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LECTU R E 

TRANSPORT COMPRESSION-IGNITION ENGINES. 

By R. H. Street, A.M.I.Mech.E., A.M.I.A.E. 

(Abstract) . 

In this paper to-night I intend to deal solely with the C.I. 
Engine as used fo'r transport purposes, and to leave out of 
consideration all matters which concern the stationary engine, 
and, particularly, the large stationary engine. 

Transport concerns are naturally interested in any form of 
power which will enable them to maintain their services at 
decreased costs. That being so, they should consider seriously 
the operating and maintenance costs of the C.I. engine, and 
consider it in connection with their own particular case. The 
C.I. engine at present shows an advantage over long distance 
runs and high yearly mileages rather than short trips and low 
mileages, but that is chiefly so on account of the higher initial 
cost. 

The principles of C.I. engine operation can be considered as 
read, except to point out the following four differences between 
a C.I. and a Spark Ignition engine :- 

1. In a spark ignition engine the mixture of air and fuel is 
made outside the cylinder ; that is, it is made by means of a 
carburettor, in which both the mixture and the measurement 
take place. In the C.I. engine, the mixture of air and fuel occurs 
inside the cylinder, that is, the air is drawn into the cylinder 
first and the fuel is sprayed into it later. 

2. In the spark ignition engine, as its name implies, the fuel 
and air mixture is ignited at a pre-determined time by an electric 
spark. In the C.I. engine, the fuel and air mixture is ignited 
by the heat of the compressed air in the combustion space—the 
time of ignition being affected by the timing of the injection of 
the fuel into the compressed air. 

3. In the spark ignition engine, variation in load is met by 
variation in the quantity of fuel and air mixture allowed to 
enter the cylinder. This variation is controlled by the throttle. 
In the C.I. engine, a complete charge of air is drawn into the 
cylinder on each stroke, and the variation in load is catered for 
by varying the amount of fuel injected into the compressed air. 

4. In the S.I. engine, unless special and expensive fuels are 
used, the compression ratio is in the neighbourhood of 6 : 1, with 
a corresponding efficiency of 26%. 
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In the C.I. engine, the average comprression ratio is 14 : 1, 
with an efficiency of about 35%, and the worse the fuel the 
higher is the compression ratio required. 

The first difference means that all troubles of carburetion 
and distribution are overcome, but necessitates the use of a fuel 
pump capable of ejecting a fine spray of fuel into highly-
compressed air. The second difference removes all electrical 
ignition troubles, but necessitates the compression of air to a 
temperature sufficiently high to ignite the fuel spray, and also 
the use of a fuel pump which can be accurately timed. The 
third difference means that the fuel-air ratio is not always even 
approximately constant at varying loads, excess air becoming 
greater as the load falls. The fourth difference means that, as 
the science of metallurgy evolves stronger and lighter metals, 
so can the compression, or, more correctly, the expansion ratio 
be increased, thus further increasing the efficiency. Also, as 
the temperature of the compressed air increases, so can fuels 
with higher ignition points—and, therefore, cheaper fuels—be 
used. 

In order to realise the difficulties which face the designers of 
high-speed C.I. engines and the suppliers of suitable fuels, it is 
necessary to realise how combustion occurs from the time the 
first globule of fuel enters the combustion space until all the 
fuel has been burned. 

Firstly, all the fuel cannot ignite at the same instant because 
it is not all sprayed in at the same instant. The flow of fuel 
into the combustion chamber may extend over as much as 25° 
of crank angle movement. The first globules which enter can 
only start to burn after they have absorbed sufficient heat from 
the hot compressed air and have reached their self-ignition 
temperature, or, in other words, have reached the temperature 
at which they will ignite and burn of their own accord. There 
must, therefore, be a period of time—and I wish to emphasise 
"a period of time"— between the actual injection of the first 
globules of fuel and the time when those globules start to burn. 
During this period, further fuel has entered the combustion 
space, and, at the same time, the swirl in the combustion space 
has caused the first globules to travel throughout the whole 
volume of the combustion space, creating a burning mass against 
which all further fuel entering the cylinder must impinge. 

