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Synopsis.

The paper begins with an outline of the historical development
up to about 1900. More recent developments are considered in some
detail and against the contemporary background of technical pro-
gress. Descriptions of installations employing combustion at constant
volume and at constant pressure are given and a comparison is made
between the pressure and temperature conditions in the two types.
The principles governing the operation of constant pressure installa-
tions are dealt with in detail, reference being made to modern type's
and applications. Comparisons are made, as regards fuel consumption
and air utilisation, of eleven possible combinations of components.
The conditions under which marine installations would operate are
analysed, special consideration being given to air temperature, and
methods of meeting these' conditions are proposed, an installation
for a merchant ship being taken as an example. Lastly, the design of
components is considered and the requirements of satisfactory per-
formance from each component are discussed, and, in particular, the
influence of each on overall efficiency.

After a long period, during which progress in prime movers has
followed a steady evolutionary course, the combustion turbine, as a
new competitor to long-established types of power units, suddenly
demands serious consideration by engineers. The recent symposium
of papers read before this Institute provided evidence, in that impor-
tant branch of mechanical engineering covering propelling machinery
for ships, that the contest between reciprocating and rotary steam
engines, initiated nearly fifty years ago when the late Sir Charles
Parsons engined the Turbinia, is far from reaching a conclusion;
further, that the secondary contest between steam engines of all
kinds .and internal combustion engines is similarly undetermined. The
combustion turbine, thus demands consideration at a time when the
types of power units available for marine purposes are already more
numerous than at any previous epoch and when, as a result, the
minds of marine engineers are correspondingly less rigidly fixed upon
a particular type.

The combustion turbine, since the combustion of the fuel
necessary to provide the heat energy takes place within the structure
of the engine itself, is an internal combustion engine. The name,
turbine, indicates that the transformation of heat into mechanical
energy takes place in a rotary machine of turbine form. From the
fact that the working substance in the turbine is in the strictly
gaseous state and is not, as in the steam turbine, in the state of
vapour, such engines are sometimes called gas turbines. In gas
engines of the reciprocating type, however, the word gas connotes
the use of gaseous as distinct from liquid fuel. A possibility of
ambiguity is thus introduced which renders this usage undesirable.
The term combustion turbine, on the other hand, involves no kind
of restriction to the fuel used, be this gaseous, liquid, or solid, and
sufficiently clearly describes the machine.

In the present paper, the authors thought it well, as a pre-
liminary, to give some account of the historical development of the
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combustion turbine; they next give a statement of the principles
governing the operation of potentially successful combustion turbines;
finally, they set out the conditions to be met with and the problems
to be solved in the application of such engines to marine practice.

A description of the development of the combustion turbine
shares the same characteristic difficulty as that of the development
of other machines, namely, of separating the various steps in pro-
gress due to individual workers from those derived from contem-
porary progress in other lines of work. Until late in the 17th cen-
tury heat engines had either been rotary or had worked on the direct
displacement principle, that is, without pistons, both types of which
had been described by Hero of Alexandria in 150 b.c. His seolipyle
was the first heat engine, and in this work was done by the reaction
of jets of steam escaping tangentially from a rotary hollow vessel
supported by hollow trunnions through which the steam was sup-
plied—a jet reaction engine. The next important rotary engine was
Branca’s turbine, described in 1629 a.4., in which a jet of steam from
a boiler heated over a fire was caused to impinge on the vanes of a
wheel; this was the first impulse turbine. Father Verbiest, a French
missionary to China, is said to have applied such a turbine to drive
a model car. Newton, having enunciated his third law, that “Action
and reaction are equal and opposite”, appropriately produced, in_ 1680,
a model of a car in which the motive power was a reaction jet of
steam. At that time, however, there was no pressing demand for
improvement to means of transport and thus little incentive to
development.

Progress in mining, Qn the other hand, was retarded, in the 17th
century, by the need for improved pumping facilities to deal with
underground water and the attention of inventors was directed
towards the possibility of mechanical power. The Abbe Hautefeuille,
in 1675, knowing the effects of the expansion of gases in cannon,
suggested an engine using gunpowder to raise water. Powder was to
be burnt in a vessel communicating with a reservoir of water and
the depression produced in the vessel by the cooling of the gases
was to raise water at atmospheric pressure. In 1682, he suggested
another form of gunpowder engine in which the water was to be
raised by displacement, caused by the direct expansion of the burnt
gases. Huyghens, the physicist, studied the same problem and in
1680 produced an engine with a piston, but Papin, in 1688, had the
first practical success, also employing a cylinder and a piston. The
gases were burnt above the piston which, on being forced down-
wards, discharged the water beneath it and allowed part of the
gases above it to escape. The remaining gases were cooled, causing
a depression above the piston which then moved upwards in the
cylinder, and water was drawn into the space beneath the piston.
With the' low standard of construction, the depression set up in this
way was not very satisfactory, while the limitation of the fuel used
to gunpowder was a further disadvantage. Papin therefore sought
another means of producing the desired depression and so came to use
steam; he constructed a piston engine for this purpose, in which the
cylinder was integral with the boiler. His successful use of steam
to produce a depression was an important step in the development
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of power units. Nevertheless, the internal combustion engine,
although proving less satisfactory, had preceded the steam engine and
demonstrated that fire, or better, heat could be employed to do the
mechanical work of pumping water. Papin’s greater success with
steam eventually led to the developments of Newcomen and Watt
which initiated the long career of the reciprocating steam engine.

In addition to Watt’s contributions to the reciprocating steam
engine, the latter part of the 18th century witnessed three interesting
developments, namely : John Barber’s invention of a combustion tur-
bine in 1791, William Murdoch's practical use of coal-gas in 1792,
and Robert Street’s invention of an internal combustion engine in
1794. Barber, in his patent specification, given in the Appendix, re-
vealed a complete knowledge of the practical problems to be solved
in the combustion turbine; the installation manufactured its own gas
from coal, wood or oil, and the specification even indicated a method
of ship propulsion by jet reaction. Murdoch’s development of the
production and use of coal-gas, and the subsequent distribution of
coal-gas in towns, exerted a great influence on the later evolution
of the gas engine, a development which was specially attractive in
its early stages as a means of power production in smaller units
than those then possible with steam. Street, in his specification,
described a workable engine which used, as fuel, a volatile liquid,
such as spirit of tar or turpentine, and of which he recommended ten
drops to the cubic foot of air as a suitable mixture strength. Apart
from the ingenuity of the inventions of Barber and Street, they
demonstrated progress in the fuels available for internal combustion
engines since Huyghen’s and Papin’s gunpowder engines, but there
is no evidence of the practical application of either engine. Never-
theless, these inventions show that, although the reciprocating steam
engine had a practical monopoly in power production for many years,
it was never, even in its early stages, without competitors.

In the early part of the 19th century the possibilities of air as
a working substance were explored, the Stirling and the Ericsson
engines being the best known of actual applications. The former
developed about SO i.h.p. for three years about 184S in a Dundee
foundry, while the latter was fitted in a ship of the same name as
the inventor. Both embodied heat regenerators to which heat was
supplied externally and the burning out of these constituted the
principal drawback of these engines; a second drawback, since they
were piston engines, was the low m.e.p. and the correspondingly low
mechanical efficiency. This was a period in which much attention
was given to the fundamentals of thermodynamics, following the
interpretation by Clapeyron in 1834 of Carnot’s treatise of 1824.
Joule and Kelvin were prominent among those in this country who
made important contributions to this science, and, in 1851, Joule pro-
posed his engine, which did not involve a heat regenerator. This
worked on the constant pressure cycle, consisting of two constant
pressure stages and two adiabatics. Its importance to the present
subject follows from the fact that this is the ideal cycle of combus-
tion turbines with continuous combustion at constant pressure, in
their simplest form. It is described in most textbooks, but a short
description here will aid explanation later.

Fig. 1 shows the pressure-volume diagram of the cycle and

Fig. 2 shows diagrammatically Joule’s air engine. At A and B the
pressure is P2 while at C and D it is P~ Air is drawn from the
cold chamber at temperature TD and compressed from P, to P2 and
delivered at temperature TA into the hot chamber. There it receives
heat at constant pressure and its temperature is raised to T B with a
corresponding increase in volume. The air is next passed through
valve B to the expansion.cylinder where it expands again to P,, the
temperature attaining Tc. It passes through C into the cold chamber
where it loses heat at P, and its temperature falls again to TD, com-
pleting the cycle. The area E A D F gives the work done on the air
in the compressor, while E B C F gives the work done by the air in

Fig. 2.

the expansion cylinder: the net work is thus given by the area
A B C D. The heat received at P2 is Cp (TBTA units per Ib,,
and that lost at P, is CP (TGTB) units per Ib., where CP is the
specific heat of the air at constant pressure, the net work done, in
the ideal case, with adiabatic expansion and compression, being the
difference of these two quantities. As Fig. 2 shows, Joule’s engine
was a piston engine, and, in spite of the earliness of Barber’s inven-
tion of a rotary internal combustion engine, all attention in hot air
and internal combustion engines’seems to have been given to piston
engines, probably owing to the accumulation of practical experience
of cylinders and pistons gained with the successful steam engine.

The second half of the 19th century witnessed a great improve-
ment in reciprocating steam engines, following step-by-step improve-
ments to design, materials and workmanship. This epoch saw also
the successful development of internal combustion reciprocating
engines in most of their essential respects and to such an extent
that many engineers prophesied the disappearance of steam engines,
but the invention and practical application of steam turbines more
than restored the balance. Until the work of Parsons and others,
however, all successful power units had been of the piston type.
Nevertheless, the patent literature during the half century furnishes
interesting evidence of the attempts made to develop rotary machines.

In patent No. 1633, of 1861, for example, M. A. F. Mennons
claimed an invention of “a new or improved combination of known
machinery applied to the construction of locomotive, stationary,
marine and other engines”. The elements of this combination were :
(1) a ventilating apparatus to project cold air into the body of the
engine; (2) a furnace with a grate for fuel and grated apertures pro-
viding passage to the air from the ventilator, a portion of which
passes to the furnace, while the remainder passes round the furnace
and mixes later with the products of combustion; (3) a turbine
driven by the dilated air mingled with the gaseous products of the
combustion; (4) a regenerative apparatus, by which the cold air
supplied by the ventilator is progressively heated <o a given point,
while the temperature of the hot air escaping from the turbine is
reduced in the same proportion; (S) mechanical parts by which *the
movement of the turbine is transmitted to the ventilator, the driving
shaft, and other working parts of the engine”. This combination, of
course, gives the elements of a modern constant pressure combus-
tion turbine, embodying a heat interchanger between the exhaust
gases and the compressed air, and the patent even takes into account
the necessity of supplying supplementary air to the hot gases after
combustion. In patent No. 9685. of 1889, E. Hunt and J. Howden
described a pure reaction explosion turbine. Four radial vanes in
the turbine wheel are shaped to form a nozzle roughly tangential to
the periphery of the wheel. An inlet port, through which the charge
is admitted to the space between the vanes, is placed slightly offset
to the centre of rotation and the charge is ignited by a gas flame
or a heated tube. In order to leave the rotor, the gases are caused
to pass at high velocity backwards through the nozzles and by re-
action to drive the rotor.

The progress in appreciation of thermodynamic principles is
also noteworthy. In patent No. 10034, of 1894, H. J. Haddon ex-
pressed his vie>v that, struck by the inefficiency of existing steam
engines, even with condensers and superheated steam, many engineers
for a long time past had directed their investigations towards the
increased temperature drop resulting from the elevation of the initial
temperature of the working substance, but this elevation presented
them with vapour at too high a pressure, so they sought to make
use of gases. He spoke of igniting any type of fuel, including pul-
verised coal, in a vessel, the products of combustion being trans-
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mitted through a jet to the blades of a turbine. Thinking that, for
maximum efficiency, the speed of the blades of the rotor must be
equal to the speed of the gases, he reduced the speed of the jet
by discharging it into a vessel containing a second fluid, such as
water or air, and discharged both fluids through a second jet to the
turbine. The underlying idea was that, by increasing the mass, the
speed was reduced, but without a decrease in the momentum. His
mention of pulverised coal at that date is also interesting.

In patent No. 11955, of 1895, by L. B. Atkinson, instead of the
heat energy being applied to raise the pressure of the working sub-
stance for use in a piston engine, it is used to increase the velocity
of the gases and thus to augment their kinetic energy. The working
substances, gas and air, at atmospheric or a higher pressure, are
admitted to a receiver, from which they pass through a regenerator
heated by the exhaust heat from the engine. Combustion then
follows and the temperature is raised, the result of the rise in tem-
perature, if the pressure is constant, being an increase in the specific
volume of the gases, so that, in steady flow, additional velocity has
been communicated to the gas, which then passes into an impulse
wheel or a reaction turbine.

One other patent will be mentioned, although it appeared slightly
later than the 19th century, namely, No. 16766, of 1909, by F. W.
Dodd. This, summarised, states : “In a compound engine or turbine
for a torpedo, fuel from a reservoir is burned in a first combustion
chamber, and, after doing work in one engine, the gases (with an
excess of air) are supplied to another combustion chamber and then
to another engine”. He then foreshadows the type of compound
expansion with interheating used in some modern combustion turbines.

This brief historical survey has thus been brought to a time
when the steam turbine had already been firmly established for some
years in land practice. In 1905, eight years after the sensational per-
formance of the Turbinia at the Diamond Jubilee Naval Review, an
Admiraltv Committee on Naval Design advised that, in future, tur-
bine machinery should be used exclusively in all classes of warships,
while the decision to engine the new Cunard ships, Lusitania and
Mauretania, with Parsons turbines had been made in the previous
year. The steam turbine can thus also be said to have become prac-
tically established in high-duty marine practice. In the forty years
which have passed since then, great advances have been recorded
in many branches of applied science and technology. Improvement
in steam turbine practice has been directly helped by the contemporary
progress in metallurgy, workshop machines and methods, and aero-
dynamics. It would he attractive to continue and to try to unravel
the intermingled threads of progress, such as, for
example, the interaction between aircraft engine
practice and steam turbine practice. In connection
with the present paper, however, it suffices to say
that, without the progress in steam turbine design
and manufacture, which has followed from the
mass experience gained during the sixty years since
Parsons’ first turbine patent was taken out in 1884,
the present position of the combustion turbine
could not have been reached. P

The more recent development of combustion
turbines has been dealt with by various writers*,
but, nevertheless, consideration cannot be entirely
omitted here if the various factors determining the
present position of development are to be set out
and discussed. A gaseous working substance, in
order to perform mechanical work in a turbine,
must undergo both a reduction in its total energy
and a fall of pressure. It follows that, in a cycle of
operations, the exhaust gases from a turbine must
both receive energy and be raised in pressure
before they can again do work under the given
conditions in the turbine. The methods by which the working
substance is prepared and supplied to the turbine provide
a convenient standpoint from which the various designs and
applications may be considered, as regards both their pre-
sent forms and their development, This leads to
venient classification of installations under the following subdivisions :
(a) completely independent power units; (b) units incidental to indus-
trial processes; (¢) units that are auxiliaries in a principal installa-
tion; (d) units for which a fortuitous supply of gaseous working sub-
stance at a suitable pressure is available, as, for example, natural
gas. While the present paper is concerned primarily with (a) the
other subdivisions deserve mention either on account of the influ-
ence they may have had on (a) or from their own intrinsic interest.

Completely independent power units now worthy of considera-
tion for practical application are of the two main kinds, namely, those

#Stodola: Steam and Gas Turbines, Vol. Il
gives the most comprehensive treatment up to 1927.

1927, probably

consisting essentially of combustion turbines and those in which a
compression-ignition engine of the piston type is combined in one
unit with the gas turbine; the parallel in steam practice is the com-
plete turbine installation and a combination such as the Bauer-Wach
system. Limiting consideration to combustion turbines proper, two
principal types are used in practice, and are characterised by the
manner in which combustion takes place. In the type now receiving
most attention, combustion takes place continuously at constant pres-
sure ; in the other type, in which practical success is associated with
the name Holzwarth, combustion takes place intermittently at con-
stant volume.

The main line of development of the constant pressure type is
associated with the names Stolze, Armengaud-Lemale and Brown

Air inlet

| Ln

Exhaust

Combustion Charmber

Fig. 3.

Boveri. In its fundamental form, it comprises three components—
a compressor, a vessel in which heat is received by the gaseous work-
ing substance at constant pressure, and the working turbine itself.
The organs are shown diagrammatically in Fig. 3. The pressure-

mENGINEF.RINC*

Fig. 5.

volume diagram, under ideal conditions with frictionless adiabatic
compression and expansion, is that of the Joule’s cycle shown in
Fig. 1. In actual installations, such conditions are never realised and
the operations involve internal losses both during compression and
expansion. The ideal and actual conditions are shown on the pressure-
volume diagram of Fig. 4, and on the temperature-entropy diagram
of Fig. 5, but neglecting the changes in the specific heats of the
gases with change of temperature. The adiabatic efficiency of com-

T —T
pression, * = —---— ?, and the adiabatic efficiency of the turbine,
TgTd
T

T
Jt- —=—-L if the reception of heat is brought about by the com-

bustion of fuel in air, instead of being supplied externally, and if w Ib.
of fuel of calorific value H be supplied per Ib. of air, then the
heat received per Ib. of air=w H—l+w) Cp (Tbh-Tg)* The work

done on the air in the compressor=Cp (T .- TD) ; the work done by

241
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the gases in the turbine=(I+w) Cp (TB—TH).
efficiency of the cycle*
Cp (1+w) (TB—Th)—Cp (Tg—Td)

1 Cp (1+w) (T,—TGQ
(1+w) N(TB-Tc-~ (T A-T D

(1+w) (Tb-T g)
The temperatures TA TB, Tc and TD are constant for a given

case, w is small and rarely greater than 0-01, so that the magnitude
of the numerator increases with increasing values of it and i0. More-

over, the numerator is the difference of two quantities, the greater
of which varies directly as »t and the lesser inversely as va Finally,

the changes in value of the denominator are small with change of T G
and thus of vc; so that the overall efficiency of the cycle is extremely
sensitive to individual changes in tit and >c. From three examples,

all with a pressure ratio of compression and expansion=4, with
T, =1,S000 F. abs.,, TD=S25° F. abs. and with io=t)t=0-8, 0-85 and

0-9, respectively, the overall efficiency, v, has the values 0-116, 0-177
and 0-229; that is, approximately a doubling of for a 10 per cent,
increase in X0 and .

Stolze, whose basic patent of 1898 was No. 7398, used air through-
out and heated this externally instead of by burning fuel in it; he
employed an axial flow compressor to compress the air and a re-
action turbine to perform the positive work. As in Mennon’s patent
of 1861, he led the hot exhaust gases to a heat interchanger where
they gave up heat to the compressed air passing to the heating
chamber. As far as the authors can trace, there is no record of any
test results with Stolze’s installation; he seems, however, to have
been the first to construct a turbine installation of any kind and to
employ the reaction principle.

The turbine of Armengaud and Lemalef was developed at the
works of the Societe des Turbomoteurs at Paris. The air compressor
was a multi-cellular machine designed specially by Rateau to give a
high efficiency. It was made in three sections with continuous cool-
ing. It was said to deliver 1 cu. meter of air at 1001b. per sq. inch
with an efficiency of 65 per cent. It was not stated whether this
efficiency is relatively to adiabatic or isothermal conditions, but, from
the contemporary literature, probably the latter was taken. Con-
tinuous combustion of the fuel at a temperature of over 3.000° F.
was arranged in a water cooled refractory combustion chamber, the
pipe for the cooling water being embedded in the chamber walls.
The nozzle supplying the working substance to an impulse wheel
was of refractory material, also water cooled. Following a similar
idea, proposed by Barber, the heated circulating water was delivered
through small holes into the hot gases just before they entered the
nozzle and, being converted to steam, reduced the temperature of the
hot air and combustion gases. An alternative method of avoiding
reduction of the high temperature of the combustion gases had been
proposed by Armengaud but apparently was not tried. In this, two
jets, one from each side, were to be applied to the single wheel, one
jet conveying high temperature gases while the other conveyed low
temperature steam derived from the water jacket and from a re-
generator in the exhaust gases. The blades would thus pass suc-
cessively through hot and cold zones, and, providing the temperature
of the exhaust gases be sufficiently high to produce enough steam,
the temperature of the wheel would be reduced to practicable limits.
Since, in his installation, the best efficiency reported was less than
3 per cent., the surplus power developed by the turbine over that
taken by the air compressor was very low. The practical problems
involved were understood by Armengaud and his colleagues, but no
further development of the unit for direct power production was
reported. The design was, however, applied to torpedoes, in which
compressed air from a reservoir was led to a combustion chamber
from which the combustion gases and steam flowed to a turbine.
The turbine, with an expansion ratio of 8-4:1, was said to develop
120 h.p. at 1,000 r.p.m.

While in the Lemale-Armengaud design the effects of the high
temperature of the combustion gases had been reduced by the use
of steam, so that an excessive amount of dilution of these by cooler
air, to reduce the temperature of the gases leaving the combustion
chamber, had been avoided, the work of compression, nevertheless,
was too great for the turbine to be a success. Experimenters at that
time were naturally greatly impressed by the need for reducirg this
negative work of compression, and several interesting attempts were
made in this direction. By far the most successful of these was that

*This and other similar matters yet to arise have been treated
at length elsewhere: cf. “Engineering”. Vol. 156, pp. 401 and 421
(1943) and Vol. 157, pp. 181 and 221 (1944).

+cf. Cassier’s Magazine, 1907-8, pp. 187 and 617.

So that the overall
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of Holzwarth*, and, in his type of installation, combustion was
arranged to take place at constant volume, so as to raise
the pressure of the working substance to the desired extent without
excessive pre-compression of the charge. An explosive charge is
introduced into a combustion chamber fitted with the necessary valves
and is ignited electrically. The gases suffer a rise of pressure and
temperature and are then led through controlled valves to the turbine
from which, after performing positive work, they pass to a steam
generator in which steam is raised to drive a steam turbine. In the
first installation, the explosive charge was at atmospheric pressure,
but, with newer designs, pre-compression of the air charge has
been progressively increased, and now reaches 45lb. per sg. inch.
The work of compression is conveniently performed by the steam
turbine. In comparison with modern constant pressure machines,
the air-fuel ratio is low and thus the air quantity is much smaller.
The whole of the gas side of the installation is jacketed, so that as

Fig. 6.—Diagram of Holswarth installation.

(1) Combustion chamber; (2) Gas valve; (8) Main air valve; (4) Supercharge

air valve; (5) Nozzle delivery valve; (6) Turbine rotor wheels; (7) Intermediate
receiver; (8) Feed pump (water); (9) Feed heater; (10) Exhaust boiler;
(1l) Steam separator; (12) Circulating pump (steam circuit); (13) Superheater.
much waste heat as possible is transferred to the steam side. The

installation, as the diagram in Fig. 6 shows, with oil-pressure-valves
controlling the entry of gas, combustion air and supercharge air to
the combustion chamber, and the exit of the exhaust gases, and with
its complicated steam cooling system, involving feed pump, water
pre-heater, exhaust boiler, steam separator, steam circulating pump
and superheater, together with the steam turbine and condensing plant,
is extremely complicated. In spite of this, considerable success in
practice has been achieved; a unit of 2,000 h.p. using blast furnace
gas, to drive the pressure blowers of the furnace has been in service
since 1933, while one of 5,000 h.p. was put into service in 1940. This
type can thus be said to have justified the efforts expended in its
evelopment.

The constant pressure type of installation, with its manifest
simplicity, is naturally receiving most attention to-day. Nevertheless,
in the present early stage of combustion turbines, the authors take
the view that a study of both successful types is desirable in order to
guide future development. While restricting their treatment to the
Holzwarth and constant pressure types, they feel also that, given
future progress in such matters as heat resisting materials, it may
prove profitable, at some later date, to re-examine other proposals
for rotary engines which, probably for reasons connected with the
contemporary state of technical skill at the times they were made,
did not achieve practical success.

*See Stodola’s book for other interesting types.
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The ideal cycles of constant pressure and constant volume types
will first be considered and then the practical conditions causing de-
parture from these will be discussed. In the pressure-volume and
temperature-entropy diagrams of Figs. 7 and 8, A B C D gives the
cycle of a constant pressure installation and L M S N D that of a
constant volume installation. In A B C D, Tb and TD are, respec-
tively, 1,500 and 525° F. abs., while the upper arid lower pressures
are 60 and 151b. per sg. inch, respectively. In L M S N D, TD is
525° F. abs. and TM s 3,600° F. abs. The pressure at D is 151h.

Fig. 7.

per sq. inch and that at L is 451b. per sg. inch. These are all values
from successful practical installations. Compression and expansion
are assumed to be adiabatic, while, for the working substance,
Cp=0-238 and Cw-17, giving y=I1-4, throughout. With these
assumptions, the assumed and calculated values of pressure, tempera-
ture and volume are :—

Points. A B C D L M S N
Pressures,

Ib./sq. in. 60 60 15 15 45 225 45 15
Tempera-

tures,

°F. abs. 780-3 1,500 1,007-6 525 718-7 3,600 2,280 1,666-6
Volumes,

cu. ft./Ib. 4-81 9-23 24-84 1296 591 591 188  40-85

The efficiency of the ideal constant volume air cycle is given by :
Cv(Tm T I)—C,,(Tn-Td> _0-17 (3,600-718-7) —0-238 (1,666-6-525)
A Cv(TmTI) 0-17(3,600-718-7)
=0-443;
similarly, the efficiency of the ideal constant pressure air cycle is
given by:

Cp(TB-T c)-C pfTA TD_ (1.500-1.007-6) -(780-3-525-1 ,, 0T

~ CHTB-TA ' 1,500- 780-3 “°'379-
The constant volume cycle is, of course, passed through
periodically, while the constant pressure cycle is continuous. For the

combustion chamber of the former to begin to receive a fresh com-
pressed charge, the pressure, on the expansion curve, must fall below
S, where the pressure equals that at L. At high speeds of revolu-
tion, however, the pressure of the gases up-stream of the turbine
wheel may not fall greatly below this value. If the temperature
conditions of the turbine runner are to be similar to those of the
first stages of the constant pressure turbine, that is, at about 1,500° F.
abs., it is clear from Fig. 8 that the gases after the instant of reach-
ing maximum pressure and temperature must lose considerable quan-
tities of heat, since the difference between T Mand T B is no less than
2,100° F. This necessary loss of heat is so great that the steam
side of the installation must be of vital importance to the overall
efficiency and does not figure merely as an auxiliary part of the in-
stallation. Further, the temperatures of the gases losing this heat
are very high, so that “high-grade” heat is available. The discharge
of the gases from the combustion chamber takes place periodically,
and, although there must be a considerable pressure drop through the

Entropy
Fig. 8.

nozzle valve, the pressure fluctuations at the nozzles must be very
marked; the release of the gases, of course, takes place from about
the maximum pressure when the valves are opened and not, as in a
reciprocating engine, after the gases have expanded behind the piston
to a considerably lower pressure. The gas speeds through the turbine
wheels will be subjected to periodic variations, so that, at constant
speed of revolution of the turbine, the relationship between gas speed
and blade speed must deviate from the optimum for efficiency.

Summarising the conditions for the constant volume type, it may
be said : (1) that the basic advantages of the cycle are greatly reduced
by the necessary loss of vast quantities of heat; (2) that, on account
of the fluctuations of the gas discharge to the turbine, the turbine
efficiency must be reduced from the normal maximum value; (3) that
the high temperature heat loss is utilised in steam production, from
which additional work is derived; (4) that, since these two sides of
the installation, employing respectively gases and steam as working
substances, are essential, the value of the overall efficiency of the
installation, rather than that of the gas side alone, should be used
for practical comparison. It will be interesting, when circumstances
permit, to learn more concerning the test performance of the two
large Holzwarth installations in Germany, on which the authors find
no information.

As regards the relationship between the actual efficiency of the
cycle of the constant pressure installation and the ideal efficiency of
the cycle A B C D, the deviations from ideal conditions are much
smaller. Neither compression nor expansion are adiabatic,
but adiabatic efficiencies of 0-85 are practicable in each
case. Variations of the specific heat of the gases have a small effect
and, assuming the heat to be added by burning the fuel in the com-
pressed air, the mass of the gas to expand is greater than that of
the air compressed, by the weight of the fuel. On this basis, the
efficiency becomes 0-177, which gives an efficiency ratio of 0-537
compared with the "air standard” efficiency value of 0-329. The
authors have dealt elsewhere* with the efficiencies of constant
pressure combustion turbines, so that it is only necessary here to give
the more important matters emerging from their calculations.

The characteristics of such constant pressure machines are
different from those of other power units with which designers have
to concern themselves. In ordinary reciprocating internal combustion
engines, an increase of compression ratio, other things being equal,
leads to an increase in thermal efficiency and in the specific output per
Ib. of air, and, since the constant pressure combustion turbine works
on a Joule cycle, it would be reasonable to expect the same conditions
to apply. On page 4 the efficiency was given as :—

Cp (1+w) ijt (Ts—Tc)—CP-~ (Ta-T d)

n=-~ Cp (1+w) (T ,-7™)

+Engineering: loc. cit.
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The numerator gives, in heat units, the work done, and the denomina-
tor the heat supplied per Ib. of air. In a practical case, TD is the
temperature at which the air is supplied and TB is the highest per-
missible temperature of the cycle. With given values of TB and TD,
Yand it, the values of TA Tc arid T Gdepend on the pressure ratio,
R, of the compression and expansion stages. R is thus a natural

Fig. 9.

base on which to plot the values of efficiency and output per Ib. of
air under the given conditions. Fig. 9 shows three pairs of curves,
AjAj, B,B2 C,C2 respectively, corresponding to three pairs of values :
=0-8, 0=*%=0-85 and W= =0-9, changes of specific heat being
taken into account; the firm curves give efficiencies and the broken
curves give specific outputs. All curves begin at zero for R=I,

increase to a maximum and again decrease to zero; further,
the maximum value for efficiency for a pair always occurs
at a higher value of R than the maximum value for output. These

peculiar characteristics follow from the constant value taken for T,,
the highest temperature of the cycle.

A designer, fixing the temperatures TB and TD and knowing the
respective values to be expected in his design for ric and >t, may then
fix his pressure ratio to give either maximum efficiency or maximum
specific output, depending on the relative importance of fuel con-
sumption and engine size, or he may compromise between these two
values.

The three pairs of curves in this figure show the marked influ-
ence upon overall efficiency and the somewhat smaller influence upon
the specific output resulting from improvements to the component
efficiences % and it. In the calculations, it was convenient to use
equal values of thand it for each pair, but the separate influences of

Fig. 10.

244

the same percentage increments to »0 and respectively are not
equal; under the broad conditions given, the effect of a given in-
crease of it is about 60 per cent, greater than that of an equal in-

crease of i0.

The crosses and squares plotted in the figure give, respectively,
the values of efficiency and of specific output resulting from calcula-
tions made with air only, assuming constant specific heats
and y=1-4, that is, “standard air” throughout, with which
the calculations are greatly simplified. Comparison shows
that the actual efficiencies and outputs to be expected rule
higher than those given by the simplified treatment, so
that the latter may be regarded as a safe method of

approximation within this order of temperature range.
The value to be adopted for TB the maximum tem-
perature of the gases passing to the turbine component,
is generally recognised as of vital importance. 1,500° F.
abs., or 1,040° F. (560° C.) is a value which, according
to the late Professor Stodola*, proved satisfactory in the
Brown Boveri Company’s 4,000 kW. installation. Fig. 10
shows the results of calculations, assuming i),,=ijt=0-85,
with T b ranging from 1,400 to 1,700° F. abs. Four pairs
of curves, GiGj, I"Hj, JJ 2 and K,K2 show the efficien-
cies and specific outputs for TB=1,400, 1,500, 1,600 and
1,700° F. abs., respectively. The pair of curves CiCa give
the results with TB=1,500° F. abs., but with >o=ift=0-9.

