
The Future 
In the Royal Navy the gas turbine has progressed from an 

experimental stage to the present situation where this prime 
mover is now being installed in a large number of British war-
ships. Nevertheless, progress has not been as rapid as was 
originally envisaged and some of the obvious inherent advantages 
of the gas turbine have proved remarkably elusive in practice, 
particularly in the generator field. The immediate future is, 
therefore, bound to see a period of consolidation and further sea-
going experience with the existing designs will be necessary to 
ensure that the problems of compressor fouling and turbine 
blade corrosion in marine atmospheres are solved without in-
creased maintenance commitments. 

However, the author still holds the opinion that the gas tur-
bine possesses potential advantages in Naval applications which 
have not yet been fully exploited. Most of the gas turbines re-
ferred to in this paper possess considerable development po-
tential. There is scope for improvement in component efficiencies 
and, provided the problems of nozzle corrosion can be overcome, 
materials now available will enable higher gas temperatures to be 
used without sacrificing life. Both these measures will have the 
effect of reducing duct sizes, weight, and cost for a given power 
and will also increase efficiency over the whole operating range. 
Even greater gains in this direction are possible with blade cooling 
in conjunction with substantially higher gas temperatures, but 
here again a satisfactory solution of the nozzle corrosion problem 
will be necessary before such measures can be adopted. 

Sea experience with the Proteus and G.6 gas turbines has given 
a glimpse of new possibilities in conventional Naval propulsion 
machinery for major warships which would appear feasible with 
an all gas turbine installation. Such an installation comprising 
two or three simple gas turbines driving onto each shaft would be 
particularly suitable for high-speed warships with moderate 
ranges. The whole machinery installation could be effectively 
controlled by one man from an air-conditioned Control Room, or 
bridge control could be arranged if this was considered desirable. 
Shipboard maintenance should be virtually eliminated between 
overhauls thus leading to a major reduction in engineering per-
sonnel carried 011 board. 
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D I S C U S S I O N 
K. A. Austin2 

The history of gas turbine development within the Royal Navy 
has been summarized by Captain Trewby in two significant 
ASME papers. The first, given seven years ago, covered the 
pioneering effort to adapt the gas turbine principle to marine use. 
The present paper records the evolution of worthwhile designs 
and fleet trials of production equipment. 

Fouling Problems. The experience features of Captain Trewby's 
paper are hard to disagree with. Compressors apparently foul 
just as successfully in Europe as they do here. The notable point 
is that fouling represents a continuing hazard and careful meas-
ures must be taken to cleanse inlet air. Even then, effective 
routine cleaning procedures must be devised. 

As turbines become more complex through heat exchangers, 
etc., the basic fouling problem extends in scope. Much work is 
being done in a good cause to increase heat exchanger effective-
ness. This involves myriad passages of small hydraulic diame-
ter but the operational effectiveness of these new devices will 
be negatived unless passage fouling and corrosion are given equal 
billing in research with thermal efficiency. 

Transmission Problems. The availability of a reliable gas turbine 
is fairly well taken for granted. In several places, Captain 
Trewby mentions the open areas that are showing in developing 
matching transmissions. These are referred to briefly in the 
Rover and Blackburn applications and some indication of alter-
native systems is seen in the comparison of Ferocity and Brave 
Borderer. The relative merit of reverse gears and low power 
astern diesels, let alone water pump drives, is still to be evaluated. 

A most interesting transmission problem concerns the G.6 
boost sets in the "Tribal" class frigates. The hydraulic systems 
used are only mentioned lightly, and it would be appreciated if 
further information were available. I note also that these sets 
are used for emergency astern purposes. Have there been any 
problems on calling for astern power and having the energy of the 
vessels way drive the power turbine backward against the gas 
stream. Lycoming's limited experience is that the resultant aero-
dynamic buffetting is slight and the procedure becomes in fact a 
very efficient dynamic braking system. 

