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SR.N4 - a new number for train spotters 
British Rail hasn't quite taken all 
the glamour out of the train 
spotter's life. Although the 
romance and grandeur of steam 
locomotives are almost a thing of 
the past, there are a number of 
interesting developments off the 
beaten track - even as far off as 
the open sea ! 
Including SR.N4. .  . 
This is the world's largest 
hovercraft, ordered by British Rail 

to bring a new dimension to its 
ferry operations. Capable of 
carrying 250 passengers and 32 
cars, this 165 ton hovercraft will 
bring speedier, more comfortable 
travel to everyone. 
The world's fastest sea transport - 
cruising at 70 knots - the  SR.N4 
wil l  maintain first class service day 
and night, regardless of rough seas, 
tide state, wind or weather. 
The SR.N4 ordered for British Rail 

IS one of four glants at present 
under construction on the world's 
flrst hovercraft product~on llne at 
Cowes The frrm orders already 
placed for these craft are further I 

tangrble evldence of operators' I 

confidence In Brltlsh hovercraft. A 
transport revolut~on IS underway, a 
revolut~on In whrch many enter- 
prlslng ferry operators are already I 
tak~ng part. 

BRITISH HOVERCRAFT- WORLD LEADERS I N  THE HOVER TRANSPORT REVOLUTION 1 
BRITISH HOVERCRAFT 
CORPORATION LIMITED 
IS A SUBSIDIARY OF 

LIMITED 
WESTLAND AIRCRAFT .,,,,,,,,.c....,.,<. ,.,.~,.,..,,.".. 
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The Geographical Magazine 

H OVERCRAFT trrals over differing types of terraln and 
under all types of climatic cond l t~on~  are belng 

studied w ~ t h  Increasing interest by geographers in many 
parts of the world They see in th~s  machine a plece of 
equipment, which, rf its uses are planned wlth skill and 
 magin nation, will Increase the amount of work that can 
be carried out by any expedition and whlch can provrde 
mobility for key men in a way which has never before 
been possrble 

The sub~ect of geography embraces many d~sclpllnes and 
the true geographer cannot easrly be defined The late 
Professor Debenham described geography as belng "The 
pursult of wrsdom with respect to place" The problem has 
untll recent times been for the geographer to get to his 
place and havlng reached ~t to move around there Modes 
of travel slnce journeys have been recorded have varied 
very little u n t ~ l  the present century and the arrival of the 
aeroplane The ability to fly, however, has cut the world 
down in size in such a way as to make travel In itself a 
matter of small difficulty. I t  has also given man the oppor- 
tun~ ty  to study his world from a drstance and to see rts 
surface in a new light. 

Aircraft are fast and comparatively flexible but they are 
expensive to operate and difficult to stop. Helicopters are 

more versatile for the explorer who seeks to get close to 
hrs subject but they too have limitations and are costly to 
purchase and to operate. For travel on many types of land 
surfaces motor vehicles have now reached a surprising 
level of eficiency and tracked vehicles exist for use on ice 
and snow and in certain types of swamp regions. 

For large expeditions it has often been necessary to pro- 
vide all of these types of transport and almost always, 
boats as well. 

Now cornes the hovercraft. Last year a series of highly 
important and successful tests took place in the snow and 
ice of northern Canada. This year has seen s~milar trials 
in the deserts of northern Africa. More tests have taken 
place on tropical rivers and on rugged hillsides. In all of 
these regions the hovercraft has shown that, properly 
handled, it can cover long distances at high speeds over 
terrain which would defeat almost any other form of 
mechanical transport. It can stop when necessary, on land 
or water; it is safe and can operate under almost any 
weather conditions; load carrying capacity can be high and 
also flexible; and the cost, although difficult to estimate 
accurately at this stage of development, will compare very 
favourably with that of light aircraft. 

(Cont inued on page 6 )  
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By Brian Cooper 

T HE one man who more than any other deserves cred~t 
for the development of Christopher Cockerell's orlginal 

hovercraft idea is a gentle, quiet-spolten civil servant In h ~ s  
late fifties. Whlle the prevlous art~cles In t h ~ s  serles have 
featured the men in prlvate Industry who d ~ d  so much to 
make hovercraft poss~ble, the test pilots, the operators and 
the des~gners, rt was Ronald Shaw who as the Assistant 
Dlrector of Alrcraft Research at the Mlnistry of Supply 
first realised the potentla1 of Cockerell's princ~ple and 
brought ~t to the attention of Saunders-Roe 

By the end of 1956, Cockerell had already spent two 
years In trylng to get people Interested in h ~ s  rdea, w~thout 
success. It was finally as the result of a personal letter to 
Lord Mountbatten that the Admiralty agreed to look Into 
the matter further On a cold morning in November, Shaw 
was sitting In h ~ s  office when a telephone call came through 
from the Admiralty, saylng that they had an Inventor wlth 
them who seemed to be more In h ~ s  llne Shaw agreed to 
see h ~ m  and was directed to the basement of an old bulld- 
lng in Chancery Lane This was the office of a patent 
agency that had been employed by Cockerel1 Here, Shaw 
met Cockerell for the first tlme and, together with the slx 
other men present, they w~tnessed the demonstration of a 
crude hovercraft model Because of the lack of space, they 
had to s ~ t  on tables while the model circled on the floor at 
a speed of about 10 mph at the end of a short string. An 
office ruler was used to demonstrate its a b ~ l ~ t y  to surmount 
obstacles 

Shaw was the only one of those present to express an 
Interest In the Idea and w~lllng to talk about ~t further He 
rilv~ted Cockerel1 to come and see him and bring h ~ s  cal- 
culatlons At the~r  meeting a few days later In Shaw's ofice 
he checked Cockerell's prellmlnary figures and found them 
to be on the r ~ g h t  lines H e  also discovered, which was a 
surprlse to both of them, that they had been up a t  Cam- 
br~dge together, dolng engineering in the same course Jt 
was obv~ous from their d~scuss~on that a deslgn team was 
necessary ~f the experiment was to be taken further, and 
Skiaw began by approaching Shorts ~n Belfast, because of 
their experience of flying boats and vertlcal take-off air- 

craft They were not Interested, however, and Shaw then 
approached Saunders-Roe, a company that also had flylng- 
boat experrence It so happened that because of alrcraft 
cancellations, Maur~ce Brennan at Saunders-Roe had a 
number of designers available. They were also Interested 
In the posslbll~t~es of thls new concept As the result of a 
27,500 contract which Shaw was able lo glve them, they 
agreed to undertake a design study and model tests, and 
this occup~ed them for the next fifteen months W ~ t h  thrs 
step the first real start on hovercraft development had been 
madc, a start which was to lead to the SR N1 and then on 
to the wide range of hovercraft of today. Durlng t h ~ s  perloci 
Shaw arranged for Cockerell to be a cons~~ltant  to the 
M~nlstry of Supply so that he could retaln contact with the 
work 

The reason that Shaw was able to have such a ready 
appreciation of the hovercraft Idea where others d~smlssed 
it lay In h ~ s  long and dlst~ngu~shed career as an aero- 
dynamlclst B o ~ n  In Liverpool In 1910, he obtalned a 
scholarship In Pure Mathematics to Downing College, Cam- 
bridge, and graduated In Engineering in June 1932, with a 
first class honours In the Mechanical Sc~ences Trlpos H e  
was awarded an 1851 Exh lb~ t~on  bursary but rellnqu~shed 
it when he became one of two junlor sclent~fic officers 
appointed to the Royal Alrcraft Establ~shment at Farn- 
borough that year He has warm memories of the ploneer- 
ing splrrt of those days, dolng flight work and wlnd tunnel 
testlng, for the a~rcraft lndustry Itself was then still rela- 
t~vely new Working under Dr  G P Douglas, he was 
respons~ble in 1935 for evolvlng In wind tunnel tests the 
des~gns for the rad~ator cowlings of the first Sp~tfires and 
Hurricanes 

In 1938 he was promoted to senior sc~entlfic officer and 
sent to the Marine Alrcraft Experimental Establlrhment a t  
Fel~xstowe to take charge of research and testlng on flying 
boats Eighteen inonths later, on the outbreak of war, the 
Establlshment was moved up to Helensborough on the 
Clyde, and it was here, while waltlng for their maln equip- 
ment to arrlve from Fellxstowe, that Shaw became mtel- 
ested in the poss~bll~t~es of ail lubr~cat~on to ]educe the 
water drag on flying boat surfaces In take-off He actually 
bullt a slmple model w ~ t h  which to test his idea, nothlng 
more than a 12 x 18 1n box w ~ t h  a Perspex bottom w ~ t h  a 
plpe along the front edge w ~ t h  holes in it through whrch 
alr from a compressed air cylinder could escape T h ~ s  was 
traded along In the water over the s ~ d e  of a boat What 
Shaw was ~nterested In findlng out was how the alr jets 
merged to cover the bottom of the Perspex 7 he next step 
would have been to make some artangements to measure 
the drag of the surface Unfortunately, perhaps, the equip- 
ment for which they had been wa~ting arrlved from Fel~x- 
stowe and more Important jobs had to be done What Shaw 
d~dn' t  realise a t  the t ~ m e  was that he had bu~l t  something 
very close to Cockelell's first hovercraft model Had he 
been able to contlnue his lme of thmkmg, he m~ght  well 
have come up wlth the hovercraft principle As ~t was, lhls 
had to walt for another seventeen years. For wlth the 
advancement of the war and the lncreaslng danger to ship- 
ping from enemy submarrnes, Shaw was glven the job of 
settlng up a team to do full-scale research and testrng of 
underwater weapons 

This primarily lnvolved depth charges, and here agaln, 
as happened so often in hls career, Shaw was startlng from 
scratch Desp~te the fdct that depth charges had been used 
In the First World War, virtually no work had been done 
on thelr use from allcraft, and In 1939 very little was 
known about the problems involved Durlng the four and a 
half years he was engaged on t h ~ s  research, whlch lncluded 
a great deal of open-sea work, he bulk in a remote Scottish 
glen an experimental bomb-fir~ng tank that was the largest 
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of 1Cs krnd 111 the world l h e  v~r tue  of the tank was that 
~t enabled the underwater behavlour of the bombs to be 
studled at full scale under controlled cond~ t~ons  The tank, 
150 f t  long and 45 ft deep, wrth a glass srde, contamed a 
mrlllon gallons of water and was brg enough to accept full- 
slre bombs enter~ng the water up to 400 ft/sec and rockets 
up to 1,500 ft/sec. Three hundred krllowatts of llght~ng and 
h~gh-speed cameras were used rn photograph~ng the under- 
water path, and the behav~our of fuses and damage to the 
bombs themselves could be precisely recorded 

One of the most Important projects on whlch Shaw and 
h ~ s  team became engaged was Barnes Wallis's dam-bust~ng 
bomb The pr~ncrple of the bomb was that ~t sho~ild bounce 
along the surface of the water and then, because of rts 
sprnnlng ac t~on,  roll down the face of the dam lo the 
bottom where rt would explode to the greatest effect Shaw 
was respons~ble for the record~ng team and the analys~s 
when the full-scale trrals on the bomb were done in a 
remote Scottrsh loch. 