The maximum efficiencies from curves G~ H,, J,, and
Ki, are 0-16, 0-183, 0-205 and 0-224 respectively, while
the corresponding maximum specific outputs, from curves
G,, H,, J2 and K2 are 23-3, 29-7, 36-8 and 44-2 B.Th.U.
per Ib. of air; so that, while the increments of efficiency
per 100° F. rise of temperature decrease, those of output
increase. The percentage improvements to output are relatively higher
than those to efficiency, being 24 per cent, from 1,500 to 1,600° F.
abs. against 12 per cent. Comparison of curves QC, with the four
pairs of curves emphasizes that greatly increased overall efficiency
follows an increase of % and % but that to increase output a higher

maximum temperature is more effective.

All these results relate to the constant pressure installation in
its simplest form. Since pressure ratios, and not actual pressures,
are employed, the results apply whatever the actual pressure and
density of the working substance. One other variable requires con-
sideration, especially in relation to marine practice, namely, the tem-
perature Tjj of the air supply. Calculations show that the changes
to the positive work per Ib. of air performed in the turbine are
negligible with increase of TD, but that the negative compression work
increases directly with TD. In Fig. 11, curve Alt shows the variation

of overall efficiency and curve A2 the variation of specific output from
TD=500 to 600° F. abs., that is, from 40 to 140° F., for the case in
which io=tt=0-85 and T,, = 1,500° F. abs. Both curves, if produced,

cross the base line at TD=738° F. abs. Considering the change from

40 to 140° F., the falling off of output is from 33-5 to 19-5 B.Th.U.

per Ib. of air, a reduction of 41-7 per cent, and the falling off of

overall efficiency is from 0-187 to 0-148, a reduction of 20-8 per cent.
But, assuming no change of revolution speed of
the compressor, the weight of air taken in would
also be reduced from 100 at 40° F. to 83-3 at
140° F., and the output of the installation would be
reduced further in this proportion. Curve B shows
the overall equivalent output, assuming constant
speed, taking as datum, 100 at 500° F. abs. If the
speed ratio of driving shaft to propeller shaft is
constant, there would, of course, be a decrease in
propeller speed, following the reduced torque, and
a still further reduction in power output, until
equilibrium between torque and propeller speed had
been attained. These changes are obviously of great
importance in connection with the application of
combustion turbines to ship propulsion.

The simple combustion turbine working with
constant pressure combustion may, with the addi-
tion of various components, be improved as regards
overall efficiency and specific output, or both com-
bined. Such improvements involve, in various de-
grees, increased complexity of the installation, with
increased cost, weight, space and upkeep charges,
and, for a given case, the best compromise will be
sought. In Fig. 5 it is seen that the exhaust gases

+“Engineering”, Vol. 149, p. 1 (1940).



Development, Principles and Application of the Combustion Turbine.

Py
5 —
-7 o
= <
,,,,, i \_
5 -
----------- a C
500 525 550 575
Fig. 11.

leave the turbine at a temperature exceeding 1,000° F. abs. (540° F.),
and, in the simple case, the heat in these gases is wasted. Two ways in
which some of this heat may be utilised are : (a) by fitting a heat inter-
changer so that the compressed air on its way to the combustion
chamber receives heat from the exhaust gases; (b) by passing the
exhaust gases through a waste heat boiler where some of the heat
is used to raise steam, this steam being used to drive a steam turbine,
to develop additional power. The overall efficiency and specific out-
put of the simple machine may also be improved by improvement
to the separate components, that is to say, by (c) compounding the
compression and intercooling between the stages and by (d) com-
pounding the expansion and interheating between stages. The former
involves an intercooler and a cooling medium as additional complica-
tions ; in the latter, it is necessary to provide a second combustion
chamber, into which the gases at the end of the first stage of expan-
sion may pass and in which more fuel is burnt, in the ample surplus
oxygen still present in the gases, to raise the temperature of the
gases to its initial value, before the gases pass to the second stage
of the complete expansion to atmospheric pressure. Methods (c)
and (d), either separately or together, may be combined with either
of methods (a) or (b) for utilising the heat of the exhaust gases, but
not with both. Nevertheless, the gases, on leaving the heat inter-
changer and the exhaust boiler, are at temperatures of the order
of 450*and 350° F. respectively.

The authors have made calculations of a kind similar to those
above for eleven combinations, and Table | gives the results of this
study. Fig. 12 shows diagrammatically the organs and circuits of com-
binations, 1, 2, 3, 9, 10 and 11. The following conditions and limita-
tions apply to the data upon which these results are based. Each
individual set of conditions results in pairs of curves similar to those

C . Compressor H-High Pressure

T: Turbine L-Low

c.c: Combustion Chamber X-Heat Interchnncjer

5— AIr , Combustion Gases
Fig. 12.

B - Boiler
SI|-Steam Turbine
|.C: Intercooler
Steam

40 of Fig. 9, from which a particular value of R, the

pressure ratio, is taken so as to give a compromise
between optimum efficiency and optimum specific
output. Intercooling is defined as 100 per cent,
efficient when the initial temperature is recovered by
the air; since this is only exceptionally realised, in
addition to 100 per cent., the values for 50 per cent,
cooling are also given, this percentage relating to a
recovery of one half the increase of temperature.
In heat interchange between exhaust gases and com-

. pressed air, contra-flow conditions are assumed and
the minimum difference of temperatures is taken as
120° F., radiation losses being neglected. In heat re-
jection from the exhaust gases to the exhaust boiler,
steam is produced dry saturated at 301b. per sg. inch
abs. (15-3 gauge), at which the temperature is 250° F.,
and the gases leave at 350° F. Of the heat lost in
the exhaust boiler, 90 per cent, was assumed to be
received on the steam side.

Compounding the compression reduces the
work of compression, and so increases the
net output, by an amount which depends on the

efficiency of intercooling, so that the improvement gained bears some
proportion to the capacity of the intercooler. Since the temperature
at the discharge from the compressor is lower, correspondingly more
fuel must be used and this nearly offsets the gain in efficiency result-
ing from the increase in net output; the overall efficiency is thus only
slightly improved. Compounding the expansion increases the output
considerably, but more fuel is necessary, although, nevertheless, the
improvement in overall efficiency is also worthy of consideration.
Altogether, this measure is well justified if the complication of a
second combustion chamber does net introduce excessive difficulties.

Utilisation of the exhaust heat in the two ways described has,
respectively, two quite different effects. Transferring the heat to the
compressed air has no appreciable influence on the output, since the
positive work in the turbine and the negative work in the compressor
each remain practically unaltered, but, since the temperature of the
air entering the combustion chamber is higher, less fuel is necessary
and the overall efficiency is correspondingly improved. The efficiency
with which the heat is transferred depends on the size and good
design of the interchanger. In all applications except the simplest,
this method is to be recommended. Using the heat to raise steam
introduces considerable complications. The case is not exactly
similar to that of the Holzwarth installation, since the heat available
is at a relatively low temperature, arid high pressure steam cannot
conveniently be produced; on the other hand, with the much greater
weight of gases per Ib. of fuel available with the constant pressure
type, the gross heat may, nevertheless, be considerable. The ideal
case for this method is one in which low-pressure steam is necessary
for other purposes. The effect on overall performance is that, with-
out changing the quantity of fuel consumed, the utilisation of fuel
is improved; with a steam turbine, for instance, additional work is
available. Thus, following this increase of specific
output, there is a proportionate increase in the
overall efficiency of the installation, but the com-
plexity of the installation is considerably increased.

Combinations of these methods are not matters
of simple addition. For example, one incidental
result of compounding the expansion is that the
temperature of the exhaust gases is raised, so that
more heat is available for transfer, and a new set
of conditions is to be met with in the heat inter-
changer or in the exhaust boiler. Each combina-
tion, therefore, in the calculations in Table | is
considered separately on its merits. The balance of
conditions which enable a proper compromise to be
made may be somewhat delicate; running costs are
clearly not a simple matter of capital charges and
running charges, while maintenance charges may
also depend on the complexity of an installation.
It should also be pointed out that the picture pre-
sented by Table | would be completely changed if,
for example, it were found possible to work with
Tb=1,600° F. abs, and a new set of calculations
would then be necessary.

To complete this discussion of principles, men-
tion should be made of the interesting proposals
of Professor J. Ackeret and Dr. C. Keller for a
constant pressure installation employing a closed
cycle. Air or any more convenient gaseous sub-
stance may be used as the working substance, but,
in describing the operations of the cycle, the work-
ing substance will, for brevity, be referred to as

100-
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1 Combustion Chamber 5. After-Cooler 9. Air Preheater
2. Turbine 6. Fuel Supply 10.Elect. Gentr
3. Interchanger 7. Combustion Air Supply

4. Compressor 8. Exit for Combustion Gases

Fig. 13.

“gas”. This is being developed at the works of the Escher Wyss com-
pany and a diagrammatic arrangement is given in Fig. 13. In passing
around the cycle, the gas, at the upper region of pressure, receives
heat from an external combustion chamber (1), and attains its highest
temperature while on its way to the turbine (2), where it performs
positive work and, of course, suffers a fall of pressure to the lower
region 6f pressure. The used g;as from the turbine passes to the
heat interchanger (3), where it gives up heat to the compressed gas
being delivered from the compressor (4), after giving up heat in (3),
the used gas passes through the after-cooler (5), and having reached
its lowest temperature, is then ready to pass to the compressor (4),
from which, after compression, it is delivered, by way of the heat
interchanger (3) and the combustion chamber (1) again to the turbine
(2). The fuel supply to the combustion chamber is at (6), and the
fuel may be solid, liquid or gaseous. The combustion air enters at
(7), while the products of combustion leave at (8). In leaving, these
gases pass through an air pre-heater (9) in which they lose* heat to
the combustion air. (10) represents an electric generator driven by
the installation.

The advantages, in addition to the possibility of using solid fuel,
are : the working substance undergoes no change of composition and
remains clean; since there is no communication between the working
substance and the atmosphere, any desired pressure may be adopted,
an expedient which, as seen in p. 6, has no influence upon efficiency,
but allows improved heat transmission in (3) and (S) and with in-
creased density of the gas reduces the machine dimensions; further,
change of output is brought about by changing the level of pressures,
so that the efficiency is independent of the load and thus remains
sensibly constant at all loads. A drawback is that all heat is trans-
mitted externally to and from the working substance, necessitating
large heat interchangers, but the inventors counteract this by employ-
ing special pipes of small diameters in those components, for which
high overall heat transfer rates are claimed. Altogether, there is
so much promising technical novelty in these proposals that the
authors look forward with great interest to learning of the actual
performances of such installations.

The position as regards actual and possible applications of com-
bustion turbines in practice, following the classification given on
p. 3, is somewhat as follows : Completely independent power units,
class (a), are still in what may be called the “service experimental”
stage for power stations and locomotive practice*, but, for aircraft,
they have reached the production stage in Great Britain, the U.S.A.
and Germany; marine installations are in the stage of study and
preliminary experiment. Industrial units (6) have been applied to
blast furnaces in Germany and in America to supply compressed
heated air, blast furnace gas being used as fuel; in the U.S.A.f

*Meyer; Proc. I. Mech. E., 1939, Vol. 142, p. 197 and Vol. 143,
p. 393 and 1944, Vol. 150, p. 1, and Vol. 151, p. 179. It would be
ungenerous not to pay tribute to Dr. Meyer and the Brown Boveri
Co. for their contributions to many branches of this subject.

fTucker; Am. Soc. Mech. E., O. and G.P. division, May 8-10,
1944,
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some 36 sets, each of 2,000 h.p. and upwards, have been applied in
petrol refining; in the U.S.S.R. a combustion turbine set, designed
by Kapitza for the production of the necessary oxygen from liquid
air, is embodied in a plant for the direct gasification of coal*.
Auxiliary units (c), are well-known in the form of turbo pressure-
chargers for reciprocating oil engines and as turbo superchargers for
conventional aircraft engines; the Velox boilers have found applica-
tion both in Europe and in America, and, similarly have passed
successfully through the experimental stage. Under (d), turbine units
using natural gas available under pressure have been employed in
the U.S.A. to generate small powers. In such cases the working
substance is at ordinary temperature and is inflammable, so that
precautions must be taken, on the one hand against the effects of
the low gas temperatures after expansion upon the materials of con-
struction and the possibility of ice formation and, on the other hand
against the risk of explosion. This and similar applications are
thought to be capable of much extension, since the possibilities of
power production from gases, available under quite low pressures, in
turbines, and especially in small units, are not yet realised in indus-
trial circles.

There is one matter in the general comparison of class (a) with
the other classes (&), (c) and (d) to which attention may be drawn,
namely, that while the former must completely justify itself in direct
competition with existing power units, the employment of the latter
often involves no competition of any kind, since they constitute an
addition or auxiliary representing a direct gain to the principal in-
stallation. As a result, the order of their efficiencies is secondary,
whereas in independent units this is usually of primary importance;
the development of (b), (c) and (d) has thus not been competitive.
This has been fortuitous as regards its relationship to (a), but it is
certain that the experience gained in practice with units (b) and
especially (c) has had, and will have, a beneficial influence on the
development of (a).

The authors propose to limit themselves, as regards the dis-
cussion of independent power units, to their application to marine
propulsion. As Table | shows, there is a considerable latitude in
choice of arrangement, and, of the combinations given there, No. 10,
for the purpose of concentrating the discussion, will receive special
consideration. The arrangement of components, too, offers various

Fig. 14.

possibilities and, with No. 10, a two-shaft lay-out will be the prin-
cipal subject of study; such a layout is shown in Fig. 14. One shaft,
A in Fig. 14, will carry both stages of the compressor L.C. and H.C,,
and one stage of the turbine, H.T., which, under certain conditions,
will provide just enough power to drive the compressor; this shaft
will be called the “compressor shaft”. The second shaft, the “power
shaft”, will carry the other stage of the turbine and will deliver
the power. L.T.(D) is the ahead turbine and L.T.(N) is the astern
turbine, if such is fitted. 1.C. is the intercooler of the compressor;
H.I. is the heat interchanger; C.C.H. and C.C.L. are combustion
chambers. Other components, etc., will be referred to later. As an

*Dr. W. Davies, of the Royal School of Mines, will read a
paper on this subject to the S. Wales Branch of the I.Mech.E. at
Swansea, on 14th November, 1944.

example, a unit to deliver 3,500 s.h.p. will be taken, in which the power
shaft will make 3,000 r.p.m., reduced at the propeller shaft to 125
r.p.m. This may be the only unit for a single-screw ship or one unit of
a multi-screw ship. The power available at the power shaft can be
transmitted to the propeller shaft by three principal methods : (a)
by electric transmission, under which the speed of the power shaft
will be constant and uni-directional in motion; (b) by reduction gears
and a variable-pitch reversible propeller*, with which the power
shaft is unidirectional and the speed changes of the power shaft are
much less proportionally than those of the propeller shaft; (c) by
reduction gears, with which all necessary changes of speed and
reversals of the propeller shaft must take place proportionately in
the power shaft. The unit is considered to be fitted in a merchant
ship, so that the full load design conditions are those normally de-
manded of it.

The principal advantages of a two-shaft arrangement are :—

(1) The overall length of the installation is greatly reduced and
there is considerable flexibility in the disposition of the components
in the engine room space. This applies with all methods of trans-
mission.

(2) With method (c), only one astern turbine is necessary and
only one turbine is running idly. The inertia of the rotating masses
of the power shaft is correspondingly reduced.

(3) Speed changes of the propeller shaft only affect the power
shaft with methods (6) and (c) and do not directly affect the com-
pressor shaft.

In a single shaft arrangement, with method (c), all units would
be duplicated for ahead and astern working and all would follow
the speed changes and reversals of the propeller-shaft, and with
method (b) all would undergo the same speed changes; so that a two
shaft arrangement is essential with (c) and offers considerable advan-
tages with (a) and (b). The selection of the stage of the turbine,
high-pressure or low-pressure to be placed on the power shaft and
of the corresponding pressure ratios to be adopted for each stage
are, however, matters which demand careful consideration.

Fig. 11 revealed the remarkable degree of sensitiveness, as re-
gards output and efficiency, of the simplest combination No. 1 in
Table | to changes of the temperature of the air supplied to the
compressor. After selecting combination No. 10, it appeared desirable,

therefore, before determining the final arrangement
of the components, to investigate similarly the effects
of changes in supply temperature. Fig. 15 shows
the results of this analysis, for three values
of the total pressure ratio, R, plotted as curves of
specific output and overall efficiency on a basis of air
supply tempefature for the range 500° F. abs. (40° F.)
to 600° F. abs. (140° F.). Curves B and B' show the
specific outputs and curves B[ and B', the overall
efficiency with R=4, the pair B and B, being for 100
per cent, intercooling and the pair B' and B', for 50 per
cent, cooling. Curves C are for R=6 and curves D for
R =8, the dashes and suffixes following the same con-
ditions as for curves B. Curves A and Al are the
curves of the simple case of Fig. 11, reproduced for
comparison. In all cases »o=ijt="0-85 and TB=1,500° F.
abs. In compounding the compression, the intercooler
pressure is the geometric mean of the upper and lower
pressures, giving the highest efficiency of compression;
in compounding the expansion, the intermediate pressure
has been selected so that, with an air supply temperature
of 525° F. abs. (65° F.), the work in the high pressure
stage of the turbine just balances the® work of com-
pression. The compression pressure stages were thus :
1-2-4; 1-2-45-6; 1-2-83-8, in the three cases B, C, and
D, respectively; the corresponding expansion pressure
stages were found to be 4-1-75-1, 6-1-87-1, and 8-2-1, respectively,
assuming 100 per cent, cooling throughout, stages which, as an
approximation, are sufficiently close also for 50 per cent, cooling.

The curves show that, as regards specific output, the lower the
overall pressure ratio R, the less the falling off of specific output
with increase of supply temperature; further, the reduction of specific
output and efficiency following from a decrease of the efficiency of
intercooling from 100 to 50 per cent, is least with B, with the lowest
pressure ratio. Nevertheless, when the actual values of specific
output and efficiency are considered, it is seen that the curves of
group C, with R=6, show the best compromise, and all further calcu-
lations were made using this pressure ratio. Curve C', with 50 per
cent, intercooling, shows a reduction of specific output of about
35 per cent, over the extreme range of temperature from 40 to
140° F., and curve C', about the same reduction in overall efficiency.

**The Motor Ship”, April, 1943, p. 6, and April, 1944, p. 8.
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A further result of changing the air supply temperature, which
is, however, not revealed by the curves, is a serious disturbance of
the balance of work between the different stages of the turbine
As was stated earlier, the primary cause of

and the compressor.
the falling off of specific output
and efficiency with increase of the
supply temperature is the fact
that the work of compression, in
any stage, varies very closely in
direct proportion to the absolute
supply temperature. It follows
that, as soon as the absolute tem-
perature of supply rises above the
value 525° F. abs., at which the
work done by the high pressure
stage of the turbine exactly
balances the work done in both
stages of the compressor, two
things happen : the weight of the
air charge, at constant speed, is
reduced inversely as the absolute
temperature of the supply, which
leads to a proportionate reduction
in the power output from each
stage of the turbine; the work of
compression, per Ib. of air, in-
creases in direct proportion to the

Design condition

Pressure Ratio of Turbines

Overall Efficiency at chosen

Temperature
Overall Efficiency at
500° F. abs.
Overall Efficiency at
570° F. abs.

Specific Output of Installa-
tion, B.Th.U. per Ib. of air

Supplementary Power by
Oil Engine

absolute temperature of supply, but, since the air charge is
reduced in the same proportion, the total work of compres-
sion remains constant. It follows, therefore, that the power output
from that stage of the turbine arranged to be exactly that required
to drive the compressor at 525° F. abs. (the high pressure stage
in Fig. 14) is insufficient, and the more so, the higher the tempera-
ture is raised above this value. Similarly, if the temperature falls
below the equilibrium temperature, 525° F. abs., the stage in question
will develop more power than is necessary for compression. Under
these conditions a two-shaft arrangement, in the absence of special
measures, can only work if the shafts are geared positively together,
so that, as regards the distribution of power, this becomes equivalent
to a single-shaft arrangement of the same combination. In this
case the deficiency of power of the stage driving the compressor
is taken from the other stage, or the surplus power of the former is
added to that from the other stage, and the results given in Fig. 14
are exactly realised. In that figure, the outputs are specific outputs
of the installation per Ib. of air, and the actual output of the installa-
tion will be reduced in proportion to the air density. It was shown
that, on curve C', the specific output falls proportionately by 35 per
cent, as the temperature changes from 500 to 600° F. abs., that is,
from 40 to 140° F.; thcﬁnactual net output of the installation will

thus fall to (100—35)

assuming no change in tlie efficiencies of the individual components
and no change of speed of revolution. Accompanying this large
fall of output there is also the reduction of overall efficiency, already
noted in curve C',, of the order of 35 per cent.

The range of air supply temperature selected is wide but more
than half this range might be experienced in travelling from Great
Britain to India, and the consequent reductions of output and of
efficiency are thus of an order which could never be accepted. The
authors, therefore, have considered whether it is in any way possible
to improve this state of affairs. A range of temperature from 40 to
110° F., formed the basis of their calculations and, at the lowest tem-
perature, the speed of the compressor shaft was taken to be the same
as that of the power shaft, 3,000 r.p.m. It is possible, by speeding up the
compressor shaft in direct proportion to the absolute supply tempera-
ture, to ensure that the same weight of air, per unit time, is aspirated;

for the upper temperature 110° F., the speed will be 3,000x'538

=3,420 r.p.m,, it being assumed, as a convenient approximation, that
the conditions remain otherwise unchanged. The results for four sets
of conditions have been calculated and these are set out in Table II,
and numbered | to IV. In all sets the high pressure turbine is on
the compressor shaft. In Sets II, 11l and 1V, supplementary power
at the high temperatures is supplied by an oil engine.

In Set I, the only components are those of combination No. 10
of Table I, so that, with independent shafts, the high pressure turbine
must drive the compressor under all circumstances; it must work
satisfactorily under the worst conditions, that is at 570° F. abs., or
the installation will not run at all at high temperatures. This condi-
tion determines the pressure ratios of the two turbine stages, which
are given in line 2 of Table Il. The efficiency at the “chosen”
temperature, 0-218 at 570° F. abs, in this case, is given in line 3.
As the temperature falls from 570° F. the compression work is
decreased, and the high pressure turbine tends to produce a surplus

=54-2 per cent, of its value at 40° F,

of pow'er, thus disturbing the equilibrium. This may be
dealt with in two ways; (a) by supplying less fuel to
TABLE II.
| 1 1 \Y

Plant designed for

670° F. abs. No

additional com-
ponents.

6:15:1

0-218

@ (b)
0-236  0-261

0-218

36-0

Plant designed for
600° F. abs. Addi-
tional compressor
power supplied by
auxiliary oil engine.

6:18:1
0-293

0-293
* 0-235
50-4

864 h.p.

Plant designed for
525° F. abs.
tional compressor
power supplied by
auxiliary oil engine.

6:1-59: 1
0-271

(@) ()

0-272  0-291
0-234
45-2

628 h.p.

Addi-

Plant designed for
550° F. abs. Addi-
tional compressor
power supplied by
auxiliary oil engine.

6:171:1
0-249
€Y (b)
0-264 Q285
0-233
41-4

304 hp.
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tho combustion chamber C.C.H., Fig. 14, the inlet temperature
to the high-pressure turbine can be so reduced that there is
no excess of power; (6) by bleeding the compressor at a pressure
equal to the inter-stage pressure of the turbines and supplying this
part of the air, through the heat interchanger, direct to the low
pressure turbine on the power shaft, thus reducing the work of
compression and the power output of the high pressure turbine.
Both methods involve a reduction of the power given by the high
pressure turbine, leaving the low pressure turbine unchanged. The
values of the overall efficiencies at 500° F. abs. are given in line 4,
and are seen to be 0-236 with (a) and 0-261 with (b). Line 5 gives
the values of the overall efficiencies at 570° F. abs.; in I, of course,
it is 0-218, the same as in line 3. Line 6 gives the values of the
specific output of the installation in B.Th.U. per Ib. of air; these
values are inversely proportional to the necessary sizes of the com-
pressors and turbines. Line 7 gives the supplementary power to be
supplied by the auxiliary oil engine; in I, of course, the value is zero.

In Set Il, the plant is designed to give equilibrium between the
power developed by the high pressure turbine and the compression
work at the lowest temperature, 500°F. abs. In order to provide the

Pressure Orop I, Lb. per Sgq Inch
Fig. 16.

additional work necessary for compression as the supply temperature
is raised, an oil engine is provided. At the highest temperature
570° F. abs., the supplementary power to be developed by the oil
engine is no less than 864 h.p., that is, nearly one-quarter of the total
power of 3.500 h.p. The overall efficiency at 500° F. abs. is high,
namely 0-293, and this value decreases to 0-235 at 570° F. ahs.
(including the fuel supplied to the oil engine for which an individual
efficiency of 0-30 is assumed). Comparing Sets | and Il, it is seen
that Il gives much higher values of efficiency than I; the relative
sizes of the turbines and compressors of | are 40 per cent, greater
than those of I, but the large oil engine must be added to the latter.
Altogether, the conclusion must be drawn that neither is very satis-
factory : I, on account of its low overall efficiency and Il, on account
of the excessive supplementary power necessary.

Sets Il and 1V represent conditions which provide two
examples of compromise between | and II. In Ill, equilibrium of
the compressor conditions is taken at 525° F. abs. (65° F.), an average
temperature, while in 1V the equilibrium temperature is 550° F. abs.
(90° F.). In I, the overall efficiencies are only slightly lower than in
11, and the supplementary power necessary at 570° F. abs. from the oil
engine is only 628 h.p., a more reasonable figure, but still somewhat

high. In 1V, at a small sacrifice of efficiency, the supplementary
power is reduced to 304 h.p. The engines both in IIl and IV can
run at fairly high speeds, 500 r.p.m., say, since their load factors
should normally be very low, and their weights and costs could be
reduced relatively below those for similar engines called on for
continuous running. Of the comparison between methods (a) and (b)
of Sets I, Il and 1V, (b) gives the better efficiency, but (a) is
simpler to carry out.

Summarising the results, it is clear that changes of temperature,
and, in particular, high temperatures, have a marked effect on the
performance of combustion turbipes. Comparison between the figures
in | at 570° F. abs. and those in Il at 500° F. abs., at which the oil
engine does not need to be coupled, indicates that the differences of
efficiency and corresponding size for the same powers are considerable
and render the combustion turbine much less attractive at the higher
temperatures.

The operation of combustion turbines involves the passage of
large volumes of gas at only moderate pressures through the com-
ponents, and consideration must be given to what may conveniently
be called the “hydraulics'l of the design. In the installation under
discussion the working substance passes through the air compressor,
with its intercooler, the air side of the heat interchanger, the first
combustion chamber, the high pressure turbine, the second com-
bustion chamber, the low pressure turbine and the gas side of the
heat interchanger. While it is obviously necessary to reduce fluid
friction losses as much as possible, equal pressure drops in the
various components do not exert equal influences upon the specific
output and efficiency. This matter of the relative influences has been
studied in relation to the installation of Fig. 14, and the results are
plotted as curves of specific output, in B.Th.U. per Ib. of air, and of
overall efficiency in Fig. 16, on bases of pressure drop in Ib. per sqg. in.
Five curves are shown, marked X =0, X =1, etc., the vertical differ-
ences between them giving the decreases caused by the correspond-
ing pressure drops in the intercooler. The top curve of
each set shows the results either of pressure drop, Y, between the
compressor outlet and the intake to the high pressure turbine, or,
on a base of three times the scale, of Z, the pressure drop between
the high and low pressure turbines including the second combustion
chamber. A drop of lib. in the latter has three times the effect of
an equal drop in the former. With the two bases given, the effects
of Y and Z may be added together. Thus the point B, on X =0,
compared with point A, the highest point of all, may show the com-
bined reductions of output and efficiency of, say, 31b. per sg. inch on
Y plus Jib. per sg. inch on Z; equally, it would give the combined
effects of lib. per sg. inch on Y plus lib. per sg. inch on Z, or 21b.
per sg. inch on Y plus fib. per sg. inch on Z. Similarly the point C,
on X =2, compared with point A shows the reduction of output and
efficiency caused by, say (21b. per sg. inch in X) plus (31b. per sg. inch
in Y) plus (Jib. per sg. inch in Z). The pressure drop, on the gas
side of the interchanger W, is 1-9 times as effective as Z in reducing
specific output and efficiency, that is, a drop of lib. per sqg. inch there
is equivalent to a drop of I-91b. per sg. inch between the high and low
pressure turbines. Thus, these relative effects are W : Z : Y =5-7 :3 :1,
so that, for example, in the heat interchanger, reduction of pressure
drop on the gas side, Z, is vastly more important than reduction of
pressure drop on the air side, Y. The orders of the reductions in
specific output and efficiency is seen to be considerable, and careful
design is obviously of great importance.

Although there is in the design of the components of a combus-
tion turbine little that lies outside existing practice, it is desirable
to discuss certain of the conditions of design. As regards turbo
compressors, the axial type shows to better advantage than the radial
type as regards efficiency, but the space taken is much greater.
Whereas the Ljungstrom type of design would offer little advantage
in space for the turbine component, it might be found worth investi-
gating with inward flow for the compressor, since, apart from the
saving in space, the reduction of the length of path of the air
might lead to decreased losses and higher adiabatic -efficiencies.
Duplicating the driving turbine might, as regards blade speed,
also be advantageous in large units. There is indirect evidence, too,
that both as regards improved adiabatic efficiency and good delivery/
speed characteristics, the continuous delivery rotary type of displace-
ment compressor is worthy of consideration. The need to obtain the
highest possible adiabatic efficiency of compressing air or other
gases has not been generally realised until recently, and this becomes
most important in compressors for combustion turbines; the total
experience in this direction is still comparatively limited, and improve-
ments might be expected to follow the intensive attack which would
accompany a more general application of combustion turbines. Com-
pressing in stages and intercooling between the stages leads to
improved efficiencies and specific outputs, but only in proportion to
the efficacy of the intercooling. The intercooler is a heat inter-
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changer in which air or gas at moderate pressure gives up heat to a
cooling fluid. It has been shown that an excessive pressure drop in
the gas flow may readily off-set these gains, so that the design of the
intercooler should be aimed at extracting the greatest amount of
heat from the gas without incurring excessive pressure drop; it is
thus better to expend energy in circulating the coolant than in causing
excessive hydraulic losses in the gas.

Apart from the pressure drop, the combustion chamber presents
two problems : for good combustion, the fuel must be burnt in a
region of high temperature, and then the hot gases must be mixed
with colder air in the high pressure chamber, and with gases in the
low pressure chamber, so that the temperature of the mixtures passing
to the turbines shall not exceed the maximum permissible value for
the blades. The operation is at sensibly constant pressure so that
the hot gases of relatively low density must be uniformly mixed
with the air of probably twice the density, and good uniformity is
essential to avoid local overheating of the blades. The principles
upon which the mixing process takes place have not, as far as the
authors are aware, been worked out, and the matter remains one for
trial and error.

As regards the rotors and blades of the turbine, considerably
more reliable data concerning the creep strength of materials at
high temperatures is desirable. Extended researches in this field
would justify themselves. Possibly more information on this matter
will be available in the near future.