Generator Sets. Development of the 500-kw sets has been 
watched with great interest by gas turbine engineers. From 
the comments made, it would seem that the complexity of this 
system has not been found justifiable. It is noted that later sets 

2 Gas Turbine Department, Lycoming Division, AVCO Corpora-
tion, Stratford, Conn. 

Journal of Engineer ing for Power J A N U A R Y 1 9 6 3 / 35 

Copyright © 1963 by ASME

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/gasturbinespow

er/article-pdf/85/1/68/5488318/67_1.pdf by guest on 19 M
ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1115/1.3675219&domain=pdf&date_stamp=1963-01-01


for 500-1500 kw have returned to the concept of a simple robust 
unit without heat exchanger devices. 

The reflective note on present day competitiveness of high-
speed diesel generator sets is interesting. These have undoubt-
ed^' been well developed but comments would be useful on their 
relative noise signature and habitability compared to turbine 
equipment. 

Small Craft. After the demonstrated success of the Brave boats, 
it is sad to read Captain Trewbjr 's remarks about the lack of a 
worthwhile small craft building program. It appears from here 
that interest in highly mobile vessels is increasing and considera-
tion is being given to dj^namic systems such as hydrofoils and 
ground effect machines that were not previously given much 
weight. Of these new systems, hovercraft have probably ad-
vanced farthest in England. This area is one that gas turbines 
really can call their own. In manjr ways, the new craft are de-
pendent on turbine power for their very being. Some comments 
would be welcome on the Rova 1 Navy's views on development of 
lurbines for such fast vehicles. 

G. L. Graves3 

Capt. Trewby is to be commended for a very fine presentation 
on operating experience on British Naval Gas Turbines. It 
would be appreciated if he would comment on the following: 

1 What limit has been established for inlet and exhaust duct 
air velocities? Has consideration been given to resorting to 
higher air velocities at full power conditions and possibly diffusing 
the velocity head at the top of the exhaust stack? 

2 In considering gas turbine fire pumps how important is the 
consideration of first cost? How does first cost of gas turbines 
compare with other engines? 

3 How much improvement in G.6 performance is considered 
feasible and practical? As additional experience is obtained on 
this engine does it have potential as a base load engine? 

4 The salt water intake problem for the G.6 booster engines 
and the Allen and Ruston generator sets is discussed. Why is the 
salt water intake a problem on the generator sets but not the G6 
since the inlets appear to be placed high in the ship for all these 
engines? In the future what kinds of concepts of salt water 
separation will be evaluated? 

J . Gross4 

The author is to be commended for the thorough work in the 
preparation of this comprehensive paper. 

The compilation of data pertaining to compressor fouling 
and cleaning is of particular interest. It is encouraging to see 
that a regular fresh water washing schedule of the compressor 
was also found to be a simple but acceptable method of effectively 
cleaning anj' fouling due to the salt water contamination in the 
intake air. On the Maritime Administration's gas turbine ship 
G.T.V. John Sergeant, a similar water washing method was used 
to guard against salt fouling of the compressor with the exception 
being the washing speed used and the desired time for water 
washing. The procedure found satisfactory was to include the 
washing of the compressor blades as a part of the normal "firing" 
routine for each long sea voyage. This procedure primarily 
consisted of: Engaging the jacking gear onto the free power 
turbine in the hope of preventing an unbalanced condition due to 
any deposits that may be removed from the turbine blading; 
cranking the compressor to a speed of approximately 1400 rpm 
or 20 percent rated speed by the starting turbine; and injecting 
water at a continual rate into the compressor inlet. The rate 
of water injection was maintained at one to two gpm until ap-
proximately twenty-five gallons were used. The cranldng of the 

3 Supervisor, Marine Gas Turbine Development Engineer, U. S. 
Navy, Bureau of Ships, Code 645G, Washington, D. C. Mem. 
ASME. 

' Maritime Administration, Office of Ship Construction, Washing-
ton, D. C. 

unit was continued for several additional minutes after the total 
amount of water was injected in order to allow the casings to 
drain, also during which time the jacking gear was disengaged. 
The unit was then "fired off" and allowed to operate until 
S T A N D B Y was received from the engine order telegraph. These 
steps were usually sufficient to increase the compressor efficiency 
to approximately that of design, an increase of two to five percent. 

