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First Hovering Craft & Hydrofoil Monthly in the Wor ld  

t ' 
A ryl~icril GEM ship-to-shore lig&~e,h which could travel 
between 40 and 60 knots as e n ~ l i i i ~ h e d  by scientists trt Booz, 
Allen Applied Research Ilnc. h h e  lighter would be 70.5 Je 
long, 34 ft wide und hold 15~ tons  o j  ccrrgo 

PSHAPE AND WESTLAND FASH 
kS in~portarrt a development as any rn the realisation of 

the hovercraft's promlse as "the most versat~le vehicle of 
all" is the Westland flex~ble s k ~ r t .  

For a glven power t h ~ s  s ~ m p l e  accessory increases the 
obstacle cleara~lce capabil~ty by as much as ten trmes. This 
means the severe opcrat~ng l~mitations of the smaller craft, 
due to their lack of hoverheight, no longer applies. 

@, The Westland skrtt 1s basically two Aexlble sheets of rubber- 
rsecl fabric and extends the jet formed by the sohd structure. 
It brlngs several new terms to the field One is s k ~ r t  height- the 
distance of the hemline from the solld structure, and the other 
is dayl~ght clearance--the d~stance from the hemline to the 
ground. 

Sk~r t s  have now been developed that are 4 ft  from the 
hen~llne to the solrcl structure. l 'hese have been proved by 
model tests and by full-scale tests on the SR.N L Two foot 
banks, water jumps, four foot deep gull~cs, and v~rtually 
impenetrable thlckets of sapllngs and gorse have all been 
cleared w ~ t h  case and w ~ t h  practically no skirt abias~on.  

In a recent arr crash at n ~ g h t  at Thorney Island, rescuers 
took nearly three ho111s to reach the 5cerie of tile acc~dent and 
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@COVER PICrUllE : Prince Heinhard o, ihe Neibeiiindr 
l e c ~ v i ~ z ~ ~  t k ~  Vickers V A - 2  after its demonstrrrrion in Am sterclnrn 
~rir11;;o. on April 18th .  A 'report appears on pcrge 2 

the crew were lost m the soft mud around the salt~ngs The 
SR.Nl simulated a rescue opelatiorr at the scene of the 
~rrcident, about a mile from the atrfield. It took only three 
mlnutes lo  reach the area of the crash and the craft was 
back at  the control tower after a total elapsed time ol seven 
minutes. 

The development of the four foot s k ~ r t  makes a small 
craft like thc new SR.NS suitable for a wide va~ ie ty  of duties, 
s i~ch as a rescue craft, fitefightrrrg vehicle, and a general 
purpose passenger and freight transport Four foot skirts are 
by no means the p~actlcal  hmlt of development The 170 ton 
SK.N4 will have 8 ft s k ~ r t ~  and w ~ l l  operatc at  70 knots over 
7 ft  waves. This is a sea state that IS only exceeded 1t1 the 
L3nglisll Channel for approximately 5 O ! ,  of the ycar The skirt 
will also allow the S R  N4 to pass over a 20 ft  gulley and a 
sheer drop of 17 ft. 

The sklrts on a hovercraft are analagous to the pneumatic 
tyres on a car, and they have comparable durability. Wlthout 
tyres a car would be a totally impract~cable vehicle W~thou l  
skirts the hove~craft  would have a very l i ~ n ~ t e d  pr,aclical 
appllcat~on. 
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Mr.  S. R.  Hughes, Mancagsr Hovercraft 11ivi.sion Vickers- 
Armstrongs, and Mr. S. P. Woodley, ilssistunt Managing 
Director of Vickers-Armsfrongs (Bzgineers) Lid. ,  being shown 
the sili~er rnodd of rhe YA-2 presentecl to Prince Bernhcrrd o j  
[he Netherlands nfter his trip in the crrrfl 

