was an alternative arrangement known as a Trunk Piston type of engine where the piston
rod was dispensed with and the piston was driven directly by the crankshaft via a connecting rod and
gudgeon pin.  The piston had a skirt and this acted as a guide within the cylinder.   The trunk piston type of
engine is popular today in both 4 and 2 stroke cycle engines especially for the smaller sizes of engine.
Figure 13 shows an example of a single-acting, 2-stroke cycle, trunk piston, marine diesel engine.

The engine shown in Figure 13 is single-acting.  This arrangement cannot be made double-acting as
the connecting rod is in the way of the centre line of the piston.   In order to obtain a double-acting engine,
MacLagan arranged to extend the length of the gudgeon pin beyond the diameter of the piston and the
cylinder.  The piston was driven by means of two side connecting rods and a fork as shown in Figures 14
and 15.  The cylinder is in two parts (each with its liner and water jacket), an upper and lower part, with a
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gap between so that the gudgeon pin could extend through and beyond the cylinder.  The two parts of the
cylinder are connected by two tie rods.  These tie rods keep both cylinders reciprocating together, Figures
16 and 17.  The tie rods had spherical bearings at both ends to allow for slight lateral misalignment13.  The
whole cylinder assembly, Figure 16, includes cooling water jackets and the scavenge air and exhaust
branches with sliding joints (stuffing boxes).  The sliding joints comprise of piston rings and a turn of soft
packing at their outer end.  The piston could now be made double-ended, Figures 5, 14 and 32, and hence a
double-acting engine was achieved without having a piston rod and sealing gland.  A piston guide was
directly attached to the piston to maintain alignment.  The stroke ratio: stroke/cylinder diameter is 1.79.  The
cylinders are closed by means of upper and lower cylinder heads in the form of stationary piston heads
inside the cylinders9.  Sealing is by means of piston rings.  Isometric diagrams of the main running
components are shown in Figures 85 and 86.

The disadvantage of the arrangement was that the pitch between each cylinder was wider than
normal so as to accommodate the gap required by the two side connecting rods.  Hence there is an increase
in the length of the engine15.  This gap had to be made even wider due to the next innovation, driving the
sliding-cylinder, discussed below.

2.4 Scavenging and the Sliding-Cylinder.  A two-stroke cycle engine requires the cylinder exhaust gases
to be cleared away by fresh air supplied by a scavenge air pump.  In the North British Sliding-Cylinder
engine the scavenge air pump was a double-acting reciprocating cylinder design driven from a crank on the
aft end of the crankshaft, Figures 4 and 11a. It supplied air to the cylinders at a pressure of 1.7 pounds per
square inch.  The drive to the scavenge pump was conventional, i.e. it had a connecting rod, crosshead and
guide, and piston rod to the scavenge piston, Figure 11c.  A discharge pipe connects the pump to the front
columns which acted as air reservoirs, Figure 11a.

Several scavenging methods have been developed over the years.  Figure 18 shows
diagrammatically some of the various scavenging systems that have been in use.  For example, the
Werkspoor engine shown in Figure 8 uses the uniflow system with scavenge ports and four exhaust valves,
the Richardsons Westgarth engine shown in Figure 10 uses the cross-flow system, and the Polar engine
shown in Figure 13 uses the loop system.  Each scavenging method has advantages and disadvantages but
most marine engineers would agree that the uniflow system provides the most efficient system.  In its
simplest form, the uniflow system uses ports at the ends of the cylinder thus eliminating valves.  The
elimination of valves was important to MacLagan, he wanted to produce a double-acting engine and the
complication of valves and drive gear at the lower combustion area would present difficulties.

Many engine manufacturers utilised the port scavenged uniflow system including Doxford, Junkers,
Fairbanks Morse, and Napier Deltic.   All of these engines used opposed-pistons, i.e. there were two pistons
per cylinder, one piston controlled the opening and closing of the exhaust ports while the other piston
controlled the opening and closing of the scavenge air ports.  The problem for MacLagan was that his
engine only had one piston per cylinder.  In order to use a port scavenged uniflow system with one piston it
was necessary to slide the cylinder to allow the opening and closing of a set of ports by means of the
cylinder heads.  In the MacLagan engine the control of the exhaust ports is achieved by the piston while the
control of the scavenge air ports was by sliding the cylinder relative to the cylinder heads, which are of
course stationary.

The movement of the sliding cylinder in relation to the piston movement (i.e. the stroke) is shown in
Figure 19. This view of the upper cylinder shows the movement of the sliding-cylinder to be shorter than the
piston stroke.  The cylinder movement is 13.5” with a piston stroke of 44”.  The cylinder movement is
synchronised with the piston.  When the piston moves up so does the upper cylinder thus all the upper ports
are closed and combustion can take place with the piston on top dead centre and the power stroke can
commence16.  When the piston moves down so does the cylinder thus opening all the upper ports and
scavenging of the upper cylinder can take place17.

The upper and lower cylinders are connected by tie rods, Figures 16 and 17, so that the cylinders
recoprocate together, hence the opposite effect is achieved with the lower cylinder, i.e. when the piston is
on top dead centre the lower cylinder is raised allowing the lower cylinder to be scavenged and when the
piston is on bottom dead centre the lower cylinder is lowered thus closing all the bottom ports allowing
combustion to take place in the lower cylinder.  Thus the engine is double-acting with two power strokes
every revolution of the crankshaft.

The cylinder movement is achieved by means of three members: (1) a drive rod, (2) a fulcrum lever
and (3) a link as shown in Figures 20 to 22.  All these members are pin jointed by means of bearings and
are driven from the extensions of the piston gudgeon pin, Figure 15b.  The mechanism consists of:

 A drive rod, with bearings at each end, connecting the gudgeon pin extension to a fulcrum lever.
 A fulcrum lever with a bearing pin at one end and a fulcrum (pivot) at the other end.  The bracket for

this pivot is attached to the column.  The fulcrum lever is of a double-plate construction.
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 A link, with bearings at each end.  One end is attached to the fulcrum lever at about one third position
and the other end is attached to a trunnion bearing on the cylinder.

The mechanism is on both sides of the cylinder, fore and aft, so that in operation there is an even vertical
push and pull imparted to the cylinder.  To obtain the necessary rigidity, the fulcrum levers are bound
together by a deep tie–plate at the fulcrum end and a tubular tie member towards the other end.  These
members are seen in the isometric view, Figure 21b.  There are 5 bearings in each mechanism, i.e. 10
bearings per cylinder in the whole mechanism and hence 30 bearings in a three-cylinder engine.

The operation is as follows, with reference to Figure 21a.

1. The piston is shown on bottom dead centre.
2. As the crankshaft turns the side connecting rods push on the gudgeon pin.
3. The bearing at point ‘A’ on the gudgeon pin extension moves vertically upwards aligned by the

piston and its guide.
4. The movement of point ‘A’ pushes the mechanism drive rod ‘A-B’.
5. Bearing point ‘B’ moves upward on an arc constrained by the rotation of the fulcrum lever about its

pivot point ‘C’.
6. The link bearing point ‘D’ moves upward on an arc constrained by the rotation of the fulcrum lever

about its pivot point ‘C’.
7. The movement of point ‘D’ pushes the link ‘D-E’.
8. The link bearing point ‘E’ pushes on the cylinder trunnion bearings thus sliding the whole cylinder

assembly vertically upwards aligned by the cylinder heads which are fixed in position.
9. The upward movement is complete when the piston reaches top dead centre, Figure 21b.  At this

position the operation starts to reverse as the crankshaft continues to turn.

