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Introduction 
Water-displaced fuel systems have been widely used in the past in sub- 

marines and in the Type 41 and Type 61 Diesel frigates. When the design 
changes for the special refits of the first eight Leanders (for conversion to 
IKARA) were being considered in 1969, it was decided that their existing 
fuel stowage should be altered to a water-displaced system for stability reasons. 
Conversion of an existing conventional system in ships which were getting 
on for twelve years old presented a formidable design task. The small size 
and awkward shape of the tanks and the need to guarantee water-free fuel 
without 100 per cent. centrifuging constituted difficult problems; the maximum 
fuel consumption rate precluded centrifuging as a practical possibility.. 

This article describes the evolution of the system for H.M.S. Leander, the 
successful trials carried out at the end of 1972, and the improvements which 
will be incorporated in later ships. 

Reasons for Adopting the System 
The stability of a surface ship with conventional fuel tanks decreases as 

the fuel is used. In most recent ship designs, account is taken of the weight 
of fuel low in the ship in providing a stabilizing effect and, when about half 
the fuel has been used, sea-water ballasting is necessary to retain adequate 
stability margins. Continuous replacement by water of the fuel used ensures 
that stability is retained and even slightly improved, as sea-water is denser than 
fuel. For the same fuel stowage, a ship with a water displacement system is 
more stable than one with conventional tanks even when fully fuelled; con- 
ventional tanks can only be filled to 95 per cent. of their capacity, thus giving 
not only less fuel weight but also some free surface effects which decrease 
stability. The water-displaced fuel system (WDFS) is particularly attractive 
for modernizations and conversions of existing ships, the general improvement 
in stability allowing greater freedom to incorporate equipment changes and 
additions in the design. For this reason, the WDFS is being incorporated in 
the current special refits of Leanders; not to have done so would have made 
it extremely difficult or impossible to incorporate all the required equipment 
changes. 

Difficulties and Disadvantages 
Although the stability advantage of the WDFS is significant, this system 

introduces a number of difficulties and disadvantages which need careful 
consideration if the design is to be successful: 

(a) Risk of machinery contamination by sea-water through maloperation 
or material failure. 

(b) Increased risk of tank corrosion. 

(c )  Tank top leakage/spillage hazard, difficulties of repair and of alterna- 
tive operation. 



(d) Action damage: reduced ability to correct list by fuel transfer. 

(e) Fuel: FFO or fuels with a high residual content cannot be used because 
of their formation of emulsion with sea-water. 

(f) Risk of discharging fuel overboard when fuelling. 
( g )  Fuelling rate/RAS time: high embarkation rates are more difficult to 

achieve. 

(h)  Displacement: the ship is continuously 'deep' and power and fuel 
consumption are affected to some extent. 

The measures taken in the Leander design to minimize these risks and diffi- 
culties are described later. 

General Principles 
To enable a water-displaced fuel system to operate, complete separation 

of a distillate fuel and sea-water within the fuel tanks is essential. Due to  
their relative densities, Dieso will not readily mix or emulsify with sea-water. 
Even when mixtures are violently disturbed, a clearly defined interface is 
quickly re-established; this was frequently proved using bottles containing 
Dieso and 'good Portland water' to the many doubtful and sceptical visitors 
to Bath. Would similar results be obtained within double-bottom fuel tanks? 
Given ideal tanks (which should be deep and have a relatively small surface 
area), then, irrespective of frames, intermediate bulkheads, etc., there is no  
doubt that a good interface will always be present. As the fuel tanks in Leanders 
are far from ideal (all forward tanks have very large surface areas compared 
with their shallow 5 feet depth), at the design stage it was inevitable that some 
misgivings were held. However, trials in Leander have proved the existence of 
a clearly defined interface under all conditions despite the tank shape. 

In February, 1970, the Admiralty Oil Laboratory published a report on 
trials in H.M.S. Lynx to  determine the sodium (sea-water) content of fuel 
leaving the tanks in a WDF system. The conclusion reached in this thorough 
investigation can be summarized as follows: 

(a) Dieso will not pick up or retain salt water. 

