lachipe ¥ Fitte erchapnt Shi
In |g5 EVeR oy of‘cvuy Cight p Crehy g shipg o Over 3 15 “Omplogeg
n the orld g digsel CNginegs. and the "POrtin, 15 ine ASin gy e Use of
of sre 15 oy, rge] ESfricreg o big g th buildmg of Hirine Steam
Urbine Slowyy but g, Iy sh hing 4 large Die CCome Wailabje M thiy
“OUntyy We are };,-zggmg( {t]e ehind Mhey shiy litderg i lngin o Ovey
fQ e, Michipe, . b Cr cepy M ton Jis ilt ip 195 lad f tesef
and the FOPortioy | 15 Meregseq by 3 Cent sinee 1955,
Diesaj Achip 1 Duelupmcnt fo Chant Ships
The Nip] SUceeyy o iese) ma Iincry Up (o boyy uog Ir Way
APparen; every| Yeury 480, an the du:gners of large Diegay CNaines Cler Mined
(G Captyre the Narkee g highe, YOWe g In the lagy Year By W, g N, ¢ Ota-
Verken, g Su,'zu ve afj Merey Chgines Of hey cen 20,00() ang 2-1,000
horge Powe, WXiord, by ne m“I?OOU;n develq ment). °C Chgine, have
TOLOf oy been put iy ips L oang therefo, are ¢flecreq n the
s‘hipbufld; * Tellypg It w appey that they wilf sweep ¢, eld ougeh
ly ¢q Iry foy ch figy UC avyip. ble | han. gl 14¢) POsI-yyq) ship.
Li}ding Progry, €. Just CIng pyy in hangs or ships of 382 ¢ tong
dcadwcr’ght czzpacizy. bt one | Mooy Ps, in iniﬂg three umkers, af
33,800 34,80 4nd 46 g, ong, Ul be Preciaga L as the Crehang Ndvy
abﬂ!‘.!dOﬂS sleg propm’sion the facihucs ecessapy, o the ductjo, 3f lavy)
Sleam achipe, Will tepg 1O Withes avwy here’y, he CSigney vyl
able, ang firmg wil} not Maintaiy the nee fang or th cal k o
Stean, Machinery E¥elopmgy, Terchyy, Shipg
High temperaturc ang high Pressyre mp Lachine;y ha Ot bep f‘avou:ed
by shi BWherg ¢, any SIgNi e, Xtey el ryte of ¢ Ib/h hoy is
AVailypa from Lurbipe Machijye, g steam t7 degre and sg Ib,s;q in
O gey beloy, 0- Ib/s b - With lachy, 3 out i3 P- rathe, X0t
lcam conditions’-’a Crequipa and only iy, fow Vesse] TSuCh gy the Tniepie,,
N has gy lempt e f
The Moo, Ship, “eb:uaryw 1959
The Enps



347

Choice of Merchant Ship Machinery

The factors of course are entirely economic. The development of special oils
like Shell Alexia, the availability of reliable turbo chargers, and such featurcs as
chromium plated piston rings and modern filtration have greatly reduced the
maintenance required by large Diesels. It has proved possible to build engines of
lower specific weight and far greater power without increasing the number of
working parts. Nonc of the very powerful engines now available has more than
twelve pistons.  An analysis of last year’s figures for breakdown at sea shows
that turbine tankers broke down slightly more often than Dicsel tankers.

The ship owner is vitally interested in the total weight and the space occupied
by machinery and fuel, in the initial cost and the fuel bills. So arc we in the Royal
Navy.

Naval Logistics Affecting Choice of Machinery

In war-time there isa considerable advantage in cutting down Fleet bunkering
requirements.  Stecam machinery is more affected than Diesel by running at
other than optimum load, and it requires almost twice as much fuel in practice.