Photographs of the mechanism are shown in Figures 22 and 23.  The photograph, Figure 23, shows how
congested the space is between the cylinders as a result of the sliding-cylinder mechanism.  The need to
accommodate the mechanism increases the width between cylinders and adds to the overall length of the
engine.  Isometric diagrams of the engine assembly are shown in Figure 87.

2.5 Fuel Injection Valves, the Elimination of the Camshaft.  The fuel injection method was by blast air
injection.  This was a common method of fuel injection on the early diesel engines and it gave good
combustion5.   The blast air was supplied at 1000 pounds per square inch from a three-stage air compressor
driven from a crank on the forward end of the crankshaft, see Figures 4, 11a, 11d and 12.  The drive to the
air compressor was conventional, i.e. it had a connecting rod, crosshead and guide, and piston rod to the
compressor pistons.

The experimental sliding-cylinder engine utilised a camshaft to operate the fuel valves and the
arrangement can be seen in Figure 2.  However, on the main engine, MacLagan decided to eliminate the
camshaft altogether by operating the fuel valves by a combination of cylinder pressure and the sliding-
cylinder.  The fuel injection valves are on the port side, one each on the upper and lower cylinder heads.
The port side view of the model, Figures 24a and b, shows the blast air supply system and the fuel pumps.
A description of the controls including the fuel pumps is given in section 2.8 below.  Separate pipe runs for
blast air and fuel would be run to each of the fuel valves.  The details of the fuel pipe runs are not shown on
the model.

Close up sections of the upper and lower cylinders heads with their valves are shown in Figures 25a
and b.   A cross-section through the lower fuel valve is shown in Figure 26 and a photograph of the valve is
shown in Figure 27.  The upper fuel valve has a similar arrangement shown in Figures 28 and 29.  The
details of the blast air and the fuel pipe connection points, on the valves, are not shown on the model.

With reference to Figures 26, 27 and MacLagan reference 3 the main active components of the fuel
valve are as follows:

 A valve actuation lever ‘A’ has a fulcrum pin at ‘B’, a roller at ‘F’ and an extension ‘J’ at the fuel valve.
 A fuel valve ‘K’ that is activated by the lever ‘A’.
 A plunger ‘C’ that houses the fulcrum pin ‘B’. The plunger is pre-loaded to about 450 pounds per square

inch by spring ‘E’.  There is a passage ‘D’ in the valve body to allow communication with the plunger to
the inside of the engine cylinder.

 A cam piece ‘G’ attached to the sliding-cylinder at the scavenge air branch.  The cam piece has a
double shoulder ‘H’ and ‘H1’.

The details of the fuel valve nozzle, as it locates into the centre of the cylinder head, is not shown.  It is
known, from reference 3 and the patent reference 18, that the fuel valve nozzle projected to the centre of
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the cylinder head, as shown in Figure 30.  Note that there is only one opening in the centre of the head for
both fuel injection and starting air valves – the fuel valve nozzle had a reduced diameter to form an annulus
to allow the starting air to pass the outside of the nozzle and enter the cylinder.

When the fuel valve was activated, compressed air carrying a metered quantity of fuel oil was
injected at the axis of the cylinder.  During injection the fuel would be atomised to a fine spray so that
combustion would take place in the cylinder by compression ignition.  The actual method of atomising the
fuel is not known.  The two typical methods used on blast air injection engines were: (a) the perforated disk
atomiser and (b) the Hesselman aspirating valve atomiser.  Typical arrangements of these types of
atomisers are shown in Figures 31a and b.

The operation of the fuel injection valve, based on reference 3, is as follows, with reference to Figure 26.

1. Just before the sliding-cylinder reached bottom (inner) dead centre the shoulder ‘H’ of the cam piece
‘G’ comes into contact with the roller ‘F’ on the actuation lever ‘A’.  The actuation lever pivots about
the fulcrum pin ‘B’ and slightly opens the fuel valve ‘K’ by the lever extension ‘J’.

2. Immediately the pressure in the engine cylinder exceeds 450 pounds per square inch, the plunger
‘C’ and the fulcrum pin ‘B’ are pushed out by the pressure acting through the passage ‘D’.  As the
plunger is pushed out the actuation lever ‘A’ pivots about its roller ‘F’, which is hard up against the
cam piece ‘G’.  The result is that the fuel valve ‘K’ is pulled fully open by the lever extension ‘J’ and
the blast air/fuel mixture is injected into the engine combustion space.

3. As the sliding-cylinder recedes, the roller ‘F’ follows the contour of the cam piece ‘G’ by running
down the second shoulder ‘H1’ and thus allowing the fuel valve to close.

The above sequence of events allows the fuel valve to open just before dead centre and to close about 40
degrees after dead centre, regardless of the direction of rotation of the engine.  Hence, as well as
eliminating the camshaft the necessity for fuel valve reversing gear is also eliminated.  The direction of
rotation of the engine is controlled by the starting gear discussed in section 2.9 below.

MacLagan in reference 3 does state “This system of fuel-valve operating gear was for the most part
satisfactory.  The top valves were in operation for a total of about 210 hours, without sticking.  Unfortunately
the bottom fuel-valves were sometimes liable to be sluggish, and as the time available for experiment was
limited, it was decided to adopt an orthodox cam-operated gear in the earlier engines.“

Given that there were only three main engines ever built it is not clear what he means by “--- in the
earlier engines.”  However, references 27, 29 and 30 makes it clear that at least the first two engines, i.e.
the engines fitted to the ‘Swanley’ and to the ‘City of Stockholm’, were fitted with camshafts.  The camshaft
was located aft halfway up the engine and was driven by spur gears from the fuel pump drive.  A dog-clutch
with lost motion gave the required alteration for ahead and astern, so that the same cam was used for both
directions of rotation.  To deal with backlash when reversing, an automatically operated brake was fitted to
the idler gear wheel.  There were two cams for each cylinder – one for the top and one for the bottom fuel
valves (this makes it clear that although only the bottom fuel valves were sluggish, both top and bottom
valves were operated by the camshaft), and a suitable system of levers was provided.  The photograph
shown in Figure 65 shows some of these levers.  Photographs, Figures 78 and 79, show the control station
and the camshaft as fitted to the ‘City of Stockholm’.  The camshaft can also be seen above the middle
platform on the engine room detail, from the half-section model of the MS Swanley, shown on Figure 83b.

The two concerns that I have about the operation of the fuel valves are:

(1) The reliance on the sliding-cylinder to initiate the fuel injection.  Any thermal expansion and wear
and tear as part of the normal running of the engine could effect the timing of the opening and
closing of the injection valves.

(2) The reliance on the cylinder pressure to fully open the fuel valve via a small diameter passage.  Any
possibility of this passage being partially blocked by the products of combustion, i.e. carbon build up
in the passage opening, could have an effect on the full opening of the fuel valves.