After the war, when the Marlne Alrcraft Experimental 
Establ~shment was d~sbanded, Shaw was offered three 
chorces-e~ther to return to Farnborough, go to Cam- 
bridge to undertake research work. or go to Australra on 
attachment to the Commonwealth Aeronaut~cal Research 
Labolatory H e  chose Australia, and ~t was whrle in the 
s h ~ p  sarl~ng out there that he was lnformed that he had 
been promoted to pr~ncrpal sc~ent~fic officer, and the 
appo~ntment back-dated two years 

W~thrn a few weeks of arrivrng In Australra, he was put 
In charge of the Aerodynam~cs section W ~ t h  an erghty-man 
team, work~ng at Fishermen's Bend near Melbourne, he 
found hrmself engaged on sosne strange projects during the 
two years he was there, lncludrng the desrgn~ng and testrng 

of orchard sprayers, frost fans, mlne vent~latlon systems, 
and gl~ders This was in a d d ~ t ~ o n  to more convent~onal work 
rn the w~ncl tunnels of the laboratory 

Back rn bngland In 1947, he worlted for three years on 
supelsonlc aerodynamrcs at the Nat~onal Phys~cal Labora- 
tory It was dur~ng thrs per~od that he evolved an acoustlc 
theory of alrflow whtch IS st111 very controvers~al desprte 
the fact that rt explalns and predlcts vortex shedd~ng when 
no other theory IS able to do so Then followed three years 
In Wash~ngton as lla~son officer wrth the Brltrsh Mrssron 
In 1953 he was brought back to England and appointed 
Ass~stant Drrector, Alrcraft Reqearch and Development 
(Research), at what was then the Mrn~stry of Supply He 
held thls appointment t ~ l l  last year, although dur~ng thrs 
tlme the Minrstry changed ~ t s  trtle from Supply to Avration 
and finally to 1-echnology 

111 t h ~ s  capacrty, Shaw was responsible for the overs~ght 
of the des~gn and bu~ldlng and subsequent research work 
on such alrcraft as the Fa~rey supersonlc delta, whlch broke 
the world alr speed record, the supersonlc Brlstol 188 and 
221 (the half-scale Concord), the Short SCI and Hawker 
P1127 VTOL arrcraft and the Farrey Together w ~ t h  Barnes 
Walhs, he worked on des~gn stud~es of var~able swept-wlng 
alrcraft 

When that telephone call from the Adm~ralty m h'ovem- 
her 1956 first introduced Shaw to the hovercraft Idea, he 
was part~cularly concerned wlth development of vertlcal 
take-off aircraft One of the problems there was ground 
effect whrch generally caused loss of lift and ~nstabll~ty, in 
Cockerell's suggestron he saw a means of actually explort- 
Ing ground effect. From that tlme on, he became an ardent 
supporter of hovercraft development and proved to be an 
snv~luable "fr~end at court" to those m prrvate rndustry 
who were trylng to make progress agalnst an attrtude that 
was generally lukewarm When Hovercraft Development 
Ltd was formed, Shaw became a d~rector of the company 
(part tlme and unpa~d) and rema~ned so for two years, 
untrl 1960 Dur~ng t h ~ s  tlme the prototype SR Nt was bu~l t  
wrth NRDC funds and Shaw ran thrs programme as he 
would one of h ~ s  research a~rcraft  The SR N l  was of 
course an ~ m m e d ~ a t e  success and a development programme 
followed Other companies became Interested and took out 
licences The tune came for Shaw to dec~de whether to 
work on hovercraft full tlme - he was offered a full d~rec- 
torshlp and the post of Ch~ef Englneer - but he decl~ned. 
He returned to full-t~me work on research alrcraft at the 
Mlnrstry The hovercraft Industry whlch he had done so 
much to nurture was however begrnn~ng to find ~ t s  feet 
and now, from another p o ~ n t  of vlew, Shaw was able to 
contrnue to be of help Interest was belng shown In the 
mllitary appl~cat~on of hovercraft and the Inter-Serv~ces 
Hovercraft Work~ng Party was set up In 1961 Research on 
m ~ l ~ t a r y  hovercraft was ~ncluded rn Shaw's programme and 
~t was on thls bas~s that Shaw was able to put through 
the world's first commercral sale of such a craft when the 
Mrnistry of Avlat~on bought Br~tten-Norman'q CC-2 Then 
came the hlrlng of the SR N1 and SR N2 for trrals by the 
Inter-Servlces Trlals Unrt whlch the Worklng Party had set 
up Later on hovercraft were bought for trlals In Borneo 
and elsewhere 

All t h ~ s  time, Shaw was the unassuming figure beh~nd the 
scenes, provldrng encouragement as well as financral sup- 
port In the way of Mlnrstry purchases He was spendrng 
about half his t ~ m e  on hovercraft, rather more than the 
money ~nvolved str~ctly merrted, with the help of only one 
assrstant on thrs work Hrs first ass~stant was L~eut-Cmdr 
Ashmead, attached to hrm from the Navy He later became 
the first CO of the Inter-Servlces Hovercraft Tr~als  Unrt 
It was Shaw who sent Ashmead to sel the Mayor of Calais 



to organlse the first Channel crossing of a hovercraft, the 
SR.N1 t r y  from Cala~s  to Dover to commemorate the 
fift~eth anniversary of Bler~ot's flrght I t  was an eventful trlp 
In more ways than one, rnvolv~ng a slrght altercatron w ~ t h  
the Customs over a celebratory magnum of brandy carrred 
by one member of the palty, runnlng out of fuel w ~ t h ~ n  
srght of Dover on the return run, and a b~zarre experience 
dur~ng the demonstratron on the beach at Cala~s when, 
although no one there had ever seen a hovercraft before, 
the SR N1 circled w ~ t h ~ n  a few feet of a man d~gging for 
worms and he s~mply moved h ~ s  bucket w~thout even look- 
Ing up at the strange craft 

It was Shaw who set up the Hovercraft Research Com- 
m~ttee seven years ago, an unoficral body but representing 
everyone rnvolved In the rndustry, the unlversltles and the 
Government so that they could meet tw~ce a year to discuss 
developments A member of the Inter-Servrces Hovercraft 
Working Party from the beg~nn~ng, he was Cha~rman of 
~ t s  Techn~cal Committee Last year, he set up the nucleus 
of a mlxed Serv~ce-crv~l~an hovercraft team wrth~n the 
Mrnistry 

Today, Shaw belleves that only the surface of hovercraft 
p o s s ~ h ~ l ~ t ~ e s  has been sk~mmed Now that the ~ d e a  has 
become well establrshed, it is necessary for more attentron 
to be devoted to the bu~ldrng of craft more econom~cally 
and for specrfic purposes. One of the marn problems, as he 
sees ~ t ,  IS that many people think of hovercraft only as 
an alternat~ve to ex~strng forms of transport, whereas In 
fact rt should be regarded as prov~d~ng a means of estab- 
llshing transport servlces In entrrely new fields and rn areas 
where other f a c ~ l ~ t ~ e s  would not be poss~ble 

The nearest Ronald Shaw has ever got to ownrng a 
hovercraft machlne - although he has of course travelled 
In every type of craft maliufactured - is the possessron of 
a hover-mower whlch he recently bought for the garden 
of hrs home In Heme1 Hempstead. "It seems to have all 
the v~rtues and vrces of true hovercraft," he says with a 
twrnkle In h ~ s  eye "I've even found rt can be made to 
plough In Over level smooth lawn ~t moves wlth almost 
dream-l~ke ease, on rough grass you can feel the resrrtance, 
and on slopes you have no doubt about the pull of grav~ty 
and you have to be careful w ~ t h  control " 

-- 

SEASPEED 
(Continued from page 31) 

The SR.N6 is not part~cularly good for field mainten- 
ance, but some improvetnent is ant~cipated In t h ~ s  sphere 
in the near future. The ma~ntenance of sltirts and fingers 
are two of the most urgent problems, the first of these now 
having a TBO of somethrng under half-way towards the 
2,500 hr figure mentioned by Mr Lefeaux as the economic 
goal. Fingers are some of the most troublesome rtems, a 
TBO of 200-250 hr being realisable at present compared 
with the required TBO of 500 hr anticipated in the future. 
With the high ~itilisatlon of Seaspeed SR.N6s reaching 
50 hr per week in the summer and 30-40 hr per week in 
the winter, it can be realised that higher TBOs are becom- 
ing an economic necessity. 

Future Operations 
There are three main ways In wh~ch  the Brrtish hover- 

craft industry could be helped by the Government: by 
direct military financing, as in the USA; by the precemeal 
financial support as in the UK at the moment; and by the 
provision of adequate finance to operators for the purchase 
of eyu~pment. This last choice can be compared with the 
Viscount financial provision to BEA some years ago. 