It also happens —though this need not be soin the future—that the components
of reasonably modern Diesel engines, such as the A.S.R.1., actually are inter-
changeable, whereas many of the components of the latest steam frigate machinery
are not. Fhe eflect of this on maintenance will be obvious.

Safety in Action

A Diesel ship with her water compensated fuel is inherently more stable.
Advantage can be taken of this either to mount a really heavy armament, as the
Germans did in their pocket battleships, or in any other way which the Stall
Requirements suggest.

If the ship should be hit, Diesel machinery is comparatively difficult to disable,

and damage in a machinery space is far less likely to kill the engine room
complement.

Recent Naval Diesel Development

Two Diesel frigates, Salishury and Leopard, were included in the 1945 pro-
gramme, and the major features of the design were frozen at that time. There
has been no new naval Diesel development in the last few years in this country,
but both the Germans and Italtans arc now building Diesel frigates of their own
design. Naturally these vessels are far more up to date than our own could hope
to be. and both of them are fitting ecngines of considerably higher power per
cylinder. The German frigates have gas turbine boost for high powers.

Our own Diesel frigates are justly criticized as requiring too much maintenance
and the type has gonc out of production for this reason. Thcir maintenance
load has been assesssed as double thatof a Whithy, four times as much per horse-
power. but recent experience in refitting Lyny at Portsmouth?® shows that this
assessment should be revised, and that the maintenance load is likely to be about
125 per cent of the Whithy’s. This lower figure will be taken when considering
the possibility of modern Diesel designs later in this articte. 1t is undoubtedly
the case that the vast number of working parts in the frigates is the cause of the
formidabic maintcnance bill. The frigates have 128 main engine pistons. A
merchant ship of the same power would have twelve.

The multiple engine installation in the Type 41 and 61°s is flexible in operation,
as was expected, but it is felt that in practice nearly the same flexibility would
have resulted from fitting two larger engines per shaft. The Diesel frigates spend
nearly all their time at sea with half their engines running.

1 Portsmouth Yard Letter 1457 of 2.4.59.
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Diesel Design in 1959

The advantages of Diesel propulsion are so obvious to the world’s ship owners
that it ts worth while examining what is immediately possible to sec if we could
prolit by renewed attention to Diescl propulsion.

We could press A.S.R.1. development a little further, and while the gains
from this would not be spectacular, the reduction in maintenance load is likely to
be considerable. 1t is very probable that with very slight modifications to the
engines, maintenance in Type 41 frigates will work out at about equal to the
Whithy estimate, (twice as much per horse-power).

[t 15 not possible to use even the most highly developed merchant service
Diescls in the RUNL : like merchant service steam machinery, they take up too
much room and weigh too much. It is possible however to produce more
attractive engines than A.S.R.1. This is the normal result of the passage of time,
and is certainly not intended to reflect on the A.S.R.[. design tcam of ten years
and more ago.

By using a crankshaft with disc webs (sce Fig 1)), the main bearings being on
the periphery of the disc, it is possible to increase the ratio of cylinder bore to
cylinder centres distance substantially without increasing bearing foadings.
A.S.R.1. engines have their cylinder centres 17 inches apart with a eylinder bore
of 93 inches. With a disc web crankshaft the cylinder centres could be reduced to
12 mchcs apart. or alternatively the bore can be increased to 13! inches on the
original 17 inch centres.

It is also now possible to design cylinder heads with better breathing charac-
teristics, so that in conjunction with the latest turbo superchargers much more air
is aspirated per stroke. Higher brake mean pressures can be obtained with fower
exhaust temperatures.  Semi-overhead camshafts with no push rods appear
necessary (o avoid interference with the manifolding while allowing units to be
withdrawn without disturbing the camshaft.