If either or both of these possibilities occurred then it would be likely to have an adverse effect on the timing
of the fuel injection.  As far as I know, no other engine ever used this method of operating the fuel injection
valves10.  The experimental engine used a cam-operated arrangement, see Figure 2, and it is apparent that
the introduction of a new system of fuel injection using the sliding-cylinder and compression pressure
required much more development than had been envisaged.  The result was the engines had to enter
service with a conventional camshaft operated fuel injection system.
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2.6 Engine Cooling.  Like any heat engine a diesel engine operates more efficiently when hot.  However,
certain critical components, e.g. pistons and cylinder liners, have to be cooled in order to keep the
temperature of their materials within limits so that a long life can be expected.  Failure to control the
temperature would result in overheating leading to thermal cracking of the material as a result of differential
expansion and/or thermal shock.   The engine would also be at risk of seizure as the lubricating oil used to
lubricate the cylinders and piston rings has temperature limits.  The engine driven blast air compressor also
requires cooling.

MacLagan discusses the question of engine cooling in reference 3, and he had clearly given some
considerable thought to the problem.  Fresh water is used in the cooling system and this in turn is cooled by
a sea water cooler external to the engine.  Unfortunately, MacLagan does not give a diagrammatic of the
whole cooling water circuit, some guesswork is required and it is just possible I may have got some of the
details wrong.

On a conventional marine diesel engine there are generally at least two circuits, one for piston
cooling, and another for the cylinder liner and cylinder heads.  With such an arrangement there is less risk
of contamination from piston gland cooling, i.e. if water leaks into the oil sump the oil is at risk of
emulsifying.  In the sliding-cylinder engine there is the added complication that the cylinders are also
reciprocating; hence, there is also a risk of contamination from the cylinder gland cooling.

It would appear that the circuits used on the sliding-cylinder engine are:

1. Cooling of the upper cylinder head and the piston - by means of telescopic pipes.
2. Cooling of the lower cylinder head and upper and lower cylinder liners with exhaust branches - by

means of telescopic pipes and flexible pipes.
3. A circuit for cooling the three-stage blast air compressor with discharge to the exhaust manifold.

 Upper Cylinder Head and Piston Cooling, Figures 32 and 33.  The cooling water distribution manifold
to the upper cylinder heads is shown in Figure 33.  Branch pipes feed each cylinder head.  The outlet
from each upper head passes to the piston cooling system via an armoured hose shown in Figure 32b.

A diagrammatic of the piston cooling system is shown in Figure 32a.  The arrangement is a
telescopic pipe system and is described in references 3 and 25.  The telescopic pipes are arranged to
be outside the engine crankcase to reduce the risk of contamination of the sump oil.  Cooling water is
supplied from an armoured hose, originating from the upper cylinder head and connects to a small air
vessel to prevent water hammer, then passes down through upper telescopic pipes to a bracket bolted
to, and hence reciprocating with, the piston.  The bracket is shown in Figure 32c.  The pressure of the
cooling water inlet to the piston is about 17 pounds per square inch at full load.  Gimbals at the upper
end of the jet pipe allow the lower end of the guard and jet pipes to move in a lateral direction.  This
ensures that side thrust, and hence wear, on the stuffing box is reduced to a minimum.  After passing
through the piston the cooling water again enters the bracket and drains down through the lower
telescopic pipes (which incorporate an observation funnel) and out through the open outlet pipe to a
cooling water tank.

 Lower Cylinder Head and Cylinder Liner Cooling, Figures 34 to 39.  The cooing water distribution
manifold to the lower cylinder head is shown in Figure 34.  The end of this manifold has a branch pipe to
the air compressor cooling system, discussed below.  The branches to the lower cylinder heads are
shown in Figure 35.  The connection of the branches are at the lower cylinder head support beam as
shown in Figure 36, also shown is the return connection from the head to the pipe connecting the
flexible piping to the lower cylinder.

The cylinder cooling is briefly discussed in reference 25.  The small cylinder movement (was
13.5” movement really that small?) and slow speed of reciprocation allowed an ordinary flexible pipe to
feed cooling water to the lower cylinders, see Figure 34.  The cylinders (upper and lower) have a
cylinder liner of special high tensile cast iron.  The water jacket is of ordinary cast iron and is lightly
pressed into the liner thus forming a water cooling space.  The photograph, Figure 37, shows the water
space between the lower cylinder liner and jacket.  The upper cylinder will have a similar jacket
arrangement.

MacLagan makes no mention of how the cooling water flows between the cylinders.  I believe
the cooling water passes from the lower to the upper cylinder by the pipe shown Figure 17.  The cooling
water exits at the top of the upper cylinder by the open ended outlet pipe shown in Figure 38.  As the
cylinder is reciprocating the outlet pipe reciprocates within a large drain pipe fixed to the columns as
seen in Figure 39.  There is about a one-quarter inch space between the two pipes, ref. 25.

MacLagan does report, in reference 3, that after about 18 months the flexible pipes (i.e. to the
lower cylinder, Figure 34) had to be replaced.  The replacement pipes were not up to the quality of the
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originals and so were replaced by ordinary telescopic pipes with stuffing boxes and glands.  These are
obviously not shown on the model.

The cylinders are free to expand and the temperature kept low.  Tests carried out by means of
thermo-couples show that with the engine on full load, the cylinder liner temperature was a maximum of
270F with an inlet cooling water of 102F (a typical 4 cycle single-acting engine would have a liner
temperature of 357F).  The cylinder liner cooling seems to have been effective.

 Air Compressor Cooling.  Figures 40 to 43.  The engine has a three-stage blast air compressor at the
forward end of the engine.  A section of the compressor is shown in Figure 40.  The blast air is required
for the injection of fuel oil, into the cylinders, at about 1000 pounds per square inch pressure.  It would
be inefficient to compress the air in one stage, the temperature rise would result in lost work done and
there would be a risk of lubrication problems and even explosions.   With multi-stage compressors the
air from each stage is cooled by passing the air through intercoolers, thus the work done is reduced to a
minimum.  The cylinders are also cooled by water jackets.

On this engine the pressure at each stage is: Low Pressure (LP) 11 pounds per square inch,
Mean or Middle Pressure (MP) 100 pounds per square inch, High Pressure (HP) 1000 pounds per
square inch.  Not all the piping connecting the stages is shown on the model (e.g. the HP inlet pipe from
the MP intercooler, and the HP discharge pipe which would run to the HP intercooler, is not shown, but
the photograph, Figure 11e, does show the piping).  The model photographs, Figures 41 and 42,
indicate the main components and piping that can be identified.  A diagrammatic of a typical three-stage
blast air compressor system with intercooling is shown in Figure 43 for reference.  Note that the cooling
water discharges to cool the exhaust manifold as on the model, see Figure 42.

2.7 Lubrication.  The reliability of a diesel engine depends critically on the efficiency of its lubrication
system.  The lubrication of the various bearings and sliding parts (pistons, cylinders and guides) requires
both the correct choice of lubricant but also the amount and frequency of application.  As well as the main
cylinders, the blast air compressor and scavenge pump also required lubrication. MacLagan does not give a
diagrammatic of the lubrication system.  Not all the details are known and many of the lubrication pipe runs
are not shown on the model, so some guesswork is required.