(b) Fuel quality affects the ease of separation of water. 
( c )  Centrifuging causes a slight improvement but the effects are insignifi- 

cant. 

( d )  The water content rises as the Diesolwater interfaces approach the 
pump suctions. 

This was most encouraging and confirmed the main assumptions made in 
the design philosophy of the Leander fuel system. 

FIG. 1 shows the basic fuel-displacement system. The fuel filling system and 
sea-water displacement system are complementary and work in unison as fuel 
is embarked or transferred. Initially, both tanks in the chain are filled with 
'clean' sea-water, and all air is vented off. Fuel is embarked under pressure 
into the filling trunk and a constant head is maintained in the trunk by means 
of the fuel control valve. With the main overboard discharge valve open and 
the sea-water header tank isolated, flow into the first tank in the 'chain' (of 
tanks) is initiated and maintained by the effective pressure head H,, sea-water 
being displaced via the siphon pipe trunk and the overboard (O/B) discharge 
pipe at the bottom of the second tank. As fuel continues to fill the first tank, 
the interface reaches the bottom of the tank and the siphon trunk; the fuel 
travels thence up the trunk to the top of the second tank, fuelling being com- 
pleted just before the interface reaches the O/B discharge pipe. The fuelling 



rate is, therefore, entirely dependent upon : 

(a) the pressure head between the fuel in the filling trunk and the O/B 
discharge, 

(b) the resultant pressure drop across the tanks, siphon trunk, and O/B 
discharge. 

With the chain full, the O/B discharge valve is shut and the sea-water 
header tank pressure is applied to the chain. Fuel is transferred to the service 
tank from the top of the first tank as sea-water make up is supplied from the 
header tank to the bottom of the second tank in the chain through the O/B 
discharge pipe. The process is the reverse of the fuelling cycle. The transfer 
pump is included to provide an alternative means of transferring the fuel if 
the head H, is not sufficient to transfer by displacement. 

This is the theoretical system on which the design proceeded. 
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Requirements and Concept of the 'Leander' Design 
The design requirements were that the fuelling rate should be at least 

450 tons per hour, that the existing tanks should be used with the minimum 
amount of structural alterations, and that the minimum number of modifi- 
cations should be made to the machinery spaces, etc. 

Tank Arrangement 
It  was decided to connect the existing tanks into four independent 'chains' 

-port and starboard forward, and port and starboard aft. The arrangement 
is described in detail in a later section. It will be appreciated that the fewer 
chains there are, the less will be the risk of contaminating machinery through 
maloperation, etc., but the harder it will be to arrange connection of tanks and 
minimize pressure losses to achieve high fuelling and transfer rates. The com- 
promise of four chains was imposed largely by the existing tank arrangement, 
though in later ships the after two chains will be combined to give a total of 
three chains. 



Service Tanks and Transfer Rate 
Three large service tanks were provided in place of the previous single 

40-ton tank by incorporating the top portions of the adjacent storage tanks, 
which could not be used in the new, forward chains due to their height. 
Ideally, service tanks should be as large as possible to give long settling times, 
and should be arranged and subdivided to give the greatest possible security 
against machinery contamination with a guaranteed stand-by source of good 
fuel. 

To give adequate settling time and to minimize transfer times, rates of 
25 tons/hour by water displacement were aimed at;  the existing transfer pump 
is rated at 20 tonslhour. 

Opera ting Head 
To achieve 25 tons/hour transfer rate by displacement, it was decided that 

the sea-water header tanks should be sited at No. 2 deck passageway level. 
However, it was found that this head would impose unacceptable stress on 
the forward tank tops, and the forward header tank was re-sited just below 
No 3 deck level, giving a head of 8 feet maximum at the tank tops. This 
factor, and the effect on transfer rate, is discussed in detail in a later section. 