Mr. Ricardo has divided the combustion process in the com-
pression ignition engine into three more or less distinct phases : 

Firstly, the delay period-that is, the period between the 
beginning of injection into the cylinder and the commencement 
of the pressure rise above the compression line. 
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Secondly, the period of rapid and almost uncontrollable 
combustion—during which the fuel already injected into the 
combustion space during the delay period burns. 

Thirdly, a further period during which the remainder of the 
fuel ignites actually as it enters the combustion space and is 
burned at a rate controlled by the delivery of the fuel pump 
through the atomiser nozzle. 

These three phases can best be understood and studied by 
examining an indicator card, which, after all, is only a visual 
record of the pressures in a cylinder and the times at which 
they occur. Great difficulty has been experienced in designing 
an indicator sufficiently light and flexible to give a reliable card 
in engines running at 1000 r.p.m. and over. The older types of 
indicator were too cumbersome and slow, but recently a Cathode 
Ray indicator has been evolved. 

Following combustion, on such an indicator card in which 
both the ordinary compression card and the firing card are 
shown, it will be noted that the working card follows the line 
of the compression card up to a point some degrees before the 
piston has reached its top dead centre, where the injection of 
the fuel commences, but this injection has no effect upon the 
pressure in the cylinder for some degrees of crank angle. It 
will be noted that during this delay period the first globules are 
injected into the combustion space and are absorbing sufficient 
heat from the compressed air to reach their self-ignition tem-
perature. Then the pressure rises sharply, showing that the fuel 
which entered.  during the delay period has ignited more rapidly 
and has given a high rate of pressure rise. This constitutes the 
second period. After this it will be noticed that the rate of 
pressure rise falls very considerably, but the pressure does not 
start to fall until a further point has been reached, thus indicat-
ing that the fuel is still entering the cylinder during this period, 
but is burning actually as it enters the cylinder. This constitutes 
the third period. Finally, the normal expansion occurs. 

The length of the delay period can be controlled to some extent 
by the temperature of the compressed air in the combustion 
space, by the design of the combustion space, by the fineness of 
the fuel spray, and by the self-ignition temperature of the fuel 
used. The second phase is uncontrollable, except insofar as it 
is affected by the first phase. The length of the third phase 
dépends entirely upon the load of the engine at the particular 
time. It must be realised that the higher the revolutions at 
which an engine runs, the more serious is the delay period, 
because the delay period is a period of time and not a period of 
crank angle degrees, as is the injection period. 
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I have said that the delay period can be controlled to some 
extent by the combustion chamber design. There are three 
main divisions into which combustion chamber designs can be 
divided :- - 

1. Direct Injection. 
2. Air Cell. 
3. Pre-combustion. 

In the direct injection type, the fuel is sprayed into a space 
made by the cylinder walls, cylinder head and piston crown. 

In the air cell type the combustion space is usually in the 
cylinder head as a separate and auxiliary chamber, but connected 
to the space above the piston without any interruption. 

In the precombustion type, the combustion space is much as in 
the air cell type, except that the connection to the space above 
the piston is interrupted by a perforated plate of some type. 

The combination is also affected by the fineness and timing 
of the injection of the fuel into the combustion chamber. This 
means that the fuel injection system must be considered. Prac-
tically every C.I. engine for transport purposes in Australia is 
fitted with the Bosch fuel pump, and many are fitted with Bosch 
atomisers. The fuel pump is responsible for the timing of the 
fuel injection, and also for the metering of the correct quantity 
of fuel to each cylinder as the load varies. In this type of pump 
the first globules of fuel are always injected into the cylinder 
at the same degree of advance, while the final globules are 
injected at varying periods, depending upon the actual load of 
the engine at that instant. 

[The lecturer then desdribed with illustrations the four-
cylinder Bosch pump.] 