 Main Journal Bearings. The crankshaft main journal bearings including the journal bearings supporting
the thrust bearing shaft were force lubricated from a distribution manifold, refer to Figures 44 to 46.  The
bedplate would act as a sump.  MacLagan, in reference 3, did report a partial failure of the oil pressure
due to slack main bearing covers (i.e. the caps) and emulsion of the lubricating oil due to salt water in
the crankpits.  It is not known how the crank pin bearings, at the fork Figure 15a, were lubricated.
MacLagan makes no mention of it.  One method that could have been used was for holes to be bored in
the crankshaft and fed with oil from the main bearings, as shown in the elevation of the Polar engine,
Fig. 13.

 Air Compressor and Scavenge Pump Crosshead.  The air compressor and scavenge pump
crosshead bearings were lubricated from oil cups, as seen in Figures 47 and 48.

 The Sliding-Cylinder Mechanism.  The sliding-cylinder engine had its own additional parts to be
lubricated, i.e. ten additional bearings per cylinder on the sliding-cylinder mechanism and two top end
bearings per cylinder on the connecting rods.  Figure 49 shows the congested area between the
cylinders.  The bearings of the mechanism have to be lubricated.  Two oil cups are seen with oil pipes
leading to bearings.  There would have been oil cups on some of the oil points on the bearings, but
these are missing from the model.

Figure 50 shows the drive rod of the sliding-cylinder mechanism.  This rod has oil pipes to the lower
bearing and also to the oil cup on the side connecting rod top end bearing.  Note that the cup design on
the top end bearing is different to those shown on the photograph on Figure 14.

 Cylinder Lubrication. The normal practice was to pump cylinder oil, from mechanically driven
lubricators, to multiple lubrication points around the cylinders via small bore piping (tubes).  Where the
lubrication pipes met the cylinder they are connected to oil fittings known as quills, a typical example is
shown in Figure 53, which allowed the cylinder oil to be injected.  The quills are fitted with non-return
valves.  As well as lubricating the cylinder, the oil assists in forming a gas seal.

The cylinder lubricators are on the port side of the engine, as seen on Figure 24.  The
lubricators are mechanically driven by levers, from the motion of the sliding-cylinder, as shown in Figure
51.  As the cylinder is reciprocating this presented additional difficulties for the pipe runs to the quills.
The pipe runs are not shown on the model but the brackets that are believed to have supported the pipe
runs are seen in Figure 49 (for the upper cylinder) and Figure 52 (for the lower cylinder).  Pipe runs
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between the brackets (one bracket being fixed to the column and the other attached to the sliding-
cylinder) must have been flexible enough to accommodate the cylinder movement of 13.5 inches.  The
pipe runs for the upper cylinder can just be seen, bottom right, on the photograph shown in Figure 77.

2.8 Engine Controls.  The engine controls are on the forward port side, as seen in Figures 3a and b.
Photographs of the controls are shown on Figures 55a and b and a close-up view showing the governor
drive and speed control lever is shown in Figure 64.

A general view of the model engine controls is shown on Figure 54.  The controls are not complete, the
hand control levers are missing and the governor and speed control lever are not modelled.

Before describing the engine controls and how the engine was started and manoeuvred it is necessary
to describe briefly the starting air and fuel pump drive systems and the governor.  MacLagan does not give
a diagrammatic of the starting air and fuel supply systems, so some guesswork is required.

2.8.1 Starting Air System.   Figures 54 to 60.  The engine was started by compressed air at 350 pounds
per square inch, ref. 27.  The air would have been stored in air receivers (pressure vessels) and the air
compressed by an auxiliary air compressor – although it is possible that the blast air compressor might have
been used to augment the supply.  The compressed air from the receiver would be supplied by piping to the
main starting air stop valve near to the engine control station, see Figures 54 and 55.  On the model the
inlet connection is blanked off.

With the stop valve open the staring air enters a pipe leading to the a distribution manifold shown on
Figure 56 and branch pipes run to the starting air valves on the cylinder heads, Figures 58 and 59.  The
details of the starting air valves are not known, but a diagrammatic of a typical pilot operated valve system
is shown in Figure 57.  The starting air valve does not open until pilot air acts on the pilot air cylinder
(MacLagan calls these plungers) of the valve.

A small branch pipe leads from the stop valve to the starting air control valve housing (MacLagan calls
these piston valves), see Figure 54 and 60.  There is one control valve for each cylinder i.e. 6 valves for this
three cylinder double-acting engine.  These control valves are operated by cams, on a sliding camshaft,
driven from the fuel pump shaft.  Separate cams are provided for ahead and astern running.  These cams
are brought into action by moving the hand control levers, which operates the camshaft actuation rod (rod Q
discussed in section 2.8.4 below) shown in Figure 60 – thus sliding the camshaft into the ahead or astern
position.  During this operation the control valves are lifted clear of the cams (by means of levers and rods)
to allow the camshaft to slide forward or aft.  When the hand control levers are in the starting air “on”
position the control valves are lowered and at least one of the control valves will be active.  An active
control valve can be seen in Figure 60.  Operation of a control valve allows air to enter a pilot air pipe so
that the appropriate starting air valve, on the cylinder head, is activated to give the selected engine rotation
- ahead or astern.  The pilot air pipe runs, to the individual starting air valves, are not shown on the model.
When the hand control lever is in the “off” position or when the engine is running “on fuel”, no starting air will
enter the engine cylinders as the supply of pilot air is vented.

2.8.2 Fuel Pump Drive System.  Figures 61 to 63.  The fuel pumps are driven by a layshaft from the
forward end of the engine crankshaft through an inclined shaft with bevel gears at each end, reference 24.
The inclined shaft can be seen in Figures 11d and 55b.  The fuel pumps are in two sets each with three
pumps on each side of the control station as shown in Figure 61, i.e. there are six pumps for this three
cylinder double-acting engine thus giving a fuel pump plunger for each combustion chamber.   The pump
shaft would run at engine speed.  A close up view of one of the pump sets, with three fuel pumps, is shown
in Figure 62 and a typical diagrammatic of a section through a pump is shown in Figure 63.

The operation is as follows.  The pump plunger receives its motion through the eccentric sheave on the
drive shaft.  A metered quantity of fuel is delivered by the pump controlled by the tappet spindle which acts
on the suction valve rod.  The suction valve being held of its seat for part of the pump delivery stroke by the
tappet spindle.  The tappet spindle is operated by a lever, one end of which connects with the adjustable rod
while the other end is the fuel control eccentric - one for each pump.  The angular position of this eccentric
raises or lowers the tappet spindle, which in turn acts on the suction valve to hold it open for part of the
delivery stroke.   The angular position of the fuel control eccentrics is by means of the fuel control rod that is
actuated, through levers and rods, by the hand control levers at the control station.  Each fuel pump has a
small hand pump for priming the fuel injector valves and the connecting piping before attempting to start the
engine.

On blast fuel injection systems the actual delivery of fuel to the injection valves is not that critical
provided it is not done when the injection valve is open.  The best results were obtained by delivering the
fuel to the atomiser of the injection valve a short time before the valve opens.