Stripping Pump and Centrifuges 
It was decided that there was no requirement for a stripping pump as such 

in a water-displaced fuel system. Two centrifuges were, however, fitted: 

(a)  to remove by recirculation, any water in suspension at the bottom of 
service tanks, 

(b) to remove small quantities of water remaining in storage tanks after 
refuelling, 

( c )  to reclaim fuel from the sullage tank. 
In fact, the original stripping pump has been utilized as an auxiliary transfer 
pump, following the reduction in operating head consequent upon tank 
strength considerations. 
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Arrangement of Tanks 
As already stated, the configuration of the forward tanks is not ideal for a 

displacement system; however, with the exception of Nos. 5 and 6 tanks, 
they have a common tank-top level at No. 4 deck. This enables conversion 
with the minimum number of structural modifications into two chains, port 
and starboard, each of seven tanks. The top portions of Nos. 5 and 6 tanks 
were incorporated in the new service tanks and the bottom portions were used 
to form the final two tanks in the forward chains. 

FIG. 2 also illustrates the new arrangement of the after chains, each chain 
comprising two tanks. Although these tanks are deep, due to the Seacat 
magazine and the shaft tunnels, their general configuration subdivides each 
tank longitudinally. The banana-like shape results in two distinct levels making 
optimum venting and level sensing arrangements very difficult. No significant 
changes to the shape of these tanks is possible without major strutcural 
alterations. 

This situation has to be accepted and reliance placed on the good separation 
qualities of Dieso and sea-water, and also the addition of large limber holes 
in the longitudinal wash-plates and structures and dozens of smaller lightening 
holes in all frames, beams, etc. to prevent air-locking and to provide good 
drainage. 

To achieve the required fueling rate, each forward chain is capable of 
handling 150 tons/hour. For this flow rate and for acceptable pressure head 
losses, 10-in. nominal bore pipework is required; this obviously cannot be 
fitted within these tanks. Rectangular siphon trunking of equivalent size is 
therefore fitted. The trunks are made up from mild-steel plate and built into 
the tank bulkhead. Detachable panels are provided to enable internal cleaning, 
preservation, etc. To minimize the amount of residue and unusable fuel which 
will remain at the tank top, the trunk is fan-shaped at the top of the adjacent 
tank up to three inches from the tank top. The 3-in. layer of fuel could be 
eliminated by the use of 'top hats' built onto the tank tops at the trunk outlet. 
Unfortunately, the necessarily large size of top hats cannot be accommodated 
or accepted in the compartments above the tank tops. 

The after tanks are similarly trunked; in retrospect, however, it could have 
been preferable to use circular pipework in these larger tanks. 

Tank Preservation 
It  is clear that the corrosion hazard in tanks containing sea-water is severe. 

Dieso fuel provides none of the protection that 'sticky' FFO undoubtedly gives. 
The coating used in previous systems was Tanclene but this was not entirely 
satisfactory, and an improved type of epoxy paint to D.G. Ships Specification 
5955D was selected, To be effective, however, very thorough surface prepara- 
tion comprising removal of old fuel residues and grit blasting is needed. This 
preparation has proved extremely difficult in small and restricted tanks, 
particularly as in some areas non-continuous weld runs had to be used in 
construction, leaving inaccessible crevices; to gain access for grit-blasting, 
removal of hull plating has been needed in some areas. In H.M.S. Leander and 
Ajax, acompromise has been accepted and some tanks are coatedwith Tanclene. 

Another corrosion problem arose with the material of the pipework of the 
stripping and sampling systems within the tanks. 90110 cupro-nickel+Fe 
was originally selected on the grounds that this would resist corrosion in 
sea-water and is used in Leander and Ajax. I t  was realized that an active corro- 
sion cell could be established with unprotected steel, and complete electrical 
insulation was attempted by the use of Tufnol bushes and washers at flanges 
and deck-pieces, etc. This proved unsuccessful and, in later ships, steel pipe- 



work was used; although preserved externally by the tank coating system, 
it is liable to internal corrosion. Careful survey will be needed to forestall 
failure which, because the pipes run through successive tanks in the chain, 
could seriously interfere with the designed operation of the system. 