Next year, BRHL w~l l  take dellvery of the first SR.N4 
In May, and this 1s due to go ~ n t o  servlce on the Channel 
route on August 1st. An HM-2 rrgld s~dewall craft will be 
del~vered to the company before the end of 1967 and thrs 
w ~ l l  go Into servlce on the Solent. Plannlng for both these 
types and many others has been undertaken for a w ~ d e  
variety of routes, and the possrble appllcat~ons wrll be 

C 
watched wrth cons~derable ~nterest In connect~on with the 
operations ~nvolv~ng the SR.N4, ~t 1s ant~c~pated that the 
ma~ntenance of thls craft w ~ l l  show some advantage over 
that of the SR.N6 because of the accesslbil~ty of com- 
ponents due to the scale effect, and the des~gn advantages 
incorporated from the lessons learnt durrng SR N6 opera- 
t~ons.  

NEW WORLDS TO CONQUER 
The geographer who proposes to take an expedition to 

any part of the world is obliged now to consider whether 
or not the hovercraft is to become an essential part of the 
expedition's equipment. Its versatility is perhaps its strong- 
est po~nt .  Often the leader of an expedition must first 
make a difficult landing on a treacherous coast and must 
transport to the shore all of the stores and equipment 
needed for the work to be accomplished. The hovercraft 
answers this problem for it should be able to take every- 
thing not just to the shore but the site of the base camp, 
all in one operation. 

When a camp has been established, groups of workers 
must he taken to the regions in which study is to take 
place. The hovercraft can perform thrs task and not only 
will travel be fast but it can be by almost the shortest 
possible route. Rivers can be navigated, even I£ rapids, 
floods or drought conditions would prevent travel in more 
orthodox craft; swamps can be crossed; pack ice, always a 
hazard in polar regions, or melting ice on thaw~ng rivers 
can be negotiated; deserts can be traversed at speed; and 
direct communication can be maintained with groups of 
workers operating at considerable distances from each 
other. When the time comes for disembarkation, then the 
hovercraft can play its part once again. 

Many tests must yet be made before the capabilities of 
the hovercraft can be assessed fully but enough has been 
accomplished already to prove that it must soon become 
an essential piece of equipment on almost every major 
expedition. The many benefits that the use of these craft 
can bring in "The pursuit of wisdom with respect to place" 
may not yet be understood. It is very clear that they are 
going to make possible proper comm~inrcation in regions 
of the world which have remained tindeveloped because of 
their inaccessibility. They are going to make it possible for 
the people who can provide answers to many of the prob- 
lems of such regions, the geographers, to get qulckly to the 
places which they must study and from the study of which 
mankind will benefit. 

The hovercraft industry has suffered many setbacks in 
the past. The geographers, now that they are learnrng what 
is possible, will soon be clamouring for the craft which 
they must have if they are to ensure that the development 
of their knowledge keeps pace with that of this new tech- 
nical achievement. It will be disastrous if, for any reason, 
development of this vital piece of equipment is hindered in 
any way - or if the needs and resources of geographers 
are not understood and catered for. by the designers and , 
manufacturers. 
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Tlle HD2 research iznd deveiopmcnt croft designed and built by  Hovercraft Develoljment Ltd at Hytize, Southompton, will be 
Izaving trials tlzis montlz. T h e  c m f t ,  which weighs 4 tons and is a 30 f t  long near-scale model of a 90 to11 pnsscizger/car ferry 
hovercraft, is [ru~jered b y  three Rover 150 l?p gas turbines. It curries a crriv o f  t,uo rrnd u p  t o  six recllnicnl observrrs. Its main  
purpose is controllability re.recrrcl? aizd at its design speed of 50 knots it represents the larger craft travellir~g (it 90 Icrzots 

The Mrnrster of Technology, Mr Anthony Wedgwood 
Benn, has approved the proposals of the National Research 
Development Corporation for the further development of 
tracked hovercraft (hovertrain). 

In approvrng the NRDC proposals the Mrntster sard. 
"Th~s marks another development of the hovercraft pun- 
crple by Brltaln The potentral for the tracked hovercraft 
abroad IS, I belreve, very considerable, and I look forward 
to seerng thrs project attractrng more of the best bra~ns rnto 
t h ~ s  new Industry " 

The Mrnrster's approval wrll enable the Corporatron to 
go ahead w ~ t h  rts plans to promote the world-wrde use of 
high-speed gurded land hoverc~aft transport ~ystems. As 
already announced, NRDC wrll set up a subsld~ary com- 
pany, Traclted Hovercraft Ltd, and a suitable track test 
srte has been found in East Anglra Other preparatory work 
has also been gorng ahead smoothly The experrmenlal 
tracked hovercraft w ~ l l  be powered by a lrnear rnductlon 
motor and 1s expected to be capable of speeds of up to 
300 mph 

The company will contlnue the technical development 
and economlc evaluat~on programmes already begun by 
another NRDC subs~d~arp,  Hovercraft Development Ltd, 
at Hythe The prospect& for the economrc success of the 

project will be reviewed at the completion of the first stage 
of the technical programme. * * k 

Cushioncraft Limited a subs~diary company of Britten- 
Norman Ltd, who have designed and manufactured five 
d~fferent types of hovercraft slnce 1959, are now burlding 
a new craft, the CC-7. 

The CC-7 1s a quret l~ght hovercraft desrgned for arnphr- 
hrous use In relatrvely sheltered waters or over reasonably 
rough terrarn Experience gained by the company on therr 
previou? ('C-4 and CC-5 fan-propelled craft has been 
wrdely used rn the devgn of thrs machrne The CC-7 wlll 
carry up to nrne passengers In add~tron to the drrver and 
1s readlly convertrble to a frelghte~ Dual controls may be 
fitted for drlver tralnlng 

The p~ inc~pa l  structure IS a s~mple and robust boat-lrke 
hull constructed marnly of salt water resrstant lrght alloy. 
Great use 1s made of fibreglass and other non-corrod~ble 
materials Skrds whrch project below the hull bottom are 
provlcled for settlng down. On the srdes of the hull are 
attached ~nflated s~debodres of a srmple mattress construc- 
t ~ o n .  Access to the cabin I? gained by doors rn the sldes 
of the craft and at the rear of the cabln. A fireproof bulk- 



Pictured on  their return t o  Rumsgate after a trip to Culais in an SII.N6 lzovercraft operated by Hoverlloyd Ltd are Sir Robert and 
Lady Meiz?ics (centre), their daughter and son-in-law, and four granddaughters. Also in the group are Mu Leslie Colquhoun 
(extreme right), Managing Director of Hoverlloyd, Mrs Colq~ilzou~z (fourth from lef t) ,  and Commander and Mrs Lloyd Price. 

head divides the cabin from the engine bay. Either side 
of the engine bay there is a luggage space accessible from 
within the cabin. 

No propellers are used on this craft. The engine drives 
centrifugal fans, which provide both lift and thrust. Hence 
the comparative quietness of this craft in operation. 

The thrust of the propulsive fans is directed by rudders 
to give yaw control or reversed to give braking force either 
symmetrically or differentially resulting in good low-speed 
steering control. There is also provision for trimming the 
craft in pitch. 

The skirt consists of a distribution bag with a lower skirt 
of segmented form. These segments talce the bulk of the 
skirt wear, are readily replaceable and of low cost. 

Large reserves of buoyancy are available in the ~nflated 
sidebodies. 

CC-7 roles are as follows : A~r/sea rescue, ambulance, 
amph~b~ous  sh~p's tender, Coastguard, Customs' patrol, 
executive, exploration, ferry, fire fightmil;, flood rellef, 
freighter, harbour author~ty, Ice reconnalysance, Inshore 
rescue, land reclamat~on, med~cal  qelvlces, military, ocean- 
ography, plotage, pol~ce, postal and community services, 

sport fish~ng, tam, tourlst, training, water hyac~nth control 
The power unit of the CC-7 is one United Aircraft of 

Canada ST.6B marine gas turbine developing 390 hp con- 
tinuous rating. 

Maximum speed of the craft is 50 knots, maximum 
gradient is 1:6, maximum range is 200 miles. 

The craft will operate safely under the following con- 
ditions : 

(a) Winds up to 20 knots 
(b) Waves and surf 3-4 ft high 
(c) Rocks up to lf t  above mean surface 
(d) Ditches and holes 6 ft across 
(e) Snow and ice conditions 
(f) Mud, swamp and sand conditions 
(g) Air temperatures between - 40°C and +3S°C 

The total direct operating cost for the CC-7 is approxi- 
mately £10 per hour. 
Dimensions  : 

Length . . . . . .  . . .  . . .  2 4 f t 6 i n  
Height . . . . . .  . . .  . . .  7 ft 8 in 
Width . . .  . . .  . . .  15 ft 2 in . . .  

. . .  Width (sidebodies deflated) 7 ft 6 in 

. . .  Hard structure clearance 2 ft O,in 
Weigh t s  : 

Tare weight . . .  . . .  . . .  2,880 Ib 
AUW . . .  . . , . . .  . . .  5,000 Ib 
Payload . . .  . . .  . . .  1,480 lb . . .  

Availabil i ty : 
The CC-7 will be available for general commercial use 

in mid-1968. 6 * * * 





On July 21st, 1967, t h e  hydrofoil boat " Corsario Negro " reached Las Palmas after having 
made a three thousand and two  nautical mile voyage from Hamburg during which the 
craft was foilborne for sixty-nine hours and thirteen minutes. This provided an excellent 
opportunity t o  familiarise and train i t s  future Spanish crew, whilst invaluable data on 
many types of sea and weather conditions were recorded. No urgency was imposed t o  
get the boat t o  Las Palmas on schedule, and no requirements for record-breaking were 
recommended, although all existing world records were, in fact, broken many times. The 
craft maintained an average speed of forty-five miles, Refuelling operations in ports were 
complicated because of the difficulty in obtaining the  right kind of fuel at a preset time. 
A fuel dock filter had t o  be used permanently. Present on board the craft were represen- 
tatives from Blohrn and Voss (the Hamburg builders of the craft); Grumman Aircraft 
(the designers); Garrett Corporation (distributors and sales agents for the craft); and an 
engineer from Rolls-Royce (suppliers of the gas turbine engine). The following extracts 
from the log outline the  voyage. 