Fuel consumption tests were done on the engine.  MacLagan reports, in reference 3, that the best
consumption results obtained were 0.448 to 0.45 lb/bhp.hr at full load with boiler fuel.  Today these results
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seem on the high side.  A modern 2-stroke cycle supercharged engine would have a fuel consumption about
20% better that this.

2.8.3 Governor and Speed Control.  The governor and its operating mechanism are not shown on the
model.  It is known from reference 24 that an Aspinall governor was used and the mechanism was driven
from the fuel pump shaft, see Figure 64.  The Aspinall governor is an inertia governor and is essential for
the control of the engine speed when the engine is racing due to weather conditions.  An explanation of this
type of governor is given by Lamb in reference 6.  The following is a brief explanation of the working of the
governor, making use of Figure 66, based on a model of a Doxford engine that was in the Glasgow
Museum of Transport.  The governor on the sliding-cylinder engine would operate on a similar principle.

(1) The Aspinall governor is attached to a rocking lever driven, in the case of the sliding-cylinder
engine, from the fuel pump shaft by an eccentric and rod seen in Figure 64.

(2) One end of the rocking lever has a pivot and so the governor is reciprocated as the rocking
lever swings about the pivot.

(3) There is a lever arm that can engage one of two pawls on the governor.
(4) The lever arm can act on the fuel pump suction valves through levers and rods.
(5) With reference to Figure 67, the governor proper consists of a hinged weight (the large weight)

which operates on two pawls.  The large weight is held in position by a spring loaded plunger
and regulating screw.  If an increase in engine speed above normal occurs, the weight is left
behind.  This reverses the position of the pawls which act through the lever arm to trip the
suction valves on the fuel pump and the engine speed is reduced.

(6) On the return stroke of the rocking lever, the dedent is lifted and this releases the large weight.
If the engine speed has returned to normal the position of the pawls is altered and the lever arm
returns to its original position and the fuel pump suction valves return to their normal working
position.

(7) The governor also has a small emergency weight that will engage and lock the large weight if
the speed becomes excessive.  The suction valves would be held open and the engine brought
to rest.  The large weight can only be reset by hand.

MacLagan has very little to say about the speed control of the engine.  Reference 24 does mention that
speed control is effected by the lever ‘H’, shown in Figure 64 (not to be confused with the control station
gate discussed below), acting through the suction of the fuel pumps.   A later photograph, Figure 65 from
reference 27, does not show this speed control lever.  Presumably the speed control in this case was done
through the hand control levers at the control station.

2.8.4 Starting and Manoeuvring Controls.  The starting and manoeuvring of the engine is by the use
of the hand control levers shown on Figure 55b.  The hand control levers are actually two independent
levers for the reasons described below.  Unfortunately, these levers are missing on the model and the
control mechanism within the control station is wrecked, see Figure 68.  Fortunately, and astonishingly, the
model makers went to the trouble of modelling the control mechanism within the control station.  These
parts are tiny on the model but are detailed enough to give a good indication of how the mechanism worked
– even in the wrecked state.

Operation of the hand control levers allows the starting air and fuel control to be adjusted through a
series of interlocked levers and rods.  This control mechanism is purely mechanical in operation.  The
control station has a spherical top plate with slots, called a gate, in the form of a letter H, seen in plan on
Figure 70.  The hand control levers are restricted in movement by the gate. MacLagan does describe in
some detail, in reference 3, how the engine control mechanism (control gear) was operated.  Figure 69
shows the four illustrated figures (MacLagan Fig. 25 to 28) that MacLagan gives in reference 3 to describe
the engine controls.  Briefly the mechanism operated as follows:

(a) There is a rectangular block G, having four journal pins J1, J2, K1 and K2.  Pins K1 and K2 are
located in bearings in the control station housing (control bracket A).  Pin K1 being extended to
carry lever M which is keyed to it.  The other pins J1 and J2, at right angles to K1 and K2, are pivots
(fulcrums) for the two hand control levers N1 and N2.  This arrangement allows the hand control
levers to be moved along the slots (D, E and F) of the H on the top plate C.

(b) The hand control levers extend upwards through the slots in the top plate.  The levers almost touch
each other at T.  There are handgrips at O1 and O2.  One hand lever controls the top cylinders and
the other the bottom cylinders.  When manoeuvring the engine, by moving the hand levers from
‘Stop’ to ‘Ahead’ (or ‘Stop to ‘Astern’), the hand levers move together along slot F.  When starting
the engine ‘on air’ or running ‘on fuel’ the hand levers are moved along slots D or E depending on
the direction of engine rotation selected, i.e. ahead or astern.  The hand levers can move
independently when in slots D or E.  It is therefore possible to start this engine with one set of
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cylinders (say the top cylinders) ‘on air’ while the bottom cylinders are ‘on fuel’ or vice versa, see for
example Figure 72.

(c) Manoeuvring the hand control levers through slot F reverses the engine by rotating lever M which
acts on rod Q which in turn slides the starting air camshaft into position – ahead or astern.
MacLagan does not show or explain how the connection at Q achieves the reversal, but fortunately
the arrangement can be deduced from the model, see anomaly 2 below

(d) Starting air and fuel control is achieved by moving hand control levers through slots D or E. This
moves rods R1 and R2 which are attached to the hand levers N1 and N2.  The rods R1 and R2 act
on S1 and S2 to operate the fuel control levers to the fuel pumps and operate the starting air control
valves.  MacLagan does not show or explain how the connection at S1 or S2 achieves the fuel and
starting air control, but again fortunately the arrangement can be deduced from the model, see
anomaly 3 below.

However, there are several anomalies in the MacLagan illustrations that require clarification.  The
illustrations, as shown, do not correspond with the model.  The following explanation attempts to clarify the
anomalies as far as I can establish given that the model control mechanism is in a wrecked condition and
the parts are so tiny.

1. Anomaly, MacLagan Fig. 27.  The operator is at position Z.  The MacLagan text explains that for
ahead running the control gear is moved forward and for astern running the gear is moved aft.  The
model and photographs of the main engine on test show that the control gear is on the forward port side,
Figures 1b and 3b.  Therefore the hand control lever would need to be moved to the left, i.e. forward for
ahead running and for astern running the hand control lever would need to move to the right, i.e. aft.
This is confirmed by a close look at the top of the model control station.  The feint markings for stop,
start, ahead and astern running can just be made out on Figure 70.  This is NOT what is shown on
MacLagan’s Fig. 27, with the operator at Z, the ahead position is marked to the top (i.e. the right, aft
position) and astern position is marked to the bottom (i.e. to the left, forward position).   It could be that
the MacLagan figures are drawn for an engine with starboard controls, but MacLagan does not state
this.  I have assumed, that the MacLagan Fig. 27 is marked incorrectly, the correct marking and
orientation of the controls are as shown diagrammatically on the plan, Figure 71a.

2. Anomaly, MacLagan Fig. 25.  The rod Q connects with lever M and these members are used in the
reversing of the engine.  The rod Q is shown horizontal to the right.  However, on the model, in order to
slide the starting air camshaft, the rod Q would need to be vertical, have a pivot and a short projection,
as seen on the camshaft actuation rod shown on Figures 60 and 74.  The photograph, Figure 73a, of the
mechanism inside the control station, shows the lever M and the lower end of rod Q, this confirms that
rod Q is vertical.  The sectional elevation, Figures 71c and d, show how the rod Q is positioned on the
model.  The top end of rod Q has a pivot and projection while the lower end would have a fork (or
slotted hole) to allow lever M to rotate – ahead or astern as selected.