These are matters which concern this type of power unit and are
independent of its application. There are other matters demanding
consideration when it is applied to ship propulsion, and especially
those of speed and power control. Method (c) on p. 9, involving
transmission by reduction gears with a fixed bladed propeller, will be
considered, since the other methods of transmission involve relatively
easier conditions. This arrangement requires an astern turbine,
L.T.(N)., as shown in Fig. 14, and the windage losses, when this or
the ahead turbine L.T.(D). are running idly, present a special problem.
The authors would shut off the idle turbine completely and connect
the casing to a simple rotary vacuum pump, V.P. Such a vacuum
pump would be working continuously in one direction and the valves
connecting it to the respective casings and the gear lever of the gear
box G.B. would be interlocked with the control gear. Shaft A, when
full power is or may be demanded, would be working at normal speed.
If the ahead turbine, working at full speed, should be slowed down
temporarily or stopped, its fuel would be correspondingly reduced or
shut off, and valve P would be closed somewhat or shut completely.
Valve Q, a spring loaded relief valve set just above the intermediate
pressure, would then blow, the air being released to the exhaust E.
To reverse, valve R would be opened, admitting the intermediate
pressure gases, kept available by the action of valve Q, to the astern
turbine, which might have no combustion chamber; with the exhaust
gases at the intermediate pressure alone, the astern turbine would
develop about 60 per cent, of the power of the ahead turbine. The
fitting of a combustion chamber would, of course, allow this to
develop 100 per cent, of the ahead power. Valve S would also be
opened, connecting the astern turbine with the heat interchanger H.I.
and the exhaust E, and valve T on the ahead turbine would be closed.
Valve U connecting the astern turbine casing with the vacuum pump
V.P. would be closed and valve V connecting the ahead turbine
casing to the pump opened. A similar sequence of operations would
be carried out to go ahead again. If it should be necessary to run
for long periods at reduced speeds, either ahead or astern, the speed
of shaft A would be reduced until valve Q just ceased to blow.
There would then always be air available to accelerate shaft B, if it
were desired to increase speed, but shaft A would, of course, also be
increased in speed to correspond with shaft B.

The oil engine, if one were fitted, would be placed as shown,
and would convey power through a clutch to the compressor shaft as
necessary. If a second clutch were fitted to enable shaft B to be
disengaged from the propeller shaft, the oil engine alone could
propel the ship at low speed when coupled to the propeller shaft,
in which case the turbine installation would remain at rest.

Finally, in the particular application of combustion turbines to
marine practice, there are certain circumstances needing full discus-
sion. It may be asked why the authors have based their calculations
on a maximum temperature of 1,500° F. abs. (1,040° F.) in spite of
the fact that there is common talk of much higher working tempera-
tures. The answer is that, with the extreme reliability essential in
propulsion units at sea, this is a proven practicable value. Combustion
turbines, in common with most innovations, number their worst
enemies among their over-optimistic friends, and it is better to
advance slowly. It may, however, be pointed out that when, as a
first step, it is practicable to permit, say, 1,600° F. abs. for limited
intervals of time, this will result in an increase in output of 13 per
cent.,, a useful overload value. As was pointed out earlier, any
practicable raising of the maximum working temperature will greatly

improve the picture outlined here. The advantages of the combustion
turbine may be summarised as: saving in weight and space;
flexibility in arrangement of plant in the engine room space; simplicity,
especially in the absence of engine auxiliaries; no need for feed water;
few spare parts, necessary; reduced engine room staff and rapidity of
getting under way. One drawback is the need to arrange for the
supply of a vast quantity of air—over four times that necessary for
an oil or steam installation of equal power—and to get rid of the
corresponding volumes of exhaust gases. The latter, it may be
noted, are themselves innocuous since they contain only about 2 per
cent, of C02 On the other hand, engine room tunperature should
be lower if the air is allowed to pass freely to the compressors. For
efficient control, the engine room staff should be given the fullest
information concerning the running conditions of the machinery, and
suitable thermometers should be fitted in all circuits, since with this
type of power unit the usefulness of thermometers may be regarded
as equivalent to that of pressure gauges with steam plants.

In the present subject we are mostly beginners. This country
has already contributed worthily to the application of combustion
turbines to aircraft; given suitable co-operation between metallurgists,
engine designers, and engine users it can contribute similarly in the
marine branch, and it may be hoped that this Institute, when the time
'becomes opportune, will initiate or support the setting up of a
Marine Combustion Turbine Committee to stimulate such co-
operation.

The authors acknowledge with thanks the permission kindly
given them by the Editors of “Engineering” to reproduce Figs. 4,
5 9 and 10 and part of Table I, and the loan of the blocks of these
figures. They wish also to tbank those friends who contributed
helpful criticism and data.

APPENDIX .
Extract from John Barber’s specification, Pat. No. 1833, A.D. 1791.
“It consists of a metallic vessel called a retort, so contrived that
(when heated by a circumambient fire) coal, wood, oil, or any other
combustible matter may be put therein, and the smoke or vapour
therein collected may be brought out by a small pipe, and conveyed

Water
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(Combustion
. Chamber)

Retort , ,
(Duplicated

Air Pump'/ [ (
Gas Pump

Fig. 17.

in a regular stream into another metallic vessel called an exploder,
by means of an air pump and a compressor or regulating bellows,
which pipe opposing its orifice to another similar pipe which enters
the exploder (on the opposite side from the pipe which brings in
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the inflammable vapour from the retort) and injects by similar
means a proper quantity of atmospheric or common air, causing an
admixture of the two airs, which, so mixed, will take fire on applica-
tion of a match or candle to the mouth of the exploder, and rush
out with great rapidity in one continued stream of fire, so long as
the exploder is supplied with proper quantities of the respective airs.
The fluid stream is also considerably augmented both in quantity
and velocity by water injected into the exploder by means of another
small pipe entering therein, which water is also intended to prevent
the inward pipes and the mouth of the exploder from melting by
the velocity and intenseness of the issuing flame. This water, as
well as the airs, are forced into the exploder by means of a pump,
which in lieu of common crank carries upon the axis of one of its

wheels two esses or double portions of circles, whereby a more
regular motion is procured than can be done by any crank work.
This engine is wrought by the stream issuing from the mouth of
the exploder, and may be applied to grinding, rolling, forging,
spinning, and every other mechanical operation; and the fluid stream
may be injected into furnaces for smelting metallic ores, or passed
out at the stern of any ship, boat, barge, or other vessel, so as
by an opposing and impelling power directed against the water
carrying such vessel, the vessel with its contents may be driven in
any direction whatsoever”.

For brevity, Barber’s descriptive matter has been modified and
the enlarged views of the combustion chamber and the turbine wheel
have been added to Fig. 17.

Discussion.

The President, in opening the proceedings, said that to-night
they were to hear a paper on a development which was assuming
increasing importance and which was attracting ever greater atten-
tion in the engineering world, viz., that of the gas, or as the authors
preferred to call it, the combustion turbine.

Professor Davies, who was well known to them, held the impor-
tant position of Professor of Mechanical Engineering at the Univer-
sity of London, whilst before that he had a very extensive and
varied career during which he had obtained much practical experi-
ence with aero and automobile engines. He was a D.Sc. and a Ph.D.

Dr. Fawzi was a Lecturer at Fouad University, Cairo. In
addition to being a Bachelor of Engineering of that University he
took his Ph.D. degree at King’s College for research into two stroke
oil engines. He had also carried out research work at the Research
Laboratory of the Institution of Automobile Engineers and had
had practical experience at the Associated Equipment Company,
Southall.

In short, both authors were experienced in the theory and prac-
tice of internal combustion engines and members would listen to
their opinions with great interest. For himself, this new develop-
ment had brought home to him how new methods and new devices
made things practicable which at one time seemed of little use. He
remembered how many years ago one had looked on the hot air
engine as an interesting toy and little more, largely because of the
bulkiness of the reciprocating compressor and expansion cylinders.
He remembered thinking that it would never be of any use, but
rotary compressors and turbines had since arrived and had shown
him how very wrong he was.

He was sure that those present would attend with the greatest
interest to the practical problems that were discussed in the paper;
personally, he wondered what was the authors’ estimate of the vacuum
which would permit of these machines being driven in the reverse
direction. He mentioned this point because of the experiments made
with steam turbines in this connection.

He had great pleasure in calling on Professor Davies to read
the paper.

Dr. S. Livingston Smith (British Shipbuilding Research Association),
who opened the discussion, said he was sure that marine engineers
would regard the paper as very opportune, because the time had
arrived, at any rate in his opinion, when they should give their
attention to the possibilities associated with the application of the
gas turbine to marine propulsion. It was constantly being said that
new ideas nearly always emanated from abroad, and although, as
the authors pointed out, this country had made a worthy contribu-
tion to the application of gas turbines to aircraft, the marine field
had hardly been touched, and there was considerable danger, he
thought, of its exploitation by other nations.

With regard to the paper itself, the various combinations of
compressor, turbine, heat exchanger and so on, together with their
possible efficiencies and fuel consumption, were not new to some
members, and on the whole he agreed roughly with the authors'
figures. He thought, however, that they were a little optimistic for
the conditions chosen, due to the neglect of such factors as change
in the specific heat of the gases and losses due to pressure drop
through the plant, which, however, they pointed out. On the other
hand, he thought that they erred on the conservative side in basing
their calculations on a maximum temperature (which they called T B)
of 1,500° F. abs., though he was fully aware of the several factors
which imposed a temperature limitation.

As stated in the paper, the picture presented in Table | would
be completely changed if it were found possible to work with a
temperature TB of 1,600° F. abs. Personally, he would not class
that as over optimistic by any means, and he thought it was a pity
that the authors had not given complete figures for 1,600° F. abs,
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and even for 1,700° F. abs. By doing so they would have given a
fairer picture of the possibilities of the application of the com-
bustion turbine to marine practice, notwithstanding the fact that
1,500° F. abs. might be, as was stated in the paper, “a proven prac-
tical value”.

An all-important factor when comparing one form of marine
propulsion with another was the power/weight ratio, and it was
here that the gas turbine might show to great advantage. He asked
whether the authors could give such figures relative to the example
chosen, which, was to deliver 3,500 shaft h.p. at 3,000 r.p.m. on the
power shaft.

Dr. Smith said he would like to compliment the authors on a
very interesting and stimulating paper.

Dr. H. Roxbee Cox (Chairman of Power Jets (Research and De-
velopment), Limited), expressed the hope that the paper would stimu-
late thought on the application of marine gas turbines, but said that
his own contribution would be of a general rather than of a technical
nature. Because he believed—and he thought the belief would be
widely shared—that the application of the gas turbine in
aircraft, in marine work, in land work and for traction purposes
generally was of vital importance, he felt that it might be of interest
to describe what had been arranged by H.M. Government to make
it possible to carry out the research and development which they
considered necessary if this country was to keep itself ahead, as he
had reason to think that it was at the moment, in what was a very
vital development which would have revolutionary effects on aircraft
design and would be of the utmost importance in most other engineer-
ing industries.

As was well known, considerable progress had been made in this
country in the last few years. It was- in 1936 that activity really
seriously started; at that time a considerable amount of work began
at the Royal Aircraft Establishment on axial compressors, and in
the same year Air Commodore (then Flight-Lieutenant) Whittle set
to work on ideas which he had had in mind for several years pre-
viously. In both those cases the Government encouraged the activity,
and when the war started a considerably greater impetus was given
to the work. The result in the case of the Whittle type of engine,
which had a centrifugal impeller, was now well known to the whole
worl4- An aeroplane fitted with his engine flew in May, 1941, and
since then developments had been very rapid indeed. It was also
well known that a number of firms in this country had been engaged
in aircraft gas turbine developments, but unfortunately it was not
yet possible, for security reasons, to refer to them by name. It might
be said, however, that they had done a remarkable job.

The Government concluded, on seeing how the gas turbine was
being developed for aircraft, that it was necessary for the country
to have a national gas turbine establishment for research and de-
velopment, and that establishment was formed in a somewhat unusual
way. It was decided that it should control the work of Power Jets
Limited, the Company which had sponsored the Whittle engine, and
early this year it purchased the business of that company. Then the
turbine division of the engine department of the Royal Aircraft
Establishment was added, both organisations coming under the control
of a State-owned company known as Power Jets (Research and De-
velopment), Limited.

That Company was the Government’s national organ for the
prosecution of gas turbine research and development, and was at the
service of all British industry. A board of directors was appointed
which was independent of sectional and industrial interests, and he
had the great privilege of being chairman of that board. It was
advised by a Technical Advisory and Co-ordinating Committee which
was composed of representatives of those industries actively con-
cerned in gas turbine development, and it would be of particular
interest to the Institute to know that the Admiralty was directly re-
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presented on the Committee and that nominations had been received
and would shortly be confirmed from the marine industry.

He had been interested to note the authors’ remarks at the end
of the paper on the value of, and in fact the necessity for, collabora-
tion, because the progress which had been made in recent years had
been due largely to the wholehearted collaboration which had taken
place between all the firms engaged on the aircraft side and all
the associated industries, particularly the metallurgists. There
had been what was called a Gas Turbine Collaboration Com-
mittee in existence since the end of 1941, and the present plan, under
the general direction of the Technical Advisory Committee to which
he had referred, was that there should be corresponding committees
for land and sea affairs. Those committees were in fact about to
start work. Moreover, the State company had for some time past
been in contact with the research associations with which members
of the Institute would be familiar—the British Shipbuilding Research
Association and the more recently formed Parsons and Marine
Engineering Turbine Research and Development Association. It was
hoped that the contact would become more intimate, and that the
State company would be able to be of very great help to the marine
industry in the applications of the gas turbine which, stimulated by
the present paper, he felt certain that industry must make in the
near future.

There was no doubt that they had a very difficult course to
steer. They had to face the most severe competition from over-
seas, and they would need all the enthusiasm and all the initiative
which they could put into the work if they were to keep ahead.
He would repeat that Power Jets (Research and Development),
Limited was a Government organisation at the service of industry
generally. The sooner that marine engineers knew all that it was
possible to learn from work which so far had been mainly devoted
to aircraft applications, the better he and his colleagues would be
pleased.

Mr. P. C. Ware said that some of the points which he had in-
tended to raise on behalf of Sir Roy Fedden, who was unable to be
present, had already been dealt with by Dr. Roxbee Cox. Sir Roy
particularly wished him to emphasise the necessity for getting suffi-
cient energy and drive behind the development of gas turbines in this
country.

It was important for engineers in Great Britain to go ahead
immediately with some practical developments on the marine side,
and see whether they could not lead in this field. Our friends and
allies, the Americans, had an advantage over us inasmuch as they
had greater industrial resources for such development work, but
if they could get going now (and he had had the privilege of work-
ing with the President recently on certain projects for marine use
which would certainly give scope for the development of the gas
turbine), there was no reason why they should not establish, in the
realm of these new prime movers, a position equal to that held by
them in the steam turbine world.

The authors had referred to the closed cycle turbine, but did
not mention one point, though no doubt fully aware of it, namely
the need for pumping up and maintaining the whole system at the
required working pressure, which would necessarily have to be high

if good performance were required without excessive size. On a
large plant, leakage from joints and shafts, seals, etc., would be
considerable, and this might prove a serious disadvantage. More-

over, the heater itself would probably have to be supercharged to
keep its dimensions down, and that would involve further complica-
tions.

Mr. W. J. Robinson, B.Sc., A.M.l.MecH.E. (Admiralty Research
Department) found it difficult to agree with the authqrs’ definition
of a gas turbine. Although the choice of the term “combustion
turbine” was a well meaning attempt to cover all types, it presented
difficulties when discussing the advantages and disadvantages of the
various heat cycles. In his view, gas turbines should for purpose of
discussion be divided into internal combustion types and external
combustion types, and internal combustion types should be further
subdivided into constant pressure, constant volume, and piston genera-
tor types. He thought it was perhaps dangerous to try and put all
these types into one class. For example, it was mentioned at the
end of the paper that one of the disadvantages of the combustion
turbine was the enormous amount of air required. Marine engineers
would be very concerned with the problem of getting air in and gas
out of a ship. If the quantity of air was “over four times that
necessary for an oil or steam installation of equal power”, then it
might become a very serious matter. This objection did not seem
to apply, however, to the external combustion type shown in Fig. 13
(the Escher Wyss type). The scheme suffered, however, from the
disadvantage that the lowest temperature of the cycle would be fixed
by the temperature of sea water or something higher than that
temperature.
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Another advantage of the external combustion scheme was that
one could put a boiler into the combustion chamber exhaust and get
steam without putting any back pressure on the turbine circuit.

He thought that the question of air intake temperature tvas
very important. This was the first attempt he had seen to draw
attention to the adverse effect of high intake temperature on perform-
ance, and he thought the authors were to be congratulated on their
analysis. As regards the temperatures chosen, he could not imagine
an intake temperature of the order of 140° F. In gas turbines (at
any rate of the open cycle type) enormous quantities of air would
be brought into the ship and the maximum temperature to be ex-
pected would, he thought, be the ambient air temperature.

On the question of air intake temperature, he wished to stress
one point. Dr. Livingston Smith had already given an opinion on
the possibility of higher gas temperatures than 1,000° F. abs. There
had also been references in the technical press to American projects
where temperatures of 1,200° F. to 1,500° F. were targets. When
such gas temperatures became feasible, the effects of higher air in-
take temperatures would be less marked; in other words, raising the
maximum gas temperature increased the temperature range of the
cycle, and increases of intake temperature would have proportionately
less effect. When turbines were designed to operate at higher gas
temperatures, the effects on output and efficiency would therefore be
less than those shown in Fig. 11. In Table I, as one moved along
from Case No. 1 to Case No. 11, the plant tended to become more
complex and the pressure drops would go up accordingly. In conse-
quence, departures from the theoretical efficiencies would increase as
one moved to the right and the efficiency figures were not therefore
strictly comparable. He would like the authors to state whether, in
Table 1, the cycles were designed for optimum specific output or
optimum efficiency.

On page 247, the authors stated “In compounding the compression,
the intercooler pressure is the geometric mean of the upper and lower
pressures, giving the highest efficiency”, He would like the authors
to confirm whether this gave highest efficiency of the plant? He won-
dered whether the condition stated was one of minimum work rather
than one of highest overall plant efficiency?

With regard to Fig. 14, on which the authors based most of their
discussion, it was stated that the arrangement shown would not
work if the intake temperature rose above ji certain figure. He had
felt a little depressed by Fig. 14 since it implied that to make a
gas turbine work it was necessary to fit a reciprocating engine. It
was not possible at the meeting to discuss the details of the calcula-
tions, but he had found that the use of the reciprocating engine could
be avoided by working the compressor at a slightly slower speed and
a slightly lower pressure ratio, the gas inlet temperature remaining
practically the same.

On page 247, the authors drew attention to different arrangements
and said “that a two-shaft arrangement is essential with (c) and
offers considerable advantages with (a) and (b)”. He would be
grateful if the authors would explain what were the operating advan-
tages of putting a variable-pitch propeller with a compound turbine.

Those with more seagoing experience might like to express an
opinion on the reversing arrangements and the valving. There was
considerable scope for ingenuity in developing the reversing of a gas
turbine for marine work and it would be interesting to know whether
anyone had any different idea'i from those given in the paper.

Dr. N. Booth (Gas Research Board) said that his Director (Dr.
J. G. King) had prepared a contribution to the discussion but had
unfortunately been unable to attend and had asked him (Dr. Booth)
to read this contribution. He added that the gas industry were
already in touch with Dr. Roxbee Cox to determine whether his
organisation could be of assistance.

Dr. ). C. King (Gas Research Board) expressed the very consider-
able interest of the research side of the gas industry in the possible
development of the combustion turbine.

The authors had discussed both constant pressure and constant
volume cycles, although going into greater detail regarding the
latter. He would like to ask them whether they could say which
form would be more likely to be suitable if the original fuel were
coal gas, or alternatively gas of the order of calorific value obtained
by underground gasification processes. The calorific value of normal
coal gas was about 480 B.Th.U./cu. ft. and'from underground gasi-
fication was of the order of 100/150 B.Th.U./cu. ft. He understood
that the Russians were contemplating the use of underground gasi-
fication gas in that way.

In the constant pressure system the compression of the air in-
volved some thermal expenditure, and possibly in order to supply
gas to the engine at a sufficiently high rate there would be a further
thermal expenditure in the compressing of that gas. He would like
to ask the authors, therefore, whether operation at constant volume
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might not be more suitable if gas were the fuel, because of the
greater scope for saving compression costs.

The Escher-Wyss system might also be suitable where gas was
the fuel. It seemed to hold out considerable promise, but a good
deal must depend on the efficiency of heat transfer from the com-
bustion chamber to the working fluid, and also upon the efficient de-
sign of a chamber to continue working under what must be fairly
severe conditions of heat stress.

The gas industry at present produced a gas at about atmospheric
pressure, but there were in progress experiments which were de-
signed to explore the possibility of producing gas at pressures up to
SO atmos. The Lurgi process, which had achieved considerable suc-
cess in Germany using brown coal as the fuel, would be experimented
with in this country using British coals and conditions, and in addi-
tion the Gas.Research Board were at present working with some
success on a process for gasifying coal in hydrogen at pressures up
to 50 atmos.

The gas industry was interested, therefore, in three of the classes
of development indicated on page 246 of the paper. In class (a), the
possibility of an independent power unit of small size operating in
special circumstances, such as conditions in which there was an in-
adequate supply of cooling water. The fuel in that case would pro-
bably be gas made during off-peak periods, or possibly coke oven
gas. In class (b), there was the possibility of the liquid oxygen—
complete gasification project which was attributed to Kapitza, in
Russia. He did not know how much information was available about
that on which the authors could base a decision. In class (d), there
was the possibility of the use of gas under pressure, in which the
pressure drop might be from 50 atmos. (the pressure at which the
gas would probably be produced) down to 10 atmos. It would be
very interesting to hear what the authors thought of the possi-
bility of the application in this country of combustion turbines in the
conditions governed by these three classes.

Engineer Rear-Admiral D. J. Hoare (Visitor) : While the authors
gave a very clear picture of the current position regarding combus-
tion turbines from a thermodynamic point of view, there were certain
other aspects of the problem on which the marine engineer would
like ,to be informed.

The principal attractions of the combustion turbine for marine
use seemed to lie in the promise of better fuel consumption, the
avoidance of the use of feed water and the elimination of main
boilers and condensers.

The paper substantiated the first mentioned attraction and the
second was obvious, but the extent of the third advantage was not
so definite. Heat interchangers could be shown very conveniently on
a diagram as inoffensive rectangles, but one would like to be sure in
fact that to get the requisite performance as to heat transfer and
pressure loss they, together with the compressors and air and ex-
haust ducts, would be a beneficial exchange for boilers with air
intakes and funnels of current dimensions.

The turbines would no doubt be smaller in size than correspond-
ing steam turbines but one must not lose sight of the additional
lagging required on practically all hot surfaces and of the starting
engines also required.

The positioning further aft of air intakes and funnels would no
doubt only require getting used to but the point was important in
warships, particularly as the ducts, at any rate in the case of the
open cycle plant, were likely to be so much larger than in steam
ships.

pIt was not suggested that these considerations were likely to
absorb the balance of weight and space in favour of the combus-
tion turbine; moreover, the authors had shown that the fuel con-
sumption target alone justified serious effort.

With the elimination of the boiler, combustion now took place
on the doorstep of the turbine. This constituted the most venture-
some part of the scheme. The internal combustion engine had shown
that combustion could be tolerated internally but in this case it
alternated with draughts of intake air. In the turbine combustion
chamber air dilution was continuous but must in the interest of
efficiency be restricted to the limit of the turbine’s ability to take it.

In prescribing a temperature of 1,040° F., the authors had used
discretion, but they showed clearly that to get substantial advantage,
higher temperatures than this must be employed. Higher tempera-
tures, as they observed, had been talked about and probably had been
made use of in aircraft, but the success attained with small short
life turbines gave no ground for expecting early success with longer
life turbines of outputs sufficient to compete with steam turbines
afloat. Scaling up from aircraft scantlings was going to be a pains-
taking job for the designer, foundryman, forgemaster and machinist,
and one wondered if the practical side were in fact keeping pace
with the theoretical. The authors stated that more information con-
cerning the creep strength of materials at high temperatures might

be available in the near future. This seemed to imply that work
on test pieces had been in hand for some time, there being no short
cut to reliable data on creep. Whether this were so or not it was
quite evident that they were a long way astern of those foreign
countries which had reached the most important stage—that of run-
ning the machinery.

On grounds of fuel consumption, the systems dealt with by the
authors offered no immediate challenge to the internal combustion
engine. Since the compression ignition engine had proved its
amenability to high temperatures it seemed that systems which em-
ployed highly supercharged reciprocating engines to supply turbines
with gas at temperatures appropriate to their state of development
should be capable of quicker development. They should also achieve
better fuel consumptions than constant pressure systems. It was
certainly not suggested that the advent of either type justified neglect
of the other; experience alone could decide the scope of each type.

Mr. F. I. Cowlin (Associate Member) (Chief Engineer, Turbine
Department, English Electric Company, Rugby) : The general results
given in the earlier parts of the paper effectively summarised the
known characteristics of the combustion turbine working on open
cycle, including the most convenient methods of improving ms overall
efficiency, and required little comment. They did, however, serve to
bring out the three principal reasons why, in spite of the principles
involved having been known for some 40 to 50 years, as mentioned
in the authors’ historical survey, development and application had
been extremely slow.

The first of these reasons was the lack of an efficient com-
pressor. Use of a centrifugal compressor limited to a maximum
efficiency of, say, 70 per cent, gave too high a value to the negative
work of compression, and it was not until the development of the
axial flow compressor enabled efficiencies of 83 per cent, to 86 per
cent, to be obtained that the negative work could be reduced to a
suitable value. This type of compressor had, however, the dis-
advantage of a comparatively high surging limit, and because of this
many engineers were watching with much interest the development
of the displacement type Lysholm compressor. For some purposes,
however, the additional weight and cost of this form of compressor
might prove prohibitive.

The second reason for slow development was the low turbine
efficiencies obtainable, but the steady development of the steam tur-
bine during recent years was now being turned to advantage in the
gas field. It might be mentioned in this connection that the com-
bustion turbine, with its low pressure ratio and small parasitic losses,
enabled much better efficiencies to be obtained than were possible
even with modem high pressure steam turbines.

The third, and probably most effective brake on the development,
had been the lack of suitable materials to withstand the comparatively
high temperatures necessary to obtain reasonable overall efficiencies.
When considering this matter it was essential that the life of the
plant be given full consideration, and it was likely that aeronautical
developments would seriously diverge from land and marine de-
velopments for this reason.

The position at present was that the engineer was definitely
awaiting the metallurgist, not only for raw materials to withstand
higher temperatures but for reliable data suitable for design pur-
poses on the materials at present in use on steam plants.

One point worthy of note in connection with the advantages of
regeneration in improving the cycle efficiency and not mentioned by
the authors was that increase in the amount of regeneration was
followed by a reduction in the optimum pressure ratio. This, again,
reflected on the compressor efficiency and had consequently a dual
effect in improving cycle efficiency.

Turning to the marine application of the combustion turbine,
perhaps the greatest difficulty to be overcome was the method of
transmitting the power from the prime mover to the propeller.
Many alternatives were available and because of the poor partial
speed characteristics of the combustion turbine there appeared little
doubt that the ideal drive would be the variable pitch reversing pro-
peller. Foreign developments in this direction appeared to be in
advance of those in this country, and concentration on this develop-
ment would materially ease the introduction of the combustion tur-
bine for marine purposes. Next in order of suitability from a
control and operational standpoint seemed to be an A.C. electric
drive, already firmly established on numbers of steam driven vessels.
D.C. drive, although suitable from a control aspect, produced diffi-
culties in the construction of the driving motors and considerable
increases in the weight of the plant.

The gear drive with reverse turbine, selected by the authors for
detailed examination, was one of the least attractive arrangements,
and undoubtedly brought out all the disadvantages of the combustion
turbine drive. Whilst the two shaft arrangement shown was advan-
tageous to all forms of transmission, the multiplicity of components
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introduced in the authors’ examples would undoubtedly introduce
serious practical difficulties in installation due to the large size of
ducts, valves, etc., which were necessary with a combustion turbine,
owing to the low pressures and large volumes of gas to be handled.
The practical advantage to be obtained from intercooling could soon
be completely negatived by pressure drop through the intercooler
and incidentally destroyed one of the greatest advantages of a gas
plant over a steam plant, the fact that the large quantities of cooling
water required for a steam plant were eliminated. This point would
be appreciated by marine engineers familiar with outages on steam
plant due to condenser troubles, and had been recently publicly com-
mented upon by the President of the Institute.

In conclusion, there seemed little doubt that rapid advances might
be anticipated in the development of combustion turbines for many
purposes during the coming decade, and the crying necessity at the
present time appeared to be for plants of various types to be built to
test out theoretical predictions and enable operational experience to
be obtained.

Mr. B. Pochobradsky (Visitor) (The Fraser & Chalmers
Engineering Works—General Electric Company) said his remarks
would apply to the single open circuit turbo type machine, since he
thought that was t}ie type most suitable for ship propulsion. He
agreed with the authors that the principal components—the turbine,
compressors, burners and heat exchangers—had proved themselves
already in various practical applications. The ship propulsion appli-
cation had its special problems and these should be examined in
addition to the experience already available.

The authors suggested one such problem, the variation of
atmospheric temperature. This problem applied to land installation
though perhaps not in the same degree and frequency. It applied
to the reciprocating oil engine which was affected adversely by higher
air temperature. The water temperature entered also into considera-
tion when intercoolers were used, and of course higher cooling tem-
perature affected adversely a steam plant by reduced vacuum.

The authors showed in a praiseworthy manner the serious effect
of increased atmospheric air temperature and they suggested an
addition of an oil engine to supply the extra power required by the
compressor and still to obtain full output from the propulsion tur-
bine. He proposed a simple and efficient solution of this problem.

When speaking before the Institute a few months previously,
he had referred also to the particular machine comprising two tur-
bines arranged in series, somewhat similar to Fig. 14, though with
A.C. electric drive in lieu of the astern turbine. The conditions of
service were :

(a) normal air temperature 60° F., water temperature 60° F.;

(b) maximum air temperature 100° F., water temperature 86° F.
He considered that 1,200° F. at the turbine inlet would be to-day
as safe and probably safer, in view of the progress in heat resisting
materials, as 1,040° F. was at the time when machines of this kind
were produced commercially for the first time. He assumed 60° F.
margin for exceptional service conditions, and so obtained 1,140° F.
(1,600° F. abs.) as available temperature at the turbine inlet. The
compressor had one intercooler and the water temperature rise from
normal to maximum was smaller than the air temperature rise; the
compressor part after the intercooler would be affected by both air
and water temperature; the input to the compressor with the
maximum air and water temperature in that particular service would
be about 6-7 per cent, higher; 1,140° F. or 1,600° F. abs. as ayailable
gas temperature for maximum air and water temperature would give
with the given pressure ratio in the compressor turbine a heat drop
6-7 per cent, higher than with 1,500° F. abs. at the turbine inlet.
To make the governing mechanism as simple as possible, it was con-
venient to design the turbines for 1,500° F. abs. at inlet (or 1,040° F.)
which happened to be the same temperature the authors had chosen,
with normal air and water temperature of 60° F.

It was necessary to keep in mind that the air delivered by the
compressor (excepting leakage losses) passed successively through
the compressor turbine and propulsion turbine; the compressor out-
put was correlated to the output of its turbine. The rate of air (gas)
flow through the system for a given machine depended on the
pressure and temperature before the compressor turbine and on its
back pressure, which differed from the inlet pressure of the propul-
sion turbine only by the pressure loss between the two turbines.

Reduced ratio of flow with unaltered gas temperature meant
lower initial pressure and lower pressure before the propulsion tur-
bine; as could be checked by the “law of ellipse”, the total heat drop
of the two turbines decreased with decreased rate of flow, but the
decrease of the heat drop in the compressor turbine was much smaller
(especially in percentage) than in the propulsion turbines; actually the
compressor turbine would give more output than the compressor re-
quired with reduced rate of air flow.

Evidently, then, the compressor turbine was capable at some
reduced rate of flow to drive a compressor supplied with warmer
air and water; of course, the output of the propulsion turbine would
be reduced. For the turbine under discussion with 1,500° F. abs.
(1,040° F.) inlet gas temperature, but with air at 100° F. and water
at 84° F. (instead of both at 60° F.), the plant would be perfectly
balanced at about 75 per cent, of the normal output of the propulsion
turbine, with about 88 per cent, of normal air quantity, the fuel
consumption being reduced to about 82 per cent, of the full load
consumption with normal air and water temperature. Naturally,
the propulsion turbine would tend to slow down, but its speed
governor, set for a particular speed, would prevent reduction in
fuel supply; on the contrary, reduced speed would tend to increase
the fuel supply, hence the gas inlet temperature would rise and the
available heat drop would increase and that would tend to keep the
plant at the set speed. A complete balance and full output were
restored, with 100° F. air temperature and 84° F. water temperature,
when the gas inlet temperature reached 1,588° F. abs., or slightly less
than the available limit. For any intermediate air and water tem-
perature between 60-100° F. and 60-84° F., the speed governor wbuld
establish a gas inlet temperature between 1,500 and 1,588° F. abs., the
propulsion turbine giving unaltered full output. The fuel consump-
tion at full load with 100° F. air and 84° F. water temperature would
be about 1-6 per cent, higher than with normal 60° F. air and water

temperature.