Fuel Tank Strength 
During final pressure testing of the tanks in Leander, leaks occurred. This 

led to further calculations to check stresses in tank tops when subjected to a 
continual pressure head from the sea-water header tanks sited at No. 2 deck 
level. A discussion on the strength of Leander Class fuel tank tops is outside 
the scope of this article; however, as a result of these checks it became neces- 
sary for the sea-water header tanks to be sited much closer to the tank tops, 
such that a maximum head not greater than 8 feet could be applied to the 
forward tanks and 5 feet to the after tanks. This restraint, coming at a late 
stage in the refit, had significant effects on the fuel system design concept. 
At this level, the forward header tank is below No. 3 deck so that the facility 
to transfer from the forward chains by displacement head is lost. This in 
turn meant that two-thirds of the total fuel stowed could be transferred only 
with the single transfer pump. 

FIG. 3-STARBOARD SIDE OF BOILER-ROOM WORKING SPACE SHOWING CENTRIFUGE, AUXILIARY 
TRANSFERISTRIPPING PUMP AND TRANSFER~LIGHTING-UP PUMP 

For obvious reasons this was not acceptable and approval was obtained 
to break the moratorium to fit an additional (auxiliary) transfer pump. The 
original stripping pump, complete with starter and ancillary equipment was 
the only unit which could be made available, for installation at this stage in 
the refit. As no major changes to the layout of the fuel working space could 
be contemplated, the pump had to be sited in the only possible space available 
-within the stripping manifold complex adjacent to the centrifuges. 

The new auxiliary pump, which has a maximum capacity of 14 to 16 
tons/hour, was refurbished and modified by the manufacturers. The modifi- 
cations removed the very bulky automatic control equipment, which is re- 
placed by a handwheel control of the pump stroke. Although these changes, 



together with consequent changes to the seating stool, reduced the overall 
size of the unit, nevertheless the working space is now very congested indeed 
on the starboard side in Leander and Ajax. In the remaining Batch l ships, 
it has been possible to rearrange the layout and a much more acceptable 
installation will be provided. 

Two major deficiencies in the original design, overcome by the installation 
of the stripping pump, are: 

(a) The inability to recover the fuel quickly in emergency due to the 
need to isolate and remove the pressure head from the appropriate 
chain of tanks in the event of tank damage. 

(b) The tedious operation of stripping off residual water from the tank 
bottoms because of the small capacity of the centrifuges. Furthermore, 
as, with good interface definition, the centrifuge initially handles 
100 per cent. water, sea-water could inadvertently get into the service 
tanks. 

As the stripping pump is designed to handle fuel, sea-water, and mixtures 
thereof without damage, advantage was taken to tap the pump suction into 
the stripping system, and an alternative overboard discharge was fitted to the 
pump discharge. Hence the pump can quickly remove any residual water 
from the bottom of the tanks via the original stripping lines and discharge 
either overboard or to the sullage tank. 
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FIG. 4-SCHEMATIC CIRCUIT DIAGRAM OF MEASURING SYSTEM FOR TANK CONTENTS 
Differential pressure = (Pressure at A) - (Pressure at B) 

= Ref. - H.Dw. - Ref. + H.Dw. - F.Dw. + F.Do.  
= - F(Dw. - DO.) 

R 1-8 Resistor. 
RV 1-8 Variable resistor-Tank depth trim. 
RV 9 Variable resistor-S.G. adjustment. 
S 1 Rotary Switch-Tank selector (8 position). 
Note: Each panel is provided with 8 channels-One channel only is shown for clarity. 

Local panel shown switched to  Channel 1 .  
Remote panel switch to  any other channel. 



Instrumentation System for Location of Interfaces 
A suitable system to locate the Diesolwater interface in each chain could 

have proved difficult, fortunately however such a system had been developed 
by Messrs. KDG for installation in SSNO7. 

The extent of the problem can be appreciated by considering the forward 
chains where the tanks are no higher than five feet at the centre line of the 
ship. Assuming a specific gravity of 1.024 for sea-water and 0.844 for Dieso, 
the differential pressure varies from zero when the tank is full of water to 
10.8 inches water-gauge when full with Dieso. 

FIG. 4 shows a schematic arrangement of the measuring system adopted. 