3. Anomaly, MacLagan Fig. 26.  The illustration shows the rods R1 and R2, which are attached to the fuel
and starting air mechanism, as pointing out of the control station to the right, i.e. in the direction of the
operator.  This is clearly wrong, these rods should point towards the engine side, i.e. the same side as
lever M.  Although MacLagan does not say so, I believe that the connections at the end of rods R1 and
R2 must have spherical bearings in order to allow for angular alignment when the hand control levers
are moved along slot F when reversing.  The sectional elevations shown in Figures 71b and c show how
the rods R1 and R2 actuate shafts V1 and V2 via levers U1 and U2.  The model arrangement is seen in
Figure 73b.  The levers U1 and U2 are necessary so that shafts V1 and V2 can be rotated to actuate the
fuel control rods, to the fuel pumps and the starting air control valve lifting levers, as shown in Figure
74.

Before leaving the engine controls, there are some things that I do not know what they were for.

(1) On Figure 68 we see a side view of the control station.  The bottom end of one of the hand control
levers is shown with a pointed end with a blocked up hole (there must be several coats of paint
applied). Both control levers have this pointed end.  What was the reason for the pointed ends?
The photograph, Figure 65, shows that the ends connect with rods.  These would appear to be
required to operate the fuel injection valve camshaft, referred to in section 2.5 above, but not
shown on the model.

(2) The lever that actuates the fuel control rod has a short extension, seen on Figures 68 and 75a, what
was the extension for?  Figure 75a also shows that there is a shaft with a small wheel – it looks like
a pulley wheel, one on each side of the control station.  What is the reason for this shaft and wheel?
Figures 75b and c show photographs of the engine control station.  On Figure 75b there are two
cylinders beneath the control station.  It would seem likely that these contain springs so that the fuel
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control levers (and hence the hand control levers) can be tensioned with a wire rope passing over
the pulley wheel to the extension.

2.9 Starting the Engine.  To start a main marine diesel engine a set of strict procedures has to be followed,
otherwise damage to the engine may result or it may not even start.  The movement of the hand control
levers during manoeuvring is now explained based on good practice and reference 24.

1. The hand control lever should be in the ‘Stop’ position, as shown in Figure 76a.  In this position the
starting air control valves will be lifted off the starting air sliding camshaft, the pilot air will be vented
and the fuel will be off.

2. The starting air and blast air receivers should be charged to the correct pressures.
3. The engine cooling system should be circulating to allow the engine to slowly heat up.  Failure to do

this could result in damage to the engine due to thermal shock on start up.
4. The forced lubrication system should be circulating to ensure the main crankshaft bearings have

adequate lubrication prior to start up.
5. The oil cups at the sliding-cylinder mechanism bearings and other parts, e.g. connecting rod top end

bearings, scavenge pump and air compressor crosshead bearings, etc. should be filled with
lubricating oil.

6. The cylinder lubrication system should be primed.  Failure to do this could result in piston seizure a
short time after start up.

7. Open the fuel inlet stop valves and prime the fuel system including: pumps, connecting piping and
the injection valves.

8. The turning gear should be engaged and the cylinder indicator cocks opened.  The engine should be
turned over a couple of times to expel any liquid from the cylinders.  Liquids are practically
incompressible, failure to expel any liquid from the cylinders could result in catastrophic mechanical
damage immediately the engine was started on air.

9. Close the indicator cocks and disengage the turning gear.
10. Check that the hand control lever is in the ‘Stop’ position.  Open the starting air and blast injection

air stop valves.  The engine is now ready to start.
11. Upon the order from the telegraph – say Ahead Dead Slow, proceed as follows to start the engine.
12. Set the speed control lever to give a minimum amount of fuel sufficient for starting.  MacLagan

does not give details, but nothing will happen while the hand control levers are in the stop position.
No starting air or fuel will be delivered.

13. Move the hand control levers to the ‘Ahead’ position, as shown in Figure 76b.  Doing so will cause
the starting air camshaft to slide into the ahead position.  No starting air or fuel will be delivered
during this move as the starting air control valves are still lifted and the suction valves to the fuel
pumps are held open.

14. Move (pull) the hand control levers to the ‘Starting Air On’ position, Figure 76c.  In doing so the
starting air control valves will be dropped on to the camshaft and at least one of these valves will be
active to allow pilot air to open a cylinder starting air valve.  The engine should start to run ahead on
air.   MacLagan, in reference 3, does say that as an additional safeguard, a revolving pointer was
provided to show the direction of engine rotation – this is not shown on the model.   The suction
valves to the fuel pumps are still held open, so no fuel is delivered.

15. As soon as the engine has made one or two revolutions on air one of the hand levers should be
pushed forward to the running position, Figure 76d.  Doing so will shut off the air to three of the air
valves (say the valves to the lower cylinders) and bring three of the fuel pumps into operation.  The
engine should fire by compression ignition (on the lower cylinders).

16. Almost immediately push the second hand lever to the same running position, Figure 76e.  The
starting air will be shut off to all cylinders and all six fuel pumps will now be in operation.  All
cylinders will fire by compression ignition.  Watch the tachometer, the slowest speed the engine
could run was about 15 r.p.m.

17. The engine can be brought up speed over a period of about half an hour by advancing the speed
control lever.  During trials the maximum engine speed was 96 r.p.m.

18. To ‘Stop’ the engine the hand control levers are brought back through the gate, first to the ‘fuel and
air off’ position, Figure 76b, then to the ‘Stop’ position, Figure 76a.  Note that if the engine has been
running for any length of time it is essential to keep the cooling water circulating, for at least half
and hour, to allow the engine to cool down slowly.

19. To reverse the engine the above steps 13 to 16 can be repeated but for the ‘Astern’ position, Figure
76f.  Note that the engine cannot be reversed without passing the ‘Stop’ position - where the fuel
and starting air are cut off to all cylinders.

During the maiden voyage MacLagan does explain, in reference 3, that the engine did undergo a great
number of manoeuvres.  MacLagan further explains that the engine was particularly easy to manoeuvre and
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would pick up fuel at as low as 10 r.p.m.  To change from slow ahead to slow astern took about 6 seconds,
and when the ship was going full ahead it required about 20 seconds to go full astern.

3.0 The Maiden Voyage of the Swanley.

The first main engine was fitted into the Barclay Curle built ship, the Swanley, launched on the 22nd March
1924, and registered to the Swanley Shipping Company Limited18.  The Swanley was a typical shelter deck
tramp vessel of about 9200 tons deadweight, see Figure 81.

After successful trials on the Clyde11 she sailed to Cardiff on the 30th June 1924 to load a cargo of
coal for Colombo.  She was the first British built ship powered with a double-acting diesel engine12.
MacLagan reports, in the supplement of reference 3, the experience of the maiden voyage.  This
experience is briefly summarised as follows:

 Rough weather was experienced in the Bristol Channel and there were some difficult manoeuvres to
perform when docking at Cardiff.