DATE JUNE 16th. Stretch from Hamburg to Calals 
Colrar~o Negro starts on ~ t s  three thousand and two 
nautlcal mlle journey (3,002 inlles) from Harnburg to 
Las Palmas The craft leaves the Hanseatic capltal and ' glldes or1 rts folls along the Elbe Rlver to Cuxhaven, then 
proceeds to Calals, ~ t s  first stop, through the Strarts of 
Dover Tn these waters, sandwiched between the Belglan 
and Engllsh coasts, the claft meets deter~oratlng weather 
and has to operate while follborne agalnst 8-12 ft waves 
and suppo~ t  a 25 knot tall wlnd On that very day the 
Corrarlo Negro undergoes rts first serles of seakeeplng 
capabllltres as opposed to other ex~strng hydroforls by 
rernalnlng In a forlborne state for nlne hours over a 
dlstance of three hundred and n~nety mlles (390 mrles) 

DATE JUNE 18th. Stretch Cala~s to Cherbourg Corrarlo 
Negro strolls along one hundred and erghty lnrles (180 
1;711es) and remarns follborne four hours and seventeen 
mlnutes (4 hr 17mln) from Calals to Cherbourg Harbour 
under very pleasant weather condltlons Thls stretch of 
the journey wlll be the quletest passage of the entlre t r ~ p .  

DATE JUNE 20th TO JUNE 25th. Stretch Cherbourg to 
Roscoff Leavlng the French merchant and navy yards of 
Cherbourg, Corrurlo Negro 1s forced to seek refuge at 
Roscoff, after encountering a deadly Channel gale blowlng 
from the Engllsh coasts. When approachlng the famous 
Br~ttany rsle of Ouessant, the craft faces a 7 knot current 
and 10 ft  waves. After a three hour and twenty-e~ght 
minute (3 hr 28 rnln) follborne voyage coverlng a dlstance 
of one llundred and slxty-seven m~les  (167 mrles), the 
Corrallo Negro shelters two days 111 Roscoff waltrng for 
the weather to Improve. The warm and frlendly welcome 
of the local populat~on, rnalnly composed of fishermen and 
yachtsmen, warms all hearts 

DATE JUNE 28th. Stretch Roscoff to Bsest One hundred 
and two mlles (102 mrles) are swallowed wlth the craft 
speedlng forlborne on an 84-mlle run 111 one hour and 
fifty-four mrnutes (1 hr 54mln) plus ten mrnutes at tax1 
speed Durrng thlr short voyage the Corrarlo Negro, under 
lmproved weather cond~trons, breaks a world record 

DATE JUNE 29th. Stretch Brest to La Pallrce. The Cor- 
rurio Negro r~des  uneventfully two hundred and tlirrty- 
elght mlles (238 rnlles) and remalns follborne for five hours 
and thirty-slx mrnutes (5 hr 36 mln) under typrcal fine 
and clear Ray of Brscay weather The craft enters La 
Rochelle Harbour (La Palllce) on ~ t s  forls and takes off 
for a three-mlles follborne r ~ d e  to satrsfy the curlosrty of 
the port pilot, amazed to reallse the forty-seven mrle speed 
of the boat Thrs ~ndoctrrnatron phase 1s part of the har- 
bour's pllots' "get hydrofoil acquamted" programme. 

DATE JUNE 30th. Stretch La Pallrce to Brlbao Thls 
sectlon of the voyage Introduces the Cor~urlo Negro to 
~ t s  first Span~sh port, after covering a dlstance of two 
hundred and twenty-five mlles (225 m~les), remalnlng the 
entlre journey follborne for five hours and twenty-one 
mlnutes (5 hr 21 mln), durlng whlch another world record 
1s broken The coastal route was preferred to the open-sea 
La Palllce-B~lbao strarght-llne fllght, with the boat keeprng 
a d~stance of twenty to thlrty mrles off the coast to avo~d 
fishlng vessels 

DATE JULY 1st. Stretch Brlbao to Santander. Thlrty- 
elght mrles (38 mlles) are covered In forty minutes under 
poor vlslbrl~ty, wlth an rncreasrng north-westerly wind 
veloclty and a sea state bulldlng up rap~dly Dec~slon IS 

taken to take sheller for the n~ght  at Santander 



DATE JULY 2nd. Stretch Santander to La CoruAa. On 
that day another world record is broken, with the Cor~ario 
Negro covering a distance of two hundred and twenty- 
three miles (223 miles) ill five hours and thirty-nine minutes 
(5 hr 39 min). The craft terminates this day's journey by 
sliding into La Corufia Harbour in total foilborne state. 

DATE JULY 3rd. Stretch La Coruiia to Vigo. Off Cape 
Finisterre the Cor,sario Negro is met by heavy north- 
westerly winds, then gets into heavy swells while con- 
fronted with 8-10 ft waves. At one time the entire craft 
finds itself surfing on a swell speeding at 25-30 knots, thus 
increasing the speed of the vessel of 5 knots. The Corsario 
Negro, however, covers on that day one hundred and 
seventeen miles (117 miles), remaining foilborne three 
hours (3 hr). 

DATE JULY 5th. Stretch Vigo to Lisbon. A distance of 
two hundred and fifty miles (250 miles) is covered under 
fine and clear weather; the boat is foilborne for five hours 
and thirty-three minutes (5 hr 33 min). Upon arrival at the 
pilot station at Cascais in Portugal, a pilot boards the craft 
and channels the Corsario Negro on a twelve-mile foil- 
borne run to its dock in Lisbon. While passing alongside 
the world-wide-known Estoril summer resort coastline, the 
Corsario Negro achieves in fifteen minutes a ride which is 
normally accomplished in one full hour by ships speeding 
at twenty to twenty-five miles. 

DATE JULY 17th. Stretch Lisbon to Cadiz. A pilot brings 
the Cor~ario Negro back to Cascais from Lisbon. Under 
clear weather and north-west winds, a distance of two 
hundred and fifty miles (250 miles) is covered with the 
boat remaining foilborne five hours and thirty-two minutes 
(5 hr 32 min). 

DATE JULY 19th. Stretch Cadiz to Casablanca. In the 
middle of the Straits of Gibraltar, between the Spanish 
Peninsula and the desertic coast of Africa, the Cor,rario 
fights against heavy Levant winds blowing from Gibraltar 
to the Atlantic and is suddenly confronted with 8-10 ft 
waves The craft is forced to proceed hullborne until it 
reaches the lee of Cape Spartel in Afr~ca.  This twenty- 
mile ride lasts two hours. After covering a distance of 
two hundred and ten miles (210 miles) wh~le  remaining 
foilborne four hours and twenty-four minutes (4 hr 24 min), 
and after avoiding fleets of tuna fishing trawlers, the Cor- 
$sario Negro reaches Casablanca, where it remains for the 
night moored at a buoy in the harbour. As no rooms are 
available in town, the night is spent on board. 

DATE JULY 20th. Stretch Casablanca to Agadir. Another 
world record is broken on that day, with the Cor.rario 
Negro covering a distance of two hundred and sixty-three 
miles (263 miles) in a complete foilborne mode during six 
hours and twenty-one minutes (6 hr 21 min). Population of 
Agadir is very friendly but the temperature ranges between 
120 and 125O F or 500 C. 

DATE JULY 2Bat. Stretch Agadir to Las Palmas. The 
final portion of the entire voyage reaches its end as the 
Corsario Negro covers a distance of three hundred and 
fifty miles (350 miles) while remaining foilborne eight 
hours and twenty-eight minutes (8 hr 28 min). The craft 
hits the port of Recife on the island of Lanzarote smack 
on due course and time after brealting out of a thick 
haze two hundred and twenty-six miles long (226 m~les), 
exactly seven miles off the island. It then elects to proceed 
directly to Las Palmas. Having left behind the island of 

Fuerteventura, the Cor~arlo Negro has its first casualty. 
A 75 1b dolphl~i is impaled on a p~ to t  tube The violence 
of the Impact slows the boat by 5 lcnots w~thout loss of 
control The craft is stopped and the f o ~ l s  retracted in 
order to get r ~ d  of ~ t s  burden. The Cor~arlo Negro reaches 
sts destination by arriving at Las Palmas 111 the evensng, 
where it is met by the local Spanlsh civslran and mll~tary 
authoritses and telev~sion 

I 

Date From-To Time Disturzce 
hrmilt miles 

1616 Hamburg-Calais . . . . . .  9 00 
1816 Calais-Cherbourg . . . . . .  4 17 
2016 Cherbourg-Cherbouug . . .  0 42 
2516 Cherbourg-RoscoiT . . . . . .  2 46 
2816 Roscoff-Brest . . . . . .  1 5 4  
2916 Brest-La Pallice . . . . . .  5 36 
3016 La Pallice-Bilbao . . . . . .  5 21 

117 Bilbao-Santander . . . . . .  0 40 
217 Santander-La Corufia . . , 5 39 

. . . . . .  317 La CoruEa-Vigo 3 00 
517 Vigo-Lisbon . . . . . . . . .  5 33 

1717 Lisbon-Cadiz . . . . . . . . .  5 32 
1917 Cadiz-Casablanca . . . . . .  4 24 
20/7 Casablanca-Agadir . . . . .  6 21 
2117 Agadir-Las Palmas . . . . . .  8 28 