On page 56, the author mentions "trouble due to general 
vibration when engines were stopped" in connection with ball 
and roller bearings supported shafts. To what type of vibration 
is the author referring, vibration experienced by the balls or 
rollers themselves or vibrations consisting of small shaft oscil-
lations due to the lower frictional dampening effect associated 
with ball and roller bearings? Does the author have any in-
formation, with regard to experience in ball or roller bearings, 
concerning vibrations when the turbine shaft is stopped, as for 
example, with an operating engine room and an idle gas turbine-
generator set? 

With reference to over-temperature safety devices under study 
by the British Admiralty, it is felt that more control over the 
turbine life and possibly longer overhaul intervals would result 
if the reliability of such sensing instruments in the turbine inlet, 
could be established. It would, therefore, be appreciated if 
information could be provided as to the details of the instrument 
and the results of the observations made on the high gas tem-
perature electronic trip and the quick acting thermocouples 
located in the proximity of a turbine inlet gas stream. 

R. G. Mills5 

This paper is an excellent analysis and summary of a tre-
mendous amount of highly capable engineering work by the 
British Navy. There is no question but that it has well earned 
the admiration of the entire community of gas turbine engineers, 
both for the author and the many British officers and civilians 
who have contributed so much to establishing the practicability 
of gas turbines at sea. 

The following questions on details are posed. 

1 The description of the G.6 gas turbine mentions an over-
temperature safety device in the high temperature gas stream 
at the H.P. turbine inlet, employing six Duplex thermocouple 
units feeding into an electronic scanning device which will oper-
ate a trip valve in the fuel supply when a limiting temperature is 
reached in any one of them. Superimposed upon this is a pres-
sure switch operating from the compressor discharge, which 
gives an automatic changeover from starting to running limiting 
temperatures. This sounds like a complication of many rather 
sensitive elements, maloperation of any one of which will shut 
down the engine. Have service difficulties of this nature been 
encountered, particularly during shock of gunfire? 

2 It is noted that H.P. turbine inlet temperature sensors 
have caused difficulties, but that the Admiralty apparently 
considers them necessary to obtain adequate time response to 
prevent turbine damage. USN experience is that time lags 
between temperature changes at turbine inlet and turbine ex-
haust are in the nature of very small fractions of a second, and 
that any difficulties we have experienced with lack of over-tem-
perature protection have been due to lack of sensitivity of the 
sensors themselves (or other mechanical difficulties) rather than 
inappropriate location of sensors. Further, we have found that 
temperature aberrations at the inlet (poor temperature dis-
tribution, fluctuations during "stead3r-state" operation, etc.) 
are somewhat smoothed out during passage through the turbine, 
resulting in more reliable measurements of desired temperatures 
when sensors are placed in the turbine exhausts. Any data or 
further comments on this item would be appreciated. 

3 Mention was made of early difficulties with turbine blade 
corrosion in the Proteus engine, caused bjr compounds formed by 

6 Captain, U. S. Navy, Head of Engines Branch, Code 645, Bureau 
of Ships, Washington, D. C. Mem. ASME. 
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sodium chloride from sea water and sulfur from the fuel. The 
U. S. Navy has had no particular difficulties with such corrosion, 
even though a number of gas turbines with turbine inlet tem-
peratures in excess of 1100 deg K have ingested large quantities 
of salt water over extended operating periods. It has been 
suggested that, since most USN sea-going experience has been 
with turbines using cobalt-base alloys in the initial stages, whereas 
most British turbines use nickel-base nimonic alloys, this may 
be a factor. Has the author any suggestions on this point? 

W. T. Sawyer6 

That a paper as broad and detailed as Captain Trewby's can be 
addressed to actual Naval gas turbine installation features and 
practical operating experience is of supreme gratification to me 
and, doubtless, to many others, who for some years past were of 
necessity constrained to write about what we thought (or hoped) 
the gas turbine could do in such service. Now it has done much 
of what we expected. The vital role played in this accomplish-
ment bjr Captain Trcwby and his associates will not be under-
estimated by those who understand the deep basic conservatism 
of the marine engineering fraternity. We are indebted to Captain 
Trewby for a scholarly presentation of the complex considerations 
which accompany an achievement of this kind. 