 Loading completed, the Swanley left Cardiff for Colombo on the 5th July 1924.
 Apart from minor trouble with lubricating oil deposits in the compressors and one or two troubles with

steam pumps the sail to Port Said was uneventful, arrived Port Said 19th July.
 Main engine compressor examined, as there was an increased pressure in the compressor LP stage.
 Hard dry deposit from the compressor lubricating oil was found in the valve pockets. The pure mineral

oil used proved to be unsuitable.  A suitable compound oil was unobtainable.
 Proceeded through the Suez Canal where a great number of manoeuvres were carried out including

additional manoeuvres in the Bitter Lakes as a special test. The pilot did say the ship was much more
easily handled than the usual 4-cycle diesel engine ships.

 Proceeding through the Red Sea high temperatures were experienced.  Maximum 98F in the shade,
and 127F in the sun.  The sea temperature was 92F. Temperature in engine room at the control
station was 90F, and 125F in the boiler room.  The high temperatures had no effect on the working of
the engine, except that the temperature of the scavenge and blast air rose appreciably.

 Bad weather experienced in the Arabian Sea.  The ship rolled violently and shipped heavy seas.  The
engines ran normally, except that the mean revolutions dropped a little.  Atmosphere very humid.  At
times as much as three pail fulls of water had to be drained from the main compressor during a watch.

 Colombo reached without loss of time on the 5th August.
 Examination carried out on: main bearings, connecting rod bottom and top ends, and the sliding-cylinder

operating gear bearings, all found to be in good condition.  Holding down bolts found to be sound and
tight.

 HP compressor found to be somewhat worn.  Compound oil obtained in Colombo (this oil is mostly
mineral oil with a small amount of vegetable oil). The vegetable oil tends to cling better to surfaces,
whereas mineral oil is more easily washed off in a wet air environment like an air compressor – no
further troubles with the compressor.

 Cargo discharged by the 19th August and Swanley sailed for Calcutta on the same day.  MacLagan
returned home from Colombo direct.

 Arrived Calcutta on 25th August, loaded coal for Bombay arriving 10th September.
 Left Bombay on 18th September, light, for Karachi.
 Loaded a cargo of barley, left Karachi on 27th September for Kiel arriving 29th October.
 Towards the end of the homeward voyage there was a partial failure of the forced lubrication system.

This caused a mishap on two top end bearings (it would appear that the connecting rod top end bearings
are part of the forced lubrication system and not just lubricated from oil cups as shown on Figures
14,15b and 50).  Failure of the oil pressure was due to slack main bearing covers, and emulsion of the
lubricating oil due to salt water in the crankpits.  This salt water contamination was a result of two safety
discs bursting on the air compressor jacket on the outward voyage.

 At Kiel the top end bearings were examined and found to be scored.  After rectification there was no
further trouble on the voyage home.

Given the novelty of the engine, and it being a maiden voyage, no major problems seem to have been
experienced.  The main difficulty appears to have been with the air compressor, and once the correct
compound lubricating oil was obtained even that seems to have given no further trouble.  In the longer term
the alterations to the engine were: (a) the replacement of the flexible pipes, to the sliding-cylinder cooling
water supply, with telescopic pipes, (b) additional closing plates to prevent lubricating oil leakage, and (c)
deepening of the piston cooling pipe stuffing boxes.  Although necessary, these do not seem to be major
alterations.  By 1927, three years after the maiden voyage, the engine was replaced by a Doxford opposed-
piston diesel engine.
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Looking back from this distance in time it is difficult to be sure what all the problems were, but three
potentially contentious issues appear, to me, to be:

(1) The large number of bearings and sliding surfaces required for the sliding-cylinder, its driving
mechanism and the scavenge and exhaust branches.  Any lack of attention to the lubrication of
these parts has the risk of seizure.

(2) The mass of the sliding-cylinder, including its cooling water, water jacket and scavenge and exhaust
branches, constitute a significant amount of reciprocating material and hence high inertia forces
would be experienced.

(3) The amount of longitudinal width required for the side connecting rods and the sliding-cylinder
mechanism.  This amounted to about 40% of the cylinder pitch.  The more space required for the
engine the less cargo can be carried.   There would also be issues regarding the stiffness of the
crankshaft design with increased number of cylinders.

Issue (1) would have a direct impact on the running and maintenance of the engine.  Issues (2) and (3)
would affect the potential for the development of the engine for larger sizes and powers.
4.0 What Happened to the Engines?

The three main engines were fitted into three Barclay Curle built ships: the Swanley, the City of Stockholm
and the Storsten, see Burrell reference 2.  The engines for the Swanley and City of Stockholm were three
cylinder designs while that of the Storsten had four cylinders.

As has already been mentioned, the engines were not a success.  The Motor Ship, in reference 30,
only briefly comments that adverse reports on the general behaviour of the machinery were being
circulated.  Burrell explains in reference 2 that: “None of the operators were happy with their vessels,
complaining about the many engine breakdowns.  In 1926 a committee briefed to examine the problem
reported it was ‘unwise to make further engines.’  It was agreed that all three ships be re-engined at builders’
expense.”  The Swanley and Storsten were re-engined with Doxford opposed-piston diesel engines in 1927
and 1928 respectively.  The City of Stockholm was re-engined in 1927 by conversion to a steam ship.  All
three ships were sunk, due to enemy action, during the Second World War.  Presumably all of the North
British Sliding-Cylinder Engines were scraped at the time when the ships were re-engined, but incredibly the
model of the engine and the half-section model of the Swanley have survived.

5.0 Summary.

In summary, the North British Sliding-Cylinder Engine was a brave attempt to get as much power out of a
marine diesel engine while at the same time eliminate some of the short comings, perceived to be
important, at that time (the 1920’s).  The engine designer, MacLagan, appears to have put all his
innovations into the engine and this could be the reason the engine was not successful – it was too
innovative and there were too many moving parts.  If the innovations were MacLagan’s idea then he was
certainly a bit of a mechanical genius.  On the other hand, if the innovations were those of a committee (like
what designed the camel) then they got it wrong - unlike the camel, which was a success.

With hindsight, the decision not to develop the engine further was the correct one, the future did not
lie with double-acting engines.  Future successful developments in the large, slow speed, marine diesel
engine market was achieved by single-acting 2-stroke cycle engines built by companies such as: Burmeister
& Wain (B&W) of Copenhagen, Maschinenfabrik, Augsberg-N�rnberg (M.A.N.) of Germany, Werkspoor of
Holland and Sulzer of Switzerland.  The Doxford type opposed-piston engine was also successful for many
years.  Today this market is now largely dominated by the single-acting, turbocharged, crosshead, 2-stroke
cycle engines built by M.A.N-B&W and W�rtsil�-Sulzer.  The largest engines built by these companies
today have 14-cylinders and develop more that 100,000 b.h.p., i.e. 50 times the power of the MacLagan
engine.

Andrew C. Whyte, MSc, BSc, CEng, MIMechE
E-mail: engineering@acwhyte.fsnet.co.uk

Web Site: www.acwhyte.fsnet.co.uk
December 2011
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7.0 Notes.