Diferential Pressure Transducer- 
Type 1000 CT20A (FIG.  5) 

One transducer is mounted on top 
of each tank. The two pressure inlets 
are connected via glandless isolating 
valves and pipework to the top and 
bottom sensing pots. The output of 
the transducer is proportional to the 
difference in pressure applied to each 
of the two capsules and is a measure 
of the depth of the fuel in the tank. 
The output is a minimum when the 
tank is full of water and maximum 
when filled with Dieso. Variations in 

FIG. 5-DIFFERENTIAL PRESSURE TRANSDUCER 
static head have very little effect on the 
pressure difference. 

Transmitjer-Type MPT 10A (F IG .  6 )  
One transmitter is connected to its 

associated transducer and can be sited 
at any convenient distance from the 
transducer. The functions of the unit 
are to supply a constant excitation 
current and frequency input to the 
primary of the differential transformer 
and to receive, process, and amplify 
the transducer output to produce a 
transmitter output signal proportional 
to the differential pressure being 
sensed by the transducer. 

Indicator Panel 
The panel design is such that it will 

accept and switch up to eight trans- 
mitter inputs and has the facility to 
loop the eight inputs onto a second 

FIG. 6-SIGNAL TRANSMITTER indicator panel if a remote indication 
is required. 

Operation of the tank selector switch will select which transmitter input is 
displayed on the 4-in. dial indicator. The indicator has a common scale cali- 
brated in percentage depth of fuel from the top of the associated tank. The 
specific gravity corrector controls a potentiometer adjustment to correct for 
variations in the specific gravity of the fuel being embarked. When the first 
tank in a chain is known to be full, the specific gravity corrector is adjusted 



to give the correct 100 per cent. 
read-out in that tank and thus 
automatically provides correction 
for the rest of the tanks in the 
chain. Depth-trimpotentiometers, 
one for each tank, are fitted to 
enable ranging of individual 
transducerJtransmitter tank sets. 

General Remarks 
Under steady conditions the 

total system accuracy is k 2 per 
cent. For a + 15" roll condition, 
the indicator will swing + 3.0 per 
cent. of the indicated value from 
the true reading. 

The transducer is a sealed unit 
requiring no maintenance and, if 
defective, has to  be replaced. 
Replacement of the transducer 
reauires onlv the closing of the " 

FIG. 7-INDICATOR PANELS AT THE FUEL two isolating valves, and discon- 
CONTROL POSITION nection of the pipe connections 

and cable. Air-bleeding from the new unit must be carried out and the zero 
and range settings on the transmitter adjusted. Renewal of the transducer does 
not therefore necessitate access to the tanks. A test simulator is provided to 
diagnose and locate any fault in the system. 

For the system to operate satisfactorily, it is essential that there are no 
leakage losses in the sensing lines, since these must always retain the initial 
sea-water charge. Any loss of sea-water or ingress of Dieso will destroy the 
reference heads and false indication will result. The present design of datum 
pots and sensing lines, a MOD responsibility, is not entirely satisfactory. A 
much more positive design will be incorporated in later ships. 

Generally, however, the system is performing very well in Leander; of the 
18 sets fitted, only two are giving trouble due to ingress of Dieso into the sens- 
ing lines. 

Filling and Transfer System 
A diagrammatic arrangement of the filling and transfer system is shown in 

FIG. 8. The design of the sea-water system and header tank arrangement has 
to meet the requirements to:  

(a )  ensure that the allowable pressure heads on the tanks are not exceeded 
and that any transient increases in head due to failures or expansion, 
etc. are quickly monitored and removed. 

(b) provide compensating make-up of sea-water compatible with the 
different modes of transfer and their different transfer rates. These 
are estimated at: 

25 tons/hour by displacement head. 
20 tons/hour by main transfer pump. 
16 tons/hour by auxiliary transfer pump. 

Control of the sea-water header-tank level when supplied from the firemain 
(80-100 psi) is achieved by means of a Maxseal solenoid-operated valve 
actuated by a Mowbray float-switch. The float switch has an adjustable 
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FIG. 8-DIESO FILLING AND TRANSFER SYSTEMS 

switch differential, set at  13 inches for this application, to reduce to a minimum 
the number of operating cycles of the solenoid valve during a transfer period. 
Optimum control is not possible for all transfer modes; however, an orifice 
is fitted downstream of the solenoid valve sized to pass 22 tons/hour at a 
pressure drop of 40 psi. At the higher transfer rates therefore, demand will 
exceed supply and the resultant low level in the tank will cause the float 
switch to remain open during the cycle. At the lower rates, the switch will 
operate more frequently. 