This writer can well recall the facility with which gas turbine 
cycles of ascending complexity were evolved on paper in the 
early 1940's. A circle, or some such symbol, was all that was 
necessary to introduce a regenerator, an intercooler, or a reheat 
combustion chamber with more or less marked improvement in 
theoretical efficiency. The accompanying disadvantages in cost, 
specific weight and volume, and maintenance requirements 
tended to receive secondary consideration. The Royal Navy's 
practical experience with the RM60, as reported in the paper, 
served to bring this matter back into true perspective. Realis-
tically, this could have been done in no other way. It is signifi-
cant to note in Table 1 that among all the components listed 
for all current Royal Navy gas turbine engines there are no 
regenerators, no reheat combustors, and but one intercooler. 

I have one question for Captain Trewby in regard to compressor 
fouling, which is perhaps the most oft-repeated term in his paper. 
In view of the pervasiveness of this problem and its serious 
connotation in terms of warship operational capabilities, is not 
a reconsideration of the well-worn question of axial versus 
centrifugal compressor in order? Possible penalties in engine 
efficiency, specific weight, or specific volume which might ac-
company the use of the centrifugal compressor could well be 
negligible in comparison to the problem of axial compressor foul-
ing as portrayed in the paper. Perhaps my question has its 
answer in the fact that the new Ruston and Hornsby Mark T P 
does indeed have a centrifugal compressor. The sole case re-
ported of fouling of a centrifugal compressor is that of the Rover 
IS/60 which took its air directly from an engine room. 

M y second question is addressed to Captain Trewbjr as one 
former ship's chief engineer to another. Would he rather, as 
implied on page 20 of his paper, overhaul his gas turbine engines 
in place aboard ship or have them removed at moderate in-
convenience for overhaul ashore? To make the question de-
finitive, I will arbitrarily define "moderate inconvenience" as 
that associated with the removal of a main steam stop valve 
from a steam-powered ship. While the definition is arbitrary, 
I suggest that it has recognizable elements of reality. In a 
bald-faced attempt to lead his answer, I point out that removal 
and replacement by another fully checked-out spare unit has certain 
very practical advantages: (1) the hazards to the machinery of 
opening it up in the cluttered engine room environment are 
eliminated; (2) repair and check-out will be accomplished on an 
unhurried and thorough basis by skilled technicians working in 
an optimum environment; and (3) the ship will be immobilized 

• Captain, U. S. Navy, Office of Naval Research, Washington, D. C. 
Mem. ASME. 

only for the relatively short interval required for removal and 
replacement. 

In conclusion, I should like to state emphatic agreement with a 
highly significant point which Captain Trewby made in discussing 
the future at the close of his paper. He concluded that, based on 
current experience, it would be feasible to achieve one-man con-
trol from a central control room or even from the bridge, and that 
"shipboard maintenance should be virtually eliminated between 
overhauls, thus leading to a major reduction in engineering 
personnel carried on board." The far-reaching economies re-
sulting from the reduction of ships' complements are just begin-
ning to be fully appreciated by warship designers. These 
economies include expensive personnel training programs, the 
whole train of logistic supply, and personnel accommodations 
and support systems built into the ships themselves. Perhaps 
surprisingly, the salaries of the reduced personnel are but a minor 
part of the overall gain. Design of the gas turbine engine from 
first inception with attention to the important characteristics of 
minimum maintenance and minimum requirements for surveil-
lance in operation appears fully justified. That this was actually 
done in the case of the Ruston and Hornsby Mark T P engine 
reflects a further achievement of our British allies. 

T. E. Stott7 

Many may not realize that the U. S. Navy has designed and is 
currently evaluating the results of a Cosag destroyer plant in-
stalled on a full scale basis in the Naval Boiler and Turbine Labo-
ratory. The boost engines used were modified aircraft engines. 
The experience gained seems to indicate to the design agent that 
the U. S. effort should be directed toward an all gas turbine 
destroyer, rather than Cosag. 