--- --- 
. . . . . . . . .  Totals 69 13 3,002 

.- 

DOLPHIN TECHNICAL DA'TA 

Main Engine 
One Rolls-Royce Marine Tyne Mark 621 

. . . . . . . . . . . . . . .  Maximum power 3.500 h p  
. . . . . . . . . . . . . . . . . .  Cruise power 3,160 h p  

Auxiliary Engines 
Two General Motors 6V-53N diesel eng~nes of 216 hp each 

Dimensions 
. . . . . . . . . . . . . . .  Length overall 75 ft  0 in 
. . . . . . . . . . . . . .  Length of hull 66 f t  8 in 

Beam of hull . . . . . . . . . . . . . . . . . .  18 f t  8 in 
Draft, foils retracted . . . . . . . . . . . .  4 f t  2% in 
Draft, foils extended . . . . . . . . . . . .  13 f t  5 In 

. . . . . . . . . . . . . . .  Fuel tank capacity 9,000 lit 

Tonnage 
. . . . . . . . . . . . . . . . . . . . .  Gross 83 

Net . . . . . . . . . . . . . . . .  52 

Weights 
. . . . . . . . .  Gross weight (displacement) 60.0 metric tons 

. . . . . . . . . . . .  Operating weight empty 48.0 metric tons 

Max Payload Max File1 
Payload . . . . . . . . . . . . . .  8.2 4.7 

. . . . . . . . . .  Fuel (including reserve) 3.8 7.3 

. . . . . . . . . . .  Iiange (nautical miles) 200 400 

25 knots 
Cruise sD&d . . . . . . . . . . . . . . . . . .  50 l&ts 
Fuel consumption . . . . . . . . . . . . .  7.15 galINM 
FIulSborne speed . . . . . . . . . . . . .  8 knots 
Fuel consumption . . . . . . . . . . . . .  1.23 gal/NM 

Seawortl~iness 
Sea state . . . . . . . . . . . . . . . .  3 

. . . . . .  Wind velocity 1 7 k n o t s  . . . . . . . .  
Wave height . . . . . . . . . . . . . . .  3-5 ft  

Manoeuvrability 
Turning radius: 

Flat turn . . . . . . . . . . . . . . . . . .  760 C t  
Co-ordinated . . . . . . . . .  . . . .  840 ft  

Stopping distance from 50 knots . . . . . . .  450 Tt 
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We know more about hovercraft gas turbines 
than anybody in the world. We've built more. 
For more types. For longer. 

We've come a long way since the pioneering 
days of the 1950's. Take our Marine Gnoine 
engines, powerplants of the BHC SR N3, Ng, 
and N6. The Gnome has already achieved 
more than 25,000 hours' seagoing experience in 
hovercraft. 

Then there's the Marine Proteus. That's the 
engine being installed in the new larger hover- 
craft. Like the 40-ton BH--/, the 80-ton BH-8 
and the 160-ton,joo-seater BHC SR N4 which 
enters service in 1968. 

And our Marine Olympus gas turbine has 
been specified for the BHC Hoverfreighter 
project. This is an ocean-going 480-ft., 4,000- 
ton hovercraft with a payload capacity of 
1,600 tons and a top speed of 50 knots. 

Hovercraft engines illustrate just one side of 
Rolls-Royce's marine expertise. In fact, we 
pioneered the use of lightweight gas turbines 
for naval craft. Now eleven ofthe world's navies 
have chosen our engines for their fastest fight- 
ing ships. 

ROLLS [ ROLLS-ROYCE 
Industrial and Marine Gas Turblne Division, 
P.O. Box72, Coventry, Endand. 



Hovercraft Research at 
Aircraft 

ent, Bedford 

Some recent work of the RAE on hovercraft research and developnient is briefly sunimarised. 
Tn addition to sections relating to the internal and external aerodynamics of hovercraft, some 
instrumentation requirements and test techniques are described 

SYMBOLS 
depth of fan exit ft 

DH, DME, DMR DP, DT components of drag (Fig 13) lb 
e fan depth to radius ratio = b / R  
h hoverheight E l  

5 f +  

K d = q  /a  e diameter coefficient 
f 

3. 
2 + 

K ,  = 0.399 e ,/.I) specific speed 
f 

K, = Pf eR5 power coefficient 

cushion reference lengths 
(Fig 12) ft 

fan rnm 

CC2 Research Hovercraft 

gas generator rpnl 

i r i l > ~ ~ ~  power to ian 11 P 
\,olurne tlu\\' i t .  sec 
fan outer radius f t  
jet thicl\neic t't 

component\ ol' tllrust 
(Fig 13) lb 

craft weight lb 
non-dimentional cp and cg 

movement, pitch 
non-dimensional cp 

movement, roll 
hovering efficiency 

fan static and total 
efficiencies 

craft pitch angle deg 
P air density slug/ft3 
u relative air density 
ds craft roll angle deg 
@f = Q/2nf2eR3 fan flow coefficient 

%, % fan static and total pressure 

CC5 

Fig.1 S o m e  Hoverc ra f t  tes ted  b y  R.A.E. 

rise coefficients 
n = N. 2 v / 6 O  fan rotational speed radlsec 



1 Introduction 
Hovercraft research has been a part of the RAE pro- 

gramme for the last five years. It was decrded, when the 
hovercraft section was formed, that the emphasis should 
be on full scale flight research and that the work should 
grow out of this experience. 

The Rritten-Norman CC2-OCl was acqu~red as the basic 
research vehicle and over the years a considerable research 
programme on internal and external aerodynamics has 
been undertaken. Provision was later made for model test 
programmes to complement those at full scale. In addition 
to the overland tests at Bedford with the CC2, work has 
been undertaken on the overwater performance of the 
SR.N2, SR.N3 and CC5 craft, and tests are in hand on 
the SR.N5. 

In this paper, summaries are grven of some aspects of 
the research work on hovercraft that has taken place 
recently at the RAE. The information is based on both 
published and unpublished work. 

2 The Development of Improved Fans 
The development of improved fans was specifically 

in~tiated by the RAE in support of the CC2 flight research 
programme, but it soon became apparent that there was 
a wide hovercraft application for radial flow fans of high 
efticiency. 

The work has been based on principles put forward in 
a German handbook for ventilating fans, which describes 
the performance of fans required to have a large capacity 
for their diameter. These fans are characterised by having 
relatively few blades of large chord, twisted to accommo- 
date the spanwise velocity gradient at  their leading edge, 
and of low trailing edge angle to obtain a high valuc of 
static efficiency. Following experimentation in a fan test 
rig with a series of differing designs, total and static 
efficiencies of 0.90 and 0.70 were finally realised in the 
types designated E l  and Gl .  These fans are shown in 
Fig 2 in comparison with the original manufacturers' fan, 
with peak efficiencies of only 0.69 and 0.43, and an Air- 
screw-Weyroc Heba fan of efficiencies 0.90 and 0.61. 

Both El and Gl fans have been manufactured and tested 
full scale in the CC2-001 hovercraft. Because of the ex- 
tremely low thickness-chord ratio of the type El fan 
blades, their construction in light alloy would have been 
difficult and so they were made by bonding glass fibre 
skins to a light alloy honeycomb core. This method was 
not considered to be practical for commercial construction 
and the Gl fan was designed using thicker aerofoil section 
blades. The shape of the G1 blades is such that the inner 
and outer surfaces are of single curvature, simplifying 
blade manufacture. 

Fan performance may be presented in the form of 
characteristic curves in which the variation of total and 
static efficiency yt  and ys, pressure coefficient %Ir, and power 

coefficient KD are shown against flow coefficient *f 
[Jnique functions are obtained if Reynolds number effects 
are small. The model fans tested ranged between 24 and 
28 inches in diameter and were tested over the speed range 
900-1500 rpm. The efficiencies obtained are probably con- 
servative when predicting the performance of larger fans. 
Typical characteristic curves are shown in Fig 3. 

The full scale hovering performance of CC2 when fitted 
with various fans is shown in the follow~ng table. The 
improvement is demonstrated in two ways: the increase 
in weight supported at 220 hp and 1 ft hoverheight and 
the reduction in power required at a weight of 6000 1b 
and 1 ft hoverheight. 

Original  Fan Heba  Fan 

High efficiency El. fan . High efficiency GI, fan - 
thin blades aerofoi l  b lades 

Low diameter coefficient 

experimental design H 

Fig.2 Different fans 

CC2-001 CC2-002 CC2-001 

Fan diameter 5 '5" 6/11'' 6'11" 
Increase in weight at 
constant power rela- 

The El, G l  and Heba fans show considerable advantages 
over the original desrgn, and much of this improvement 
is due to their increased diameter with correspondingly 
lower exit velocities. For the tests with El and G I  fans, 
some increase of efficiency is attributable to improved 
intake design and reduction of plenum obstructions: 
model tests have nevertheless shown the superiority of 
the El /GI  fans over the Heba under identical conditions. 

The requirement of minimum fan diameter for a given 
volume flow has led to the definition of a diameter co- 
efficient, Kd,  where 



and e is the depth to diameter ratio at the fan outlet. For 
a given duty, fan dlameter is proportional to diameter 
coefficient. Another commonly used parameter for dis- 
cussing the suitability of a fan design for a particular 
application is that of specific speed. For a given duty, 
speed of rotation is proportional to specific speed and is 
given by 

It will be seen that 

Low diameter coefficient is therefore seen to be 
associated with high specific speed. 

The original design of fan had a low diameter co- 
efficient but also a low efficiency. There was a bad flow 
separation from the small radiused inlet of the upper 
shroud and also from the central blade support ring which 
was badly misaligned to the direction of flow. Develop- 
ment of this ortginal design has since been continued and 
resulted in the experimental design type H shown in 
Fig 2. This fan achieves efficiencies of 0.83 and 0.56 ; 
this is a useful improvement over the original fan, and it 
1s thought that the applicat~on of a modest degree of twist 
to the blader. would bring still further improvement. 