On 18th Apl il, the five-seater V~ckers  VA-2 l love1 cr aft travel at speeds of u p  to 80 knots (150 km/h) wlth a payload 
was demonstrated befote I'rioce Bernhard ot the Nelher l ;~nd~ o f  Ihrt tezrl ton? (13,200 kg) 
and senror Dutch government oficral\ at the new B P Marbo~lr 4$ a h 
~nstallation at Ilssel~nckhuhaven, Arn~tarclarn I'rlnce Ber rihartl, Ilovercraft 5bares have been tlrlng Westland's have gone 
who took the control3 for palt of the clcrnonst~at~on, cxptcssed LIP to 181- AS aga~ns t  o~l ly  1213 carllel r r i  the year, and Vlcker5 
hrq confidence ~n rt ai; a new folm ot transport f-le was have trsen to 3116 flom 26/10: earl~cr rn the year 
p~esentcd wrth a sliver model of the crart to mark thc B + + 
OCCab' On 

On the prevrous ddy the VA-2 was demonstrated In Amstel- 
darv Harbo~rr durlng a Hovercraft lnformdtlon Day, organr$etl 
by R11trs11 Petroleum's assoc~ated company In Iiolland The 
Ilutch Press was adclressed by MI D Ilenncssey, Charrman of 
tlovercraft Development Ltd arid IIepuLy Managing O~rcctor  
of the National Research Development Corpo!at~orr, who 
spoltc on the prlncrples, appl~catron and f~lture developmerit 
of the hovercraft MI L R Colquhouri, Operatrons Manager 
V~ckerq-Armstrongs JEngrnecrs) L td , dnswelcd cluest~on\ 

X 7k ptr 

Vicker s -Arms t ro~~g~  pr ojects ~nclucle the VA-3R Flovercr all  
w h ~ c h  will ~rtrlr/c many of the component\ of the platlornr 
of VA-3 ancl wrll carry 75-94 passenger\ dt speeds LIP to 
70 Itrrots (110 Itrnlh) 'The VA-6 a rurthcr development w ~ l l  

On 26th A p r ~ l  a P7 20 left thc yard of Leopoldo Kodrrqucr 
of Mess~na Lt w ~ l l  arrrvc at  Sandaka11 Borrlco on 30th May 
ancl f ~ o m  there will go to Mailrla for ctelivery Lo Mr Robert 
O f'hillrp, l'rcsident oi the Tourist ant1 Travel Corporaticrn 
of Manila. I he ~ r a l t  wrll be used fol commutc! servlce 111 
Manrla Bay 

-a a * 
Ilitachi Y,orerl has delrvcrecl to the I<ansal Klser~ shlpprrrg 

company the illst Suptarnal 1"17 50 to be b~111t at tlrlachr's 
Icanagdwd bhrpyard Ihc  craft, wli~ch IS  cqull3pcd wl(h 
ratlar, 1s to be placccl 111 servlcc towarcls the cntl of Apr11 
or1 the Scto rnland sea T O L I ~ ~  betweer2 (he Osaka-Kobe clr\trlc,L, 
Yakate dricl Takdmutsu Scats dlc provlticcl Lor 140 [niwrlgcls 

da * i r  



F~ftcen d~fferent hydlofo~l  designs wrth seal~ng capac~ties 
from 4 to 168 are e~ the r  under development or 111 production 
In Japarl at  the present tlme The c ~ a f t  are describeti in a 
booklet jo~ntly publ~shed by the srx inaln hydrofoil manu- 
facture~~--I-l[itacl~i, Ishikawsjima-Harim, Mitsuttishi, Slrin 
Mitwbichi, Shirr Meiwa and Uraga. Currently the three largest 
craft ale Hitachl's I~cencc-bull  Supramar f'T 50 and P T  35, 
scatlrlg 140 and 100 passengers rcspect~vely, and M I ~ S L I ~ I S ~ I ' S  
MIL-60, whlch seats 168 The two latter have st111 to be bu~ l t .  