On Devonshire class ships, i.e., multiple gas turbine instal-
lation, are common intakes and common exhausts used and has 
any difficulty been experienced with recycling through a secured 
engine with single engine operation? 

Author's Closure 
Replying to Captain Mills, the author agreed that it was most 

important to guard against the possibility that the over-tempera-
ture protection devices fitted to the G.6 gas turbine might preju-
dice the satisfactory operation of the engine under service con-
ditions. These devices have only been in operation for a very 
limited time and no practical experience of any service difficulties 
or engine shutdown under conditions of gunfire or other shocks 
can be quoted. However, every effort has been made to provide 
shockproof equipment including actual shock testing of the com-
ponent parts. In addition, the design of the equipment is such 
as to guard against engine shutdown from component failure. 

Captain Mills's second point concerns the location of tempera-
ture-sensing elements and here the author is in general agreement 
with Captain Mills's statement that the time lags between tem-
perature changes at turbine inlet and exhaust are normally very 
small and that lack of sensitivity of the sensing elements is the 
major problem. However, the author considers that it is also 
necessary to insure the correct location of sensors in the 
turbine exhaust, although the effect is not quite so important 
as when these are installed at the turbine inlet. Further-
more, the units fitted to British Naval Gas turbines are re-
quired to operate during starting as well as normal running and, 
in such circumstances, siting at the turbine inlet was considered 
to be the optimum arrangement. As far as the G.6 gas turbine is 
concerned, there was also the possibility that local hot spots from 
individual combustion chambers might cause overheating of 
turbines and sensing elements sited in the exhaust would not pro-
tect the engine against this type of damage. These considera-
tions, and the actual engine failures which had occurred during 
development, led the British Admiralty to the conclusion that the 

' Senior Engineer, Bethlehem Steel Company, Shipbuilding Divi-
sion, Quincy, Mass. 
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maximum safety under all conditions of operation or mal-
operation would be obtained by the use of sensors at the turbine 
inlet, provided, of course, thermocouple life under these conditions 
was satisfactory. The designs of these new systems have natu-
rally had to take into account temperature maldistribution at 
turbine inlets, unit sensing delays, heat dissipation of engine 
structure and rotating parts, and, additionally for generator appli-
cations, the requirement to withstand load throw on and short 
circuits. Operating results have so far come up to expectations, 
and a thermocouple life of over 3000 hours has already been 
achieved in the Allen 500-kw gas turbine in H.M.S. Ashanti. 

With regard to the problem of blade corrosion, the author re-
grets that he knows of no clear cut data from which firm conclu-
sions can be drawn on the relative merits of cobalt and nickel-
based alloys. British experience of blade corrosion on the G.2 and 
Proteus gas turbines has been with nickel based alloys. Tests of 
certain cobalt-based alloys have been carried out in England un-
der Laboratory conditions and their corrosion rates were slightly 
worse than the best nickel-based alloys, though considerably bet-
ter than the worst of the nickel alloys; and, in this connection, it 
is of interest that the variations in corrosion rates among the 
nickel-based alloys between temperatures around 880 deg C (1616 
F) has been very considerable. The British Admiralty's limit of 
827 deg C (1520 F) for Marine gas turbines was selected in order 
to "play safe" to cover such practical considerations as increases 
in gas temperature variations around the turbine inlets as engine 
operating hours increased. It is, therefore, quite possible that 
operation at temperatures in excess of this limit would be satis-
factory, but, from the British Admiralty's past experience of 
nozzle corrosion, it is considered that peak temperatures in excess 
of 1150 deg F would almost certainly give rise to trouble from 
this source, particulary in long life engines. Further investiga-
tions are, therefore, continuing, both on blade coatings and on 
materials generally. 

The author thanked Captain Sawyer for his very kind remarks 
and was particularly pleased to receive his comments since Cap-
tain Sawyer was co-author of the paper published in 1950, which 
first put forward the idea of using gas turbines for "boost" appli-
cations in Naval warships, and which the British Admiralty had 
followed up in their latest Guided Missile Destroyer and General 
Purpose Frigate machinery installations. 