The pump is of the constant stroke single plunger type, which 
means that each cylinder has a separate plunger to supply its 
fuel. Each pumping unit consists of a highly-ground steel pump 
barrel, in which a highly-ground steel pump plunger can work 
up and down, and again, at the same time, revolve on its own 
axis. The plunger is actuated by a cam, which operates the 
tappet roller. It will thus be realised that, in a four-cycle engine 
the cam revolves at half engine speed in order to inject the fuel 
every other revolution of the engine., The fuel is supplied from 
the fuel tank through a filter to the suction chamber, from 
which the fuel enters the plunger chamber through two ports 
in the pump barrel when the plunger is at the bottom of its 
stroke. 

When the plunger is at the bottom of its stroke, the fuel is 
free to flow through the ports and completely fill the pump 
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chamber. On the upward stroke the fuel is compressed in the 
pump chamber as soon as the top of the plunger covers the two 
ports, and the fuel is thus forced out through the delivery pipes 
into the atomiser system. The pressure to which the fuel is 
subjected depends upon the setting of the atomiser spring, but 
we shall see this setting later. The design of the plunger is 
such that a vertical slot and a spiral section are cut away, and 
thus, as the plunger rises, the ports are covered by the plunger 
and fuel is placed under pressure and delivered until the spiral 
section again uncovers the ports, when the fuel is free to flow 
down the vertical slot and out through the ports back into the 
suction chamber, thus preventing any further fuel from being 
delivered to the engine. This spiral crown is actually the control 
for the quantity of fuel to be admitted to the engine at any 
moment, and its position is controlled either by an accelerator 
pedal or by the governor. 

In order to cause the plunger to revolve and so control the 
quantity of fuel to be delivered to the engine, the lower end of 
the plunger is connected to a quadrant, which is actuated by a 
rack. Thus, while the pump plunger is free to work up and 
down, it is controlled in its rotational movement by the rack. 
This rack is connected by a rod running through the pump 
directly to the governor and to the accelerator pedal. Thus, as 
the governor indicates that more fuel is required by the engine, 
the rod moves and the plunger rotates. When the governor is 
set to "stop," the vertical slot moves directly opposite and in 
line with one of the ports. In this way, no fuel can be delivered 
to the engine because no pressure can be built up by the pump 
plunger, even although that plunger continues to move up and 
down. 

Situated just above the pump cavity is the delivery valve, 
which consists of a heavily-loaded spindle of special design. As 
the pressure in the cavity rises, the spring pressure is overcome 
and the valve opens, but immediately the pressure in the cavity 
falls the valve is closed automatically by the heavy spring, thus 
cutting off communication between the pump and the fuel lines. 
The valve is so designed that as it returns to its seat the volume 
of the fuel line between the pump and the atomiser is increased 
by the size of the plunger. In this way, the pressure in the 
fuel line falls very suddenly, allowing the valve in the atomiser 
nozzle to close sharply and thus prevent dribble. 

The modern vehicle engine is governed both for maximum 
speed and for idling speeds. The standard type of governor of 
the Bosch pump is a spring-loaded governor, which regulates 
the idling speed of the engine, and also provides a stop to give 
the maximum engine speed. 
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The fuel delivered by the fuel pump through the delivery valve 
passes through the fuel lines to the atomiser nozzle. The 
atomiser nozzle is situated in the cylinder head, is the connecting 
link between the fuel pump and the combustion chamber, and, 
while there are a variety of types of atomiser nozzles, it consists 
essentially of a ground steel plunger operating in a ground steel 
or iron barrel held in position by a heavy spring. The plunger 
is reduced in diameter towards the lower end, offering a shoulder 
against which the fuel may exert pressure when the pump 
operates. The bottom of the plunger is bevelled in order to form 
a valve on a ground seat in the atomiser body itself. The pressure 
in the fuel line exerted by the fuel pump fills the cavity under 
the shoulders, and when sufficient pressure has been built up 
the plunger lifts against the pressure of the heavy spring, 
allowing the fuel to flow past the injection valve and be sprayed 
into the cylinder. Immediately the pressure under the shoulders 
is released by the cut-off in the fuel pump and the action of the 
delivery valve, the plunger returns to its seat under the influence 
of the spring, and injection immediately ceases. It is essential 
that the cut-off by thé atomiser valve be instantaneous in order 
to avoid dribble. 