1. The model could be the same one referred to by Burrell (reference 2) as a working model exhibited on the Swan
Hunter stand in the Palace of Engineering at the 1924 British Empire Exhibition at Wembley (see also the
discussion of reference 3).  A review of the exhibits including the 1/8th scale model with a photograph (see Figure
11e) is given in reference 26.  A comparison of Figures 11d and 11e show some differences in details e.g. the
cover for the sliding-cylinder mechanism, the blast air compressor piping, no cover on the exhaust manifold, and
the control gauges.   At the same exhibition, a half-section model of the MS Swanley was also exhibited.  This
could be the same model as seen on display in the Riverside Museum of Transport, Glasgow in 2011, see Figure
83.

2. Swan Hunter & Wigham Richardson Ltd. had acquired Barclay Curle in 1912 (ref. 5).  The North British Diesel
Engine Works at Whiteinch was built in 1913.  The design of the building was influenced by the Peter Behrens’
AEG turbine factory at Berlin (ref. 5).  The Whiteinch works still exist today as an industrial site, though they will no
longer be building diesel engines, see Figure 82.  As an apprentice with the British Polar Engines Company of
Govan in the early 1960’s I did have an opportunity to visit this engine works, one of the Polar ‘T’ engines was
being built there.  I remember seeing large marine engines, possibly Burmeister & Wain or Doxford type, being
built – these engines were very much larger than the Polar ‘T’ engine.

3. John Campbell MacCall MacLagan (1886 – 1962), engineer and inventor, and resident of Drumchapel.
4. I am aware that no diesel engine today strictly works on the true Diesel cycle.  I do not intend to go into these

arguments here, but use the terms, oil engine, heavy oil engine and diesel engine interchangeably.
5. In common with many engines of this date the fuel was injected into the cylinders by blast air from an engine

driven air compressor.   There was usually sufficient capacity to also charge up the starting air vessel.   Engines
with air injection gave good combustion, better than the early airless-injection systems.   The main disadvantage
was that fuel penetration was limited and about 15% of the engine power was required to drive the compressor.
Modern diesel engines use airless-injection and run on a dual combustion cycle and hence do not strictly run on
the true Diesel cycle.   For more information see references 6, 8 and 9.

6. The separation of the scavenge pump and air compressor has the obvious disadvantage of lengthening the whole
engine.   Engines such as the Polar ‘M’ type had a starting air compressor on top of and driven from the scavenge
pump, i.e. in tandem, giving a worthwhile saving on length.   Engines of this type (Atlas Polar, 2-stroke cycle,
single-acting, loop scavenged via ports, airless-injection) can be seen on the Tall Ship the ‘Glenlee’ adjacent to the
Riverside Museum, Glasgow.  A section of a Polar engine is shown in Figure 13.

7. Double-acting diesel engines were built by M.A.N and Krupp prior to the First World War but were not put into
service, see Cummins reference 22.   According to reference 11 the first vessel to be propelled by a double-acting
diesel engine was the ‘Fritz‘ built by Blohm & Voss of Hamburg in 1914.  The North British double-acting engines
built in 1923/24 would have been the first to be built after the 1914-18 war, ref. 27.  The ‘Fritz’ became part of war
reparations and handed over to Ellerman & Papayanni Lines Ltd of Liverpool in 1920.  Renamed the ‘Assyrian’ she
was converted to steam in 1925.  She was torpedoed in 1940 by U101, reference 21.  Details of the original Blohm
& Voss engines are discussed in reference 32.

8. Although the concept of a sliding cylinder was similar between the experimental engine and the main engine.  The
experimental engine had different details.  The sliding-cylinder was driven by a connecting rod and levers from a
crank on the camshaft and both fuel valves were operated by eccentrics and levers from the camshaft.  This can
be seen from the section of the experimental engine in Figure 2.

9. The type of cylinder head where the head is formed by a piston mounted inside the cylinder is often called a ‘junk
head’. This term arose from steam engine practice where the sealing ring material could be of low quality material
such as rope or oakum.   However, in the case of a diesel engine and especially the sliding-cylinder engine, where
the head sealing rings had to be of similar good quality material as the piston rings, the term ‘junk head’ is a
misnomer.

10. The ‘Archaouloff System’ of fuel injection used cylinder compression pressure to operate a fuel pump that would
allow a charge of fuel to be pumped to an airless fuel injector.  In this system there was no mechanical drive
connection with the engine, see Lamb ref. 6.

11. Under trials the Swanley achieved 11.3 knots with the engine developing approximately 2200 Indicated
Horsepower at 91 r.p.m.

12. Reference 11 states that the Irania was the first vessel to be propelled by a double-acting engine of British design
(a Richardsons, Westgarth design).  This is incorrect, the Irania engines were not completed until 1929, i.e. five
years after the North British Sliding-Cylinder Engine (which is a British design) for the Swanley.

13. MacLagan, in reference 28, makes it clear that the tie rods with spherical bearings could be dispensed with and
replaced by ordinary fixed bolts.  The engine went to sea with fixed bolts and these were found to be satisfactory
under service conditions.

14. MacLagan with the North British Sliding-Cylinder Engine was not the only one attempting to eliminate the piston
rod and stuffing box on double-acting engines.  Reference 31 describes the proposal for a ‘McCallum’ double-
acting 2-stroke cycle engine.  A section of this engine is shown in Figure 80.   Another proposal by Alexander
Stephen & Sons Ltd., and T.W.F. Brown is covered by patent No. 198255;1923, reference 35.

15. MacLagan recognised the increased length as a disadvantage and did take out a patent (No. 203128;1923) for a
sliding-cylinder engine with a conventional piston rod, crosshead and connecting rod, reference 34.

16. One consequence of the cylinder moving in the same direction as the piston was that the rubbing speed of the
piston on the cylinder was relatively low.  The maximum rubbing speed was around 13.5 ft/second; this compares
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with about 21 ft/second for a 4-stroke single-acting engine.   The mean speed of reciprocation of the sliding
branches was only 225 feet/minute (3.75 feet/second), reference 3.

17. In could be said that the sliding-cylinder acts like a sleeve valve but this is not the case.  A sleeve valve has both
rotary and reciprocating motion (ref. 33) whereas the sliding-cylinder only reciprocates.  The sliding-cylinder also
carries a water jacket and scavenge and exhaust branches which are not present on a sleeve valve.

18. Although registered to the Swanley Shipping Company Limited the Swanley was jointly (50:50) owned by Harris
and Dixon Ltd. and companies in the Swan Hunter Group (reference 2).
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Figure 1a. Port side view of the model North British Sliding-Cylinder Engine
The model dimensions are: Height 45” Length 45” Width 22.5”.

Figure 1b. Starboard side view of the model North British Sliding-Cylinder Engine.
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Figure 2.  North British Sliding-Cylinder Experimental Engine cross-section (Mellanby, ref. 10).
Note that the sliding-cylinder mechanisim and the fuel valves are driven from a cam shaft.
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Figure 3a. The North British Sliding-Cylinder Engine on the test bed (MacLagan, ref. 3).
Three cylinder engine with blast air compressor (on left) and scavenge air pump (on right).

Front elevation looking on the port side.

Figure 3b. The North British Sliding-Cylinder Engine on the test bed (MacLagan, ref. 3).
Front elevation looking on the engine controls on the forward port side.

The vessel, bottom left, is the blast air receiver.