Captain Sawyer has commented on the emphasis given to the 
problems of compressor fouling throughout the paper and the 
possible reconsideration of centrifugal versus axial compressors, 
which the problem suggests. In this connection all the evidence 
available to the author indicates clearly that centrifugal compres-
sors are less affected by fouling than axials, but on the other hand 
the efficiency of the axial compressor for medium and larger size 
engines is so much superior to the centrifugal, that its adoption 
becomes inevitable for these applications. However, when con-
sidering engines of smaller sizes, and where full power must be 
obtainable at any time, such as for base load generator applica-
tions, the. centrifugal compressor's lack of sensitivity to fouling 
makes it sufficiently attractive for Naval applications to offset 
the initial penalties due to its lower efficiency. 

In answer to Captain Sawyer's second question the author has 
no doubt whatever that, from the point of view of the ship's en-
gineer, the removal of a complete gas turbine engine for special-
ized overhaul ashore and its replacement by a fully checked spare 
is a most attractive proposition. However, there are also opera-
tional advantages if a gas turbine can, in an emergency, be 
stripped and refitted in situ. For example, when the compres-
sor of the G.6 in H.M.S. Ashanti became badly fouled due to salt 
spray, as described in the paper, the compressor easing was lifted 
in place and the blades cleaned in a very short period of time. 
This would not have been possible with a gas turbine constructed 
on aircraft lines which requires removal from the vessel before it 
can be stripped for examination. While fully supporting Captain 
Sawyer's proposal above as the ideal method of maintenance, the 

author therefore considers that "long life" gas turbines should be 
designed so that they can, in emergency, be stripped and main-
tained in situ. This policy has, of course, been followed in the 
case of the G.6, the Allen 500-kw machine, and the Ruston gas 
turbogenerators described in the paper. 

An alternative approach, of course, is to install lightweight 
"aircraft type" gas turbines and to carry a complete spare unit 
in the. engine room which can be rapidly changed with a defective 
unit in an emergency. 

The author is very grateful to Mr. Gross for his appreciative 
remarks on the paper and also for the information concerning 
compressor cleaning in G.T.V. John Sergeant. 

In reply to Mr. Gross's queries on vibrations in connection with 
ball and roller bearings the author was referring to vibrations 
generally, which include both the vibration of the balls and rollers 
themselves, and the vibrations resulting from small shaft oscilla-
tions. The author's comments on vibration did not result from 
measured vibrations but rather from the general experience gained 
from machinery operation and maintenance over a number of 
years. 

In reply to the second point raised by Mr. Gross, this experi-
ence has shown that, with idle machinery, brinelling of ball 
bearings may result from general vibrations associated with ship 
movements and particularly when a warship is subjected to the 
heavy shock conditions associated with underwater explosions. 

Turning now to Mr. Gross's third point, the author fully agrees 
with his remarks concerning the reliability of over-temperature 
safety devices. Two chromel-constantan thermocouples have 
been in service in the Allen gas turbo alternator in H.M.S. 
Ashanti for over 3000 hours and are shortly due for removal to 
assess the rate of deterioration, if any. The G.6 gas turbine will 
be fitted with chromel-alumel duplex thermocouples which have 
a more rapid response than the chromel-constantan combination 
and one thermocouple will be installed in the outlet of each com-
bustion chamber. Prototype electronic scanner trip equipment 
has been tested on the shore trials engine and production scanners 
should shortly become available for H.M.S. Ashanti and H.M.S. 
Devonshire. The scanner will incorporate a pressure operated 
switch to change over automatically from the starting to running 
conditions as the compressor discharge pressure rises. As stated 
in the paper the life and continued reliability of this equipment in 
service must be watched closely. 

In his very interesting comments Mr. Austin asks for further in-
formation on the transmission systems used with G.6 boost instal-
lation (or more correctly dual machinery installation) fitted in the 
Tribal class Frigates. 

The author regrets that he was able to give 011I3' the briefest 
mention of the transmission systems in the paper, but Mr. Austin 
will no doubt appreciate that the relatively complex nature of 
this system would necessitate a paper on its own if full justice is 
to be given to the design. However, it is hoped that the following 
brief notes may assist in giving a clearer picture of the transmis-
sion arrangements. 