The same plant, designed for 60° F. air and water temperature,
would still give full load and be perfectly balanced with 110° F. air
temperature and 94° F. water temperature, the speed governor supply-
ing enough fuel to raise the gas inlet temperature to 1,618° F. abs.
(1,158° F.) which was still acceptable; should it be desired not to
exceed 1,600° F., then the propulsion turbine would give a slightly
reduced output (about 96 per cent, of the normal).

If, conversely, the air and water temperature decreased below
the normal values, then the compressor turbine would give more
power than required; it would speed up the compressor which would
deliver greater air quantities at higher pressures, the speed of the
propulsion turbine would rise, but the speed governor would reduce
the fuel supply and so the gas inlet temperature would fall and
again at some lower gas inlet temperature (below 1,500° F. *abs.)
complete balance was restored and the propulsion turbine would give
normal output, with substantially unaltered speed.

Apart from this automatic power “balancing” induced by the
speed governor, he considered another means to help in achieving
the same object which was the provision of a “regulating” first stage
of the propulsion turbine, a stage with variable nozzle area. By
increasing this area the heat drop of the compressor turbine was in-
creased, that of the propulsion turbine reduced, hence, if for 100° F.
air temperature and 84° F. water temperature (instead of normal
60° F.), 1,588° F. abs. gas inlet temperature for full output would
be required, by slight increase of the nozzle area we could obtain
under the same conditions full output with about 1,550° F. abs. gas
inlet temperature. This added means might be useful when excep-
tionally high air and water temperatures prevailed. Conversely, re-
ducing this nozzle area, we could take advantage of the reduced
compressor input with lower air and water temperature and so
achieve improved fuel consumption, full output being secured with
smaller air quantity and increased heat drop of the propulsion turbine.

The problem of varying air and water temperature could there-
fore be met by quite simple means.

Partial loads represented another problem common to ship pro-
pulsion and land plants. From the explanations in connection with
varying air and water temperature, it was clear that the speed
governor would reduce the oil supply, the gas inlet temperature would
be reduced, the compressor would slow down, deliver less air at
lower pressure, the propulsion turbine output being then reduced.
If, in addition, his proposal of “nozzle regulation” on the propulsion
turbine was applied, higher gas inlet temperatures would result with
obvious improvement in fuel consumption at partial loads.

The series arrangement of the two turbines was only one special
arrangement; there were other arrangements available, such as
parallel arrangement, one turbine driving the compressor and using
about two-thirds of the total gas, the propulsion turbine using the
remainder of the gas. Some combinations of the two arrangements
might be suitable.

The reversing with electric drive was a matter of suitable
governing; this problem presented no insuperable difficulties. The
well tried A.C. electric drive was quite suitable for gas turbines.

One problem peculiar to ship propulsion was the governing of
the plant in heavy seas when the propeller kept on emerging and
submerging. In a steam plant the speed governor closed and opened
the control steam valves, while the boiler acted as an accumulator.
In a gas turbine plant there was no such accumulator. No doubt



Discussion.

there would be a number of proposals to meet this case and, it was
hoped, some of them would be economical. For the first practical
application he would suggest that a service should be chosen with a
reasonably moderate variation of air and water conditions so as to
avoid complications of governing. A form of power transmission
should be chosen which allowed complete freedom between the com-
pressor part and the propulsion part, and the propulsion machine
should be undirectional. That was obtainable by electric trans-
mission ; he would not advise the use of the variable pitch propeller,
which he thought would be costly in the long run because of the
necessity for more frequent inspections and less use of the ship;
moreover, in many services it did not give any improvement in
economy. A.C. electric transmission might show higher first cost, but
its long life and reliability ensured more profitable service. In con-
clusion, he would advise that in the first place a “universal gas
turbine” equipped with everything to meet any imaginable condition
should not be built; it would be better to choose a service particularly
suitable, bearing in mind that no prime mover had yet proved itself
supreme in all services and under all conditions. A really successful
first gas turbine plant would indicate in the shortest time means and
ways for the solution of other more complicated cases.

Mr. E. Markham, Wh.Ex. (Member) (Director of Messrs. Peter
Brotherhood, Ltd.), referring to Figs. 1 and 4 of the paper, men-
tioned that, as well known to engineers, the nearer one got to iso-
thermal for the compression and expansion in a given piston type
engine working on the Joule cycle, the greater would be the net
power available. He was thus very surprised that so far all speakers,
with the exception of one who had talked about town gas, had con-
fined their remarks to air.

As had been pointed out, the drawback on the Joule engine was
the small amount of net power obtained from quite a large unit so,
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Fig.18—Partial load characteristics for simple gas turbine.

propeller.

when working before the war on this type of engine using air on an
open cycle, he had turned his thoughts to employing in a closed cycle
some other substance which had a lower ratio of specific heats than
air. He finally settled on a Freon (F12 or Dichlorodifluoromethane)
which had a ratio of 1'138 as against 1-41 for air.

Thus, when this was compressed the compression curve was
much nearer to the isothermal, thereby lowering the work of com-
pression, and when expanded against a piston the expansion curve
was nearer to the isothermal so that greater expansion work was
obtained, resulting in greatly increased net power.

For a given increase in temperature in the heater more heat was
required than was needed for air owing to the greater density and
heat capacity of the Freon per cubic foot taken in at the compressor,
but his object had been to obtain a greater net power from the engine
in question and that was how it had been done.

One should thus be continually searching for other working
media which, because of their physical properties, would give better
results just as had been done in the case of refrigerating plant where
air, working on an open cycle, had been completely superseded by
ammonia, C02 Freon and other substances operating in a closed
system.

Mr. E. C. Sterland, B.Sc., A.M.l.Mech.E. (Turbine Department,
The English Electric Co., Ltd., Rugby). With regard to the question
of variation of ambient temperature on the performance of a gas
turbine plant, it seemed to him when considering this problem that
an increase in ambient temperature would result in the following
differences in performance of the compressor.

The mass flow would be reduced in direct proportion to the
ratio of the absolute temperatures, but the volumetric flow would
remain sensibly constant. Thus the gas speeds through the com-
pressor blading would also remain constant, and since the speed of
revolution of the compressor also remained constant,
one would expect the temperature rise to be the same
as under the former conditions. Since, however, the
compressor was now being supplied with air at a
higher ambient temperature, this temperature rise
would correspond to a lower pressure ratio. In this
case the actual work done in compressing the air
would be less than under the original conditions. This
did not, however, affect the main argument of the
paper inasmuch as the output of the turbine was also
reduced both on account of the lower mass flow and
the lower pressure ratio.

When considering the question of partial load
characteristics of gas turbines, he had evolved a
graphical method for the solution of this problem
(which he hoped to be in a position to publish shortly),
and found that this method was also applicable to the
consideration of variation of ambient temperature.
The plant which he had considered was one in which
the high pressure turbine drove the compressor and
the low pressure turbine was the useful power turbine.
There was no regeneration, reheat or intercooling.
The plant was designed for an inlet temperature of
1,000° F. to the h.n. turbine, and for an ambient tem-
perature of 70° F. It was decided to estimate the
performance when the ambient temperature rose to
120° F. He found that the effect of this increase in
the ambient temperature was to lower the speed of the
compressor turbine shaft, thus reducing the mass flow
and pressure ratio for the power turbine and so re-
ducing its output. However, the power could be in-
creased bv increasing the inlet temperature to the high
pressure turbine. As a matter of interest, the results
obtained were as follows :(—s

If the inlet temnerature to the h.p. turbine was
kept constant at 1.000° F,, then the compressor turbine
shaft ran at 87J per cent, speed and the power turbine
developed 62 per cent, of the designed power. If the
charging set were arraneed to run at the same speed
as formerly, then the inlet temperature must be in-
creased to 1,100° F., the power developed then being
91 per cent. If it were desired to obtain the full 100
per cent, power from the power turhine. then the inlet
temperature must be raised to 1.125° F,, and in this
case the compressor turbine shaft ran at 5 per cent,
ovr the designed speed. It would be noticed that with
1.000° F. inlet, the speed of the compressor turbine
shaft was lower than the designed speed, so it seemed
reasonable to allow the inlet temperature to exceed
slightly the value of 1,000° F. so that the compressor
turbine shaft still ran at somewhat less than 100 per
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cent, speed. Under these conditions it would be possible to obtain
75 per cent, power output without subjecting the material to any
more onerous duty than that for which it was designed.

If, however, the condition of high ambient temperature could
be considered as a temporary overload, then the full power could be
obtained by allowing the inlet temperature to rise.

The diagram (Fig. 18) showed a typical example of the partial
load chart for a simple gas turbine.

Mr. B. Wood (Messrs. Merz and McLellan) suggested that the
authors had made the paper somewhat complicated, possibly by
covering too wide a field. This might give the impression of offer-
ing a multitude of counsels. He thought it should be pointed out
that certain of the cycles considered had serious practical difficulties,
and, as had been mentioned, nothing was known as to the test re-
sults. He considered it was necessary to differentiate between cycles
of that type and those which had attained to commercial status and
which had achieved or improved upon their guarantees.

Ever since he could first remember, Mr. Holzwarth had been
about to produce a more promising gas turbine than his last one but
110 outstanding success appeared to have been recorded. It might
be that his more recent turbines had really achieved something which
could not be done better with a steam turbine or a gas engine, but
if so it was not clear why the results were not published.

Then there was the Escher-Wyss cycle which offered the great
advantage, in theory, of being able to burn solid fuel. It required,
however, an “air boiler” which was drawn very small in Fig. 13, but
which would, in fact, be as large, if not larger than a corresponding
steam boiler. Further, he thought that very serious slagging trouble
might be liable to occur when firing coal in the absence of a water
cooled combustion chamber. The small coil (5) in Fig. 13 represented
the sink which was to dispose of all heat thrown away in the cycle.
It served the purpose of the condenser in a steam cycle and would
be at least as big as such a condenser. He had heard it suggested that
if that cycle had been in use hitherto, some inventor would have
come along with a patent claiming an improvement on it by the use
of steam instead of air, so cutting out the compressor (4) and all
the negative work it entailed, condensing the steam in the condenser
(5) and just pumping the water back into the boiler again, show-
ing considerable savings in capital cost, at least as good an efficiency
and a nice practical job.

In his view, it was misleading in drawing the curves of Fig. 9
to assume a constant efficiency ratio in the compressor or in the
turbine irrespective of compression ratio. As a gas was compressed
it inevitably became hotter with the result that of two equally good
quality compressors, that designed to work over a wider pressure
ratio must show a reduced efficiency ratio even though the stage
efficiency and the work per stage remained constant. In the turbine,
where the reheat factor worked the favourable way round, the over-
all efficiency ratio of machines of equal quality increased with
pressure ratio. Thus, the overall cycle result obtained by the assump-
tion of constant efficiency ratio irrespective of pressure ratio might
be right by accident if the misjudgment of the compression work
compensated the under-estimation of the turbine work. He had
shown elsewhere a method whereby it was possible to get a better
result, i.e. one nearer the truth, and that was to assume a constant
polytropic efficiency. That was the efficiency of an infinitely small
stage which in practice was not very different from the actual stage
efficiency. It was a more fundamental measure of turbine or com-
pressor performance since it was virtually independent of pressure
ratio, whereas efficiency ratio was a function of polytropic efficiency
and pressure ratio.

BY CORRESPONDENCE.

Dr. W. Davies (The Royal School of Mines) : Professor Davies
and Dr. Fawzi are, in this paper and in their previous publications,
making a notable contribution to the development of the combustion
gas turbine bv formulating the basic principles in terms that can
be immediately applied in practice. Their analyses show clearlv the
unexpected influence of manv factors that might have escaped the
attention of the designer. Their w.ork is timelv and of the utmost
value to the engineering profession in view of imminent develop-
ments in this direction.

The maximum temperatures reached at present in the constant
pressure turbine are comparatively low and the authors are perfectly
justified in ignoring the variation of the specific heats of the gases
with changes in temperature in their analysis of this cycle, but in the
constant volume tyoe the maximum temperatures pass into the region
where the specific heats can no longer be regarded as constant, and
the comparison between these cvcles 011 page 243, in which the con-
stant volume cycle is shown to have an efficiency of 0-443 as against
0-329 for the constant pressure cycle, is unduly favourable in the
constant volume type. The authors conclude that the relative
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efficiency of this type will be lower than that of the constant pressure
type for various reasons given in the paper. The increase in the
specific heats of the gases at high temperatures might be added as
another reason in support of their conclusion.

The closed system shown in Fig. 13 is of exceptional interest in
that it permits of the use of any gas as the working fluid. Would
the authors consider hydrogen to have any advantage as a working
substance apart from the fact that it has a very high thermal con-
ductivity as compared with the gases used in the normal types of
internal combustion engines? It may be of interest in this connec-
tion to note that hydrogen has been used successfully as a cooling
medium in the closed circuit ventilating systems of large alternators.
This fact suggests that leakage might not be an insurmountable
difficulty.

Finally, would the authors consider it feasible to employ the
internal combustion principle in conjunction with the hydraulic jet
as a method of propulsion for ships with an arrangement somewhat
similar to that of the Humphrey pump?

Air Commodore F. Whittle, C.B.E., R.A.F.,, M.A., M.l.Mech.E.,
F.R.Ae.S.: From the point of view of engineers not connected with
aeronautics it must seem a strange thing that the combustion tur-
bine should have reached its greatest degree of practical application
so far in the aircraft field, especially as, compared with other appli-
cations, the aero engine designer is severely handicapped by the need
to keep down weight and frontal area to a minimum. These limita-
tions prevent the use of many devices for improving thermal efficiency
which are available in other applications. On the other hand some
of the factors operating in favour of the aircraft gas turbine are :

(1) The required life is only of the order of. say, 300 hours for
military purposes and 1,000 hours for civil purposes.

(2) It has proved possible to get such low specific weight that
for many purposes this more than offsets the present lower
thermal efficiency as compared with the internal combustion
engine.

(3) The favourable effect of low intake temperatures which
has been stressed by the authors is obtained more fully in
the aircraft application than in anv other, owing to the re-
duction of temperature with height.

(4) A useful proportion of the compression process is in the
form of ram compression at the intake, a process which
can have an adiabatic efficiency of over 90 per cent, and
which therefore raises the average efficiency of the whole
compression process.

(5) In the case of the jet propulsion application, only a sufficient
proportion of the total expansion takes place in the turbine
to drive the compressor, so that the total efficiency of the
expansion process is higher than that of the turbine alone.

It should be remembered that the application of the aircraft
combustion turbine to jet propulsion is only one of many possible
applications and has come first because it is by far the simplest.
Tt has almost certainly come to stay for certain types of aircraft.

The authors make a plea for the substitution of the term "com-
bustion turbine” for *“gas turbine”. Personally, T am in favour of
this. In turn | would ask the authors to abandon the use of °F.
and B.Th.U’. in favour of °C. and C.H.U’s. The latter have
become established practice in the aircraft combustion turbine field
in this countrv and | would very much like to see them made standard
throughout the combustion turbine field.

Nobodv could class me among the combustion turbine’s enemies,
yet | am of the opinion that the authors have been far too conserva-
tive in their assumptions as to the permissible value of the maximum
temperature of the cycle. More than that | cannot sav for security
reasons, but the firms producing the special materials for blades,
etc., have made excellent progress, and their efforts have contributed
enormouslv to the success of aircraft turbines.

One of the main drawbacks of the combustion turbine in general
is the serious fall off of efficiency at partial load. This is. of course,
the more serious the greater the range of power required in any
particular application. Possiblv the aircraft case is the least favour-
able one from this point of view because in certain cases the ratio
of maximum power to cruising power is of the order of 5:1.
This should be a much less serious consideration in ships, which
spend a very large proportion of their time =t a steady cruising
sneed with a maximum power requirement of the order of onlv
30 per rent, above cruising power. Moreover, in the marine appli-
cation the use of heat interchangers and other devices can do much
to alleviate the position.

A point which cannot be too often stressed, in my opinion, is
that in the piston engine the three main processes, namelv compression,
combustion and expansion, take place in one organ, whereas in the
combustion turbine these processes take place in specialised organs,
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and when one considers the possible combinations of axial flow, radial
flow, and displacement compressors, etc.,, with axial flow and radial
flow turbines, etc., and then to these adds the possible variations in
arrangement with intercoolers, heat exchangers, interstage heating,
etc., the permutations and combinations are absolutely staggering, and
it requires a real effort of will on the part of the designer to make
up his mind to go ahead with one particular arrangement and not
keep chasing something slightly better just round the corner.

One consequence of this possibility of variation will be that
this power plant will have more variants than any other, but each
application will be more specialised to its purpose than is usual for
other classes of power plant.

Mr. H. J. Wheadon (Member of Council) (Superintendent
Engineer, The Royal Mail Lines, Ltd.). The comprehensive survey
which Professor Davies and Dr. Fawzi have given us will, I have

no doubt, be regarded in the future as heralding a new phase in the
development of the combustion turbine—the transition from what
the paper shows us to have been a very long period of experiment
under great difficulties to the stage of practical commercial applica-
tion.

The widely varying conditions under which marine machinery
operates are such that applications of new engineering developments
to ship propulsion invariably follow well in the rear of progress in
more favourable fields of application. Although there is no reason
to believe there will be an exception in the case of the gas turbine,
marine engineers should, nevertheless, keep well informed as to its
progress and growing possibilities, for developments may be very
rapid.

When, for instance, Squadron Leader Whittle (as he was at
the time) expressed the view, during the discussion of a paper on the
gas turbine at The Institution of Mechanical Engineers in 1939, that
aircraft powering was a most hopeful field for its application, who
would have believed that in so short a space of time it would have
become an accomplished fact? Even such an enthusiast as Dr.
Adolf Meyer, the author of the paper, considered the suggestion
rather optimistic.

The authors have pointed out how sensitive the performance

of the combustion turbine cycle is to variations in the efficiencies of.

its component parts—turbines, compressors, regenerators, etc. In this
connection the “work ratio”, i.e. the ratio of useful work to the
turbine output, is important, so much so tfiat 1 am surprised to find
no direct reference to it.

| feel that it would add to the value of the paper if the authors
referred to this aspect of design. In this connection, designers of
combustion turbines for ship propulsion should not overlook the fact
that with the existing types of prime movers, w-hether they be steam
reciprocating, steam turbine or Diesel, are rarely rendered incapable
of producing useful power by the partial or complete failure of one
or even more components, and owners, underwriters and classifica-
tion societies will not look Kkindly upon new types of machinery
unless they are equally flexible and reliable in that respect.

Referring to Fig. 14, page 247, where it is shown that the authors
propose to direct-couple their astern turbine to the ahead turbine so
that one of them must of necessity idle when the installation is
operating, they propose to reduce the windage losses by evacuating
the idling unit so that it is spinning under conditions of high vacuum,
for which purpose a rotary vacuum pump is direct-coupled to the
main shaft.

| doubt very much if in practice it would be found that under
manoeuvring conditions, when several changes in direction of rota-
tion are sometimes called for in the space of a minute, that the
turbine cases would be evacuated rapidly enough with such an
arrangement as the present overheating of the idling rotor. In any
case, is it really necessary to follow steam practice in this respect?
would it not be sufficient to open its inlet and discharge to atmosphere
so as to provide a free flow of cold air through it? There would,
of course, still be a greater windage loss than would obtain with the
idling rotor operating in a vacuum, but I believe this would not be a
serious objection, at any rate for astern running.

In view of the above similarity in construction of combustion
turbines and axial flow compressors, it occurs to me it might be
possible to so arrange them that they exchanged functions, depending
upon the direction of rotation. | am aware of some of the objections
to this proposal, but its adoption would lead to such a simplification
of marine installations as well as the elimination of the windage
problem under idling conditions that | venture to seek the authors’
views as to its practicality.

The authors have indicated some of the particular difficulties
which designers of marine installations will have to overcome, among
which the adverse effect of tropical atmospheric temperatures which
reach, say, 100° F. is a serious one. There are probably other

peculiarities of marine conditions and requirements upon which
members of this Institute, from the experience they have gained in
the operation of ships of all types in many waters, could assist in
the development of this interesting machine.

| consider, therefore, the suggestion that The Institute of Marine
Engineers should form a Marine Combustion Turbine Committee to
stimulate cooperation between designers, metallurgists and users an
excellent one, and | hope the Council will act upon it and appoint
such a committee without delay from among members who are
authorities on the subject.

Mr. A. M. Riddell (Member): Would it be possible for the
authors to furnish consumption figures, weight, space occupied and,
if possible at this early stage, cost based on the e.h.p. calculated as
being required for the eight systems of propulsion dealt with in the
recent symposium, “The Engining of Post-war Cargo Vessels of
Low Power”? Such figures would form a valuable comparative
guide.

Mr. J. A. Jaffrey, M.Sc. (Member) : The control of temperature
is far more difficult than control of pressure, and fundamentally it
appears that the use of a combustion turbine on the constant pressure
system would entail a considerable number of automatic devices of a
rather complex nature.

In view of the salt laden atmosphere inevitable at sea, it would
appear that the closed cycle system as shown on Fig. 13 would be
preferable, otherwise the erosion which would occur in the com-
pressor and turbine might be unduly high.

The authors have made various proposals regarding the installa-
tion of a combustion turbine on board, but might give some indica-
tion in regard to the following points :(—

(1) The efficiencies are stated on the designed output, but there
is no indication of how the efficiency will change with load,
and it might be of assistance if the change of efficiency were
indicated over a range of, say, 75 per cent, full load up to
full load.

(2) There is no indication of the lowest speed at which the equip-
ment would work satisfactorily continuously. It appears
possible that the characteristics of the compressor might be
the limiting feature.

(3) In a seaway the load may vary from about half load to full
load every 5 to 10 seconds and the possible behaviour of the
installation is rather complex.

(4) With a layout as shown in Fig. 14, the stored energy is very
high and it might be stated how the installation would com-
pare with the usual marine installations in regard to the
time required for reversal.

(5) As the authors have shown, the efficiency is very susceptible
to the ambient air temperature, but their suggestion to em-
ploy the Diesel engine for the extra power required at higher
temperatures might involve some difficulty. Would it not
be preferable to control the temperature of the incoming
air?

(6) Can the authors give any indication of the effect on the
behaviour of the plant, resulting from the varying rates of
deterioration in the different components over years of ser-
vice. For example, it is possible that the turbine blading
may deteriorate at a more rapid rate than the compressor.
It would appear that more frequent inspection of the turbine
and compressor than is normal would be required, and it is
difficult to see how the necessary adjustments can be made
as the result of this inspection, in order to keep the tem-
peratures and efficiencies within satisfactory limits

From the reliability point of view?7 the combustion turbine seems
to be dependent to a large degree on the metallurgist. The necessity
for the “warming up” of a steam turbine is well known, but it does
not seem to be generally realised that from a somewhat different
point of view a “warming up” period will be necessary for a com-
bustion turbine. In fact, on steam turbines utilising heat resisting
steel blades, where the steam is at a high temperature, it might be
found more satisfactory if the “warming up” were carried to higher
limits of temperature. Generally speaking, steels capable of resisting
high temoeratures are relatively brittle at low or room temperatures,
and as, for example, the exhaust valves of a Diesel engine, or the
blades of a supercharger impeller are started up cold in many
instances, it is very probable that cracks might be initiated which
eventually lead to failure, and which might erroneously be attributed
to the high temperature.

Heat resisting steels are very sensitive to surface finish in their
resistance to failure at low7 temperatures. A f-inch bar of such a
steel was “fine turned”, only a small amount of stock being carefully
removed. The bar was then divided up into several sections.

257



Development, Principles and Application of the Combustion Turbine.

Attempts were then made to bind the bar round a one-inch radius,
the load being applied gradually, and it was found that the bar
snapped after only a few degrees of bending. Another section was
then ground to a “good finish”, and a bend of about 20 degrees was
obtained before the bar snapped off. Another section was ground
and then buffed until no grinding marks were visible, and a bend of
30 degrees was obtained. A Swiss file was pulled once across the
surface of a ground bar so that the mark was just visible, and
instead of a bend of 20° the bar now broke at 10°. A Swiss
file similarly applied to a buffed bar reduced the bend from 30° to
20°. All the experiments were carried out at room temperature and
the load applied gradually in all cases. In all cases, also, the frac-
ture was at right angles to the axis of the bar, and there was no
gradual indication that the bar was failing.

It is possible to suppose that if a heat resistant steel could be
produced, which would retain its initial surface finish at subsequent
high temperatures, part of the difficulties associated with “creep”
might be overcome.

The author’s proposal to provide an astern turbine under vacuum
might result in considerable blade failures, and it is possible that it
might be necessary to run the turbine with a limited quantity of air
present so that the temperature of the blades would be fairly high.

In order to achieve reliability, it would seem necessary to sacri-
fice efficiency, as the blades of all the turbines might require a greater
radius on the edges than is desired from an efficiency point of view.

Mr. B. C. Curling (Member) : Reversing is inevitably one of the
main problems of the marine combustion turbine designer. In this
connection, referring to the authors’ proposed arrangement as shown
in Fig. 14, a possible simplification would be to drive the vacuum
pump, V.P., from the compressor shaft instead of from the power
shaft; as the compressor shaft would run unidirectionally, this would
eliminate the need for the gear box when reversing the power shaft.
This rearrangement would add slightly to the length of the com-
pressor shaft, but it would remove that marine engineers’ bugbear,
the gear box.

The speed of the compressor shaft is not stated, but as the
authors point out that speed changes of the propeller shaft, which
affect the power shaft with methods (6) and (c), do not directly affect
the compressor shaft, this would seem to be another reason for trans-
ferring the vacuum pump to the compressor shaft. This rearrange-
ment would, moreover, avoid the interval in the functioning of the
vacuum pump while the power shaft was being stopped and reversed.

Mr. John S. Ashmore, M.A., B.A.l.,, G.I.Mech.E.: | am certain
that the paper will stimulate many who hitherto have shrunk from
more advanced and detailed treatment of the subject to renew their
efforts and master the problems involved. | therefore would not wish
to detract in any way from the general usefulness of the paper by

Fig. 19.

The Authors

The authors express their gratification that so many engineers
have contributed to the discussion.

The President. In reply to the question raised by the President
concerning the vacuum necessary to permit these machines to he
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suggesting that an overburden of detail should be introduced. 1 do,
however, feel that some information on the starting of the whole
system would be beneficial and might most easily be introduced with
the details of the installation diagrammatically illustrated in Fig. 14.

In conditions Il, 11l and IV as set out in Table Il, the power
of the supplementary oil engine would be available to rotate the com-
pressor shaft, thus supplying air to support combustion; resort to
the use of glow plugs or ignition elements would have to be made
to ignite the fuel.

Case | is an entirely different proposition, there being no supple-
mentary power available. This case therefore deserves special con-
sideration with regard to starting. Dr. Meyer, in his paper on “The
First Gas Turbine Locomotive”, to which reference is also made in
the text, described in detail the starting of a turbo generator unit,
the power required for starting being supplied by an auxiliary Diesel
engine driven generator which operated the main generator as a motor
for four minutes prior to ignition of the fuel.

C. C. Pounder in the Fifteenth Thomas Lowe Gray Lecture re-
ferred to the potential challenge of the combustion turbine to normal
marine prime movers, and mentioned that starting was effected by
an electric motor which enabled the compressor to deliver sufficient
air to the combustion chamber when lighting up.

In each of the foregoing cases, starting is effected by first rotat-
ing the compressor, which supplies sufficient air to support combus-
tion. | therefore wonder whether, in cases where no auxiliary power
is available to rotate the compressor shaft, the starting process could
not be somewhat varied in order to make use of compressed air to
support combustion. If compressed air were admitted to the com-
bustion chamber and the fuel ignited by electrical means, the products
of combustion would pass through the turbine, thus starting the
system.

Incidentally, it was assumed that a non-return valve would in
any case be fitted between the compressor and the combustion chamber
to prevent the danger of blow-back. A decompression valve could
be fitted on the compressor side of this valve and arranged to operate
in conjunction with the admission of compressed air; hence, while
compressed air was being admitted, the compressor would deliver
against only atmospheric pressure. This arrangement would permit
the use of compressed air at any desirable pressure.

A marine installation with auxiliary Diesel generators would
alreadj' have a supply of compressed air for starting purposes at
3501b./sq. in., and this, delivered through a suitable reducing valve,
would be available for starting the turbine also. The nracticability
of the suggestion as a whole depends upon the quantity of compressed
air required to initiate the cycle.

While it is realised that Fig. 14 is purely diagrammatic, neverthe-
less the path of the gases from H.T. to C.C.L. appears to be un-
necessarily tortuous compared with the path H.T. to L.T.(N.). Con-
sidering arrangement No. 10. Case (C). involving transmission by re-

duction gears with a fixed blade propeller, T would suggest
the following alterations to Fig. 14
(1) Place L.T.(D) in the position occupied by L.T.(N);
(2) reduce L.T.(N) in size so that with a combustion cham-
ber fitted it develops only 60 per cent, of the torque
of the ahead turbine;
(3) turn this reduced L.T.(N) so that its inlet end is next
to, instead of remote from, the inlet end of L.T.(D) ;
(4) place valve P in the position occupied by valve R;
(5) between P and L.T.(D) fit C.C.L;
(6) between C.C.L. and L.T.(D) fit an additional valve

P.,;

(7) between C.C.L. and P, fit R.

By these alterations the inertia of the astern turbine would be
reduced, the one combustion chamber would operate for both
ahead and astern running, the risk of oil accumulating in an
unused combustion chamber during manoeuvring would be
eliminated, and the system would give more positive manoeuvr-
ability. Disadvantages would be that the valves P, and R and
the astern turbine would have to withstand higher tempera-
tures.

Since the rotation of shaft A was unidirectional, whilst
the rotation of shaft B was not, it would appear more feasible
to fit V.P. to shaft A than to shaft B, and thus eliminate G.B.
This would necessitate a slight increase in the output required
from H.T.

Reply to the Discussion.

driven reversed, the authors stated that the suggestion to use a
vacuum pump to exhaust the casing of the idling turbine was in-
spired by a test witnessed by one of them some years ago. The
pump used was a Northey rotary machine, which works on the dis-
placement principle; when used as an air compressor it has a hominal
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displacement of 40 cu. ft. of free air per minute at 1,500 r.p.m. In
the test it was used to evacuate a closed vessel of 4-5 cu. ft. capacity
from an atmospheric pressure of 29-12in. of mercury. During the
test the speed of the pump was 1,590 r.o.m. The following observa-
tions were made :—

Vacuum, in.of mercury 0 10 15 20 22 24 26 27 28
Time, seconds............ 0 22 42 71 83 105 153 191 306
The final absolute pressure was under 0-5in. of mercury. In view
of these results, there would appear to be no difficulty in reducing
the resistances in combustion turbines under idling conditions below
those of comparable steam turbines.

Dr. Livingston Smith. The authors are glad to have the support
of Dr. Smith in their view of the importance of the present subject
to the marine engineering branch. Dr. Smith is under a misappre-
hension concerning the change of specific heat of the gases; while
the simplified comparison of Figs. 7 and 8 is based on assumed con-
stant values, in all other cases, including those of Tables | and II,
the actual properties of the gases are used in the calculations. Dr.
Smith regards the value 1,500° F. abs. for TB as too conservative
and requests the figures for Tb=1600 and 1,700° F. abs. The
authors have calculated these for installations Nos. 1, 2 and 10 and
now give, in Table Ill, the results for all three values of Tb,
tabulated for comparison. These results show, as has been pointed
out, that raising the practicable value of Tp improves the picture
considerably.

as the installations become more complex, it must be remembered
that the pressure ratios also increase, so that the relative effect will
not vary greatly. The values of pressure ratio taken in the various
cases are those giving a compromise between maximum efficiency and
maximum specific output. Thus, although the values of efficiency
and specific output in Table I will be reduced by hydraulic losses,
the relative picture given remains a true one.