If dribble occurs, it will readily be realised that the hot 
conditions in the combustion space will cause formation of 
carbon on the top of the atomiser nozzle. The design of the 
atomiser nozzle varies in accordance with the requirements of 
the engine. In the direct injection engine, a multi-hole atomiser 
is necessary, while in the air cell and pre-combustion type a 
single hole or pintle type nozzle is necessary. The direction of 
the fuel spray is controlled entirely by the atomiser nozzle, and 
it is, therefore, essential that this nozzle should be kept clean 
and free from carbon in order that the fuel spray may be 
directed into the exact position where the designers have 
arranged for it to come. 

In discussing the method by which the delay period can be 
controlled, we mentioned that the self-ignition temperature of 
the fuel had some effect. Before actually discussing the fuels 
which are necessary for engines of this type, I would request 
(as I have done many times before) that C.I. engines be called 
either "C.I. Engines" or "High Speed Diesel Engines," and 
not " Crude Oil Engines." By using the term " Crude Oil 
Engines," the public tends to get the wrong impression, and to 
consider that these engines will run on practically any fuel, no 
matter how poor that fuel may be, and, as you realise, the C.I. 
engine for road transport purposes is almost as fastidious over 
its fuel as the ordinary high efficiency spark ignition engine. 
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The fuel required for these engines is a distillate fuel, that is, 
one which in the refining processes of the crude has been turned 
into vapour by heat and has been recondensed. Actually, the 
fuel to be used is of a Gas Oil type, that is, a distillate fuel 
having an initial boiling point above that of kerosene and a final 
boiling point below that of the normal heavier Diesel Fuel 
known on this market. 

It is difficult to lay down a specification for the fuel which is 
required, but generally it can be taken as follows :- 

Flashpoint .. .. .. .. .. 	Above 150°  F. 
Viscosity Red. 1 @ 100°  F. .. 	35-45 seconds. 
Pour Point .. .. .. 	.. .. 	Below 25° F. 
Sulphur .. .. .. .. .. .. .. .. 	Below .5% 
Water and foreign matter . .. 	A trace only. 

That specification is incomplete, as no mention is made of the 
ignition qualities of the fuel. It is extremely difficult to quote 
any figures for the ignition quality of Diesel Fuels because no 
reliable method has yet been standardised. 

Laboratory methods by chemical analysis may give a certain 
indication of the ignition quality of a fuel, but they are unreli-
able. The only means is by actual engine test. Obviously, the 
lower the self-ignition temperature, that is, the temperature at 
which a fuel will ignite without the assistance of a flame or spark, 
the better will the fuel be from an ignition point of view, 
because the delay period between the time the fuel enters the 
cylinder and the time when it picks up sufficient heat to ignite 
will be reduced. 

The method which is being adopted, and which may in time 
become standard, is to measure the length of the delay period 
in a certain engine under very definite operating conditions. 
This consists in measuring the time between the injection of the 
first globules of fuel into the combustion space and the time 
when the pressure as shown on the indicator card rises above 
the compression line. There are many difficulties in obtaining 
accurate and repeatable figures by this means, but the use of 
sensitive indicators such as that n.ow being experimented with, 
as, for instance, the Cathode Ray or Visible Indicator, which 
incorporates practically no moving parts, makes a reasonably 
accurate estimation possible. The results of the various experi-
ments, however, have not gone sufficiently far yet to enable a 
figure to be quoted with any degree of accuracy in a specification, 
and therefore it must be left to the operator and to the fuel 
supplier to decide if the ignition quality is suitable. It may be 
said that the distillate fuels which are offered for transport 
vehicles in this country are entirely suitable. 
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The flashpoint of a fuel is of little importance, and has no 
connection whatever with the ignition quality, because ignition 
is not by a spark. It is included in a specification merely to 
comply with the fire underwriters' insurance demands. 