The maximum fan static efficiencies for the fans dis- 
cussed are shown in Fig 4 as functions of diameter co- 
efficient and specific speed respectively. It will be seen that 
the fans with lower diameter coefficient are less efficient 
than the other fans. 

RAE participation in fan development is currently being 
reduced, the programme being taken up by the National 
Engineering Laboratory, East Kilbride. 

3 The Performance o f  Fans in Hovercraft 
When considering the performance of a given fan in a 

hovercraft, ~t is necessary to know the fan behaviour under 
conditions of both changing weight and rise height. A 
powerful reduction method har been developed for the 
treatment of experimental results. Tt has been shown that 
in the absence of Reynolds number effects the coefficients 
of fan volume flow and power, ci)f and Kp and the 
parameters 

Q U ~  Nu 
1 

fan power - --- and 
wz w2 312 

W 
have unique relationships with hoverheight providing 
there is no deformation of the structure forming the air 
ducts. This leads to a considerable simplification of flight 
test performance evaluation, and enables the effect of 
flexible structure deformation with changing weight con- 
ditions to be assessed. 

The application of the method is typified by the results 
of an overload trial on the VA3 hovercraft fitted with 
flexible skirts carried out under MOA contract. Fig 5 (a) 
shows the relationships between craft weight and mean 
rise height for three fan rpm, and Fig 5 (b) shows the data 
in the reduced form. I t  will be seen that with the excep- 
tion of the lightest weight tested, the data can be con- 
sidered to fall on a single line. Similar results have been 
obtained using the method to reduce volume flow and 
power data on other hovercraft tests where these have 
been measured. 

Little work has apparently been carried out on the 

irz-situ performance of radial-flow fans In hovercraft. NEL 
have built an environmental model for this purpose, with 
the lntentlon of uslng several of the fans developed by the 
RAE. The fact that a unlque relationship exists between 
fan flow coefficient and hoverheight suggests that a similar 
relationship also exists between fan efficiency and hover- 
height. Using full scale measured values of volume flow 
and rpm, and the fan performance characteristics gained 
from the similar model fan in a radially symmetric en- 
vironment (Fig 3) the change of flow coeffic~ent and 
corresponding fan total and static efficiencies are shown 
with hoverheight for the CC2 hovercraft in Fig 6. It will 
be seen that above h = 0.7 ft (h/t  = 2) the change of 
rljf with h is relatively small, and the corresponding fan 
efficiencies remain near the maximum value for all greater 
hoverheight tested. By suitable matching, therefore, it is 
possible for a radial flow fan of fixed geometry to operate 
at  high efficiency over a large range of hoverheight. 

Work on the performance of fans in hovercraft is 
continu~ng as part of the programme to optimise lift 
system efficiency. Besides the duct pressure loss associated 
with obstruction to the airflow, there appears to be a sub- 
stantial "installation" loss, possibly associated with dif- 
fusion and the change of velocity profiles downstream of 
the fan. On the SR.N3 hovercraft, in a region of the dis- 
tribution duct where there was no obstruction to the flow, 
a total pressure loss of 10% was measured within approxi- 
mately 4 ft of radial distance downstream of a 6f ft radius 
fan, see Fig 7. I t  is hoped that the work on the NEL, 
environmental model will lead to a clearer understanding 
of the losses inevitably associated with a hovercraft fan 
installation. 

4 Hovering Eficiency 
To enable comparisons to be made between hovercraft 

of diFerent types, a hovering efficiency parameter has been 
proposed. The hovering efficiency, v h ,  has been defined -- 
as the ratio of theoretical edge jet power to fan input 
power, and therefore includes fan efliciency, duct losses, 
effects of stability flow requirement, jet energy maldistri- 
bution, etc. The theory due to Elslcy is used to determine 
the edge jet power. For the case of plenum chamber craft 
or those where an annular jet cannot be defined, the 
reference jet power 1s calculated on the basis of the opti- 
mum value of the jet geometry parameter, 

t 
x = - (1 4- cos 8 )  = 0.7. 

h 
The hovering efficiency of a peripheral jet machine 

varies with hoverheight, as is demonstrated by results 
obta~ned from a 113 scale half-model of the CC2, Fig 8. 
The hovering efficiency, vh, is seen to reach a maximum 
at  a hoverheight of between 2 and 25 inches depending 
on model configuration, compared with expected peak fan 
efficiencies at  hoverheights between 3$ and 44 inches. Peak 
hovering efficiency always occurs at a lower hoverheight 
than that of peak expected fan total efficiency due to the 
presence of duct losses. The effect of obstructions, ob- 
structions plus severe plenum leakage, and severe jet 
energy maldistribution is seen to reduce the maximum 
hovering efficiency progressively from 0.67 to 0.50. 

Tests on several types of full scale hovercraft have 
shown that most have hovering efficiencies lower than 50% 
at  their normal operating hoverheight. Fans placed asym- 
metrically on the planform, bracing structure obstructing 
the airflow, and losses in the differing types of flexible 
understructure all lead to a red~lction of efficiency, with 
consequent economic penalty. 
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Measurements have been made of the statlc stab~lity 
of a number of different hovercraft types, and evidence is 
being gathered concerning the change of static stability 
with hoverheight and configuration, and the effectiveness 
of cushion and skirt lift controls. Static stabilrty is nor- 
mally expressed in terms of both centre of pressure and 
centre of gravity movement, the cg stability always being 
less than the cp stability due to the destabilising effect of 
the cg height above the cushion. Some typical static pitch 
stabilrty and pitch control effectiveness results are shown 
in Fig 11. For this craft and configuration, the free flight 
(cg) pitch stability is seen to be very small, with good 
control effectiveness. 

The static stability of a hovercraft is often nearly linear 
for small displacements either side of level trim, and it is 
convenient to use the slope of the stability curves for 
comparison between configurations. The results of some 
of the tests carried out are shown in Fig 12 as a function 
of mean hoverheight to appropriate cushion reference 
length. A practical stability boundary for three-dimen- 
sional craft is also shown on the figure. 

S e c t i o n  a t  front f a n  

Traverse  p o s i t i o n s  marked I- 

Fig.7 Diagram showing plenum t r a v e r s e  
p o s i t i o n s  - S R N  3 

i 5 Cushion Aerodynamics 
A programme of tests IS be~ng carried out in conjunction 

with R.  (51: D. E. Cardington to examine the lift perfor- 
mance of a variety of designs of flexible skirt sections, 
some of which have been tested at 1 / 3  full scale on the 
CC2 model rig, and full scale on CC2-002. Examples of 
these skirts are shown in Fig 9. The purpose of the tests 
is to produce a deslgn of skirt which has the best possible 
lift performance commensurate with satisfactory wear and 
behaviour in use. Results obtained on the CC2 model rig 
for one of the designs are shown in Fig 10 in comparison 
with those of the original hull. It wrll be seen that in the 

i skirted configuration, some 84% of the original hover- 
i / height 1s achieved for constant power input. The work is 

continu~ng and CC2-001 is shortly to be rebuilt in a form 
suitablc for further development work in this field. 

Hover I ng 
cfficency 

Yh 

F i g . 8  E f f e c t  of c h a n g i ~ g  conf igura t ion  and 
hoverheight on  hover ing eff iciency 



had nom~nally the same pltch attltude and lrft fan rpm. 
These lesults were obtalned In very calm yeas, and work 
1s continuing to determrne the dependence of drag on wave 
condrtlon and dlffer~ng types of sklrt. 

The relatlve posltlons of propellers and lrft fan Intakes 
on hovercraft can be important, as a slgnlficant proportron 
of propeller sl~pstream can be drawn Into the fans wlth 
consequent reduct1011 of net thrust T h ~ s  effect 1s illustrated 
by results obtalned on the CC2-001 craft, and In Flg 14 
the change of net thrust w ~ t h  propeller rpm rs seen for 
different aft lift fan rpm. Slmrlar results have been ob- 
served at both model and full scale on the SR N3 Total 
pressure measurements recorded In the aft rntake of .the 
SR.N3 model show clear evldence of the presence of 
propeller slrpstrearn, as can be seen rn Fig 15. 

7 Instrumentation and Technique 
Tn full-scale fl~ght testlng of hovercraft, certarn problems 

are presented whrch are unrque to thls type of vehrcle 
Hecause of thelr relat~vely low a~r-speeds, they can be con- 
siderably rnfluenced by frequently encountered wrnd con- 
drtlons, the presence of wrnds Introduces problems arrslng 
from the tnequal~ty of ground or water and airspeeds; and 
for overland operation the craft IS as greatly influenced by 
small changes of gradlent as ~t 1s by contact w~th waves 
over water. These partlcular problems demand that special 
lnstrurnentatlon and technrques should be employed for 
mean~ngful dnalys~s of craft performance 

2 - d i m e n s i o n a l  model  test 

Or ig ina l  conf igurat ion - 
Ful l  scale test (CC2 - 002) 

Fig.9 D e v e l o p m e n t  work  on  f lex ib le  s k i r t s  

Flexible con f igu ra t ion  

6 The Forward Performance of Hovercraft 
The forward performance of a hovercraft over water 

1s dependent on the relatlonshlps between thrust and aero- 
dynam~c drag w ~ t h  arr speed, and hydrodynam~c drag wrth 
water speed. The hydrodynam~c drag over glven surface 
condlt~ons wlll be a functron of the partlcular desrgn of 
sk~r t  fitted to a craft, and may be ~nfluenced by craft roll 
and pltch motrons. The aerodynamic drag 1s a funct~on of 
l ~ f t  volume flow, and the net propeller thrust may be less 
than expected due to propeller/rntake lnteractron effects. 
Programmes of tests to determine the performance of 
hovercraft at forward speed are currently bung carrled 
out on an SR N5 and on CC2-001, and brlef tests have 
been made on C%5 