In the final version of their paper the words “of compression”
have been added on page 247 in connection with the mean intercooler
pressure. It corresponds, of course, to minimum work of com-
pression.

The authors recognise that the installation of Fig. 14 would work
if output were sacrificed and speed reduced, but do not regard this
as a desirable condition. Mr. Robinson’s suggestion also involves a
reduction of efficiency, as is indicated by case | in Table II.

Mr. Robinson asks concerning the operating advantages of com-
bining a variable pitch reversible propeller with a compound turbine.
These are : (1) lower inertia of the propeller shaft, improving flexi-
bility ; (2) less variation of speed of the compressor and the high
pressure turbine, giving higher efficiencies at partial loads.

Dr. J. C. King raised some interesting matters affecting the gas
industry. He asked whether, with a gaseous fuel, the constant volume
cycle did not offer advantages over the constant pressure cycle, from
the greater scope for reduction of the work of compression of both
gas and air. The test data available from the constant volume type

TABLE I11.

Type of Installation. Simple.
Max. temperature of

the cycle °F. abs. 1,500 1,600 1,700 1,500 1,600
Efficiency ... 0-177 0-201 0-222 0-248 0-268
Sp. output

B.Th.U./Ib. of air  29-6 36-3 42-8 29-8 36-3
Fuel consumption

Ib./h.p./hr. 0-787 0-693 0-627 0-562 0-520
Air consumption

Ib./h.p./hr. 86-00 70-1 59-4 85-4 70-1
Air consumption

cu. ft./h.p./hr. (at

60° F. and 14-7

Ib./sq. in. abs.) ... 1,103-8 899-4 762-0 1.096-1 899-4
Relative efficiency

(simple case = 100) 100 100 100 140 133
Relative output

(simple case = 100) 100 100 100 100-6 100

It is regretted that it has been impossible to carry out the com-
prehensive calculations necessary to estimate the power/weight ratio
for the installation of Fig. 14, asked for by Dr. Smith.

Dr. Roxbee Cox. The valuable and interesting contribution of
Dr. Roxbee Cox does not require reply, beyond an expression of
their appreciation, by the authors.

Sir Roy Fedden. The authors are glad to have the support of
Sir Roy Fedden, whose views were put forward by Mr. P. G. Ware,
on the importance of the present subject. As regards the closed
system adopted by Escher Wyss, the basic pressure appears to be
9 atm., which, with a pressure ratio of about 5 gives a maximum
pressure of 50 atm., not an excessive value. High rates of heat
interchange are claimed. The authors, however, await further test
results, and regret that they are not able to give fuller information
on this interesting development.

Mr. W. ). Robinson gave some good reasons for adhering to the
term *“gas” turbine and pointed out the advantage of the Escher
Wyss installation, which he called the “external combustion” type.
Mr. Robinson regarded 140° F. as excessive for the air temperatures,
but this value was only employed in the general case of Fig. 11;
for the marine installations of Table Il, the maximum value taken
was 110° F., probably the highest possible value of ambient air
temperature to be expected on a ship. Mr. Robinson made a good
point when he affirmed that, with increase of T b, the effect of air
temperature would be relatively less; the authors have confirmed this
by calculations. Concerning the effect of pressure drops in the cases
of Table I, while it is true that pressure drops will be greater

Simple with heat interchanger.

Combined compounding with heat interchanger.

50% intercooling. 100% intercooling.

1,700 1,500 1,600 1,700 1,500 1,600 1,700
0-303 0-289 0-288 0-319 0-313 0-346 0-371
44-1 42-3 56-01 66-61 459 67-4 77-2
0-460 0-482 0-484 0-436 0-440 0-402 0-375
57-7 60-1 45-3 38-2 55-5 37-7 32-9
740-2 771-9 581-2 490-1 712-2 483-7 422-1
136 163 143 143-6 177 172 167-1
103 143 154 155-6 155 185 180-4

are very limited and the installation is clearly more complicated. With
the information at present available, the authors would prefer the
constant pressure type, even for gases of low calorific value. The
volume ratio of gas to air and the change of volume on combustion
are two matters which must be considered in the calculations.

As regards Dr. King’s questions concerning the applications on
page 246, the authors see no special difficulties in connection with
class (a); in class (b), further data is awaited concerning Kapitza’s
installation, especially concerning the radial inward-flow turbine em-
ployed ; in class (d), assuming the gas to undergo a fall of pressure
from 50 to 10 atm., power generation by turbines would easily be
possible within reasonable ranges of temperature.

Mr. F. J. Cowlin, in his very interesting contribution, added im-
portant considerations to those dealt with in the paper. He finally
commented on the installation in Fig. 14, selected by the authors as
an example for discussion, and expressed the view that the multi-
plicity of components in this case would lead to difficulties. He
opposed, in particular, intercooling the compression. This is again
a matter for compromise; either greater simplicity or a higher
efficiency. But the authors do not agree that an intercooler on a
compressor is so liable to breakdown as a steam condenser; neither
is the necessary water quantity so large in the former case. These
questions are, however, very largely speculative and the authors asso-
ciate themselves wholeheartedly with Mr. Cowlin’s view that the cry-
ing need is for plants to be built and tested in order to check the
validity of various assumptions.

Eng’r Rear-Admiral D. J. Hoare raised a number of important
practical considerations The authors agree that the heat inter-
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changers and the various ducts demand special attention in design.
The answers to these and the other questions posed by Admiral
Hoare can, however, only be given on the basis of actual test re-
sults. On page 246 the authors pointed out that marine combustion
turbine installations “are in the stage of study and preliminary ex-
periment”. The results from one well designed experimental instal-
lation, equipped with the means of alternative combinations, and put
into service in a ship, would be of enormous value to marine engine
designers in this country. The authors would also welcome more
test data from the combined compression-ignition and turbine instal-
lations referred to finally by Admiral Hoare. This type and those
working respectively on the open and closed cycles, constitute three
competitive combustion turbines worthy of examination for marine
purposes.

Mr. B. Pochobradsky, in his contribution, added considerably to
the information the authors had given, and gave a number of
interesting combinations for the main and auxiliary shafts. The
authors took the view that, given a certain practicable value of the
maximum temperature, Tb, this should, in order to obtain the best
performance, always be reached, and that the propeller speed should
be constant. Mr. Pochobradsky departed from both these desiderata,
and put up a good case for doing so. It is, of course, for the de-
signer to decide which combination best meets the desired conditions
of running. Mr. Pochobradsky’s appeal for a successful first com-
bustion turbine plant accords with the view expressed above by the
authors.

Mr. E. Markham made an important suggestion that a working
substance with a low value of the ratio of the specific heats should be
sought for, and referred to his tests with Freon. This could, of
course, only be used in a closed cycle turbine, but the authors agree
with Mr. Markham that, in this type of installation, all the relevant
properties of possible working substances should be examined.

Mr. E. C. Sterland’s contribution provided a further combina-
tion for the main and auxiliary shafts, but one which allowed a
reduction of full load output and increased maximum temperature.
The authors welcomed these further suggested arrangements, since
it is evident that the range of possibility is wide. Mr. Sterland’s
chart for the simple case is interesting, but the authors would em-
phasise that it is dangerous to apply tbe conclusions from one type
of installation in Table | to another, since each type has its own
narrow characteristics.

Mr. B. Wood suggested that too wide a field had been covered
in the paper. In the present state of the science, the authors felt
that a fairly comprehensive treatment had greater value that one
more limited, bearing in mind the relatively small body of engineers
who have studied the subject; especially was it desirable to plan
the development in proper perspective, both generally and nationally.
Having considered the course of development of other prime movers,
the authors saw the position of combustion turbines as follows : side
by side with practical achievements such as the Holzwarth, Escher
Wyss and Brown Boveri, on which the available test data of the
last named is greatest, there are, on the one hand, combinations of
reciprocating engines with combustion turbines and, on the other,
paper proposals of various kinds; all of these matters have arisen
in a period of rapid technical advance especially in such matters as
metallurgy and aerodynamics. The authors would hesitate to pro-
phesy the position as it would be even five years hence and they
consider it essential to take a broad view of a rapidly developing
subject. Reliable test data provide the criterion for the engineer,
but the absence of this in relation, for example, to the Escher Wyss
installation, does not justify the authors in failing to bring this type
to the notice of the members of the Institute.

Mr. Wood wished the authors, in expressing compressor and
turbine efficiencies, to vary these with pressure ratio. In their view,
Table 1 is already sufficiently complex and it is only by making
simplifying assumptions that such comparisons of types can readily
be made. Provided the reader is not misled by the assumption, the
gain in clarity is well justified.

Air Commodore F. Whittle made some valuable comments on
the application of the combustion turbine to the propulsion of air-
craft, and pointed out certain favourable conditions which do not
apply to marine practice. The authors would like to use °C., but,
in view of the established practice in marine and general engineering
circles, both here and in the U.S.A., °F. had been used. Air Com-
modore Whittle’s views on maximum temperatures reinforce the
hopes of the authors for an increase beyond 1,500° F. abs. in the
near future. Finally, he emphasises that the “permutations and
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combinations” of possible arrangements are very numerous, as the
present discussion has shown.

Dr. W. Davies pointed out the importance of taking variable
specific heat into account in the comparison of Figs. 7 and 8, and
justifiably pointed out that neglect of the changes favoured the con-
stant volume type. The main point of this comparison, however, was
to emphasise the need for the enormous cooling of tbe gases in the
constant volume case, and the heat to be removed, given the same
maximum temperature, is obviously still greater when variable specific
heats are taken. He questions the suitability of hydrogen, from
its high thermal conductivity, as the working substance for the
closed cycle engine. The authors feel, however, that other properties,
in addition to that of thermal conductivity, should be taken into
account, and especially the value of the adiabatic index. Finally, on
the evidence before them, the authors would hesitate to express a
view on the use of the hydraulic jet for ship propulsion.

Mr. H. J. Wheadon, in the course of his interesting contribution,
referred to work ratio. The authors saw no special reason to
emphasise this matter; it is, for example, never used in connection
with reciprocating internal combustion engines although compression
in these engines similarly involves negative work; more important, in
their view, is the fact that, in combustion turbines, all parts, at con-
stant output, are subjected to steady pressures and temperatures.
Mr. Wheadon rightly stressed the importance of flexibility and re-
liability in new types of machinery. He also referred to the proposals
to evacuate the casing of the idle turbine and doubted the possibility
of this under manoeuvring conditions. In their reply to the President
the authors have given further particulars of this which they hope
will convince Mr. Wheadon of the rapidity with which pressure may
be reduced. Incidentally, the windage losses vary as the square of
the speed of revolution, so that at low speeds they may be negligible,
even with casing pressures at or near atmospheric pressure. Mr.
Wheadon’s interesting proposal to interchange the functions of com-
pressors and turbines could only be carried out at the expense of
efficiency. Finally, the authors are glad to have Mr. Wheadon’s
support for their suggested Marine Combustion Turbine Committee.

Mr. A. M. Riddell asked for comparative data to enable the com-
bustion turbine to be compared with the other systems of propulsion
given in the recent symposium. The authors regret that the pro-
vision of this information is beyond present possibilities; the work
involved would be at least equal to that of preparing the present
paper.

Mr. ). A. Jaffrey, in his valuable contribution, raised a number
of important matters, most of which, however, go beyond the point
to which the subject has been taken at present. The authors, how-
ever, had dealt with the points he raised as well as they could; they
agree with his warning against erosion but think that corrosion might
require to be even more carefully guarded against.

The efficiency at reduced loads depends on the method of fuel
and air control. So long as Tb is kept at 1,500° F. abs., by reducing
the fuel and air proportionately, the efficiency is constant for the
range he mentions; if Th falls, then efficiency falls off rapidly. Mr.
Jaffrey is correct in stating that slow running depends on the com-
pressor characteristics, but the authors have not specified a particular
type. With the arrangement in Fig. 14, the low pressure turbine
will always have a supply of pressure gases, and the installation will
not differ from a steam turbine one. To answer this point definitely,
the authors would, of course, have to make a complete design. It is
not easy efficiently to control the temperature of the ambient air
and the arrangement proposed has other compensating advantages.
Since no running experience is yet available, the authors cannot
answer his sixth point. This matter and all the interesting ones in
the remainder of his contribution can only be settled on the basis
of practical tests under service conditions.

Mr. B. C. Curling makes the valuable suggestion that the vacuum
pump should be driven from the compressor shaft; it is agreed that
this would be an improvement. The change would have all the
advantages Mr. Curling claims for it.

Mr. J. S. Ashmore, among other useful suggestions, also pro-
poses moving the vacuum pump to the compressor shaft. The
authors did not think it worth while to go into the starting question
since this would be bound up with the whole question of the
auxiliaries necessary for other purposes on board. Mr. Ashmore’s
proposed arrangements for starting strike the authors as very good,
while his layout is, in several respects, an improvement on that in
Fig. 14.

The discussion has emphasised the wide range of problems to be
solved in adapting the combustion turbine to marine purposes. Their
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solution will provide the bases for many future papers and dis-
cussions. The contributions to the discussion have given the authors
several new lines of study and have more than justified the labour

of preparing the paper. Finally, the authors express their gratitude
to all those who contributed to the discussion; they appreciate very
much the kindly compliments paid them.

CORRESPONDENCE— The Engining of Post-war Cargo Vessels of Low Power.

The following communication, received from Gotaverken A/B,
Gothenburg, has been referred to Mr. P. L. Jones, Dr. J.-B. O.
Sneeden and Mr. J. Calderwood for their comments, which are also
published below :—e

In his summary of the different proposals for post-war cargo
ship machinery, given at the June meeting of The Institute of Marine
Engineers, Mr. James Calderwood states, with regard to the
Gotaverken system : “It would appear that for given cylinder sizes
the indicated horsepower is 30 per cent, lower than with the Bauer-
Wach proposal”. This statement is not correct.

According to the paper read by Mr. P. L. Jones at the above
mentioned meeting, a triple expansion engine, with the Bauer-Wach
exhaust steam turbine cut out, develops 80 per cent, of the power
obtained when the exhaust steam turbine is at work. The increase in
power with the Bauer-Wach turbine is thus 25 per cent. In the
paper concerning the Gotaverken system, read at the same meeting
by Dr. J.-B. O. Sneeden, the indicator cards reproduced from s.s.
“Harpasa" prove that the power of a triple expansion engine in-
creases from 1,533 to 1,904 i.h.p., i.e.,, 24 per cent., when the turbo-
compressor is engaged. From what is said above it is obvious that
there is no essential difference in the rise in power if a triple expan-
sion engine is combined with a Bauer-Wach exhaust steam turbine
or if it is combined with a Gotaverken turbo compressor. For equal
horse-power and r.p.m. the size of the engines thus becomes the same
for both systems.

With the steam engine referred to by Mr. Jones, with cylinder
dimensions 24in., 40in., and 66in. x 45in. stroke, the power developed is
stated to be 3,600 i.h.p. at 90 r.p.m. and a boiler pressure of 2251b./sq.
in. For this engine the indicated mean pressure, referred to the h.p.
cylinder, becomes 3891b./sq. in. or 1-73 times the boiler pressure.
This “referred” mean pressure is very high and a comparison with
existing installations proves that many installations with triple expan-
sion engines and Bauer-Wach exhaust steam turbines normally at
sea develop a mean indicated pressure, referred to the h.p. cylinder,
of 1-35 times the boiler pressure. It therefore seems that the horse-
power given by Mr. Jones is the full power and not the “seagoing
horse-power”. Mr. Calderwood compares this steam engine, com-
bined with a Bauer-Wach exhaust steam turbine and designed for a
full power of 3,600 i.h.p. with a steam engine, combined with the
Gotaverken turbo compressor, intended to develop a normal power at
sea of 3,600 i.h.p., and this is the reason why the comparison between
the two engines is not correct.

In the summary, referred to above, it is also stated, with refer-
ence to the Gotaverken system : “The size and weight are apparently
greater than with the Bauer-Wach system”. With regard to the
size of the reciprocating engine we have already shown that there
is no essential difference between Gotaverken’s system and that of
Bauer-Wach, and with regard to the space needed for both the
engines the following can be said :—

In the Gotaverken system the turbo compressor is mounted on
top of the condenser and needs, in most cases, no extra space. In the
Bauer-W'ach system, coupling, gears and in many cases also the tur-
bine are fitted aft of the reciprocating engine. The Bauer-Wach
system therefore needs a larger engine room than is necessary with
the Gotaverken system.

In regard to the weight of the two systems the following com-
parison can be made

Mr. Jones states in his paper, “As a matter of interest it is
found that in nearly all cases the total weight of a Bauer-Wach
exhaust turbine installation is almost exactly the same as that of
normal triple expansion machinery of the same power and r.p.m.”.
The weight of the turbo-compressor of the Gotaverken system is
much less than the weight of the turbine, couplings and gears of the
Bauer-Wach system. The total weight of the complete machinery
with the Gotaverken turbo compressor is only 90 per cent, of the
weight for a normal triple expansion engine plant with the same
output and r.p.m. Consequently, machinery with the Gotaverken
turbo compressor is not heavier than the Bauer-Wach system, as was
stated in Mr. Calderwood’s summary. On the contrary, it is 10 per
cent, lighter than a corresponding engine plant with Bauer-Wach ex-
haust steam turbine.

Another advantage of the Gotaverken system is that the engine
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can be reversed without disconnecting the turbo compressor. The
manoeuvring therefore becomes as quick as with an engine without
exhaust steam turbine. Full power is also obtained when running in
reverse, which is useful when navigating in ice.

Mr. Calderwood, in his summary, asks for data relating to the
Gotaverken system more directly comparable to the proposal under
consideration. In addition to what has been said above, the following
information about the fuel economy can be given.

Several new Swedish ships of 3,000 tons d.w. have 1,500 i.h.p.
triple expansion engines with Gotaverken turbo compressor. The
steam pressure is 2201b./sq. in., the steam temperature about 575° F,,
the feed-water temperature about 285° F. and the temperature of the
combustion air about 290° F. The fuel consumption in these ships
is 0'951b./i.h.p./hr., when burning coal with an effective calorific
value of 13500 B.Th.U’s./Ib.

Some ships under construction will be provided with steam driven
generators and electrically driven auxiliaries, steering engine, windlass
and winches. For these ships the fuel consumption is expected to be
somewhat less at sea and much less in harbour than for the ships
mentioned above.

Mr. P. L. Jones, M.C., B.Sc., Wh.Ex., M.l.Mar.E.:

It is true that | stated that, if the turbine is cut out of operation,
the reciprocating engine in the Bauer-Wach system can then develop
80 per cent, of the full power for which the installation is designed.
This, of course, presupposes that the boilers are supplying the same
amount of steam as when the turbine is in operation. The mere
act of cutting the turbine out of operation would reduce the re-
volutions by more than 10 per cent, and the power by about 30 per
cent. The power of the engine working alone would be brought up
to the 80 per cent, mentioned by increasing the engine cut-off. In
others words, the engine would be adjusted to develop the maximum
power for which the boilers can supply the steam.

This is not the same thing as saying that the power of the triple-
expansion engine is increased by 25 per cent, when the Bauer-Wach
turbine is engaged. This statement should be qualified by adding
that in each case the steam consumption is the same. Now, in the
case of the “Harpasa”, it is true that the trials show that the power
was increased from 1,533 i.h.p. with the turbo compressor cut out to
1,904 i.h.p. with the compressor engaged. This is certainly an in-
crease of 24 per cent, but, as the h.p. cut-off was not altered, it is
accompanied by an increase in the steam consumption pro rata to the
increase in revolutions, i.e.,, from 65 to 70-5 r.p.m. or 8-5 per cent,
so that the actual increase in power for the same steam consumption
is 17-5 per cent, only; this compares with 25 per cent, obtained with
Bauer-Wach.

It is noted that the mean indicated pressure with the Bauer-Wach
machinery described in my paper works out to 3891b./sq. in. referred
to the high pressure cylinder, or 1-73 times the boiler pressure. These
figures are correct, but | do not agree that they are abnormally high.
Messrs. Gotaverken say that a comparison with existing Bauer-Wach
installations shows that many of them develop a mean indicated
pressure referred to the high pressure cylinder of only 1-35 times the
boiler pressure. This is a novel way of comparing steam engines
and | do not consider it a satisfactory criterion, but, since the matter
has been put in this form, | have looked into the question and
elucidated the following facts

On the last fifty Bauer-Wrach installations for which my firm
have been responsible, the m.i.p. referred to the high pressure cylinder
varies from 307 to 423, the true average being 363, and the ratio of
m.i.p. to boiler pressure varies from 1-52 to 1-89, with a true average
of 1-63. These figures all refer to the i.h.p. developed under con-
tinuous service operation, and it was made quite clear in my paper
that the installation described therein was capable of developing 3,600
i.h.p. at about 90 r.p.m. continuously in service. A large number of
similar installations have been developing full power continuously at
sea for many years with highly satisfactory results.

As regards size and weight, | gave complete figures in my paper
for a modern Bauer-Wach installation, and it would be interesting
if Gotaverken would supply exactly similar information for machinery
designed for the same power, revolutions and steam conditions.

Dr. J.-B. O. Sneeden, B.Sc., Ph.D., F.R.S.E., M.l.Mech.E.:
In the third paragraph of their comments Messrs. Gotaverken
have offered an additional explanation for the difference in cylinder
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he brought a wealth of knowledge and experience unrivalled by any
of his predecessors. His service included about 10 years at sea,
another 10 years teaching at Greenwich and Keyham Colleges, and
about 15 years at the Admiralty. His ships included the “Cumber-
land”, the “Britannia”, the “Delhi”, the “Emperor of India”, the
“Rodney”, and the “Lion”, and he was “senior” engineer of the
last when as flagship of Admiral Beatty she was nearly lost through
gunfire at the Dogger Bank in January, 1915. Preece’s recollec-
tion of those days was that from Sunday to Wednesday, January
24-27, it was just one continuous struggle to utilize or improvise
pumping facilities to rid the ship of thousands of tons of water.
By the time the “Lion” reached Queensferry she was nearly upright
and Preece was rather indignant that the Academy picture of her
“Home Coming” gave her a considerable list.

Preece’s years at the Admiralty, first as assistant, then as deputy,
and finally as engineer-in-chief was a very strenuous period. The
Engineering Branch of the Navy, both ashore and afloat, does much
of its work under “forced draught” in more ways than one, but its
doings are seldom in the news. Speaking on the Naval Estimates
in February, 1940, Mr. Churchill referred to the wonderful steaming

done by his Majesty's ships and asked the House of Commons to
join him in a tribute “so that these many thousands of faithful,
untiring engineers may learn, as they will learn, that we here in
London understand what they have done and are doing and that we
admire their work, and thank them for it”. The machinery of those
hundreds of ships and the thousands of officers Mr. Churchill referred
to were under the supervision of Admiral Preece and his staff.

When Preece retired, to facilitate the promotion of his juniors,
it was but to take up other work, for he was almost immediately
chosen to succeed Lord Mottistone as President of the Institute of
Marine Engineers. To the Institute during the last two years he
has given unstintingly of his time and energy. Not only did he
preside over its gatherings with dignity and humour, but he contri-
buted to its proceedings by observations on his own experiences,
and was especially interested in the education and status of the sea-
going engineers of the Merchant Navy. It is thus that his death
at the comparatively eariy age of 60 will be regretted, not only by
those who had the privilege of enjoying his friendship, but by a
large number of officers in both navies.

Mr. JAMES McKIE DEWAR

The Institute has suffered another great loss by the death,
which occurred suddenly at Liverpool on December 29th, 1944, of
Mr. James McKie Dewar, a Past Chairman of Council and Vice-

President for the London area.
Mr. Dewar, who was 78 years
of age, was born at Ayr, a son
of the late Robert Dewar, J.P.,
and was educated at Ayr
Academy, and later at the Royal
Technical College, Glasgow. He
was apprenticed first to the firm
of J. and A. Taylor, crane builders
and general engineers, of Ayr,
and subsequently to  Messrs.
Kincaid and Company, Greenock,
marine engine builders. After a
period as a draughtsman with
the latter firm he went to sea
in the service of the British India
Steam Navigation Company, ob-
taining a first class Board of
Trade certificate. After a short
time in the employ of the Glas-
gow Patents Company, he came
to London in 1892 as a depart-
mental manager in the works of
Messrs. Maudslay, Sons and
Field, Limited. In this capacity
he was closely associated with
the introduction of the Belleville
water-tube boiler into the Royal
Navy. He remained with Messrs.
Maudslay until the liquidation of
the firm in 1900. He then
became general manager with
Messrs.  Bow, McLachlan and
Company, Paisley, relinquishing
the appointment in 1903 to
return to London with the inten-
tion of setting up in private
practice. Instead, he joined the
London staff of Messrs. Cammell,
Laird and Company, eventually becoming a director and remaining
with them for 20 vyears, during which period he gained a high
reputation at home and abroad as a leading marine engineer. On
the outbreak of war in 1914 he was called upon by the Director
of Dockyards to advise on and organise the repair work in the
Royal Dockyards at Chatham, Portsmouth and Devonport. He was
also associated with the maintenance of vessels, under Government
control, engaged in the inland water transport system of this country.
For some years he was a director of Messrs. Gwynnes, Limited, and

was concerned with the firm's wartime construction of Clerget and
Bentley rotary aero-engines.

At the end of 1923 Mr. Dewar retired from the position of

director of Cammell, Laird and
Company, Limited, to start the
consulting practice in London
in  which he  was mainly

occupied throughout the remain-

der of his life, in association
with his son, Mr. Norman M.
Dewar, M.I.N.A., M.l.Mar.E.

Among the vessels with which
Mr. Dewar was associated in the
design and construction were
the Italian Cosulich Line motor-
ships “Saturnia” and “Vulcania”.
He was elected a Member of
the Institute in 1913; later he
held office as a Member of
Council, Chairman of Council for
1920/21, and a Vice-President
from 1921 until his death.

Mr. Dewar was a member of
the Institution of Naval Archi-
tects, the Institution of Mechani-

cal Engineers, and of the Insti-
tute of Metals, a Fellow of the
Royal Society of Arts, a livery-

man of the Worshipful Company
of Shipwrights, and a member
of the committee of the
Maudslay Society. For some years
he had been a director of Messrs.
Chadburn’s  (Ship)  Telegraph
Company, Limited, and chairman
since the death of his predeces-
sor, Mr. Chadburn Bamford,
three years ago. At the com-
pany’s annual general meeting on
December 29th, at which he
presided, Mr. Dewar agreed to
withdraw his resignation, which
he had tendered on account of ill-health. A few hours later he
collapsed and died. He was held in affectionate regard by his
countless friends in the marine engineering and shipbuilding world,
and he will be sadly missed by his colleagues on the Council and
by his fellow members of the Institute. The cremation took place
at Landican Crematorium on January 3rd, at which the Institute was
represented by Mr. Sterry B. Freeman, who is a director of Messrs.
Chadburns and a Vice-President of the Institute for Liverpool.
Mr. Dewar is survived by his wife, a son and a daughter.
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Technical Press

Neither The histitute of Marine Engineers nor The Institution of Naval Architects is responsible for the statements made or the opinions
expressed in the following abstracts.

The New Harland-B. and W. Double-acting Engine.

Since the Harland-B. and W. double-acting 2-stroke marine
Diesel engine was first placed in service some 12 or 13 years ago,
machinery of this type totalling well over 1,250,000 b.h.p. has been
built. The main features of this design included the adoption of
through scavenging, so that the scavenge air passed direct from the
centre of each cylinder to the ends, the exhaust gases being discharged
through piston-type exhaust valves at the top and bottom respectively.
Ilhe time of admission of the scavenging air is controlled by the
main piston and the discharge of the exhaust gases by the exhaust
pistons. This arrangement makes it possible to utilise a higher mean
effective pressure than when loop scavenging is used, with the result
that the engine is of lighter weight and more compact. As origin-
ally designed and built, the Harland-B. and W. d.a. engine had exhaust
pistons of smaller diameter than the main pistons, but among the
modifications embodied in the improved design developed by Bur-
meister and Wain at Copenhagen, is an increase in the size of the
exhaust pistons to that of the main pistons, and the elimination of
the cylinder covers. At the same time, prefabricated welded con-
struction was adopted for the bedplate, the A-frames and other parts
of the engine, thereby reducing its weight. The first of these new
coverless engines to be constructed by Harland and Wolff is a
6,000-b.h.p. 6-cylr. unit installed in a Lamport and Holt cargo liner
which recently completed successful sea trials. The new engine
weighs only 370 tons, compared with 490 tons for an engine of equal
output, based on the earlier design. This corresponds to a specific
weight of under 140lb./b.h.p. at a conservative rating of 115-120
rp.m. The cylinders have a diameter of 550 mm. and the stroke of
the main pistons is 1,200 m.m., that of the exhaust pistons being
400 mm. The m.i.p. for an output of 1,C00 b.h.p. per cylinder at
122 r.p.m. is about 941b./in.3 for the top and SS-SIb./in.3 for the
bottom, the average being 89-61b./in.2 As the mechanical efficiency
of the engine is 84-5 per cent., the corresponding b.m.e.p. is 75-71b./in.".
The fuel consumption between about three-quarter output and 10
per cent, overload is 0-36-0-371b./b.h.p.-hr. The top and bottom
exhaust pistons, which reciprocate together, are driven by eccentrics
through a bottom yoke to which the lower exhaust piston is bolted,
this yoke being attached to a corresponding upper yoke by four bolts,
instead of two as in the earlier design. The eccentric sheaves and
balance weights are integral with the cast-steel crank webs. Tl.e
angle of advance of the eccentrics is such that there is a lag between
the opening of the exhaust ports and the scavenge ports respectively,
with the result that the pressure in the cylinder drops to about
atmospheric at the end of the expansion. As the main and exhaust
pistons are of the same diameter, there are no unbalanced pressures,
and longitudinal stay bolts are, therefore, unnecessary. There are two
fuel-injection valves per cylinder supplied from one fuel pump at a
pressure of 5,0001b./in.2 through a distribution box and connecting
pipes. The ratio of compression is 13-04 to 1 at the top of the
cylinder and 13-4 to 1 at the bottom, at a compression pressure of just
under 5001b./in.2 The vertical fuel pumps are located at the level
of the entablature and are operated by a horizontal pump shaft which
is chain-driven from the crankshaft. The cylinders and jackets are
cooled with fresh water, whilst the main and exhaust pistons are
cooled by lubricating oil which is delivered to each piston head
through an annular passage between the C.I. sleeves surrounding
the piston rod and the piston rod itself. The return flow takes place
through a longitudinal hole in the rod. All the pistons have chrome
molybdenum cast-steel crowns screwed into a C.l. body piece. Six
piston rings and one scraper ring are fitted at either end of each main
piston, whilst the exhaust pistons have six rings each, the piston-rod
stuffing-box being provided with four twin rings and three double
sealing rings. The flanged end of the piston rod is sandwiched
between the top and bottom C.l. body pieces of the piston. Each
complete cylinder comprises a centre section bolted to the scavenging
belt and forming the entablature and a top and bottom liner, the lower
end of the latter being detachable to facilitate the examination of
the rings of the exhaust piston. As in the earlier engine, the
scavenging arrangements comprise a two-unit blower with a capacity

of 20,000 cu. ft./min. driven by duplex chains and spur gearing from
the crankshaft at 3-5 times the speed of the latter. Change-over
valves in the inlet and outlet passages come into operation automatic-
ally when the engine is reversed. The scavenging air pressure at full
output is in the neighbourhood of 3 to 3iin. of mercury, and the
corresponding exhaust temperature at the top is about 560° F. and at
the bottom about 510° F. The various auxiliary pumps driven from
the crankshaft are of the rotary type and a separate motor-driven fan
is provided to remove oil vapour from the engine crankcase.—“The
Motor Ship”, Vol. XXV, No. 297, October, 1944, pp. 206-211.