It will be remembered that a viscosity of 35-45" Redwood 1 
was quoted. Owing to the very minute quantities of fuel which 
have to be injected by the pump and the importance of having 
no dribble at the atomiser nozzle, a low viscosity fuel is essential. 
If one of high viscosity were used, the quick closing of the 
atomiser nozzle might be prevented and the whole pump action 
become sluggish. On the other hand, if a fuel with too low a 
viscosity were used, there would not be sufficient lubricating 
value in the fuel to lubricate the pump plungers and atomiser 
plungers efficiently. 

The pour point of a fuel, that is, the temperature at which 
the fuel becomes solid, is of importance only to ensure that, 
under actual operating conditions, the fuel will at all times flow 
through the fuel lines with ease. 

Much controversy has centred around the advisability of a 
low sulphur content, but there can be little doubt, after the 
research work carried out by the Institution of Automobile 
Engineers, London, on cylinder wear with spark ignition engines, 
that sulphur does play a part in maintenance costs. Therefore, 
the lower the sulphur content that can be obtained the better. 

The specification states that water and foreign matter shall 
be a trace only. To my mind, the cleanliness of the fuel (apart 
from its other physical qualities) is one of the most important 
features of fuel supplied to C.I. engines. 

Realising the fineness of the limits to which fuel pumps and 
nozzles are manufactured and the minute quantities of fuel 
which must be delivered to the engine, every possible care 
should be taken to see that the fuel is delivered to the engine in 
an absolutely clean condition. 

The filter of a C.I. engine is one of its most important parts. 
Road dust settles out of a motor spirit very much more quickly 
than it does out of a distillate fuel, owing to the fact that the 
viscosity of a motor spirit is less than that of a motor fuel. It 
behoves, therefore, the operators of C.I. engines to make certain 
that their fuel pumps are protected by efficient filters and that 
the filters themselves are cleaned at regular intervals. 

The use of a distillate fuel is essential for the economic and 
satisfactory operation of C.I. engines for transport purposes, 
and it is essential that the fuel reaches the fuel pumps in a clean 
condition. 
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The lubrication of the C.I. engine is, to all practical purposes, 
the same as that of the corresponding petrol engine, but the use 
of a different fuel gives rise to different effects in the used oil. 
In a petrol engine any dilution by fuel which occurs tends to 
thin down the crankcase oil, but, owing to the volatile nature of 
the fuel, contamination with motor spirit does not become severe, 
as the crankcase temperature is sufficient, usually, to drive off 
the contaminating spirit. The use of a heavy distillate fuel in 
the C.I. engine means that any fuel contaminating the oil is 
not driven off by the heat of the crankcase oil, because the tem-
perature is not sufficiently high. Therefore, any contamination 
which does occur is cumulative. 

The fuel contamination of the crankcase oil in a C.I. engine 
varies according to the design of the engine, and it will be found 
generally that contamination in a direct injection engine tends 
to thin the oil down owing to the fact that the fuel can escape 
down the sides of the piston before it has been burned to any 
great extent. 

In the air cell or the pre-combustion chamber the fuel tends 
to become more burnt before passing the piston rings, and, 
therefore, tends to thicken the crankcase oil rather than make it 
thinner. A light oil is required for lubrication purposes in 
order to flow sufficiently freely and to keep the piston rings 
clean and clear from the partially burned products of combus-
tion. An oil with a viscosity according to the S.A.E. rating of 
between 20 and 40 is the usual type of lubricant required. It 
is essential that the oil chosen shall be one of high quality, and 
one which is capable of preventing sludge formation as far as 
possible, and also, one which allows any sludge formed to 
separate easily. 