A shock alleviator has been fitted to absorb and damp out the shock loads 
set up by the speed of operation of the solenoid valve (20 milliseconds). 

The header-tank levels are monitored by means of pressure switches which 
operate warning lamps; those indicating a low-level condition, i.e. during a 
transfer, are sited at the fuel control position, and those indicating a high- 
level condition, which could occur when the system is not in use, are sited at 
the boiler-room machinery console. 

In the event of failure of the float switch or solenoid, the sea-water header- 
tank level can be controlled manually by means of the diaphragm control 
valve sited downstream of the firemain isolating valve. 

Each chain is fitted with a 2-in. expansion standpipe which is led to an 
expansion tank sited adjacent to but, because of the maximum allowable 
heads imposed, slightly higher than the sea-water header tanks. The forward 
expansion tank is below the mean water-line and consequently each expansion 
pipe is fitted with an orifice plate to damp down pressure surges which might 
occur when the ship is pitching (i.e. the forward tank of the chain could be 
higher than the after tank of the chain). 

The original FFO filling trunk provides adequate capacity and head to meet 
the required fuelling rate; the overflow is led to the centre service tank. The 



smaller Dieso filling trunk (starboard side) is blanked off because no separate 
fuel storage can be carried for auxiliaries. 

Fuel from the filling line and filling trunk is controlled by the existing 
hand-operated filling valve. From the trunk, fuel can be distributed via a 
12-in. bore three-way manifold to each chain. The existing 9-in. bore pipe- 
work is used to supply the two after chains. All three legs can be rapidly 
isolated at the fuel control position by means of the wafer-thin butterfly 
valves which in their own right can provide a good control of flow. The dis- 
tribution to the port and starboard after chains is made within the pump and 
filter space using 6-in. butterfly valves and an additional 4-in, branch to supply 
the old No. 4 Dieso tank (not water-displaced fuel). 

The 6-in. overboard discharges 
from each of the two after chains 
marry within the pump space into a 
10-in. main whichis then routed ath- 
wartships through No. 4naval store. 
The header tank, sited in the lobby 
immediately above, is connected 
into the discharge pipes upstream 
of the two line-isolating valves. 

The pump and filter space has 
always been a badly congested area 
containing the 100 tons/hour fire- 
pump and the helicopter Avcat 
system. Initially it was hoped that 
the water-displaced fuel system, 
with its rationalized supply and 
overboard discharge arrangements 
for virtually two tanks instead of 
the old five-tank arrangement, 
could be accommodated without 
adding to the congestion. Un- 
fortunately, it became apparent 
that the fire-pump fixed suction at  

FIG. 9-FUEL CONTROL POSITION the deck and the overboard dis- 
charge connection~ (the ballast system penetrations being utilized) prevent 
ready access across the compartment; operation of the fuel system valves is 
therefore difficult, particularly so at the end of a fuelling operation. Un- 
fortunately, this poor layout could not be changed in time for Leander and Ajax. 

The overboard discharges from the forward chains are arranged as shown 
in FIG. 10. The main 10-in. bore pipe terminates just above keel-plate level 
within the tank and runs overboard at the water-line. A 4-in. bore bypass is 
introduced to slow down the fuelling rate near the end of the fuelling opera- 
tion. A sight glass fitted in the bypass ensures that minimum fuel will be dis- 
charged overboard in the event of instrument failure. Due to the congestion 
within the pump and filter space, similar arrangements could not be made for 
the after tanks, but sample take-off points are provided. 

As can be seen from FIG. 8, the main and auxiliary transfer pumps can take 
suction via the common manifold from any chain and discharge into any 
service tank via the service filling trunk. Transfer by displacement, from the 
after tanks only, bypasses the filling trunk direct into the service tank. The 
existing main transfer pump (IMO) originally intended only as a stand-by is 
used. A digital flowmeter, fitted with the intention of providing a ready means 
of logging fuel used, etc., has since proved inadequate; as it also imposes 
a significant restriction, it will be removed in later ships. 