Some Suggestions for Reducing Cylinder Wear.

This paper is primarily concerned with cylinder wear in Diesel
engines of the industrial type having cylinder diameters of between
8in. and 22in., piston speeds of or below [,300ft./min. and normal
running speeds of up to 700 r.p.m. The whole subject is dealt with
under seven separate headings, the first of which is engine design.
The author suggests that a “well designed” engine might be con-
sidered as : “An engine which, when running under the normal con-
ditions for which it was designed, and intelligently operated, shall
be capable of a service period of 5,000 running hours without the
necessity for withdrawing pistons; and that when the pistons are
withdrawn, all the piston rings shall be operatively free”. The
second section is devoted to materials and finish, with particular re-
ference to machine finishes and special finishes of cylinders or cylinder
liners, pistons, piston-ring grooves, piston rings and other castings.
The third section concerns the lay-out for a new installation and
covers the arrangement of the induction and exhaust systems, the
circulation of cooling watfer and the lubricating-oil cooling system.
The fourth section of the paper deals with fuel combustion and in-
cludes references to the quality of the fuel oil, idling and light-load
running of the engine, the inevitable slight dilution of the lubricating
oil with fuel oil, fuel-injection equipment and defective inlet or outlet
ducts. The fifth section is devoted to the question of lubrication
and deals with the choice of lubricant, additives, oil cleaning, priming
and distribution. The sixth section covers various aspects of engine
operation, such as cold starting, idle and light-load running, over-
loading, distribution of load, general cleanliness and the keeping of
accurate daily and weekly logs for record purposes. The seventh and
last section of the paper deals with routine maintenance of the engine,
separate sub-sections being devoted to fuel pumps and fuel injectors,
as well as to the fitting of piston rings. Some suggestions for routine
examinations are also put forward.—Paper by H. Ferguson, read at
a meeting of the Didsel Engine Users' Association on the 12th
October, 1944.

American Minesweeper with Diesel-electric Propelling Machinery.
The U.S.S. “Ardent” is one of a series of twin-screw mine-
sweepers of 1,100 tons equipped with Diesel-electric propelling
machinery of between 3,500 and 4,000 s.h.p. She is 222ft. in o.a.
length, with a beam of 32ft. and a moulded depth of 17ft. The
Diesel-electric power plant and propulsion motors are installed in
two separate and self-contained engine rooms, arranged in tandem
and separated by cold-storage rooms and fresh-w'ater tanks, etc. Each
engine room contains two 8-cylr. four-stroke Diesel engines of the
trunk-piston type, each directly coupled to a 500/720-kW. 250-volt
Westinghouse generator of the d.c. type. The engines are of the
De la Vergne design which enjoyed considerable popularity in the
U.S. some years ago. Each engine has a continuous rating of
1,000 b.h.p. at 600 r.p.m., but the power of the ship is based on an
output of 720 b.h.p. per engine developed at 560 r.p.m. At the after
end of each engine room are two 882-h.p. propulsion motors which
drive the propeller shaft through 2-5 to 1 reduction gearing. These
twin motors take current at 250 volts d.c. and can, if necessary, take
the maximum power output of the generator sets at any speed
between 700 and 900 r.p.m. One of the engine rooms also contains
two auxiliary Diesel generators. Each of these consists of a 150-
b.h.p. 3-cylr. General Motors engine running at 1,200 r.p.m. and
directly coupled to a 100-kW. Westinghouse generator of the a.c.
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type, since alternating current is used for auxiliary purposes. The
entire lay-out is very compact and the total length of each engine
room is only 32ft. The width is considerably less than the ship’s
beam, as fuel-oil tanks are arranged along the sides of both engine
rooms as well as in the D.B. compartments below them. The motor-
driven deck machinery includes a minesweeping winch, an anchor
windlass and boat hoists. The ship has two squat oval funnels,
the spacing of which corresponds to the positions of the main Diesel
generators, a straight stem and a stern of the usual minesweeper type.
There is a single tall mast abaft the conning tower and bridge—
“The Journal of Commerce” (Shipbuilding and Engineering Edition),
No. 36,395, 5th October, 1944, p. 3

Liner Wear in Opposed-piston Engines.

The following is a practical record of the working life of a
twin set of cylinder liners of the two 4-cylr. Doxford engines installed
in the Prince Line motorship “Siamese Prince”, which was placed
in commission in 1929, since which time she has been employed
solely on the Far Eastern services. The cylinders of these engines
have a bore of 600 mm. and the combined stroke of the opposed
pistons is 1,840 mm. The i.h.p. per cylinder is 850 at the service
rating of 3,000 b.h.p. of each engine, the maximum firing pressure
is 570-5801b./in.z and the exhaust temperature is approximately
580° F. The exhaust manifolds are water-cooled and the engine
frames are of cast-iron (not welded) construction. Throughout her
service, the ship maintained an average speed of 14-4 knots on a
daily fuel consumption of some 24 tons for all purposes. The liner
wear was measured at fairly regular intervals over the whole period
and plotted in the form of yearly graph readings. The liners of
these engines are of the engine-builders’ standard material and the

Average Wear ofr Liners or Four-cylinder Doxford Engines.

Average wear port engine per 1,000 hrs......... -00404in.
Average wear starboard engine per 1,000 hrs. -00432in.
Maximum wear port one cylinder per 1,000 hrs... -00491in.
Maximum wear starboard one cylinder per 1,000 hrs. -00530m.
Lowest maximum wear pdrt one cylinder per 1,000 hrs. -00252m.
Lowest maximum wear starboard one cyl'r per 1,000 hrs.  -00233in.
Average wear port engine (top) six years ... 2-81 mm.
Average wear starboard engine six years 3-06 mm.
Average wear port engine (bottom) six years 3-22 mm.

Average wear starboard engine six years

Liner W ear in

Top max. Bot. max. Least max.

wear. wear. wear. Com. chr.
F and P and F.and P.and F.and P. and Ovality. F. and P. an

Cyl A. S. A. S. A. S. Top. Bot. A. S.
No. 1 3.14 2.14 3.03 3.23 3.03 2.14 1.0 2 -.65 35
No. 2 3.7 2.2 3.68 4.01 3.68 2.2 15 33 -.4 .15
No. 3 3.82 2.3 3.07 3.53 3.07 2.3 1.5 46 15 .05
*No. 4 25 1.75 2.57 2.67 2.5 1.75 .75 1 29
No. 1 3.92 3.27 3.85 3.24 3.85 3.24 .65 .61 -.23 22
No. 2 3.42 2.05 3.56 4.1 3.42 2.05 1.37 45 02 1
No.3 3.2 2.48 2.9 3.9 2.93 2.48 72 .97 -.43 -.35
No. 4 38 2.4 3.74 4.1 3.74 2.4 1.4 .36 -.15 -.18

*Laner renewed when 4 years
Total S.T. hours, 30,895.

pistons are each fitted with five C.l. rings, those in use during the
life of the liners having been supplied by a firm specialising in piston
rings. They appeared to be of a softer iron than the liners and
their average life was in the region of 85,000 miles. The average
length of each round voyage was about 30,000 sea miles, and it was
found necessary to fit a complete new set of piston rings during
the third voyage. The maximum wear of the upper halves of the
cylinder liners has invariably taken place in a fore-and-aft direction,
although it is more usual for the greatest wear to occur in the
athwartship line; this fact is probably accounted for by the method
of guiding the upper pistons. In the lower halves of the liners,
however, the wear is greatest in the athwartship line, probably be-
cause the attachment of the piston to the crosshead is the more usual
rigid type. The ovality reached in the upper halves of the liners is
much greater than in the lower halves, despite the fact that the
total maximum wear in the latter is the greater. In more recent types
of Doxford engines a different method of attaching the pistons to
their respective crossheads has been adopted; they are left free to
adjust themselves to the cylinder-bore alignment, and this reduces
the wear on the liner. A certain amount of distortion is invariably
present in the centre or combustion-chamber portion of the liners
examined. This part of the liner tends to decrease in diameter,
and though the distortion occurs in the same horizontal plane in each
case, its actual location does not remain constant, but creeps to vary-
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ing positions in that plane. It amounts to a maximum of 0-6 mm.
in some cases. The maximum wear in the last liner to be changed
had only reached 5 mm. after some eight years and four months of
service, although the engine-builders consider that 6 mm. wear is the
approximate life of a liner. The best of the eight liners shows an
estimated life of 18 years and the worst nine years, which represents
a satisfactory performance. The renewals of the liners were not
carried out because of wear, but owing to the development of cracks
at some of the valve apertures, this being a fairly common occur-
rence with this type of engine. The cause of the cracks developing
was fully understood and occurred early in the life of the respective
engines. Most of the liners were changed by the ship’s staff as
occasion required, and this usually took 22 working hours. The
water spaces, when examined on removal, proved to be quite clean
and free from scale, the surfaces being covered only by an easily
removable brownish deposit. These liners were renewed in periods
of 6i to 84 years, and during their lifetime had only been cleaned
with a weak solution of grease-removing compound in fresh water.
No liner was removed at any time for cleaning. The cooling medium
employed was the usual one of distilled water with just enough
bichromate of potassium to give it a distinct yellow colour. Special
care was taken to prevent contamination by sea water, as the corro-
sive action of the mixture would thereby have become far greater
than that of salt water alone. With this type of engine fuel-valve
timing is of great importance, the fuel pressures being as high as
6,000-6,5001b./in.2 and the lift of the valves 2-8 mm. The supply
of cylinder lubricating oil for these engines was gradually reduced
until it was found that about 9 gall, per 24 hours gave the most
satisfactory results. This included the amount necessary for the
respective scavenge pumps. The rate of liner wear was proof that
sufficient oil was being used. The cylinder lubricating oil was fed
to the cylinders in the ratio of 2 to 1 approximately, the upper pistons
receiving the larger amount. The results of over-lubricating are
readily discernible when opening out the cylinders, pistons and
scavenge trunks for overhaul; in combination with, say, late valve
timing, liners will suffer from much heavier wear, carbon deposits
and overheating. It is possible with this type of 4-cylr. engine to
obtain perfectly smooth running at as low as 20 to 25 r.p.m. over
long periods by taking care to see that the valve timing is correct
and that the lubrication is efficient. The balance of the engines was
so satisfactory that it was found unnecessary at any time to harden

Engines.

Average Per

Average Average engine Per 1,000,000 ft. R.p.m. Piston
wear wear top and Engine 1,000 piston av. speed.
top. bot. bot. average hours. travel. 6 yrs. Top. Bot.
2.64 3.13 2.88 - .00327 in.  .00011 in top —_—

2.85 3.84 3.34 3.16 mm. .00431 in. 110.7 561.6 767.8
ft ft.
p.m. p.m.
3.06 3.3 3.18 J— .00411 in. .00C096 in bot. —
212 2.62 2.36 —_ —_— —_ —_
3.59 3.54 3.565 00460 in. 000118 in top
2.73 3.83 3.28 3.37 mm. .00420 in. —_ 110.8 561.6 767.8
ft. ft.
p.m. p.m.
2.84 3.41 3.12 —_ 00400 in. .000103 in bot. —
3.10 3.92 3.51 - .00451 in. —_ —_
10 months old due to cracks
Distance, miles, 421,441.

up any holding-down bolts during the whole nine years, an unusual
state of affairs even with most steam engines. Some particulars of
the average and general wear of the liners are given in the accom-
panying tabless—A. A. Righton, "The Motor Ship”, Vol. XXV, No.
297, October, 1944, pp. 226-228.

Roller Bearings on Board Ship.

Some of the U.S. Maritime Commission's ships equipped with
geared Diesel engines have been fitted with taper roller bearings to
support the pinions of the mechanical gearing. Bearings of this type
have also been employed for transmitting the propeller thrust on
board a variety of U.S. naval vessels ranging from high-speed
motor-boats to cruisers, and their behaviour is said to compare most
favourably with that of the normal thrust bearing, test data showing
that the coefficient of friction is only about 0-003. The design most
commonly adopted comprises a steep-angle bearing having a double-
cone inner race, the housing being of the spherical self-aligning type
in order to allow for deflections of the hull. As the bearing can
take the radial load as well as the thrust load, the supporting bear-
ings can be dispensed with, thus making the unit more compact.
Further, while oil can be supplied under pressure if desired, it is
claimed that satisfactory lubrication can be effected by maintaining
a suitable oil level in the sump.—“Shipbuilding and Shipping Record”,
Vol. LXVI, No. 15, 12th October, 1944, p. 339.



The M.E.P. Piston Ring.

Heavy-oil Engine Progress.

The paper constitutes a brief survey of the progress made during
the past SO years in the design and construction of heavy-oil engines,
with special reference to the development of the combustion chamber
and fuel injection system. Three main stages of development are
considered, viz.: (I) the low compression engine, (IT) the medium
compression engine, and (I1l) the high compression engine of the
present day. The author then proceeds to discuss and illustrate the
various developments which took place in the design and construction
of the combustion chamber and fuel injection system during each of
these stages—Paper by J. IV. Armstrong, “Transactions of the Insti-
tute of Marine Engineers”, Vol.LVI, No. 9, pp. 185-192.

Manganese Bronze Co.'s Propeller Shaping Machine.
A machine for shaping the backs, and in some cases the faces,
of ships’ propellers is illustrated in Fig. 2. The result is obtained

Fig. 2.

automatically and without the aid of a master propeller. Referring
to the upper diagrams on the left, the propeller (A) is mounted on
a horizontal rotary table (B) which can be raised or lowered inter-
mittently by gearing. The horizontally reciprocating part (D) of the
head operates in slides carried by a frame (E). The frame also em-
bodies cross slides (F) in which a former (G) moves in a transverse
direction. The intermittent movements of the former are arranged
to be in step with those of the rotary table. The former (G) com-
prises a rectangular plate with predetermined contours. There is a
roller CH) on the planing head (D) maintained in contact with the
plate. When the head is reciprocated, the tool (T) performs a stroke
compounded of two rectilinear motions at right angles. Both these
motions take place in the vertical plane containing the axis of the
table (B), the tool (T), the planing head (C, D) and the roller (H),
The part (C) is connected by link mechanism, whereby vertical motion
is imparted to the head as the roller rises and falls in contact with
the former (G). The proposed diameter of the roller is 3in,, the
width I-5in.. and it is rounded at the periphery to a radius of 0-75in.
A former for a three-bladed propeller is shown in the lower left-
hand diagram. The propeller would have blades 20in. long, the
sections (1—9) being taken at radii of 20-5in. 18in., 16in., 14in.. 12in,
10in., 8in,, 6in. and 3in. The edge (T) of the former corresponds with
the leading edge of the blade, while the edge (K1 corresponds with
the trailing edge. In the right-hand diagram are shown sections of a
blade (1—6) taken at 14in.. 12in,, 10in., Sin., 6in. and 3in—“The Motor
Ship”. Vol. XXV. No. 299, December. 1944. p. 302.

Design and Construction of High-pressure Boilers.

The design and construction of marine boilers for the generation
of steam at pressures up to 1,5001b./in.2 and temperatures of 900°-
1.000° F. involve fewer problems than had been anticipated. Since
the ratio of the density of water to saturated steam at 1501b./in.2
pressure is only one-fifth of that at 4001b./in.a it is sometimes
thought that the design of a marine boiler to operate with natural
circulation at a steam pressure of 1,S001b./in.2, is a matter of some
difficulty, where it has heen proved both by calculations and practical
experience that these conditions do not involve the use of an abnormal
number of downcomers. Tn designing the superheaters for the
higher temperatures the velocity of steam must be kept high enough
to maintain the tubes at a temperature at which no undue “creep”
of the tubes will take place. The higher the velocity, the greater
the pressure gradient, so that in order to avoid any excessive drop
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of pressure in the superheater, it becomes necessary, when the rate
of heat absorption is high, to use alloy steels such as *'18-8”, which
can be employed at a higher temperature than low carbon or low
alloy steels. The higher the pressure of the steam the lower its
specific volume, which means that for the same pressure gradient
in a tube, a higher mass flow can be carried with high-pressure than
with low-pressure steam. Either radiant of convection superheaters,
or a combination of both may be used for high-pressure boilers.
Since the intensity of heat absorption is greater with a radiant super-
heater than with a convection superheater, the mass flow of the
steam is usually greater, which increases the pressure gradient; but
since the total surface of the radiant superheater is less than that of
the convection superheater, the overall pressure drop need not be re-
latively large. The radiant superheater is particularly suitable for
use with a boiler having a separately fired superheater or reheater.
The author’s firm (the Foster Wheeler Corporation) have built and
operated a marine type boiler delivering steam at a pressure of
8251b./in.2 and a total temperature of 850° F., and are completing
the construction of others for a working pressure of 1,5001b./in.2 and
total temperature of 1,000° F.—Abstract of paper by J. Blizard pre-
sented at the 1944 annual meeting of the Society of Naval Architects
and Marine Engineers, “Marine Engineering and Shipping Review”,
Vol. XLIX, No. 8. August, 1944, pp. 204 and 206.

Pescara Supercharged Cas Generator and Turbine Propulsion System.
In Fig. 3 are shown two lay-outs of free-piston oil-engined gas

generators and turbines for a propulsion plant. The parts in the

upper diagram comprise a rotary blower (A) driven by a gas turbine

(B) which is supplied by generators (C). The main gas generators

(D) supply a turbine (H). This turbine drives the propeller (34)

through reduction

gearing. It is stated

that the plant can

maintain a high effici-

ency over a wide

range of load. At low

loads, the clutch (35) "J"J3"J
is engaged, while the
clutch (38) is disen- r r r r
gaged and the valve
(30) is closed. The

gas generators (D) are
stopped, together with
the blower (A), while
the generators (C)
draw air from the
atmosphere  through
a valve (29). The
turbine  (B) alone
drives the propeller
through the clutch
(35) and the gearing.
At the intermediate
loads both clutches
are engaged. The
valve (30) is closed
and the gas generators
(D) are stopped. The
blower (A) delivers
supercharged air to
the generators (C) and the turbine (B) drives the blower (A) as well
as the propeller. At high loads the clutch (35) is disengaged. The
valve (30) is opened and the gas generators (D) are brought into
action. The air-compressing section (A, B, C) now serves wholly
to feed compressed air, the blower (A) supercharging its own gas
generators (C) and the generators (D) which supply motive gas™ to
the turbine (H) for driving the propeller. A method of controlling
the adjustment rods of the gas-generator fuel pumps is included in
the mechanism shown in the lower diagram. The turbo blower (B,
A) of the auxiliary group drives a centrifugal governor (44), while
the turbine (E) drives a second governor (45). The governors actuate
parallel rods (46, 47) sliding in a frame (48). There is also a third
rod (49) and all the rods are connected by a lever (50) which slides in
joints in the rods (46, 47). The rod (49) is connected to the iniection-
pump control rods (12) of the auxiliary group (C). The position of
the lever (50), shown in full lines, corresponds to a reduced load, the
full load position being indicated by a dotted line—*“The Motor
Ship”, Vol. XXV. No. 299, December, 1944, p. 302.

Fig. 3.

The M.E.P. Piston Ring.

An improved form of oil-engine piston ring, known as the
M.E.P. piston ring, has recently been put on the market in this
country. It is actually made up of two separate components, viz., a
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plain ring and a wedge ring, the object of the latter being to eliminate
any vertical play of the plain ring in the piston groove. Referring
to the accompanying sectional diagrams, the wedge ring tends to
spring outwards and therefore nips the plain ring and prevents any
play of the latter in the piston groove. This represents a partial re-
straint of the outward spring of the plain ring, owing to its tightness
in the piston groove. When there is pressure behind the rings due
to gas leakage, especially in the top, or firing, rings, the wedge ring
exerts sufficient pressure on the plain ring to hold it firmly in the
piston groove and prevent any undue outward spring. This theory
has been borne out in practice by the fact that where M.E.P. piston
rings have been used, the cylinder bore does not become tapered at
the firing position, as it frequently does when plain rings are fitted.
When a piston fitted with M.E.P. rings is withdrawn for examina-
tion, it is usually found that the wedge ring and the plain ring in
the top grooves are apparently jammed, but a slight tap in their cir-
cumference will show that this is merely due to the contraction of

the grooves in a cold condition. However, this fact demonstrates
the impossibility of fitting a single solid ring in a cold piston groove
and expecting it to work without vertical clearance in that groove
after several hours of high-temperature running. The illustrations
show how the rings are inserted. The plain ring is first placed on
the land just below the groove into which it is to be put (Fig. 1),
and the w'edge ring is then inserted in the groove (Fig. 2). One end
of the plain ring is then inserted by holding the wedge ring against
the bevelled edge of the groove. The wedge ring is kept in that
position while the piston is worked round until both rings are in-
serted in the groove in their correct position (Fig. 3). When the
wedge ring is first inserted in the groove it should be placed with the
opening 180° offset from that of the plain ring—"The Motor Ship”,
Vol. XXV, No. 298, November, 1944, p. 263.

Superheaters for Watertube Boilers.

In a paper on the above subject read before a recent meeting
of the Institute of Fuel by L. C. Southcott, B.Sc. and Dr. D. W.
Rudorff, it was pointed out how progress has increased the amount
of heat imparted to the steam by the superheater from about 10 per
cent, of the total for working pressures of 2001b./in.2 to over 26 per
cent, when the working pressure is 1.4001b./in.2 This, and the_in-
creasing temperatures (600° to 950° F. for the two pressures just
cited), has caused the superheater to be brought nearer to the furnace
as an alternative to an umvieldly increase in its size. An early de-
velopment of this form of superheater was the Babcock and Wilcox
multi-pass interdeck superheater with headers situated in the gas path.
The introduction of water-cooled furnace walls reacted on the super-
heater for two reasons, the first being the higher percentage of CO,
which could be carried by the employment of a water-cooled furnace
and the consequent reduction in the weight of the hot gases available
for superheating. At the same time, there has been some reluctance
on the part of the boiler designers to reduce the amount of the con-
vection heating surface between the furnace and the superheater, and
this has made it necessary' to place some of the superheater tubes
between the front rows of steam generating tubes in order to obtain
a location possessing a sufficiently high gas temperature and main-
tain a reasonably uniform steam temperature at various loads. The
employment of higher steam temperatures brought up the problem
of control. With temperatures around 850° F,, turbine makers could
not accept the possibility of rises above this figure for any length of
time, so that superheater manufacturers had to include in their
guarantee clauses to safeguard users against damage resulting from
an excessive rise of temperature. Although control of superheat by
the use of both contact and non-contact de-superheaters, as well as
by the regulation of gas flow by dampers or by means of separate
furnaces, has been practised for many years, it was not until 1932
that the first order was placed in this country for an inter-controlled
superheater in which primary and secondary stages were used with
a non-contact de-superheater regulating- the degree of inter-stage
cooling. Regulation bv control of gas flow has also been employed
in this country, sometimes by by-passing a proportion of the gases
and sometimes, as in the Babcock-Johnson and Yarrow’ boilers, by
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providing two gas outlets. In some cases, de-superheating by direct
injection of feed water between two superheating stages or—more
usually—after full superheating, has been adopted; but this method
is open to the objection that dissolved salts may be brought in with
the water. Whatever the system employed, adequate superheater sur-
face must be provided to meet the specified requirements under the
conditions most adverse to the superheater, so that at all other times
the superheater surface will be in excess of requirements. It is
possible, however, to utilise a minimum superheater surface if the
control of the superheater is effected by means of separate specially-
located burners. Where steam temperatures of more than 850° F.
are likely to be experienced for extended periods, welded joints are
generally used in the superheater itslf. The headers are manufac-
tured with welded-on stub tube ends and the elements are welded
to these stubs when the boiler is erected. It is usual to cut out up
to about 3 per cent, of the welded joints for inspection. The main
causes of trouble with superheater installations are, in general : (i)
ashing of the external surfaces causing a reduction of superheating,
the load in some cases being restricted because of the reduction of
draught through the superheater; (2) failure of elements due to
bursts caused by stoppages from salts carried over in the steam;
and (3) failure by overheating during the period when the steam
pressure is rising. As regards ash, reasonable freedom from this can
sometimes be secured by soot blowers, but this is dependent upon the
type of ash and the facilities afforded to the soot-blower designer.
Washing the superheater with water or steam has also been adopted
in the last few years. Undoubtedly much of the ash trouble has
been due to the very close pitching of the superheater tubes, which is
inevitable if a high degree of superheat is to he got from a convection
superheater; but the design may be such that open pitching is
possible for a portion of the superheater, and promising results have
been obtained hy giving an open pitch to the first two or three rows
of superheater tubes. Such pitching does not necessarily prevent
deposits of ash on the front tubes, but the greater space between
those tubes lengthens the time before bridging occurs, and this makes
mechanical cleaning easier. By the time the gases reach the closely
pitched tubes they are cooler and the tendency for ashing is conse-
quently reduced. From the carrying over of solids, failures can be
extensive. In one installation where frequent trouble was experi-
enced a reduction in the degree of water concentration coupled with
the tightening up of the separating baffles in the steam drum led to a
marked reduction in the number of element failures. Overheating of
the superheater elements while the steam pressure is being increased
is by no means uncommon, although it has been proved by actual
tests that steam can be raised in a cold boiler to a pressure of
1,4001b./in.2 in 2i to 3 hours without permitting the metal tempera-
tures in the superheater to exceed a safe figure. As to materials, mild
steel has been found to be quite suitable and safe for pressures up
to 7001b./in.2 and steam temperatures of 850° F. Where somewhat
higher temperatures are to be dealt with, molybdenum steel tubing is
to be recommended, and for still higher temperatures low chrome-
molybdenum tubing is employed. All these steels, however, have
poor resistance to scaling; therefore for steam temperatures above
900° F. it is desirable to maintain high rates of flow to keep the
metal temperature as close as possible to the steam temperature.
Moreover, these high steam velocities entail an adequate pressure
drop, and so make for uniform steam distribution if the header
design is reasonable. Rectangular headers were used in some of the
early superheaters, but increasing pressures and temperatures made
it necessary to adopt the circular form. For high pressures solid
forgings, suitably machined, are general, with drawn tubes for lower
pressures. With forged headers, the flanges and branches can be
integral. A number of 0-5 per cent, molybdenum headers are in use
for temperatures of 900° to 960° F—"The Syren”, Vol. CXCIT, No.
2,510, 4th October, 1944, pp. 15 and 25.

Boiler Control.

The authors state that the purpose of their paper is to discuss
the control of marine boilers, and particularly the use of various
devices for improving the responsiveness and efficiency of steam
generating units. In advocating the use of meters and automatic
controls for regulating the operation of ships’ boilers, the authors
make the_following claims in regard to the advantages to be derived
from their adoption : (7) simplified operation a"d more efficient use
of personnel: (2) fuel economy; (3) increased life of furnaces and
auxiliaries; (4) improved engine efficiency through closer regulation
of steam pressure and steam temperature conditions; and (5) less
smoke. The above claims are briefly discussed and the authors then
proceed to describe the various types of metering and control dev'ces
available for marine work, these being illustrated bv diagrams. The
concluding portion of the paper is devoted to an explanation of the
safety precautions to be taken to prevent furnace explosions in marine
boilers which are being operated by means of automatic controls.
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The authors express the opinion that a more extensive use of meters
and automatic control will accompany the increasing trend towards
the employment of high pressures and temperatures in marine boilers.
—Paper by B. G. Bailey and P. S. Dickey, “Transactions of the
Institute of Marine Engineers”, Vol. LVI. No. 8, September 1944
pp. 173-181.

English Electric Co.’s Engine Drive with Cearing and Electro-magnetic
Slip Couplings.

A diagrammatic arrangement of ship’s propelling plant with
gearing and electro-magnetic slip couplings is illustrated in Fig. 1
The engines (1, 4) are coupled to the shaft (7) having pinions (29,
30). One pinion (29) meshes with an idler pinion (31) and the

corresponding gear-wheel (32) is secured to a hollow shaft (33).
This shaft is mounted freely on the propeller shaft (15). The for-
ward pinion (30) meshes with the gear-wheel (35) on another hollow
shaft (36), which is also free on the propeller shaft. The input
member of the electro-magnetic slip coupling (34) is secured to the
shaft (33) and the output member drives the propeller shaft (15).
At the forward end, the input member of the slip coupling (37) is
secured to the shaft (36), the output member also being attached to
the propeller shaft, as in the case of the after unit. An electro-
magnetic brake (40) retards the speed of the propeller shaft when
the ship is required to go astern. The pinion (29) drives the pro-
peller shaft in one direction through the gear-wheel_ (32) and the
coupling (34), while the pinion (30) drives the shaft in the reverse
direction through the gear-wheel (35) and the coupling (37). The
field windings of the coupling (34) are connected between slip-rings
(38a, 38b), while those of the brake (40) are connected between slip-
rings (38b, 38c). With the coupling (37), the field windings are con-
nected across a pair of slip-rings (39). The switch (22) and the
rheostatic regulators (21, 23, 26) are wired to a supply unit (20).
The ahead and astern gearing is enclosed in a casing (41), the hollow
shafts (33, 36) projecting from opposite sides, with the propeller
shaft (15) extending right through both of the hollow shafts. The
electro-magnetic slip couplings are on the slow speed side of the
gear, which is a suitahle arrangement for an installation employing
high-speed engines—“The Motor Ship”, Vol. XXV, No. 299, Decem-
ber, 1944, p. 302.

Blowing Down Boilers.

The Ministry of Fuel and Power have recently issued a Bulletin
for the guidance of boiler attendants and users of steam boilers deal-
ing with the blowing down of boilers. It is suggested that there is
a general impression that boilers are blown down simnly to blow out
sediment and mud from the bottom of the shell or drums, and that
scale is lessened by blowing down. Little is known about the safe
limits of concentration of the salts in the boiler water in relation to
priming, whilst a hvdrometer is frequently regarded as a scientific
instrument only to be handled by a chemist. After explaining why
it is necessarv to blow down a boiler, the Bulletin gives a useful
guide as to the best time to blow down. The routine control of
blowing down is then described and the factors which influence the
amount of blowing down necessary to prevent priming are examined.
The value and use of the hydrometer in testing samples of boiler
water to ascertain the amount of dissolved solids it contains is dealt
with at length. The need for careful supervision where continuous
blowing-down connections are fitted, in order to prevent unnecessary
loss of heat (and fuel), is stressed. Then follows a section on heat
recovery from continuous blowing down. Much has yet to be done
in this direction as regards fuel saving, and many operators fail to
realise that they have in their boiler blow-down much useful heat
which might be put to work in order to reduce the amount of heat
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to be provided by the boilers. Clear directions are also given for
calculating the amount of blowing down required. The Bulletin is
available free of charge from the Ministry of Fuel and Power,
London, or from Regional Offices of the Ministry.—“Metallurgia”,
Vol. 30, No. 180, October, 1944, p. 328.

Richardsons, Westgarth Engine Piston Construction.

The accompanying sectional diagrams show the construction of
an improved design of piston for Diesel engines recently developed
and patented by Richardsons, Westgarth & Co., Ltd. The top plan
is a section at the line A of the elevation; the centre half-plan is
taken at the line B; and the bottom half-plan is through the top
part of the piston at the line C. The assemblj’ comprises four main
parts, viz., the piston crown (1), the bottom crown (4), the conical

Fig. 1

distance piece (10), and the piston-rod flange (16), which fits between
the distance piece and the bottom crown. The top crown is secured
to the bottom crown by studs (11) and the bottom crown is attached
to the piston-rod flange (16) by studs (14) which pass through the
latter. As some differential expansion may take place between the
inner and outer walls of the bottom crown, a flexible disc (18) is
fitted between it and the piston-rod flange, being secured to the latter
by a ring (19). A globular deflector (22) is located in the top crown
for directing the flow of the cooling fluid, which is delivered through
a pipe (23) in the bore of the piston rod. A conical deflector (26)
is fixed in the bottom crown. The cooling fluid passes up the pipe
(23) and is deflected by a diaphragm (25) through holes (30) in the
base of the globular deflector into the space (32) inside the piston
crown. From this annular space the cooling fluid passes down
through a hole (33) at the top of the globular deflector to the passages
(34) and holes (35) into the bottom crown. The return flow is by
way of openings (27) in the wall of the conical deflector (26) which
communicate with corresponding holes (29) in the piston-rod flange
and enable the fluid to flow into the annular space (24) between the
central pipe and the bore through the piston rod. In order that the
complete piston may be cylindrical and flush from end to end, a split
casing (36i) is clamped round the distance piece (10). The halves
of this casing are held together by nuts and studs (39), which pass
through the vertical flanges of the casing in a manner shown in the
top plan view—"The Motor Ship”, Vol. XXV, No. 298. November,
1944, p. 268.