The fact that a C.I. engine generally runs cooler than does 
the corresponding petrol engine gives the C.I. engine a greater 
tendency to form sludge, as the products of combustion which 
pass the piston rings are more likely to condense into water, 
which is the main constituent or binding medium of sludge. 
Another factor creeps into the difficulties associated with the 
lubrication of a C.I. engine, and that is, in the majority of cases 
where C.I. engines are installed, economy has been one reason 
for the installation. There is, therefore, a tendency for opera-
tors to drain the crankcase oil at as long intervals as possible, 
and in many cases oils have been in use for up to 6000 miles 
without a change, although, of course, topping up of the oil has 
occurred. This practice is one which is not to be recommended, 
because fuel contamination of a C.I. engine, as we have said 
previously, is more serious than the fuel contamination of a 
petrol engine ; also, stuck piston rings in a C.I, engine are some 
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what more serious than in a petrol engine, because the C.I. 
engine relies entirely upon its compression for the ignition of 
its fuel. 

The marketers of C.I. engines very often claim that one of 
the advantages of this type is that it is not necessary to warm 
the engine before putting it on load. The petrol engine will not 
carry full load until sufficiently warm, owing to the fact that 
the fuel will not be sufficiently vaporised, and will not give a 
full charge to each cylinder. Therefore, the petrol engine cannot 
be placed immediately on full load without being warmed up. 
The C.I. engine, however, does not depend upon the engine 
temperature for combustion, .or, rather, for the supply of fuel 
to its cylinders, and therefore it can be placed on 
full load immediately the engine is started up. This practice, 
however, is one which is extremely dangerous, as it does not 
allow the oil to circulate into all those portions that it must 
reach before the load is applied. Operators who place full load 
on their C.I. engines before warming them up are asking for 
excessive maintenance costs. 

C.I. engines have not been operated in Australia for a suffi-
ciently long period yet to enable anything like accurate main-
tenance costs to be given or to be discussed. 

However, from information obtained by such concerns as the 
London Passenger Transport Board, it would appear that the 
cost of maintaining a fleet of C.I. engines is no more than the 
cost of maintaining a fleet of the corresponding petrol engines. 
Where mixed fleets are in operation, however, the cost of main- 

-i taining the C.I. engine is higher. In estimating the cost of 
operation of a C.I. engine, it is unwise to base the fuel costs 
upon the price of distillate fuels to-day, as these do not carry 
the duty in this country which has been applied to them over-
seas. In estimating operating costs, therefore, the same fuel 
price should be used as for the petrol engine. It has been found 
from experience that the most suitable routine maintenance 
programme is as follows :- 

1. The regular cleaning of fuel and lubricating oil filters. 
2. The regular changing of crankcase oil at intervals deter-

mined as the most satisfactory for the particular work 
which the vehicle is doing. 

3. The regular cleaning of atomiser nozzles at approximately 
2000 miles. 

4. The regular cleaning of air filters. 
The cleaning of nozzles and air cleaners is most important, as 

the former prevents a distortion of the shape of the fuel spray 
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in the combustion chamber, and the second prevents the starva-
tion of air which, in its turn, promotes bad combustion and 
exhaust smoke. 

At the top overhaul at approximately 10,000 miles, very little 
work will be found necessary. Valves will require attention, 
although possibly less attention than in the corresponding petrol 
engine, owing to the fact that the temperature of the exhaust 
gases is lower. Cylinder bores should always be examined at this 
period and measurements taken in order to compute at some 
later date the actual cylinder wear which is occurring. 

No reliable average figure for cylinder wear can be given, 
because so much depends upon the method of operation of the 
engine and the circumstances in which it is working, but, again, 
the London Passenger Transport Board has found that an Cí1 
average of three thous. per 10,000 miles can be taken as a 1 
general working average under their conditions.  

During top overhauls the pump unit should be thoroughly 
checked, and also the atomisers, in order to make certain that 
each cylinder will receive exactly the same amount of fuel as 
its neighbour at all governor settings. 

The main overhaul period may be anything from 50,000 to ui 
100,000 miles, dependent upon the conditions under which the 
engine has been operating. 

So. far, in Australia, very little information is available on r-1/  
C.I. engines for transport, and, if our experience here is to be >-
of any value, it is essential that operators should keep regular 
log books of maintenance operations, and also of the cost of those c.,i 
operations. 