Typ~cal results obtalned on the SR.N5 are shown in 
Fig 13 Lrft volume flow and propeller thrust were 
measured w ~ t h  the craft flylng under steady forward speed 
condit~ons at ltnown mean p~tch attrtude The gross cush~on 
-t plenum vent thrust7 at speed were assumed to be those 
measured durlng tethered tests when hover~ng, sultably 
corrected for changes In cush~on pressure and fan total 
pressure At each of the forward speeds tested the craft Fig.10 C C 2  Hal f -  mode l  i n  two conf igura t ions  



Fig.11 a S ta t i c  s t a b i l i t y  and p i tch  control  effectiveness 
free f l iq h i -  cc 2 - 8 0 2  config: f lex-I 

F ig . l l  b S t a t i c  s tab i l i t y  and pitch control effect iveness 
as a f u n c t i o n  o f  C.f? s h i f t  - C C ~ - 0 0 2  conf ig"  ' f lex-/  
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and configurat ion 

Because the llft force on the craft 17 largely generated 
by the cushlon, considerable translat~onal forces can be 
Introduced as a result of changlng craft attitude. To glve 
an appreclatlon of the magnrtude of the effect, the force 
introduced due to trlting a hovercraft 1s of the order 
0 0175 x craft welght per degree A typical craft may have 
a crulse lrft/drag ratlo of the order 7, eq~uvalent to 
D = 0 14 W It 1s therefore apparent that one degree of 
pitch change may introduce a longrtudlnal force change 
of over 10%, and in order to define the forces to an 
accuracy approaching l%, the pitch attrtude of the craft 
must be measured to an accuracy of 1/10 degree Thls 
demanding standard has been adopted for RAE trrals Due 
to the drift problems encountered with most gyros, atten- 
tion has bcen directed towards the use of pendulous de- 
vices, but these require steady flight condrtions to be mam- 
tained as they are susceptible to long~tudlnal or lateral 
acceleratlon errors A remote readlng pendulum whrch 
meets the accuracy requirement and has variable damping 
character~stics is currerltly in use 

"Cushion" forces, control effectiveness, and thrust 
measurements are determined at zero forward speed for 
various cg positions with the craft restrained by four 
tethering cables, a technique which has been successfully 
employed both within large hangars and in the open. Strain 
links are provided in each of the tethering cables, and 
suficient sensitivity is obtained without the use of ampli- 

fiers by d~rect  coupling to the galvanornetcrs of a UV 
recorder The geometry of the tethering arrangements IS 

usually such that the change of att~tude wrth cg movement 
1s less than would be obtalned under free flight conditions, 
and a computer programme has been developed to calcu- 
late the necessary correctlonq As has been d~scussed In 
para 5, results are presented In terms of both free flight cg 
movement and cp movement wlth att~tude, the latter belng 
equivalent to the cushlon aerodynamic moment In the 
absence of cg toppllng effects Typical results for CC2-002 
m a flexlble skrrt configurat~on were shown m Fig 11 

In order to determine the magn~tude of momentum or 
lrft alr sntake drag, it is necessary to measure the 11ft 
volume flow under forward speed as well as statlc con- 
drtions Also lt 1s often deslrable to monltor fan, plenum 
and cushion pressures in order to est~mate the effectiveness 
of supplementary thrust dev~ces A technique involving 
readily rnterchangeable Kiel, total and statio pressure 
probes has been adopted, mounted on rakes in appropriate 
positions In the rntake, behind propellers and fans, etc, 
w ~ t h  the pressures recorded either by Auld filled mano- 
meter or uslng a pressure transducerJscannlng valve com- 
blnatlon Whilst the use of a manometer ss the most 
strarght forward method for pressure measurement, and 
reasonably sat~sfactory results have been obtained by 
mounting the manometer ver tically across a cabln bulk- 
head such that it 1s not ~nfluenced by craft prtch motron, 
vertical oscillat~ons of tha: fluid columns invarrably lead to 
read-out dificult~es, and the more accurate transducerlvalve 
method IS preferred A cycllng time of about Ssec has 
been found to be satisfactory for a valve scannlng 50 
pressure polnts, and mean pressure levels on consecutive 
scan? show good agreement under unrform forward speed 
conditlon~ When operating over water, severe spray con- 
drtions are frequently encountered a t  the lower speeds, 
and an air purging system has been employed to keep the 
pressure measuring instrumentat~on free of contamlnatlon 

Typlcal sntalte veloc~ty contours obtalned at forward 
speed are shown in Fig 16 wlth the posit~olls of the total 
and static pressure measuring polnts marked. It is lnterest- 
mg to note that a volume flow derlved from the mean 
values of the 16 static and 21 total pressure pornts agrees 
withrn experlmental accuracy with the value computed by 
planimeter rntegratlon of the contours, leading to a srmplr- 
fication of fllght data analysis 

For all pressure measurements on the craft at forward 
speed, it 17 necessary to have known reference pressure. 
Cabin pressure on a hovercraft cannot be assumed to  be 
amblent, and because statlc pressure probes are subject to 
significant errors under even moderate s~deslip cond~t~ons,  
free stream total pressure as determined by a shrouded 
pitot head has been adopted as the most su~table reference 
Thls reference pressure is partrcularly approprrate to pro- 
peller and intake work, whilst plenum and cushlon pressure 
measurements can readlly be related to amblent pressure 
from a knowledge of airspeed When uslng the pressure 
transducer/scannlng valve technique, it has also been found 
des~rable to scan a calibrat~on pressure on each cycle. 

Work 011 a hsgh-sensit~v~ty cup anemometer for measur- 
lng airspeed was inrtiated by the RAE some years ago, and 
an Instrument well suited for the reyulrements of hover- 
craft trlals has been developed This IS shown together wrth 
a wind vane In a typical lnstallatlon rn Flg 17 Airspeed 
and relatlve wind direction (sideslip) are displayed to the 
pilot on large, easlly read ~nstruments, and Independent 
outputs are provided for recording purposes to prevent 
meterlrecorder galvanometer couplrng effects Forward 
performance data suitable for drag analysis must ideally 
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be obtained under ~ero-sideslrp conditions, and the prlol 
is asked to fly within sldeslsp l~mltatronq of 1-2 or -t5 
degrees depend~ng on the accuracy requirements of the 
test. Ground or water speed is obtasned from the use of 
a Marcon1 Doppler speedmeter unlt where possible 

For several years work has been progressrng under 
contract on the development of an ultrasonic he~ght indi- 
catlng meter*, whlch has now reached a reliable operating 
condit~on for terts over concrete and grass Tests are 
shortly to be carr~ed out over water The instrument pro 
vsdes for both recorder and drsplay meter outputs, and is 
capable of indrcating d~splacements between 8 In and 6 ft 
The transmitter/receiver head, electronrcs, and a typlcal 
display meter are shown In Fig 18 Development work 1s 
at present centred on an installation of three instruments 
so placed on a craft that a combinatron of outputn can 
glve p~ tch  and roll angles, ~ n d  mean hoverherght or rise 
height relative to the Local surface over which the craft 1s 
operating. This is part~cularly important for overland test- 
ing where the local gradlent must be known rn addrtron to 
craft attitude 
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111 tlze presence o f  on overall velocity there is ri vertical 
compoizent entering the l i f t  f a n  irztake. T11e static pressure in 
rlzis region is at Oelow atmospheric pressure 

Fig.17 Anemometer  a n d  w i n d  v a n e  ins ta l la t ion  

Fig.18 Gemco  a l t ime te r  

R INTAKES 
ON THE NAVIPLANE N.300 

RESSURE recovery Inlets on the lift fan intakes of the P French Naviplane N.300 represent a very interesting 
feature. Study of the models and photographs shows them 
situated in the forward facing wall of the short intake 
funnel at deck level. It is rather surprising that such inlets 
have not been featured on other designs. 

When under way at  cruising speed and above the static 
pressure in the vicinity of the fan intakes will be at less 
than atmospheric value. In saying this we are assuming 
the simplest case of the air being speeded up and will 
neglect the additional effect caused by body displacement. 
This will of course emphasize the effect still more. 

Referring to the well known expression derived from 
Bernoulli's Equation we have simply, 

p + + p  VZ = Const. 
where p is the static pressure, I,  is the viscosity and V 
the free stream velocity. The constant at sea level is 144 
x 14.7 lb/sqin. 

From this we may calculate the reduction of static 
pressure due to the velocity of the air stream. Assuming 
a velocity of 100ft/sec, a shade under 60 knots, the 
dynamic pressure is 11.89 Ib/sq ft (0.0825 lb/sq in). Thus 
the static pressure will be reduced by this amount. 

One requires the fans to deliver a quantity of air to the 
cushion system at  a pressure slightly above that of the 
atmosphere; 0.348 Ib/sq in under the tuyeres in this case. 
If the fans have to draw from a region of low pressure 
then they will have to produce a greater pressure rise than 
if the region were at atmospheric pressure. Hence more 
power will be consumed and the efficiency lowered. 

Clearly then it is desirable that the air supply to the 
fans shall be at the highest practical pressure. The "pres- 
sure recovery inlets" on the N.300 will reduce the hori- 
zontal component of the air velocity to zero in the mouths 
of the funnels and so produce a stagnation pressure. A 
slight difference between the actual pressure obtained and 
the atmospheric value will be a measure of their efficiency. 

One notes that the variations on the pressures are of a 
low order but then so is the pressure necessary to sustain 
the craft. It is only 0.348 lb/sq in and the reduction in 
static pressure due to velocity is 0.0825 lb/sq in. Thus with- 
out the special inlets the fans would have to produce a 
pressure rise of 0.4305 lb/sq in, an increase of 2570 which 
represents a considerable increment in power requkements. 

Tt is very significant that nearly all of the aircraft fitted 
with special vertical lift engines are equipped with small 
doors, or cascades. These devices are employed to produce 
a stagnation pressure at  the engine inlets during slow 
speed flight or to turn the airflow into the engine chamber 
The inlets seen on the N.300 arer an extension of this 
thinking. 