British Merchant Shipbuilding in 1943.

Some particulars have now been released of representative types
of ships ordered for Government or private account, and delivered
bv British shipyards in 1943. It would appear that, on the whole,
the 10,000-ton d.w. tramp steamer constituted the backbone of the
output during that year. A typical design of a vessel of this class
is the “B” type closed shelter-decker having a deadweight of about
10,400 tons and gross tonnage of about 7,000. The midship portion
of these vessels has been fabricated by constructional engineering
works, but the ends, which are not adapted for pre-fabrication, are
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built in the usual way in the shipyards. This class of ship has six
holds, one of which is arranged as a reserve coal bunker, with steel
grain divisions clear of the hatches, and a special feature of the
equipment is the full provision for handling cargo. In many of the
vessels a 40-ton and a 50-ton derrick are fitted. Compared with pre-
war practice the ballast capacity of these ships is large, and some
1,000 tons more water ballast than was formerly considered necessary
can be carried in deep tanks abreast the machinery spaces, in the
wings between Nos. 1 and 2 holds, and at the sides of the tunnel aft
—a disposition which gives the ship a good trim and a proper im-
mersion of the propeller, when light, without imposing any undue
stresses on the hull structure. The ship’s officers and petty officers
are accommodated in deck-houses amidships, while the seamen and
firemen are berthed aft. A typical machinery installation is a triple-
expansion engine and three coal-fired boilers working at 2201b./in.2
with forced draught. Cargo vessels of this general class have been
built by Armstrong Whitworth, Burntisland, Connell, Harland and
Wolff, Readhead, J. L. Thompson, Lithgow, Bartram, Short, Gray
and Pickersgill. A series of motorships with similar characteristics
to the steam tramps have been built by Doxford, Barclay Curie and
other shipbuilders. In addition to what might be termed standard
cargo tramps, vessels of special design have been constructed for
the M.o.W.T. These include a number of 10,000-ton cargo ships with
three 120-ton derricks for handling heavy and bulky items of cargo;
partially refrigerated steam tramps with an insulated-cargo capacity
of 250,000 cu. ft., as constructed by Short, Lithgow and Armstrong
Whitworth; fully-refrigerated motorships of 10,000 tons d.w. with
a refrigerated capacity of about 450,000 cu. ft.; and smaller, general-
purpose tramp steamers of some 4,700 tons d.w., having two 80-ton
derricks and suitable for use as crane ships. Apart from these
cargo vessels, the 1943 deliveries included a number of steam and
motor tankers of from 11,000 to 15,000 tons d.w. and a variety of
smaller vessels, such as Diesel-engined coasters of 350 tons d.w.,
oil-burning steam tugs, and steam puffers with all-welded hulls
carrying about 140 tons of cargo. Mention must also be made of a
number of fast cargo liners, of which the “Empire Chieftain”, 11,950
tons d.w. built by the Furness Co., may be taken as an example.
This vessel is equipped with geared turbines and has two Foster-
Wheeler type watertube boilers. The cargo-handling equipment in-
cludes an 80-ton, a 50-ton and a 30-ton derrick, and there is accom-
modation for 12 passengers. The ships ordered by private owners
include a much wider diversity of types and vary in size from
about 8,000 to 11,200 tons d.w. Most of the fast cargo vessels have
twin screws driven by oil engines or geared turbines.—IFairplay",
Vol. CLXHI, No. 3,198, 24th August, 1944, p. 296.

English Electric Co.’s Oil-cooled Bearing.

An improved design of oil-cooled bearing has recently been
patented by the English Electric Co., Ltd., and is illustrated in Fig. 2.
Some of the oil supplied to this bearing passes into the interior of

the bush, whilst the remainder is discharged through annular cham-
bers around the outside, thus giving a cooling effect. The bush is
of the usual split type and has a channel (1) on the outside, com-
municating with further channels (2, 3) by means of holes (7) at the
bottom of the bearing. The shaft carries a disc (4) which picks
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up oil and discharges it through a spout (5) into a collecting trough.
The oil in this trough reaches the central channel (1) through filters
(11) and grooves (12), and there are holes (& for lubricating the
thrust surfaces at the ends of the bush. In order to increase the
cooling area, the annular chambers (2, 3) are provided with fins.
The level of oil in these chambers rises, due to the head of oil in
the trough at the top. Escape holes (8) are provided for the oil to
overflow and run into the sump below, while air locks are pre-
vented by the provision of holes (9) at the top of the bearing.
Additional escape holes (10) are arranged in the vicinity of the split
in the bush. These holes do not allow the oil to escape as rapidly
as it enters from the trough, so that there is always enough oil to
reach the upper part of the bush and thus pass awav through the
upper escape holes (8).—“The Motor Ship”, Vol. XXV, No. 298,
November, 1944, p. 268.

Research Laboratories of the Bureau of Ships.

The functions of the Bureau of Ships of the U.S. Navy De-
partment include the administration of a number of laboratories in
which technical and scientific research work is carried on hv specially
trained naval officers and civilian scientists. These establishments
include the Naval Research Laboratory of Anacostia, D.C.: the David
W. Taylor Model Basin at Carderock, Md.: the Naval Engineering
Experiment Station at Annapolis, Md.; the Naval Boiler and Turbine
Laboratory at the Philadelphia Navy Yard; the Industrial Test
Laboratory at that yard; the Material Laboratory at the Brooklyn
Navy Yard; the Radio and Sound Laboratory at San Diego, Cal.: the
two Industrial Laboratories at Mare Island. Cal., and at the Puget
Sound Navv Yard, Bremerton, Wash.; and the two Test Laboratories
at the Charleston, S.C., and Portsmouth, N.H.. Navy Yards. In
addition to these establishments, there are several others in which
more specialised research work is carried on, these beine the Paint
Laboratories at the Mare Island and Portsmouth, Va.. Navv Yards;
the Rubber Research Station at Mare Island: the Metals Laboratory
at Munhall, Pa.; the Rope Laboratory at Boston, Mass: the Petro-
leum Laboratories at Houston, Tex., and at Norfolk. Va.; and the
Experimental Diving Unit at the Washington, D.C. Navy Yard.
Among the research work which is being carried out in some of
these establishments at the present time is the development of heat-
resisting lubricating oils; research into the life of electrical storage
batteries: the development of suitable materials for salt-water pipe
systems in ships, the study of boiler mountings. O.F. burners and
similar appliances; the development of special pine and hull insulat-
ing materials: the testing of electric cables and electrical appliances;
the testing and development of substitutes for manila rones: and the
development of fire-resisting paints, which minimise the fire hazard
aboard ship. The Training School for Water Tpnders and Firemen
at the Philadelphia Navv Yard, where these E R. ratings undprgo
their initial training, works in close touch with the Boiler and Tur-
bine Laboratory of that yard.—"Marine Enpinrrring and Shipping
Reviezv”, Vol. XLIX, No. 8, August, 1944, p. 182.

Sufficient Oil for 100 Years.

Not long ago it was said that the world's oil reserves would
only suffice for a period of 14 years, this estimate being based on
the belief that the proved reserves of petroleum amounted to some
3,000 million tons, which corresponds _to about 14 times the world’s
annual consumption. The position has now been analvsed by the
Standard Oil Company, of New Jersey, whose pronouncement on
this matter represents the official views of the American oil industry.
It is pointed out that "proved reserves represent a conservative esti-
mate of the readily recoverable oil in actually developed fields onh.
Thev reflect no part of the petroleum we expect to fi"d to-morrow”.
Tn the LT.S. some 14 million square miles or 960 million acres are
favourable for the accumulation of petroleum, and on the basis of
past experience it is anticipated that at the very least 15000 square
miles will prove to be petroleum-producing land. An averaee yield
of 10.000 barrels per acre is certain, thus providing a total of 96 000
million barrels, of which 28.000 million barrels have already been
produced. This leaves approximately 70.000 million barrels to he re-
covered, but the increased efficiency of present-day recovery processes
makes this amount equivalent to 100.000 million barrels or 15.000
million tons. It is considered that oil fields outside the U.S. will pro-
duce a further 15,000 million tons, giving a prospective supply of at
least 30.000 million tons. This should be more than enough to last
for over a centurv at the present rate of consumption. The analysis
of the Standard Oil Co.. concludes with the following encouraging
comment: "Whenever it becomes possible to permit our svstem,
which has been so successful in the past, once more to function freelv
(after the removal of war restrictions) we may confidently expect
our oil industry to provide the base of cheap fuel on which this
country has built its high living standards”—“The Motor Ship", Vol.
XXV, No. 296. September, 1944, p. 173.



Papers and Discussions, Annual

Adams, G. T. Contribution to discussion on “The Engining of
Post-War Cargo Vessels of Low Power™

Allan, G. J. Contribution to discussion on “Some Notes on
Welded Ship Construction™

Annual General Meeting

Annual Report

Armstrong, J. W. Paper on "Heavy-Oil Engine Progressl
Ashmore, J. S. Contribution to discussion on “Development,
Principles and Application of the Combustion Turbine”

Atkins, Com’ H. F. Contributions to discussion on *“Boiler
Feed Water Regulation™
Ayre, Sir Amos, Contribution to discussion on "Some NOteS

on Welded Ship Construction™

Bailey, E. G. and P. S. Dickey. Boiler Control™
Balfour, Robert. Obituary
“ (Bauer-Wach System). Reciprocating Machinery with Exhaust

TurbinePaper by P. L. Jones in the symposium, “The

Engining of Post-War Cargo Vessels of Low Power”

Paper on

Blackledge, R. S. Paper on "Electrical Machinery for Use
with Ships® Auxiliaries™
Reply to the discussion
Blair, D. K. Obituary
Portrait
“ Boiler Ailments and Their Cures, Common™. Paper by J. H.
Milton
" Boiler Control”. Paper by E. G. Bailey and P. S. Dickey
“‘Boiler Feed Water Regulation™ Paper by H. Hillier
“Boiler. The Schmidt-Hartmann Watertube™ Article by
J. P. Ricard

Booth, Dr. N. Contribution to discussion on
Principles and Application of the
Boyd, G. M. Contribution to the discussion on
Applications of Welding to Engmeermg
Bruce, D. Paper in the symposium, “The Englnmg of Post-
W ar Cargo Vessels of Low Power”
Reply to the discussion
Bunyan, T. W. Contribution to
Machinery for Use with Ships'
Burn, W. S Contribution to discussion on
Welded Ship Construction™
Contribution to discussion on
of Welding to Engineering”

“ Development,
Combustion Turbine”
“Some Modern

discussion
Auxiliaries”
“Some Notes on

“Some Modern Applications

Calderwood, J Summary of the eight papers contributed to
the symposium on “The Engining of Post-War Cargo
Vessels of Low Power”

Camps, H. E. J. Contribution to
on Welded Ship Construction™

" Cargo Vessels of Low Power, The Engining of Post-War”
Symposium of papers read and discussed

Carr, L. H. A. Contribution to discussion
Machinery for Use with Ships’ Auxiliaries”

Champion, G. T. Contribution to discussion
Machinery for Use with Ships’ Auxiliaries™”

Chipchase, R. S. Contribution to discussion on
on Welded Ship Construction™

Christianson, W. A. Contribution to discussion on “The En-
gining of Post-War Cargo Vessels of Low Power™

discussion on”Some Notes

‘‘Some Notes

“Circuit Breakers for Circuit Control and Protection in Marine
Installations. Fuses and” Paper by C. P. Harrison ...
Clarke, John H. Contribution to discussion on liThe Engining

of Post-War Cargo Vessels of Low Power”
Coatsworth, H. M. Contribution to discussion on

Modern Applications of Welding to Engineering
Cocks, F. C. Contribution to discussion on “Some Notes on

Welded Ship Construction”
““Combustion Turbine. Development,

“Some

Prmmples and Appllcatlon

of the”. Paper b> Professor S. J. Davies and Dr. M. I.
fraw zi

“Common Boiler Ailments and Their Cures”. Paper by
J. H. Milton

Cook, S. S. Paper in the symposium, “The Engining of Post-
W ar Cargo Vessels of Low Power”
Reply to the discussion

Corin, T. Contribution to discussion on ‘‘Some Notes on
Welded Ship Construction™
Cowlin, F. J. Contribution to discussion on ‘‘Development,

Principles and Application of the Combustion Turbine”

Cox, Dr. H. Roxbee. Contribution to discussion on liDevelop-
ment, Principles and Application of the Combustion
Turbine”

Craigmyle, Lord. Obituary and portrait..

Cranston, E. W. Paper in the symposium, “The Englnlng of
Post-War Cargo Vessels of Low Power”
Reply to the discussion

Craven, Bt. Sir Charles. Obituary and portrait

Curling, B. C Contribution to discussion on “Developmem,

Principles and Application of the Combustion Turbine”

Davidson, Major General A. E. Contribution to discussion on
““The Engining of Post-War Cargo Vessels of Low Power”
Davies, Professor S. J. and Dr. M. |. Fawzi. Paper on
““Development, Principles and Application of the Combus-
tion Turbine”
Reply to the discussion
Davies, Dr. W. Contribution to discussion on “Development,

Principles and Application of the Combustion Turbine”
“Some Notes on

Day Contribution to discussion on
Welded Ship Construction” .
Denny, E. L. Contribution to discussion on “The Englnlng Of
Post-War Cargo Vessels of Lew Power".

Issue
August
May
May, 1945
May, 1945
October
Jan., 1945
June
May
September
February
July
December
October
February
September
June
March
Jan., 1945

November

July
August

December
xMay

November

July
May
July
December
December
May
August
March
August
November

May

Jan., 1945
February

July
August

Jan., 1945
October

July
August
December

Jan., 1945
August

Jan., 1945

Jan., 1945
May

August

INDEX.

Page

149

54
*

ix
185

258

49

178
10

215
233
193
194

173

59

18

252

205

123
hvaN

228

47

206

129

50

85

280

229

49

148

11

150

46

239

109
164

253
251
193
103
163
236

258

139

239

258

256

50

145

Report and Institute Notes.

“Design and Construction of Diesel-engined Tankers. The™
Paper by H. S. Humphreys
“ Development, Principles and Application of the Combustion
TurbinePaper by Professor S. J. Davies and Dr. M. I.
Fawzi .
Dewar, J. M. Obituary and portrait
Dickey, P. S., and E. G. Bailey. Paper on ““Boiler Control”
“ Diesel-Electric Machinery”. Paper by D. E. Jewitt in the
symposium, “The Engining of Post-War Cargo Vessels of
Low Power”
" Diesel-engined Tankers. The Design and Construction of”
Paper by H. S. Humphrejs
“‘Diesel Machinery (Doxford). Paper by W. H. Purdie in the
symposium, “The Engining of Post-War Cargo Vessels of
Low Power ..
“‘Diesel Machinery.
posium,
Power”
“‘Diesel Machinery (Sulzer)”.
symposium,
Low Power”
Dight, Eng. Rear Admiral, S.R. Contribution to discussion on
liBoiler Feed Water Regulation™”
Dorey, Dr. S. F. Contribution to discussion on ““The Engin-
ing of Post-War Cargo Vessels of Low Power”
Dorrat, J. A. Paper on “Some Modem Applications of
Welding to Engineering”
Reply to the discussion
“ (Doxford), Diesel Machinery”.
symposium,

Geared” Paper by D. Bruce in the sym-
“The Engining of Post-W ar Cargo Vessels of Low

Paper by E. W. Cranston in the
“The Engining of Post-War Cargo Vessels of

Paper by W. H. Purdie in the
“The Engining of Post-War Cargo Vessels of

Low Power”

““Electrical Machinery for Use with Ships' Auxiliaries”. Paper
by R. S. Blackledge

“Engineers’ Button. The” By Eng’r.-Capt. Edgar C. Smith,
O.B.E., R.N

Engineers for the Merchant Navy. The Training o f

““Engining of Post-War Cargo Vessels of Low Power.

Symposium of papers read and discussed
Appendix 1

Appendix 2. Steam Proposals. Technical Data
Appendix 3. Diesel Proposals. Technical D ata

The Authors’
Corrigenda
Correspondence
Everest, F. J. Contribution to discussion on
of Post-War Cargo Vessels of Low Power”

replies to the discussion....

““The Engining

Fawzi, Dr. M. I. and
“ Development,
tion Turbine”
Reply to the discussion
““Feed Water Regulation, Boiler”. Paper by H. Hillier
“Fuses and Circuit Breakers for Circuit Control and Protection
in Marine Installations™. Paper by C. P. Harrison
‘“‘Geared Diesel Machinery”. Paper by D. Bruce in the sym-

Professor S. J. Davies. Paper on
Principles and Application of the Combus-

posium, “The Engining of Post-War Cargo Vessels of Low
Power™

‘‘(Gotaverken System). Reciprocating Machinery with Exhaust
Turbine”. Paper by J.-B. O. Sneeden in the symposium,
“The Engining of Post-War Cargo Vessels of Low
Power”

Grange, Lieut. Col. G. Rochfort. Contribution to discussion
on “The Engining of Post-War Cargo Vessels of Low
Power”

Gregson, Major W. Contribution to discussion on ‘““The En-

gining of Post-War Cargo Vessels of Low Power
Guild of Benevolence Annual Meeting and Report

““Fuses and Circuit Breakers for
and Protection in Marine Installations”
Contribution to discussion on “Electrical Machinery for
Use with Ships’ Auxiliaries”
““Heavy-Oil Engine Progress”. Paper by J
““High Pressure Geared Turbine Machinery”
Cook in the symposium,
Vessels of

Harrison, C. P. Paper on
Circuit Control

W. Armstrong
Paper by S. S.

“The Engining of Post-W ar Cargo

Low Power”

Hillier, H. Paper on ‘‘Boiler Feed Water Regulation”
Author’s reply to discussion on “Boiler Feed Water Regu-
lation™ . . .

Hoare, A. Contribution to discussion on

“The Engining of

Post-War Cargo Vessels of Low Power” ..

Hoare, Eng’r Rear-Adm’l D. J. Contribution to discussion on
“ Development, Principles and Application of the Combus-
tion Turbine”

Howlett, T. E. R. Contribution to discussion on “The Engin-
ing of Post-War Cargo Vessels of Low Power”

Humphreys, H. S. Paper on ,IThe Design and Construction
of Diesel-engined Tankers"
Contribution to discussion on “The Engining of Post-War
Cargo Vessels of Low Power”

Hunter, M. Contribution to discus
on Welded Ship Construction™

on on “Some Notes

Jackson, S. B. Contribution ‘ Boiler Feed
Water Regulation””
Contribution to discussion on “The Englnmg of Post-War
Cargo Vessels of Low Power”

Jaffrey, J. A. Contribution to discussion on

to discussion on

Development,
Principles and Application of the Combustion Turbine”

XXXV

Issue
Anpril
Jan., 1945
Jan., 1945
September
July

April

July

July

July
June
August

November

July

December

February
May

July
August
August
August
August
September
Jan., 1945
August
Jan., 1945

June

March

July

July

August
August
May, 1945
March
December
October
July

June

June

August

Jan., 1945
August
April
August

May

June
August

Jan., 1945



Contribution to discussion on ‘'Electrical Machinery for
Use with Ships' Auxiliaries”
Contribution to discussion on
Cargo Vessels of Low Power"
Contribution to discussion on
Ship Construction”

Jameson, A. Contribution to discussion on “Some Notes on
Welded Ship Construction™

Jewitt, D. E. Paper in the symposium, “The Engining of
Post-War Cargo Vessels of Low Power” ...

Reply to the discussion

Jones, F. M. Contribution to discussion on "Electrical Mach-
inery for Use with Ships' Auxiliaries™

Jones, Contribution to discussion on "The Englnlng of
Post-War Cargo Vessels of Low Power"

Jones, P. L. Paper in the symposium, “The Englnmg of
Post-War Cargo Vessels of Low Power”
Reply to the discussion

The Engining of Post- War

“Some Notes on Welded

Kendall, T. L. Contribution to discussion on |,The Engining
of Post-War Cargo Vessels of Low Power”
King, Dr. J. G. Contribution to discussion on

Development
Principles and Application of the Combustion Turbine”

Laidlaw, A. B. S. Contribution to discussion on "Boiler Feed
Water Regulation™
Luncheon, Institute

"Machinery for Use with Ships' Auxiliaries.
by R. S. Blackledge
Reply to the discussion

M arkham, E. Contribution to discussion on “Development,
Principles and Application of the Combustion Turbine”

M artin, Harold. Contribution to the discussion on *‘“Sonie
Modern Applications of Welding to Engineering”

Merchant Navy. The Training of Englneers for the ..

Miles, T. S. Contribution to discussion on “Electrical Machin-
ery for Use with Ships’ Auxiliaries™ .. .

Milton, J. H. Paper on “Common Boiler Ailments and Their
Cures”
Reply to Mr. J. M. Thomson’s contribution to the discus-
sion on “Common Boiler Ailments and Their Cures”

“Modern Applications of Welding to Engineering. Some”
Paper by J. A. Dorrat

Moon, A. Ramsay. Contribution to the discussion on “Some
Modern Applications of Welding to Engineering”

Electrical” Paper

Napier, H. A. M. Contribution to discussion on "“The En-
gining of Post-War Cargo Vessels of Low Power”

Naval VVarcraft Designation. U.S

Nelson, W. Lynn. Contribution to discussion on “Some Notes
on Welded Ship Construction”

N Ithsdale, W Contribution to discussion on
Post- War Cargo Vessels of Low Power”

Nott, R. H. P. Contribution to discussion on
of Post-War Cargo Vessels of Low Power”

"The Engining of

Obituary
Balfour, Robert
Blair, D. K
Craigmyle, Lord
Craven, Sir Charles, Bt
Dewar, J. M
Preece, Eng’r Vice-Admiral Sir George, K.C.B.

“Oil Engine Progress. Heavy-” Paper by J. W Armstrong

Oxburgh, R. T. Contribution to discussion on “Some Notes
on  Welded Ship Construction™

Parnall, Engineer Rear-Admiral W. R. Contribution to dis-
cussion on “The Engining of Post-War Cargo Vessels of
Low Power”

Patton, J. Contribution to discussion on
Welded Ship Construction™

Paxman, E. P. Contributions to discussion on “The Engining
of Post-War Cargo Vessels of Low Power”

“Some Notes on

Perry, W. G. Contribution to the discussion on
Modern Applications of Welding to Englneerlng
Pochobradsky, B. Contribution to discussion on Development
Principles and Application of the Combustion Turbine”

Contribution to discussion on “The Engining of Post-War
Cargo Vessels of Low Power™
" Post-War Cargo Vessels of Low Power. The Engining of"
Symposium of papers read and discussed... .
Preece, Eng’r Vice-Admiral Sir George. Contribution to dis-
cussion on “Boiler Feed Water Regulation™
Contribution to discussion on Development Principles and
Application of the Combustion Turbine”
Obituary and Portrait
Pudney, F. A. Contribution to the discussion on
Modern Applications of Welding to Engineering™
Purdie, W. H. Paper in the symposium, “The ERgifing of
Post-War Cargo Vessels of Low Power”
Reply to the discussion

“Some

Rebbeck, Denis. Contribution to the discussion on
Modern Applications of Welding to Engineering”
Remprocallng Machinery with Exhaust Turbine (Bauer- Wach

System)”. Paper by P. L. Jones in the symposium, “The
Engining of Post-War Cargo Vessels of Low Power” ..
"Reciprocating Machinery with Exhaust Turbine (Gotaverken
System)”. Paper by J.-B. O. Sneeden in the symposium,
“The Engining of Post-War Cargo Vessels of Low Power”
Ricard, J. P “The Schmidt-Hartmann Watertube Boiler™

issue
December
August
May
May

July
August

December
August
July
August
August
Jan., 1945

June
May, 1945

December

Jan., 1945

November
May

December
February
September
November
November
August
April
May
August

August

February
October
October
December
Jan., 1945
Jan., 1945
October

May

August
May

August

November
Jan., 1945
August
July

June

Jan., 1945
Jan., 1945

November

July
August

November

July

July
March

Page
231
155
51

51

118
169

230

157

85

160

147

252

78
xxi

215
233
255

204
54

228

182
195
205
147

40

45
153

141

10
193
193
236
264
263
185

50

137
49

140
156

208
254

138

76

251
263

208

96
162

208

85

90
18

Riddell, A. M. Contribution to discussion on "Development,
Principles and Application of the Combustion Turbine” ..
Contribution to the discussion on “Some Modern Appli-
cations of Welding to Engineering”
Contribution to discussion on “Some Notes on Welded Ship
Construction”
Contribution to discussion on “The Eng|n|ng of Post-War
Cargo Vessels of Low Power”

Robinson, W. J. Contribution to discussion on “Developmen,
Principles and Application of the Combustion Turbine”

Sampson, W Contribution to
Water Regulation™
Saunders, C. Wallace. Paper in the symposium,
ing of Post-War Cargo Vessels of Low Power”
Reply to the discussion
Savage, A. N Contribution to discussion on
Machinery for Use with Ships’ Auxiliaries”
“Schmidt-Hartmann Watertube Boiler. The”
Ricard .
Schwarz, B. Contribution to discussion on"Electrical Mach-
inery for Use with Ships’ Auxiliaries”
Shepheard, R. B. Contribution to discussion on “Some Notes
on Welded Ship Construction” ...
“Ship Construction. Some Notes on Welded

discussion on “Boiler Feed

“Electrical

Article by J. P.

Paper by James.

Turnbull .
Smith, Engineer-Captain Edgar C. Article on “The Engineers’
Button”
Smith, S. Livingston. Contribution to discussion on “Develop-
ment, Principles and Application of the Combustion
Turbine”

Sneeden, J.-B. O. Paper in the symposium
Post-War Cargo Vessels of Low
Reply to the discussion

“Some Notes on Welded Ship Construction”
Turnbull

Souchoite, Ernest. Contribution to discussion on “The Engin-
ing of Post-War Cargo Vessels of Low Power' ...

Spanner, E. F. Contribution to discussion on “Some Notes on
Welded Ship Construction®’

Stephens, E. O. Contribution to discussion on “Some Notes on
Welded Ship Construction”

Sterland, E. G. Contribution to discussion on Development,
Principles and Application of the Combustion Turbine" ..

Sullivan, H. M. Contribution to discussion on “The Engining
of Post-War Cargo Vessels of Low Power” ..

“(Sulzer). Diesel Machinery” Paper by E.W. Cranston in
the symposium, “The Engining of Post-War Cargo Vessels
of Low Power”

“The Engining of
Power”

Paper by James

“Tankers. The Design and Construction of Diesel-engined"
Paper by H. S. Humphreys
Telfer, Dr. E. V. Contribution to discussion on “The En-
gining of Post-War Cargo Vessels of Low Power”
Contribution to discussion on “Some Modern Applications
of Welding to Engineering”
Contribution to discussion on “Some Notes on Welded Ship
Construction™
Thompson J. M. Contribution to
Boiler Ailments and Their Cures’
Training of Engineers for the Merchant Navy

discussion on “Common

The

“Turbine. Development, Principles and Application of the
Combustion” Paper by Professor S.J. Davies and Dr. M. I.
Fawzi

“Turbine Machinery. High Pressure Geared”
Cook in the symposium,
Vessels of Low Power”

“Turbo-Electric Machinery”
the symposium,
of Low Power”

Paper by S. S.
“The Engining of Post-War Cargo

Paper by C. Wallace Saunders in
“The Engining of Post-War Cargo Vessels

Turnbull, James. Paper on “Some Notes on Welded Ship
Construction™
Reply to the discussion

Contribution to the discussion on

“Some Modern Applica-
tions of Welding to Engineering*

U.S. Naval Warcraft Designation

W ans, Oswald. Contribution to discussion on “The Engin-
ing of Post-War Cargo Vessels of Low Power”

W are, P. G. Contribution to discussion on “Development,
Principles and Application of the Combustion Turbine”

W arne, E. G. Contribution to discussion on “The Engin-
ing of Post-WaY Cargo Vessels of Low Power”

“Watertube Boiler. The Schmidt-Hartmann™ Article by J. P.
Ricard

“Welded Ship Construction. Some Notes on” Paper by
James Turnbull
« Welding to Engineering. Some Modern Applications of”

Paper by J. A. Dorrat
Welsh, R. J. Contribution to discussion on “The Engining
of Post-War Cargo Vessels of Low Power”

W headon, H. J. Contribution to discussion on
Water Regulation™
Contribution to discus Development Prmmples and
Application of the Combustion Turbine”
Contribution to discussion on “The Englnlng Of Post War
Cargo Vessels of Low Power”

W hittle, Air Commodore F. Contnbunon to
“Development,
tion Turbine'*

Wood, B. Contribution to

Boiler Feed

discussion on
Principles and Application of the Combus-

discussion on “Development,
Principles and Application of the Combustion Turbine”

Wood, G. Contribution to discussion on “The Engining of
Post-War Cargo Vessels of Low Power™ ...

XXXVi

Issue
Jan., 1945
November
May
August

Jan., 1945

June

July
August

December
March
December
May

May

February

Jan., 1945

July
August

May
August
May

May

Jan., 1945

August

July

Anpril
August
November
May
September
May
Jan., 1945

July

July

May
June

November

April

August
Jan., 1945
August
March
May
November
August
June

Jan., 1945

August

Jan., 1945
Jan., 1945

August

Page
257
208

53
150

252

78

113
165

232
18
231
45

41

251

90
161

41
143
51
54
255

157

103

21
153
204
46
181
54
239

109

113

41
57

205

40

153
252
146
18
41
195
149
79
257

148

256
256

142



Additions to the Library.