The G.6 gas turbines can drive the main propeller shaft through 
two different transmission systems which are selected by means of 
two manual clutches (A and B). 

(а) In the boost drive condition manual clutch A connects 
the gas turbine input shaft to the Ahead first reduction pinion 
and the drive is then taken to the second reduction gearing via a 
selfsynchronizing clutch. Manual clutch B, which connects the 
gas turbine input shaft to two fluid couplings, is disengaged. 

(б) In the maneuvering drive condition the manual clutch A 
is disengaged and clutch B engaged, so that the gas turbine input 
drive is connected to the two Vulcan Sinclair scoop type fluid 
couplings. These couplings take the drive through the Ahead or 
Astern maneuvering train, respectively, to the selfsynchronizing 
clutch on the second reduction gearing. (The Astern gearing 
train incorporates an additional idler pinion.) Once engaged un-
der maneuvering drive conditions the selfsynchronizing clutch is 
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permanently locked in until released from the control desk. The 
actual maneuvering is carried out by filling and emptying the two 
fluid couplings so that either Ahead or Astern maneuvering drive 
is engaged. Interlocks are provided to insure that only one 
coupling takes up the drive at any one time and also to prevent 
the gas turbine being accelerated until one or other of the clutches 
has been filled. 

In reply to Mr. Austin's question on emergency Astern opera-
tion, the author considers that some additional comment on the 
use of this installation as a whole will clarify this point. The 
combined gas and steam turbine installation in the new British 
warships is looked upon as a dual machinery installation. This 
means that, within the individual steam and gas turbine power 
limitations, the ship can be propelled by, and maneuvered on, 
either the steam unit alone, the gas turbine alone, or the steam 
unit with the gas turbine in the boost drive condition. This last 
combination allows for Astern operation with steam turbines only. 
These various combinations give rise to two main problems in 
maneuvering: 

(а) When on the gas turbine alone—the effect on the gas tur-
bine when calling for astern power with a headway on the ship. 

(б) When on combined steam and gas turbine—the effect on 
the gas turbine with the gas generator tripped out and the power 
turbine being driven astern by the steam unit. 

The author can state with complete confidence that maneuver-
ing by any of the methods quoted above has no harmful effect on 
the gas turbines and that no problems have arisen when calling 
for astern power. The author's experience is, therefore, in 
agreement with that of Mr. Austin. 

Turning now to Mr. Austin's question on relative noise signa-
ture and habitability of high-speed diesel engines compared with 
gas turbines, it is regretted that no really comparable and accurate 
noise measurements are available in the British Navy. However, 
the author's experience is that gas turbogenerators normally pro-
duce considerably less noise from mechanical sources than equiva-
lent high-speed diesels and can be silenced satisfactorily to reduce 
aerodynamic noise to acceptable levels. This is particularly true 
of the Allen 500-kw gas turbine generator which is undoubtedly 
much quieter than an}' high-speed diesel of the same output. 

On the question of Hydrofoils and Hydrocraft, the Royal Navy 
is unable to put a worthwhile effort into both these new forms of 
high-speed craft and has decided to concentrate on the latter type 
which are more commonly known as "Hovercraft" in the author's 
country. Development of these crafts is, at present, being 
sponsored by the British Ministry of Aviation, and the author, 
therefore, has no direct contact with the program. However, 
it is clear that to achieve the best possible performance these crafts 
will have to be powered by gas turbines and the problems of com-
pressor fouling and turbine nozzle corrosion will, therefore, have 
to be watched closely. 