Service Tanks, Suctions, and Discharge Systems 
Two service tanks of equal capacity are preferred; this, however, is pre- 

cluded in Batch 1 ships because of the configuration of the main structure 
members. Instead, the fitted arrangement is a centre tank with two wing 
tanks. Since the service tanks are below the mean water-line, air spaces are 
required at  the ship's side and this reduces the capacity of each wing tank to  
15 tons. In order to obtain a more balanced arrangement, the suctions of 
the wing tanks are cross-connected and a cross-over inter-connection pipe is 
fitted at  about two-thirds of the tank height. Hence they can be used as one 
tank, the high cross-over pipe preventing large quantities of fuel being carried 
across from one to the other when the ship is rolling. The system is so arranged, 
however, that any pair of tanks can provide separate suctions for each service 
pump. The system can therefore be operated as follows: 

(a)  Normal steaming-both pumps taking a common suction from either 
the centre tank or both wing tanks used in unison. 

(b)  Critical steaming (e.g. in confined waters or during RAS)-operating 
as units with each pump taking a separate suction from its own wing 
tank, the centre tank being stand-by. 

The suctions of all service tanks are sited twelve inches above the bottom of 
the tank and sample test cocks are fitted above and below the suctions. 

It is possible in an emergency to bypass the service tanks and supply the 
service pumps direct from a selected chain. This is achieved by connections 
to the suctions of the two service pumps taken from the distribution manifold, 
and these can be used as a safe stand-by when operating for normal steaming. 

Very little change has been incorporated in the fuel discharge system. The 
existing reciprocating type service pumps and associated Green Mercier 
shock alleviators are retained but the FFO heaters and tank heating facilities 
have been removed. 

For the Batch 1A ships (the first three), the existing lubricated plug valves 
have been retained on the HP side but, for the later Batch 1B ships, these will 
be replaced with ball-type valves and the discharge system will be modified 
for steam atomization. 

Stripping System 
It was originally anticipated that the stripping system could be dispensed 

with and smaller bore pipework more compatible with the centrifuge capacity 
could be fitted. Fortunately, however, it was decided to retain the existing 
pipework because of early misgivings on the effectiveness of the centrifuges. 
The system also needed to provide a facility to empty quickly all tanks when 
docking, etc. 

The pipework of the stripping system from the forward chains penetrates 
into the boiler-room fuel working space on the starboard side; here, it is 
grouped into the stripping manifolds complex which also picks up the existing 
single cross-connection from the after chains. The existing 40 tonlhour salvage 
eductors, sited in the boiler room and engine room, can be connected into 
the common stripping line when required. Spectacle plates are fitted to prevent 
inadvertent connection to the bilge system. Each stripping pipe is fitted with 
a standard suction terminal. 

With the re-introduction of the stripping pumps, the centrifuges are now 
only used to re-circulate the oil in the service tanks, suctions being taken 
from wells set into the bottom of the three tanks. In the later Batch 1B ships, 
only one centrifuge is fitted. 
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Fuel Supply to Auxiliaries 
The existing motor-driven transfer and lighting-up pump takes its suction 

from a branch connection in the service pumps' suction lines, and discharges 
directly into the manifold coupling block to the small-sized register. As in 
the original system, the pump also supplies the Diesel-generator ready-use 
tanks. 

The original auxiliary boiler ready-use tank is combined with the sullage 
tank to provide a sullage tank of 5Q tons total capacity, the auxiliary boiler 
supply and spill system being taken from a separate connection at the centre 
service tank. 

Functional Trials and Operating Experience 
Early in 1973 before sea trials, functional trials were successfully under- 

taken and proved the viability and flexibility of the system. A fuelling rate of 
350 tons/hour is achieved with a filling trunk head of only nine feet. Since 



the overflow pipe in the trunk is 13 feet, there is plenty in hand to achieve 
450 tons/hour. On one occasion, fuel was inadvertently discharged overboard 
from the port after chain; this was because not all the sampling connections 
had been completed and the gauge had not been finally ranged. In the forward 
chains, this is avoided because a 4-in. bypass is fitted. 