Issue Page Issue Page
Aerodynamics, by N. A. V. Piercy. February 9 Engineering M aterials Annual. Edited by H. H. Jackson .. July 133
Alternating Current Bridge Methods, by B. Hague ..February 9 Engineering Production Annual, by  Paul Elek (Pub-
Analysis of Engineering Structures, The, by A. S. S. Pippard June 83 lishers) Ltd December 237
Apprenticeship Training. Blackburn Aircraft, Ltd.. ..May 55 England’s Sea Officers, by Michael Lew is.. June 83
Aslib Wartime Guides to British Sources of Specialised Infor-
mation No. 5, Engineering other than Electrical.. April 40 Fuel Economy in the Operation of Boiler Feed Pum ps.... June 83
Assessing of Salvage Awards. The, by C. T. Sutton.. .December 238 Fuel Efficiency Bulletins Nos. 1 to 5 and 6 to 35 (Ministry
of Fuel and Power) December 237
Battle of the Oceans, by Warren Armstrong February 10
Boiler Feed W ater Treatment, by H. J. M atthews November 213 Gas Turbines and Jet Propulsion for Aircraft, by G. G. Smith April 40
Bonded Rubber for Machinery Mountings (Andre Rubber
Co. Ltd.) June 82 Half Mast, by Edmund W atts September 183
Bonding of Rubber to Metals, by S. Buchan June 82 Heat Engines. A first Text Book, by Dr. A. C. Walshaw ... October 193
Brassey’s Naval Annual, 1944 August 172
British Coal, by H. L. Pirie June 83 Industrial Bulletin, No. 4, Oils. Economical Lubrication of
British Corporation Register of Shipping and Aircraft Ship Stationary Internal Combustion Engines (Ministry of Fuel
and Machinery Rules, T he April 39 and Power) September 183
British Legion Guide to W ar Pensions and Service Allowances April 40 Introducing Plastics, by F. W. Kellway and N. P. Meadway ... May 55
British Patent System, The (Chartered Institute of Patent
Agents) June Journal of Commerce and Shipping Telegraph Annual Review,
British Standard Specifications, as follows :— The March 19
No. 205 : Part 8—1943. Glossary of Terms used in Elec-
trical Engineering February Little Ships. The, by Gordon Holman February 10
No 192— 1943. B.S.W. and B.S.F. Open-ended Carbon
Steel Spanners February Marine Electric Power, by Capt. Q. B. Newman September 183
No 1119— 1943. High Speed Steel Butt-Welded Blanks Marine Engine and Fireroom Guide, by Jacobs and Cad R December 237
for Shanked Type Cutting Tools February Marine Engineering. Vol. 2. Edited by H. L. Seward December 236
No. 1148— 1943 Diamond Tipped Turning Tools February Mechanical Testing of Metallic M aterials, by R. A. Beaumont June 83
No. 163 : Part 1—1943. Galvanised Steel Wire Strand for Mediterranean Fleet, Greece to Tripoli. The H.M. Stationery
Signalling Purposes February Office September 183
No. 758: Part 3—1943. Domestic Hot Water Supply Men Behind Victory, by Donald Stokes November 213
Boilers February Merchant Navy at War. The, by Capt. Frank H. Shaw ... April 40
P.D. 191—1943. STA.7. Schedule of Service Non-Ferrous Modern Foundry Practice. Edited by E. D. Howard . July 132
Metals and Alloys—Relevant Specifications, Uses and Motor Boat and Yachting Manual. The July 133
General Notes February Munro’s Engineer’s Annual, 1944 February 9
No. 308—1943. Engineering Drawing Office Practice .. March . . ) .
No. 1153— 1944, Recomendations for the Storage of Newcomen Society for the Study and History of Engineering
Micro-film M arch 19 and Technology. Transactions, Volume XXI, 1940-41 .. September 183
No. 430— 1944. sSolid Drawn Steel Receivers April 39 . . .
No. 1157—1944. Tapping Drill Sizes.. April 39 Oil Engine Manual. The, by D. S. D. Williams July 133
Standards Review, Vol. I, No. 1. May, 1944 June 82 On Britain’s Business, by H. E. Metcalf.. February 10
No. 735. Samplivng and’AnaIysis of vCuaI and Coke for Our Mercantile Marine, by Cuthbert M aughan September 183
Performance and Efficiency Tests on Industrial Plant August 172 R R . R R
No. 1171— 1944 High Duty Studs and Tapped Holes in Plastics Scientific and Technological, by H. Ronald Fleck ... April 40
Light Alloys August 172 Post-War Cargo Ship. The Search for Efficiency, by Stanley
No. 1168—1944. N'on-Reinforced Diamond Dies for Wire Hinde . s - e June 82
Drawing August 172 Problems in the Utilisation of Small Coals (British Coal U tili-
No. 394— 1944 Short Link Wrought Iron Crane Chain ... August 172 sation Research Association) e December 237
No. 57—1944 B.A. Bolts, Screws, Nuts and Washers .. November 213 . . . .
No. 529, Parts 1 & 2—1944. Steel Eyebolts Part 1: With Questions and Answers for Marine Engineers. Compiled by
Collars. Part 2: Without Collars for Lift Suspension November C_apl. H. C. Dinger, U.S.N. (ret.) P September 182
No. 1100, Part 2— 1944. Production Control in the Small Questions and Answers for Practical Engineers. 1,000, by )
Factory November 213 -P. W . Blandford e > April 39
No. 350— 1944. Conversion Factors and Tables ... November 213 Quin’s Metal' Handbock and Statistics, 1943. Compiled by
F. B. Rice-Oxley March 19
Cargt_) Coaling Plants, by J. Dalugl P September 183 Radiographic Inspection of Metals, by Otto Zmeskal... August 172
Caspian ~Odyssey. Naval Operations 1918/19 by Nicholas . A A A
N Lischin September 183 Recommendations for the Application of Electric Arc Welding
_ . A . ; 55
Chemical Analysis of W aters, Boiler and Feed W aters, Sew- Refrlin ersahtli?)nc?r?ms”rl\ci“sonb (AAdmll:r’allyé ra :lﬂoayember 214
age and Effluents. The, by Denis Dickinson... September 183 9 ps. by : ) Y
Chemical Industries. Edited by L. lIvanovsky ..December 237 Sailing To-night with the Merchant Navy, by Commander
Clouds and W eather Phenomena, by C. J. P. February A. B. Campbell December 238
Coal Tar Fuels (Association of Tar Distillers) ... . November Sea Transport, edited by A. C. Hardy February 10
R R . R . . L Select Committee on National Expenditure (H.M.S.0.) April 40
Delerml_na[lon of Particle Size in S!Jh?S|eve Rang_e_ (British Ship You Will Command. The, by John P. Tayor November 213
Co'll.lery' Oowners Research. Assoclatlon and British Coal Some Notes on Weir Auxiliaries, by J. Sim December 237
Utilisation Research Association) B - August 172 Steam Trapping and Air Venting, by L. G. Northcroft May 65
Development in the Design of Heavy Oil Engines, by R. A. . Steam Turbine Theory and Practice, by W. J. Kearton May 55
~ Collacott April 40 The Story of Oil, by W. J. Roberts.. . February 9
Diesel Engine Catalog. Vol. 8 Ed. by R. W. Wadman ... June 83 Substitutes, by H. Bennett December 238
Diesel Engineering Handbook, 1943. Edited by L. H.
. Maorrison .and C. F. Foell N April 40 Testing of Internal Combustion Engines. The, by S. J. Young
Diesel Operation—Fuel and Lubricants (The Texas Company, and R. W. J. Pryer ... September 182
N Y_' N : . . September 182 Thermal Technics of Steam Boilers. The, by J. Webster .. December 237
Economical Lubrication of Steam Turbines and Reciprocating Thermodynamics Applied to Heat Engines, by E. H. Lewitt March 19
Steam Engines (Ministry of Fuel and Power. Industrial
Bulletin, Oils No. 8) April Under Cunningham’ Command, 1940-1943, by Com'r G.
) Stitt, R.N. November 214
Electrical Technology, by H. Cotton - 8 February Understanding Marine Engines by Question and Answer, by
Electricity Suppl.y, 'Dlsmbunon .and Insta.llatlon. Published W. O. Horsnaill February 8
by The Institution of Electrical Engineers. 9
Electr!c Powervstatlgns, bv. T'.H,' Carr.. . 83 Very Ordinary Seaman, by J. P. W. M allalieu September 183
Electric Welding in Shipbuilding, published by H.M.
Stationery Office February 9 Welding for Ship Construction in British Shipyards, by W
Electronic Theory and Chemical Reactions, by R. W. Stott ... November 214 Elder July 133
Elements of Administration. The, by L. Urwick - 214 W hite Metalling, by H. Warburton ... July 133
Elements of Aeroplane Hjdraulics, by H. P. Lees 55 W ith the Merchant Navy (Raphael Tuck & Sons, Ltd,) September 183
Engineering as a Career (Pegson, L td.)... R September 183
Engineering Drawing, by Arthur Cryer.. October Youth at War. Various Authors P
MEM BERS. Name Issue Page
Name Issue Page Argyros, Anacreon Emmanuel June
November
Adam, John Lochhead June 82  Ashcroft, Henry
Alexander, Andrew Linton Brownlie September 182 o . June 82
Allen, Robert Bradbury June 82 Baillie, W illiam Edward February 10
Allen, Ronald June 82 Barker, H. W .. July 132
Anderson, lsaac September 182 Barr, Alexander Wallace June 82
Angus, Eric James . ‘3“"5 82 ?arron, Jor_ln Spencelayh R July 132
Archibald, David James une 82 Batha, Kaikhushroo Ardeshir ..
+Transfer.

XXX Vii



Name
Beazley, Joseph Howe
Beckton, Frederick Hugo
Beech, Harold Stewart...
Bek, Louis Peter
Benke, Arthur Lionel
Beverton, Herbert Davey
Blowen, Henry Godfrey
Bolt, Frederic Leslie
David Clark .
Bowie, Peter John
Bowler, Charles Joseph Bernard
Boyles, James
Boyton, Alfred James
Brown, Charles Herbert
Brown, Leslie Lashmore
Burrill, Lennard Constantine
Byrnell, Harold Vincent

will

Caldwell, James
Callow, James M artin
Canning, Fletcher
Cant, Andrew James
Carmichael, Daniel
Chambers, Cecil Bertram
Close, Anthony
*Coleman, Robert Wi
Coslett, Leonard James
«Cowley, Norman

Cox, Leonard Clive
Cross, Frank
«Cubitt, James Campbell
Currie, Henry Philip
eCutlack, Valentine Neville

«Dale, Ernest

Davies, W illiam Gladstone
Davis, Allan W illiam
Day, Richard Jess
Dean, Alexander ..
Dixcee, Harold Thomas Brlieu
Drinkrow, Robert Winter

Duff, Alexander
*Dunne, John Richard

Edwards, Charles Leslie
*English, Robert Henry
Evans, Albert

Flory, Harry Gunn
Fondeur, Pierre
Fowler, John

Freeman, John Rodwell

Girvan, W illiam
Glansfield, James Roy
Grearson, Bernard Wilfred
Green, John Ward
Greenhalgh, Edwin
Gregson, W illiam
Griffith, Arthur Thomas
Griffiths, W alter Idris
Gurney, George W ilfred

Haddy, Frederick George
Hamilton, Andrew
*Hamilton, George
Harding, R. W ...
Harrower, Edward .
Haverman, Jacobus Marie
Henderson, James
Hepton, Maurice Frederick
Hillier, Harold
Hoare, Alfred
Hoare, Arthur
Holroyde, John Bailey
Houstoun, John
Howie, John

Hughes, Hugh
Hutton, James C airns...

«Jack, William
James, Harold Godfrey.
Jamieson, Malcolm Livingstone
Jefferies, Frank Hubert

*Jones, Leonard
Jones, Percival Frederick
Joynson, William John

Kelly, Eric
+King, Douglas Henry
King, Edward Norman
Kissack, William Mylrea
*Knight, James Andrew

sLaidlaw, Archibald Hamilton
sLane, Harry
Lang, John Russell
Lashmore, Harry
Leake, Jack Parker
Logie, John Sharp
Ludlow, Percy George

*MacDougall, Donald Gordon
McCall, James
*McDonald, Robert

Issue
November
July
July
September
March
September
February
October
November
November
December

July

June
March
December
February
Jan., 1945

June
July
November
July
Jan., 1945
November
September
December
July
November
December
June
December
July
June

December
Jan., 1945
June

Jan., 1945
March
November
July

Jan., 1945
N'ovember

October
September
July

February
July
March
July

February
June

June
February
September
September
June

July
November

June
September
July
October
March
September
November
December
June
February
September
March
Jan., 1945
July

July
February

February
March
June
June
December
July
December

November
July
October
Sepfember
September

November
June
June

July

June
N'ovember
December

March
September
June

Page

214
132
132
182
19
182
10
194
214
214
238
132
82
19
238
10
262

82
132
214
132
262
214
182
238
132
214
238

82
238
132

82

238
262

82
262

19
214
132
262
214

194
182
132

132
19
132

262
132
132

10

10
19
82
82
238
132
238

214
132
194
182
182

214
82
82

132
82

214

238

19
182
82

Name
*McDonald, Wilfred
McLachlan, W alter Oswald
+Mansfield, Herbert Frederick
*Marriner, George Taylor
Marshall, Thomas
M atthews, John A yerst.
*Mead, Gerald Stanley
Mole, Frank Seth Douglas
Munro-Miller, Hugh W hite

*Newall, Robert
Newell, Frederic Oldershaw Jerrain
Nichols, Charles Thomas
Nicholson, David Henry
Nicholson, George Hampshire
Page, George Joseph Charles
Parish, Edward James
Perks, Eric Alford

Perren, James W illiam
Pladdie, Alexander

Plummer, Reginald Harry Everest
Potts, Vernon
Pringle, Harry

Ramsay, James Bell
Ravelo, Antonio
Read, James
*Rebbeck, Denis
Reid, Alexander Nairn
*Reynolds, Louis John Victor
Rhodes, George Malcolm
*Robb, Fleming
Roberts, Theophilus Maldwyn
Robertson, Arthur John
Robertson, George
Robinson, Eric Arthur
*Robinson, John George.
Robson, James John
Rotter, Josko

+Saffin, Horace Ernest George
Saul, William Hogan .
Saunders, Howard Roder
Shepheard, Rex Beaumont
Sheriff, Thomas
Sim, James
Simmons, Alexander
Simpson, Harper Graham
Simpson, James Gorton
Smith, Deans Carson

Smith, James Leggatt

Snowdon, James Lewis
Souchotte, Ernest Frederick
Spencer, Brian Roff .
Spencer, Richard Kirkup
Steel, John
Stephen, Alexander Murray
Stevens, Alfred Edward
Stewart, John Marsh
Stewart, W alter Randolph
Stobbs, Arnold Hunter
Stokoe, Charles Leslie
«Stubbs, Bertie
Swain, Robert Francis..

k

Thomas, Glen J
Thomas, Sydney
Thompson, John
Thomson, James Oshorn
Thornton, John William Noah
Tomlinson, Harry
Trotter, Peter Cowc
Turner, Thomas Halliday

van der Horst, Hermanus Hendrikus
van Wezel, Adriaan
evan W ijk, Jacob Bernard

W allis, Herbert William

*Walsh, Frederick Campbell
W alton, John Purcell
W ard, James Moore
Ward, John Ross

W ardle, Frederick

W aters, John Henry .
Weir, The Hon. James Kenneth
Weldon, Joseph
W hite, Charles William
Wi ilson, John Frederick Samuel
W ilson, Robert Foster..
Wilson, Robert Hardy ..
W ilson, W illiam Ronald MacKellar
W ishart, Wiliam Ronald
Wrigley, Charles Fisher

Young, Wilfred

COMPANIONS.

Coombs, W illiam Harry
Pollitt, Arthur

ASSOCIATE MEMRERS.
Barber-Starkey, Joseph W illiam Mainguv

*Clark, Francis David

«Espin, William L esP '

*Transfer.

XXXVili

Issue
February
July
February
December
February
Jan., 1945
June
December
September

June
October
July

Jan., 1945
June

June
November
September
June
September
December
July

June

Jan., 1945
July
September
February
November
March
July
February
June

June
December
June
November
December
June

October
March
Jan., 1945
June

June

June
November
June

Tune

July

July
March
December
Jan., 1945
September
September
June
February
November
June
September
September
November
March

September
September
December
November
June
November
December
December

June
June
September

July
September
February
June
February
September
September
June
September
September
June
March
March
November
February
September

March

November
November

October
September

November

Page
10
132
10
238
10
262
82
238
182

82
194
132

262
82
82

214

182

82
182
238
132

82

262
132
182
10
214
19
132
10
82
82
238
82
214
238
82

194
19
262
82
82
82
214
82
82
132
132
19
238
262
182
182
82

214
82
182
182
214
19

182
182
238
214

82
214
238
238

82
82
182

132
182
10
82
10
182
182
82
182
182
82
19
19
214
10
182

19

214
214

194
182
214



Name
Legood, John Robert

New, Ronald Henry
Roberts, Austin Sandy
Rusdale, Frank William
Simpson, Jack
Spanner, William Frank

Turner, Laurence Gilbert

W ilkinson, Bruce Arundel

ASSOCIATES.

Abel, W alter Bertram .
Altham, George Harold Thomas
Attwell, W illiam George

Back, Victor Walter
Banks, Henry
Bateson, Kenneth James
Beal. Geoffrey .
Bell, James Burnett
*Bennee, Raymond Yandell
*Back, Joseph Landells

Blackman, Blanchard Noel
Blackshaw, Philip Reginald
Boobyer, Edgar Frederick

Boothman, John Comrie

Bowden, Jack Beresford
Boyd, William Cooper
Bradley, Roy
*Bremner, John Bremner
Bruce, David
Bryan, Stuart Gordon
Buddie, John James

Buis, Edward Lyndon

Calvert, Leicester Melbourne Edward
Campbell, Mungo
Cannon, W illiam Joseph
Carson, Alfred Maurice
Carstairs, Robert Angus
Chamberlain, John Henry
Clay, John Armstrong
Collins, David John

Collins, Harold Garibaldi
Collins, Richard A ustin
Cox, Leslie...
Craig, lan Gordon
Craig, John
Cromey, William Robinson
Crowley, Desmond Albert Richard

Darlington, Cyril Edward
Deans, Robert .
Draper, Philip

*Duncan, Ernest Harold
Dunwoodie, Ronald Pearson

Easton, Alfred William
Elliot, John
Emery, Alfred Arnold
Erulkar, David Solomon

Fallon, Peter Joseph
Faulkner, George

Field, Frederick Leslie
Fisher, Anatole
Fleming, John —
Fleming, Norman Wallace
Fletcher, George Maximilian
Fowler, Harold Riggall
Frost, Herbert Arthur

Gaches, Peter Luen
Gauld, Douglas Robertson
Gibson, Leslie Gerald
Giles, Bruce James
Gill, Percy Roland

Gillies, John Douglas
Ginn, Ralph Robert
Glen, William .
Goulding, Geoffrey Arthu
Guard, Douglas Eric

Hall, Charles Stewart
Hallworth, Henry
Hamilton, George
Hampson, John
Hanna, Alexander
Harvey, Norman Joseph Meany
*Hay, Francis Allen
Heads, John George
Herbert, Sydney George
Hinman, Jack -
Holcroft, William
Hughes, John Birch
Hughes, John Douglas
Humphries, James
Hunt, Edgar Parkes
Hunter, Francis Magnus
Hunter, lan Ferguson...
Hunter, Maurice Stewart

James, Ivor Gwyn
Johnston, Laurence
Jones, Richard Piercc

Kerridge, Edgar lIsrael..
Kidd, Robert Douglas Farrar
Kitching, Geoffrey Wallace

Issue
June

July

October
Jan., 1945

December
Jan., 1945

June

November

June
December
March

March
February
July
September
February
September
June
March
June

June
December
July
February
December
June
July
November
June

July

June
June
December
June
November
June
March
March
December
March
March
June
July
September
July

November
December
Jan., 1945
June

September

March
September
June
December

February
Jan., 1945
March
February
February
March
June
December
March

June
December
March
June
September
December
September
June

July
September

September
June

June

July
September
December
June

June

June
October
June
September
June
March
December
December

July
November

June
March
Jan., 1945

March
March
December

Page
82

132

194
262

238
262

82
214

82
238
19

19
10
132
182
10
182
82
19
82
82
238
132
10
238
82
132
214
82
132

82
82
238
82
214
82
19
19
238
19
19
82
1&

182
132

214
238
262
82

. 182

19
182
82
238

10
262
19

10
19
82
238
19

82
238

82
182
238
182

82
132
182

182
82
82

132

182

238
82
82
82

194
82

182

19
238
238
132
214

82
19
262

19
19
238

*Tr

Name
Laidlaw, Archibald Hamilton
Lally, Thomas Joseph
Lambert, Wilson C lark
Lawrance, George Retson
Livingstone, Robert

M acFarlane, Francis Alexander
MacVicar, James Kennedy Wilson
McCowatt, Robert Andrew
McDonald, Charles
McKay, James Alexander
McQuade, Leonard John
Major, Thomas Wilson
Manson, Peter
Marsh-Jones, Douglas Saunders
M artin, W illiam Alexander

M artin, William Hood

Massey, Lawrence Edward
Mcikle, Thomas Alexander Victor
*Milliken, James Crawford

Miles, George Clarence
More, George
Morrison, Stephen Alexander
Murphy, John Loughlin

Naismith, Robert Baxter
Needham, Thomas
Nell, Jack Sherwood
Newman, Harry
Newton, Matthew Sampson
Norman, Reginald W

Paterson, Douglas George
Pearson, William Robertson
Pemberton, Peter Hugh
Perry, Philip lan
Peterson, Andrew
Plowes, Arthur Edw in
Pover, Alfred James

Rickman, Frederick Wiliam Chisman

Ridley, Henr>
Robertson, lan Christie
Rose, Frank Henderson
Ruthven, Alan

Seymour, Harry
Sharp, John
Shaw, Alexander Russell
Shoebridge, Jack ..
Shone, Kenneth John
Small, Joseph
Smith, Donald Arthur
Smith, James Moffat
Somerford, John Michael
Stainton, Alexander W illiam
Steel, W alter Scott.
Stephenson, Sydney
Stevens, John Francis
Stokes, Peter Henry
Storey, James McW atcrs
Swan, George Ronald

Temple, Jack Lewis Vandyck
Thomas, Gordon......
Thompson, Alfred Noel
Tod, Eric Thomas
Triggs, Robert Roy
Turner, William Llewellyn

van W ijk, Jacob Bernard
Varley, Frederick William
*Vincent, Dudley
Von Batenburg, Lambert

W aage, Finn
W addington, Robert Rowland
W aine, David

W alker, Anthony Spenccr
W allace, W alter Drinnan
W alpole, W illiam

W atson, George

W atson, Robert Alexander
*Webb, Alfred Harold
W halley. Edw ard
W hite, Harold

W hitham, Frederick Yates
W ilkinson, Bruce

W ilkinson, John Charles
Wi illiams, Awustin Thomas
W illiams, D avid..
W illiams, George Beresford

Wi illiams, Laurence Tait

W illiamson, George W illiam
Wills, Ronald Harvey

Wi ilson, Andrew Gordon

W inter, Leslie Gordon

W itten, Alan

Wolman, Rudolf Wincenty Jozef

Dean

Alexander, Charles Gundry
Daniels, George Gordon

"Herbert, Colin Wray
Holthouse, Charles Geoffrey

Johnston, Alfred
King, Arthur William

XXX iX

GRADUATES.

Issue
June
March
March
July
March

July
June
November
December
June
March
March
September
June
December
September
July
November
September
November
February
June
December

March
June
March
October
September
July

July
September
Jan., 1945
July

June

June
October

March
Jan., 1945
September
October
November

June

June
September
June
February
October
June

July
March
December
June

June

July

July
February
Jan., 1945

October
September
November
June

June
February

June
March
November
June

October
February
December
June
June
December
July

Jan., 1945
February
June
June

June
November
December
July
October
February
February
September
February
June
December
July
December

November
November

November
November

Jan., 1945

December

Page

19
19
132
19

132
82
214
238
82
19
19
182
82
238
182
132
214
182
214
10
82
238

19
82
19
194
182
132

132
182
262
132

82

82
194

19
202
182
194
214

82
82
182
82
10
194
82
132
19
238
82
82
132
132
10
262

194
182
2T4
82
82
10

82
19
214
82

194
10
238
82
82
238
132
262
10
82
82
82
214
238
132
194

10
182
10
82
238
132
238

214
214

214
214

262
238



Name
McLachlan, lan McAlpine
Morrison, Robert
Newton, Harry R
Nickson, John Francis
Robertson, James Cameron
Rodger, William Nicole
Rose, John Wi lliam
W ishart, Peter Beaumont
Wood, Henry Gordon

STUDENTS.

Baldwin, Alan William Haughton
Bambrough, Henry Anthony
Bartlett, Francis Nigel Oldfield
Bennett, Edmund David
Bland, Brian Roxberry
Bowes, Edward
Breton, David Charles Geoffrey
Brown, John Peter Hempson
Burnett, Arthur Noel Stuart
Butler, Richard Bernard
Chevallier, John Bretland
Chopra, Devender Chander
Coleman-Smith, John
Cumming, Allen Michael James
Dean, Neville
Deeks, Howard Rlvers
East, James Dudley
Fairchild, Leslie Francis
Fairley, George Donaldson
Abolition of Lloyd’s N.H.P. The
A.C. Auxiliaries. American Turbo-electric Tankers with
Accommodation and Machinery of Post-War Cargo Ships

Crews.
Improved

Accommodation for Tanker
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Aero-dynamic Marine Turbines. Combustion, Exhaust-gas and
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Automatic Lubricating-oil Re-refiner. A n
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Colloidal Fuel . o [ oo
Combustion, Exhaust-gas
Combustion Turbines. Notes on Ship Propulsion by
Common Boiler Ailments and Their Cures...
Comparisons Between Fuel Consumptions of Motorships and

Steamships
Completion of Swedish Motor Liner for Service to Australia
Compressed-air System in Tanker “Ohio”
Compression Rings in Reverse
Concrete Barges. Production of
Concrete Cargo Ship Completed.

propelled
Concrete Ship Construction.

First American-built Self-

Steel Girder and Rod Assembly
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Concrete Ships. Tubular Construction

Condenser Tube Cleaning

Considerations in the Application of Light Alloys to Ship Con-
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“Considerations of the Origin and Development of Heavy Oil
Engines. Some”

Considerations on the Development of the Diesel Engine.
Continental Practice in Diesel Engines
Control of Hand-fired Coal-burning Boilers
Conversion from Oil to Coal Burning
Conversion of Dutch and Danish Trawlers to
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Conversion of the
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Converted Oil Tankers
Cooling Buchi Gas Turbine Rotors
Cooling Pump. A New

Cooling System for Small Craft. Improved I.C.
Correcting Turbine Blade-tip Losses
Corrosion. Examining Tubes fo r
Corrosion of Econoniisers, Air Heaters,
of Air Heater Tubes
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Coupling. Sulzer Flexible
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C.P.R.-built Marine Steam Engines
C.P.R. Cargo Liners. Turbo-electric Machinery for New
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Cylinder Liners. The Life o f
Cylinders. Emptying Freon
Cylinder Wear. Some Suggestions for Reducing
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Free-wheeling Clutch
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Dutch and
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Producer-gas Propulsion.
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New
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Diesel-electric Ship with V.P. Propeiier .
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Diesel-engine Cylinders.
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Diesel Engine Fuel. The Problem of
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Effect of the Ageing of Lubricating
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Diesel Engines. Developments in Blowing and Pressure
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Diesel Propulsion.
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Starting Systems
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Diesel Tugs for Towing Oil Barges on Inland W aterways of
Eastern Seaboard of U.S. One Hundred

Distillation of Oil from Coal

Dobbie Mclnnes Indicator with a Damping Device

Do Mass-produced Ships L ast?
Double-acting-engined Cargo Liner. A 10,000-ton

Double-acting Engine. The New Harland—B. and W
Doxford-Engined Ship for Netherland O wners
Doxford Engine Piston-cooling Pipes
Doxford Engines. Balancing Arrangements for

Doxford Opposed-piston Marine Oil Engines. The Three-
Cylinder

Drawings. Simplified

Drinking-water Supplies on Board Ship. Regulating the
Temperature of

Driving Petrol Engines by Steam

Dual Firing in New Tramps
Dufty Aero-dynamic Governor for Marine Engines
Dummy Funnels
Dutch and Danish Trawlers to Producer-gas Propulsion.

version of
Duties of Ships’ Greasers
Dynamics Applied to Engineering Practice. Experimental Fluid
Dynamite to the Rescue

Con-

Economy of Fuel and Power
“Educational Reconstruction” and its

Mechanical Engineering
Effect of Oil Vapour in Machinery Spaces on Electrical Equip-

Impact on Training for

ment

Effect of Structural Failures on Commercial Value of Liberty
Ships

Effect of the Ageing of Lubricating Oil in Diesel-engine
Cylinders

Efficiency of Turbine
Efficient Lubrication of
Electric Arc Welding
Electrical Equipment.
Spaces on
Electrical Equipment for Victory Ships
Electrical Equipment of Ships. The
Electrical Pressure Gauge
Electric Transmission. M odern
Electro-magnetic Slip Couplings.
Drive with Gearing and
Electro-pneumatic Sewage Ejector for Ships

Gearing at
Gears

Reduced Powers

Machinery

English Electric Co.’s Engine

“Empire Steel”. Mersej built Motor Tanker
Emptying Freon Cylinders

Engine Costs

Engine-driven Rotary Pumps

Engineering Paradox. An

Engine Fuel Cut-off Device

Engine-room Personnel of
tional Courses for
Engine-room Ratings as Engineers
Engine-room Telegraph. Development of the
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Engines of Flying Bombs
Engineering of Post-war Cargo Vessels of Low Power. The
English Electric Co.’s Engine Drive with Gearing and
Electro-magnetic Slip Couplings
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English Electric Co.’s Oil-cooled Bearing
English Electric High-speed Auxiliary Engine
E.R.A. and the Coaster. The

U.S. Destroyer Escorts. Instruc-

Erosion of Turbine Blades

E.R. Skylights and F. W. Tanks. Standardised Oiltight Hatch
Covers

Examining Tubes for Corrosion

Exhaust Gases. Utilisation of

Exhaust-gas-fired Coil Heater

Exhaust Manifolds for Supercharged Oil Engines. Water-cooled
Exhaust Steam Turbines
Experimental Aircraft C arrier
Experimental Fluid Dynamics
Extending Camshaft

Power Output

Applied to Engineering Practice
Operating Life for Increased Engine

Fabricated Deck Fittings
Fabricated Hawse Pipes
Fabricated Shaft Bracket. A

Fabricated Steel Plunger Barrels for Marine Boiler-feed Pumps
Fabricated Stern-frames

Fans for Engine and Boiler-room Ventilation. Torpedo
Fanwheel Failures

Fast-running Engines’ Difficulty
Feed-water Filtration for Marine Use
Feed-water for Watertube Boilers. Pure
Ferry. A 4,500-ton Diesel-electric Car
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Fifty 2,300-b.h.p. Tugs for U.S. Maritime Commission
Filter. A Twin-element Vokes
Filtration for Marine Use. Feed-water
Fine Cargo Salvage Job
Fire Protection of Cased Petrol.
First American-built
Completed

Stowage and ...
Self-propelled Concrete Cargo

Ship

First Gas-turbine Merchant Ship
“Flame Cutting in the Shipyard”
Flame Cutting Machines

Flue Gas Analysis Modern Apparatus for Boiler
Flue Gas Temperature
Fluid Drive. Rapid Progress of the
Fluid Flow Meters. Indication Devices for
Flying Bombs. Engines of
Flying Bombs. Jet Propulsion Units of German
Forced-circulation for Boilers Stable
Foundry Work at Cape Town
Free-piston-engined Air Compressors
Free-wheeling Clutch Coupling for
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Diesel-engine Drive
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Fuel and Powei. Economy o f.. il
Fuel Colloidal _ Te
Fuel Consumptions of Motorships and Steamships. Compari-
sons Between
Fuel Oil Heaters Conserves M aterials.
Fuels for Diesel Engines. High-viscosity ..
Fuel Tanks. Oil and W ater Emulsions and Sludge in Ships”’
Fuel. The Problem of the Diesel Engine ...
“Fundamentals of the Marine Screw Propeller”
Funnels. Dummy
“Fuses and Circuit Breakers for Circuit Control and Protection

New Design ot

in Marine Installations” see e
Future of Marine Engineers. Chalrman of Silver Line’s
Views on
Future of Motorships in U.S.A

Gas-freeing Tanker Compartments
Gas Generator and Turbine Propulsion System.
charged
Gas Turbine. British Development of the Marine
Gas-turbine Merchant Ship. First
Gas Turbine. New Developments of the M arine...
Gas Turbine Propulsion
Gas Turbines for Ships
Gauge for Liquids. Pressure

Pescara Super-

Gearboxes by Chlorinated Rubber. Protection of
Geared Diesels. Performance Record of U.S. Cargo Molorshlp
with

Geared Drive from an Oil Engine with a Compressor and an
Exhaust-gas Turbine _
Geared Drive. Sulzer Engine

Geared M achinerj. Sulzer Opposed-pisto>:

Geared Turbine Installations for Low-powered Ships

Geared Turbine Propulsion

Geared Turbines. Some Problems Affecting

Gearing and Electro-magnetic Slip Couplings.
Co.s Engine Drive w ith

English Electric

Gears. Efficient Lubrication of

Gears. Lead Lubricates Heavy

Gears. Method of Assembling Main Reduction
Gears. Non-metallic

Gears. Single Helical

General Electric Company in 1943 Marine Activities of the
General Particulars of the Victory Ships
German View of the Future of Reciprocating Steam Engmes
Gotaverken Diesel Engine. New
Gotaverken Engine with Sleeve-valve-controlled
Gotaverken Reciprocating Scavenge Pumps
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