Passerzger~ ernbarlcirzg cct the Portsmoutlz ter.minn1 of British Rail Hovercraft Ltd 

by Terence Ford C.Eng., AFRAES 
N July 6th last year, Br~trsh Rail Hovercraft Ltd 0 (BRHL) operated ~ t s  first Seaspeed service between 

the malnland and the Isle of Wight. The completion of 
the first twelve months or so of service seemed to be an 
approprlate tlme to see how it was progressing and how 
the organisation had benefited from the experience gained 
on the SR N6 hovercraft Accordingly, a v~sit  was recently 
made to BRWL headquarters at Cowes, IW, where the 
Director, Mr C A Brlndle, explained the factors present 
in thls type of operatron and answered many questions 
about the development of this service in part~c~llar  and the 
company's plans in general 

A servrce from Southampton was used on the outward 
journey, the return belng by way of Portsmouth Several 
~mpresslons were retamed whlch were later ampl~fied In 
d~scuss~on, notable among them belng the hrgh passenger 
load factor typical of summer operations, the acceptabrlity 
of thls type of transport among travellers whether v~sitors 
to the Island or "locals", and the noticeably wlder range of 
weather condlt~ons In cvhsch the SR N6s of BRI-IL now 
operate compared with those possrble in the first few 
months of service Wlnds of moderate strength are very 
often met with in the Solent, together w~th  generally un- 
stable sea condit~ons On the outward t r ~ p ,  Force 6 wrnds 
were encountered, and Force 8 (about 35 knots) on the 
return to Portsmouth This enabled a real~stic appraisal to 
be made of the handl~ng qual~ties o i  a fully loaded craft 
in varlous sea states, and the general lmpresslon was that 
the SR N6 can "take them all In rt.; stride" 

Company Development 
The h~story of RRHL goes back to October 1965, when 

the (then) M~nister of Technology, the Kt Hon Frank 
Couslns, MP, announced that Brit~sh Rail would take 
delivery of the first SR N4 craft, to be used on a Solent 
route in 1968 Shortly afterwards, ~t was decided that 
hovercraft operations would be performed by a subsidiary 
company wh~ch  would be spec~fically for the purpose of 
undertaking operations w ~ t h  this form of transport, and 
Mr  C A Br~ndle was appo~nted to run the company on 
~ t s  format~on It became quickly obv~ous to hrrn that the 
prime route which had to be studied in terms of SR N4 
operation was the Engllsh Channel, and that the Solent did 
not offer the economic or operat~onal cond~tions which 
would make such a service viable It was also reallsed that 
hovercraft service in terms of the SR N4 could not be con- 
templated without full and adequate knowledge of all the 
facets of operational and englneerlng pract~ce approprlate 
to such a size of craft rn a cross-Channel environment. 

Lookrng ahead to the establ~shment of such a service, 
potential captains must be selected and trasned, as well as 
engmeers, ground staff and commercial staff A background 
knowledge must be built up, particularly in terms of com- 
mercral approach and passenger acceptance, and hence 
hovercraft operations would have to be undertaken as soon 
as possible with SR N6 craft, as this was at the time the 
only craft wlth any commercial potentla1 'The SR N6 
would go into service w ~ t h  two maln objects familiarisa- 
t ~ o n  of both passengers and crew with the craft operations, 



and the preparatory work essential to the establrshment of 
a fund of operational knowledge for further ventures of 
thrs kind There were three ways of preparrng for SR N4 
comrnerc~al operatrons: to undertake the tralnlng of per- 
sonnel by another operator, thrs belng consldered not 
deslrable because as a nat~onal  company BRHL felt that 
it should be able to judge for ~tself. not merely the degree 
but also the standard of professronalrsm whlch 1s gorng to 
be deslred In the long term The second course open would 
be to operate the SR.N6 on the larger craft's route, wlth 
all the lrmltatlons that t h ~ s  would imply The thrrd way 
would be to make a craft model sltuatlon In terms of route, 
weather, conditions and trmetable, close enough to the 
SR N4 Channel servrce, agalnst whlch there would be a 
clear norm on whrch to measure performance Thls chorce 
was recommended by Mr Brrndle to the Board of BRWL, 
and ~t was found that the Solent route offered a means of 
fulfillrng the condltrons lald down whlle at the same trme 
provrdrng a useful publlc servrce. The craft llmrts of the 
SR.N4 on the Channel servlce, in terms of knowledge of 
sea states, are remarkably akln to the craft lrmrts of the 
SR N6 on the Solent In addrtlon, rt was realrsed that the 
very congested shrpplng sltuatlon 111 Southampton Water 
could materrally asslst In rmprovlng the general approach 
to hovercraft control and operatlon The Southampton- 
Cowes route was accordrngly selected for the lnltlal servlceqs. 
I t  17 lntentlonally not an easy run, but ~t was consldered 
that the amount of worth-whrle experience to be gamed 
would justify the cholce. 

How close the condltlons rn the Channel are to those 
exrstlng In the Solent, havlng regard to the SR N4 and 
SR N6 dlEerence In slze, could be seen by reference to 
diagrams at BRHL, lllustratrng the wlnd forces and sea 
states precluding operatrons to the Isle of Wlght and corn- 
parrng these wrth condltrons exrstlng In the Channel and 
the antrclpated lrmltat~ons of the larger craft It was seen 
that only 37% of occasrons called for suspension of the 
SR N6 servlce, and wlth the SR N4 In the Channel, con- 
ditions severe enough for thrs craft not to operate were 
almost exactly the same - 3 7% 
Seaspeed Operations 

Over the past year, Seaspeed has endeavoured to attain 
a high degree of availability and efficiency, and the follow- 
ing figures for July 6th, 1966, to July 5th, 1967, show the 
reliability achieved : 

Operating hours . . . . . . . . . . . . 4,000 
Scheduled trips . . . . . . . . .  . . . 8,384 
Passengers carried . . .  . . . . . . 106,000 
Freight containers carried . . . . . . 5,000 

Of this total of passenger trips, 290 have had to be can- 
celled for mechanical reasons. This represents a mechanical 
reliability of just under 97%. 

In addition to the above, 170 trips had to be cancelled 
because of weather conditions, but this was during the 
early months of the Seaspeed operation. During 1967, no 
services have been cancelled for this reason. 

Mr Brindle, who is himself from a shipping "back- 
ground", detailed the methods by which BRHL selects its 
hovercraft captains, and he was careful to emphasise the 
importance which is placed by the company on a marine 
background. Other authorities may differ, but a hovercraft 
is considered to be primarily a marine craft, and hence 
only master mariners are taken by BRHL for training as 
captains. An aviation background, while not necessarily a 
disadvantage, is not considered essential since the hover- 
craft commander has to be completely accepted by mariners 
in their own environment. BRHL has successfully trained 
its Seaspeed crews by this philosophy and the results 
obtained justify some confidence. 

M r  C .  A .  Brindle, director of British Kail Hovercra f t  L t d  

Ine~lt~tbly,  some comprzrrsons wlll be drawn between the 
ser vrces operated by Hovertravel and BRHL These are In 
fact of a somewhat drfferent nature, the Hovertravel one 
being of four mlles rn length and that of Seaspeed 124 
m~les The former does not carry a radar operator, whlle 
the BKHL craft has full provlsron for one but he 1s not 
calrred unless nrght operatrons are contemplated or VEI- 
brlrty 15 below one mrle. 

On Seaspeed craft, five-channel radlo communrcatron is 
available, one of these channels berng available for the 
normal marme l~stenrng watch Normal dally safety 1s 
ensured by an engrneer lnspectrng the craft each day before 
the start of operatrons, and the hovercraft captarn under- 
taking hrs own DI  after thls. Safety equ~pment on hoard 
the craft includes llfe jackets, slgnallrng lamps, towrng 
apparatus and radio 

111 addrtron to the Southampton route, a servlce from 
Cowes to Portsmouth and return was started In March thrs 
year, and the results so far available rndlcate a s~mllar 
demand. On both these routes, Seaspeed has proved that 
the hovercraft can be very relrable, although at thls polnt 
rn thelr development rel~abrllty 1s a farrly costly ~ t e m  Mr 
Brrndle emphasrsed that 11 IS env~saged at BRHL that the 
cost per seat mrle w~l l  be reduced as the technical develop- 
ment of hovercraft progresses and the TBOs of Items such 
as englnes, propellers, structures and skrrts are lncreased 

It 1s notable that on the year's Seaspeed operatlon 
between Southampton and Cowes, an average load factor 
for the whole year of 45% was reallsed, wlth 80%) repre- 
sentlng the average load factor for a summer week and 
86% for a summer day 

Drscussion wlth Mr J M Lefeaux, the Chref Engrneer 
of BRHL, elrc~ted much rnformatron about the malnten- 
ance problems wrth the SR N6 and the efforts that have 
been made to keep to the trmetable schedules. The engm- 
eerlng staff number seven, and Mr 1,efeaux emphaslsed 
that thrs part~cular operatron IS, In effect, a tralnlng exerclse 
for the SR N4 and the progress of the marntenance work 
on the SR N6 IS watched very closely Some SR N6 com- 
ponents have had concentrated usage w ~ t h  the hlgh utllrsa- 
tlon level essent~al to the economlc operat~on of these 
craft, and In consequence have produced evrdence of wear 
and fallures not foreseen wlth aero applrcatrons TBOs have 
been blowly rmprovrng - for example, wlth the Marrne 
Gnome, 1,000 hr was enforced at first, and thrs 1s berng 
lncreased by 250 hr rncrements. A. TBO of 2,000 hr 19 

consldered an economlc figure for these engrner, and thls 
1s estimated to take two to three y,ears to ach~eve. 

(Conrcnued on page 6) 


	Cover

	Contents

	New Worlds to Conquer

	Hovercraft Pioneers

	People & Projects
	Hamburg to Las Palmas on Foils

	Hovercraft Research at Royal Aircraft Establishment, Bedford

	Fan Air Intakes on the Naviplane N.300

	Seaspeed