[The lecture was illustrated with numerous slides, showing 
indicator diagrams, cylinder heads, fuel pumps, injector valves 2 
and complete engines.] 

DISCUSSION 
The PRESIDENT complimented Mr. Street on his able exposition, 

and invited members to discuss the paper. He had noted during 
his recent visit to England that a very large percentage of 
transport was on compression-ignition chassis, and he observed 
in them a notable facility in traffic. He asked the author whether 
there was much difference in heat in the cylinder as compared 
with a petrol engine, whether the cooling system was the same, 
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and what was the cause of the lumpy carbon deposit found in 
the sumph when the sumph was removed for overhaul. 

MR. STREET replied that the flame temperature was about the 
same as in a petrol engine, but, owing to the greater ratio of 
expansion, the exhaust gases left at a lower temperature, and 
the average temperature throughout the cycle was lower than 
that of a petrol engine. The cooling system was usually about 
the same as for petrol, and the engines generally ran too cool 
with water at 100 degrees instead of 150-180 degrees, as it should 
be. The vibration was not appreciably greater if the driver did 
not stay in top gear at low speeds. 

MR. J. A. NAISMITH asked whether individual oil pump stroke 
volumes could be checked, and whether any attempt had been 
made to preheat fuel. 

MR. J. W. WILLIAMS asked whether the engine was efficient 
for short runs with long intervening stops, and how often the 
oil injection pump required overhaul. 

The PRESIDENT asked whether there was much condensed 
water vapour in the exhaust. 

MR. STREET, in reply, said that the discharge of individual 
cylinders of the oil pump could be checked by special apparatus 
at the service station ; the amount was very small, about one four- 
thousandth cubic inch per stroke, and required special care in 
measuring. No attempt had been made in small engines to 
preheat the fuel, but it was quite a feasible proposition. The 
class of use mentioned by Mr. Williams was the worst for the 
engine—indeed, for any engine—where the engine never got 
thoroughly warmed up. The oil injection pump would run 
without overhaul for 50,000 miles, and often for over 100,000 
miles. The nozzles required more frequent attention. There 
was much condensation in the exhaust system until the engine 
warmed up. There was no trouble now with the metal hammering 
out of bearings. The fuel consumption was nearly one-half that 
of petrol, and the fuel cost in Australia nearly one-fourth. 
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DISCUSSION 
The PRESIDENT, expressing his appreciation of the paper, 

agreed that the services of the engineer were indispensable in 
connection with modern architecture. 

Mr. W. E. PYKE referred to difficulties incurred in Chicago, 
due to uneven loading on foundations in poor soil. Buildings 
constructed on concrete rafts had tilted owing to the centre of 
gravity not coinciding with the centre of resistance of the soil 
beneath the raft. 

The PRESIDENT mentioned a ease in South Melbourne where 
a steam hammer soon after erection had driven the anvil into 
the ground. 	He asked Mr. Michaelson whether electrolysis 
was causing much damage to buildings in Melbourne. 

Mr. MICHAELSON. said he had not encountered it. Of course 
in the past most structures were not of all-metal construction. 

The discussion was adjourned. 

DISCUSSION ON "TRANSPORT COMPRESSION- 
IGNITION ENGINES." 

(Paper by Mr. R. H. Street.) 

Mr. TREWHELLA asked what were the relative merits of high 
and low speed diesels. 

The PRESIDENT said that it was mainly a question of space 
and capital cost. 	He personally would prefer a large slow- 
running engine for cheapness of maintenance and low running 
cost. In this connection was notable the prevalence of slow-
running auxiliaries in the engine rooms of motor vessels, where 
economy of space was generally regarded as essential. 

Mr. A. I. ROSIE agreed that anyone who had had experience 
of the operation of high and low speed plant would prefer 
slow-running engines. 

The discussion was adjourned. 

The PRESIDENT, in closing the meeting, made an appeal to 
members for papers or any suggestions regarding the activities 
and life of the Institute. 
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