Combining the [eatures mentioned above. a 20-cylinder © V' ¢ngine of 97 in.
and 10} in. stroke should produce 3.750 b.lup., its maintenance load being no
heavier than that of the A.S.R.1. despite the large increase in power. due to
simplification of the fuel system and valve gear. [t could fit on the cxisting
AS.R. I, engine beds in frigates, for example, putting these ships on a par with
the Whith1’s for power and speed. Maintenance costs can be taken as remaining
at about 125 per cent of the Whirhy tigure, and might well be justified in view of
the reduced fuel requirements and other fundamental ady antages of Diesel
propulsion.
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Iarger Engines

In view of successful merchant practice it is felt that, despite the possibilities
mentioned above, simpler installations with smatler numbers of larger engines
would be far preferable. Using the basis drawings prepared for the 93 > 104 in,
engine a scrics of larger engines have been scaled up. These becomc progressively
Jess attractive on a power/weight basis but offer cheaper maintenance per horse-
power as the sizc increases.

A convenicnt size for manufacture at Chatham without departing from
A .S.R.1. practice in machining would be a 20-cylinder * V °, 12 in. bore ~ [2in.
stroke. The enginc would be 17 ft [} in fong, 6 {t 5 in. wide and 8 ft 6 in. high
(all dimensions -- about 3 in.. depending on detail drawings). It should weigh
not more than 31 tons at the most, and develop 6,200 b.h.p. at 1,000 r.p.m. and
180 b.m.e.p. The height quoted is without turbo-blowers, which it might be con-
venicnt to mount off the engine, but they are included in the weight. The engine
would have its heat exchanger mounted between the © V ” banks, carry its oil and
oil cooler in the sump, and have fuel and oil filters mounted on the frame to
reducz installation pipework. Onc of these on each shaft in conjunction with
gas turbine boost would give Diesel propulsion at 0-39 Ib/s.h.p. up to about 22
knots in a large frigate, the gas turbines coming in above that figure. Il the tur-
bine could be persuaded to run on marine Dicsel fuel instead of pool gas oil
(dicso) the Dicsels could usc this fuel also, given suitable arrangements to prepare
it.

Very Large Engines

There arc no very large 4-stroke * V * engines in existence, but by adopting
some features from submarine practice and others from the merchant service il is
probable that they could be built with confidence if need be. Two engines have
been scaled up from those mentioned previously, for comparative purposcs, but
no details have been worked out:

(1) 20-cyl. * V7™ 24 in. bore - 24 in. stroke, length 34 ft, width 13 {1, height

17 ft, weight 240 tons. output 21,600 h.p. at 500 r.p.m. and 160 b.m.c.p.

(2) 20-cyl.* V194 in bore  21instroke, length 30 ft 6 in.. width 10t 8 in.,

height 14 t, weight 144 tons, output 15,000 h.p. at 550 r.p.m.

Either of these would quite probably require no more maintenance than the
latest steam machinery and possibly much fess, but in this case the proof of the
pudding would have to be in the cating—one cannot be certain.

Development Times and Costs

For the 93 ~ 10} in.and 12in. - 12 in. engines. two years should suffice if a
really determined eflort were made. ten drauvghtsmen being required on the job
for that time. The aim would be to have a unit running in six months and the
multi-cylinder prototype in two years, al a cost of about £75.000. The very
large engines mentioned offer more difficult problems and no doubt would take
longer, perhaps twice as long. and cost a lot more. They should have the advan-
tage of burning lower grades of fuel. and also require slightly less of it, about
0-36 Ib/b.h.p.hr against 0-375 for the smaller engines.

Employment Afloat

In a few years time no doubt we shall have atomic power plants for the major
warships we must build if we are to remain a considerable naval power. 1t scems
likely from published data’, however. that atomic power may not be cconomt-
cally superior to other prime movers. cven for the largest shore generating
stations., for quite some time, and in that cvent it quite probably will not pay us
to develop it for small warships for many years to come. It is suggested that
turbo charged Diesels might well take over from conventional stecam plants
during this period, with gas turbine boost where appropriate.

Y The Nuclear Engineer, May, 1959,
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