~xcellehi interface definition and separation 
is maintained in the tanks. When fuelling into 
the forward tanks, all is well until the level 
of the Dieso reaches the bottom of the lowest 
main lightening holes through the intermediate 
transverse bulkheads. At this point, however, 
the Dieso passes across the length of the tank 
into the siphon trunk. Consequently fuel begins 
to fill the next tank in the chain before the 
first tank is completely full and a significant 
quantity of water remains trapped within 
each bay. As fuel progresses through the chain, 
the quantity of trapped water is reduced but 
further improvement can only be achieved at  
the expense of a reduced fuelling rate. Ad- 
ditional small limber holes have been included 
in the bulkhead, but it is apparent that larger 
penetrations down to the tank bottoms are 
required. However, this is not practical without 
adversely affecting the strength of the structure. 
The installation of the stripping pump enables 
ships' staff to cope with the situation but a 
more positive solution to the problem is 

A 

F I G .  1 I-FORWARD CHAIN being considered. 
4-IN BYPASS AND SIGHT-GLASS This phenomenon can be clearly seen by the 

SHOWING INTERFACE instrumentation system which, apart from the 
two port after tanks, continues to perform most 

satisfactorily and reliably. Improvements to the arrangement of the sensing 
line and redesign of the sensing pots are required to ensure optimum per- 
formance, and these changes are in hand for later ships in the Batch. 

The full predicted transfer rates are achieved. Due to flow restriction, 
transfer by the combination of head from the after tanks and by pump from 
the forward tanks shows only marginal improvement. This deficiency can be 
readily overcome by the introduction of an additional cross-connection from 
upstream of the after manifold valve to the separate filling trunk overflow 
pipe into the centre service tank; this will be done during the Batch 1B refits. 
Only a negligible carry-over of water into the service tanks has been experi- 
enced to date. During full-power trials in heavy seas, only one gallon of water 
was centrifuged from 60 tons of fuel transferred. This is very reassuring, and 
for later ships the suctions will be lowered to 6 inches and sampling points 
rationalized to obvious advantage. 

A simple and very effective water-detecting device, which is proving very 
useful and popular, was obtained from Messrs Griffen Associates. The device 
consists of a probe connected to a small portable battery-driven electronic cell 
by a long length of cable which enables the probe to be lowered into the tanks. 
When passing through fuel, there is no response but, immediately the probe 
touches the interface, a piercing alarm is sounded. 

During recent steaming in heavy seas, leakage at the top of the tanks has 
been experienced in H.M.S. Leander. Before repairs can be undertaken, all 
fluid from the chain must be removed and the tanks freed of gas. As this is 



both expensive and time consuming, it is important that a means of isolating 
each tank at the siphon trunks is devised. 

The fuel system design for the Batch 2 ships is now complete. Although 
more complex, having large conventional tanks in addition to the displace- 
ment system, the lessons learnt in H.M.S. Leander have been incorporated in 
the design. 

The main improvements are in the configuration of the service tanks and 
the rearrangement of the after chain and overboard discharge. The service 
tanks comprise two main tanks of equal capacity. A weir is incorporated with 
each tank, suctions being taken from the 'clean' side of the weirs. There is 
also a stand-by centre tank of 8 tons capacity. All service tanks will have 
permanent water-detection probes with remote alarms at  the fuel control 
panel. 

The four after tanks have been combined into one chain. The sea-water 
header tank and a single main overboard discharge is fitted in the engine 
room. 

Conclusions 
Trials and experience at sea in H.M.S. Leander show that the water-dis- 

placed fuel system as designed is a practical and workable system, despite 
the considerable difficulties inherent in converting a conventional system. I t  
remains to be seen whether the known problem areas will become troublesome, 
particularly the problems of corrosion of tanks and internal pipework and 
tank-top leakage. Many improvements, some arising from experience with 
Leander, will be incorporated in later ships ; these include modifications t o  
instrumentation systems and service tank arrangements. 

The increase in stability achieved by the successful introduction of the 
WDFS has allowed extensive improvements to be made in the fighting capa- 
bilities of the Leander Class frigates. 
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