Mr. Graves has asked for comments on four points. First, 
dealing with the question of limits for inlet and exhaust duct air 
velocities, it is the present Admiralty practice to limit only the 
maximum pressure drop in the duct system. Maximum allow-
able pressure drops specified are 0.35 lb/sq in. in the inlet and 
0.30 lb/sq in. in the exhaust. Thus the actual air velocities will 
vary between different installations to obtain the best compro-
mise between the limiting pressure losses and the essential need 
for keeping duct sizes to an absolute minimum. It should be 
noted also that duct sizes may be governed by the requirement for 
a ready access for the removal of complete engines or engine com-
ponents for overhaul ashore. The possible use of higher duct 
velocities at full power with diffusing of the velocity head at the 
top of the exhaust stack, as suggested by Mr. Graves, might offer 
some worthwhile gains, but this idea has not been incorporated 
in an}' British Naval installations. In any design investigations 
covering improved performance, or increase of power from a 
given gas turbine, an improvement in duct losses must always be 

an important objective and such improvement can normally only 
be obtained by a reduction in gas velocities. 

In reply to Mr. Graves's second question, first cost is always 
important even for military applications; but, when considering 
emergency fire pumps, it is the author's opinion that sure starting 
and portability are of far greater importance. Furthermore, al-
though the cost of the Rover gas turbine fire pumps is nearly 
twice that of the diesel driven pumps used in the Royal Navy, it 
will be seen from Table 4 that the output of the gas turbine pump 
is considerably more than double the diesel unit. In terms of 
cost for a given output therefore, the gas turbine unit gives better 
value for money. 

Mr. Graves's third question concerns the G.6 performance and, 
in the author's opinion, continued development of the G.6 engine 
should eventually achieve a power output some 50 percent greater 
than at present in use with a corresponding improvement in spe-
cific fuel consumption of about 15-17 percent. In addition with 
further seagoing experience the author is confident that the G.6 
gas turbine has considerable potential as a base load engine. 
Changes to achieve the increased life necessary in a base load 
engine would be limited mainly to a material change for the 
H.P. engine blading. 

Mr. Graves' last question concerns the problem of salt water 
intake for the G.6 booster engines and the Allen and Ruston Gen-
erator sets in the latest Bxitish warships. In this connection the 
author had not meant to convey the impression that salt water 
was a problem for the generators and not for the G.6. In fact, no 
troubles have so far been experienced clue to salt intake in the gas 
turbine generators of either the Ashanli or the Devonshire. 
This is probably clue, in part, to the extremely low velocities 
through the air intake meshes, and the provision of an air intake 
filter. For example in the General Purpose Frigate the velocity 
of the air through the intake mesh is only 4.5 ft/sec for the 
Allen Generator compared with 61 ft/sec for the G.6 engine. 
The effect of prewetting trials on the G.6 engine has been reported 
in the paper and the Allen generator engine was apparently pro-
tected by the very low air intake velocities and the air intake 
filter. However, if a generator engine does ingest a quantity of 
salt spray, as in the case of the Ruston T. A. in H.M.S. Ark Royal, 
the problem is more serious since the effect on power output is 
usually greater in the smaller gas turbines and the generator must 
be capable at all times of taking full load, to cope with automatic 
load throw over. Finally, bearing in mind the necessity of reduc-
ing duct losses and thus improving engine performance, it is antici-
pated that inlets of the Plenum chamber type with drainage be-
tween splitter silencing elements will be exploited. Consideration 
may also be given to vortex separators, but any such variations 
must await further practical experience under rough weather con-
ditions at sea. 

The author thanked Mr. Stott for his interesting remarks 
concerning the testing of the U. S. Navy Cosag destroyer plant 
and he was in complete agreement that, for the future, an all-gas-
turbiue installation was more attractive than a Cosag plant. An 
all-gas-turbine installation, comprising 2 or 3 simple engines 
driving onto each shaft, could be made extremely compact and 
could be effectively controlled by one man from an air conditioned 
control room. Shipboard maintenance should be virtually elimi-
nated between overhauls and these factors would lead to a major 
reduction in the number of engineering personnel carried on 
board. 

In reply to Mr. Stott's question concerning the "Devonshire" 
class ships, the inlet and exhaust ducting for all the gas turbines 
was entirely separate throughout its whole length and no trouble 
had so far been experienced clue to recycling with single engine 
operation. 

Finally, the author would like to thank all those who have 
taken part in this most interesting discussion. He could assure 
them that their contributions would be of great assistance to the 
British Admiralty when deciding the future policy for the develop-
ment of gas turbines for naval applications. 
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