In the 30-80 seat b~acltet  are the PT 20 (76), the MI4-30 
(XO), both of w1-11ch a le  rn full servlce, and the Ishikawaj~ma- 
Marima IHF-8, with scats for 34 Retlactable lolls are htlcd. 

Foi 13-20 passengers Shln Meiwa oflers the SF-30U (21), 
Mltsub~\hi,  the M1-1-01 (also 21); Ihtac1-11, the PI' 3 (15); 
Ishrltawaj~md, the LIiF-3 (13); and Shrn Mc~wa,  the SF-30 (14) 
I he latter I S  rn passengel servlce in the followlng areas: 
Taliyo, Nagoya, Lake B u ~ u  and Nagasakr 

A development, the SF-30A, I S  rn servlce as a high-speed 
file boat in Tokyo halboui and carrles a crew of S I X  

Finally there are three 4-6 seat open-cockp~t ~unabouts--  
Lsh~kawajima's IIfI-16, Shrn M ~ t s u b l s h ~ ' ~  MHF-4, and Uiaga's 
Sea Bird 

All the craft mentioned have surface plerclilg fo~ l s ,  and those 
on the 11-IF-8, the SF-30B ar-rcl IHF-3 are retractable and 
auxiliaiy screws are fitted for operation in d~splacernerit 
corld~tion w1t1-r the stern foil raised. All the Shirr Meiwa 
designs and the il-fI-16 have twin sets of main foils in tandem. * * * 

A paper examining present-day hydrofoils with particular 
regard to their possrb~l~tics for connecting the Ur~iied Kirigdom 
w ~ t h  the Continent was read to the Academie de Manine In 
Antweip on 4th April by M. C. i'ringiers, Cie Marillme Helge. 

'The a ~ ~ t h o r  presented a study of presenl traffic (shrp and 
aircraft) and of the probable trend u p  to 1965 The increase 
vra Ostcnd has been very great because from Antwerp by alr  
~t takes four horrrs to get to the centre of London, while by 
sea from Ostend it takes barely five hours and the cost is 
about half Taking a conservative increase one can predict 
some 2,282,000 passengers per year by 196Y. Assumirig the 
travel trme by hydrofoil from Ostend to Ldondon Bridge to be 
2 hours 20 rnlnutes (the same as from Mrddelkerkc to 
I iveipool Street by plane and train) the author next asked 
what percentage ol the travellers would be expected to adopt 
the new line After considering American stuclies he takes 
only 15% of the boat and lo?/, O F  the air trafic to give 
150.000 for the year 

FTe put forward a plan by which three boats, each .sealing 
120 passengers, would I~andlc the traflic In August, the peak 
month. all thiec would be in service with departures every 
two hours Summer and winter wave size observations made 
horn the "Wandelaar" off Ostctid and froin the lightship 
"Smith's Knoll", led the author to conclude tliat struts of 
4 In woulcl be adequate for all foreseeable cases 

'The plan calls for a craft of 55 tons, with incidence control, 
and powered by gab turbines. Crew would he four officers with 
two men ant1 stewardesses. Three crew would be provided 
inltial outlay requrrcd would be &I 4 million. We hope to 
publish at  length from the paper i n  a luture issue * * * 

A consultant aerodynamicist, Mr. K. C. Cross, has evolved 
a new type of air cushion vehicle, designated ACV-4, which 
wrll have an operat~ng cost of only 2+d per passenger n ~ i l c  
The cushiorl is generated by three rans on each side of the 
craft, each with its own motor. 'The cargo space, or passenger 
~ab i r i .  Ires rnbetween Ihem The prototyoe is expected to be 
hoverrng by the end ot 1964 It will be 88 f t  long, 48 f't wrde 
arid 18 I't hirzh Propuls~ve nower wrll come from two rear- 
mounted pusher nropellers It will fly at  betweer1 50-60 mnh 
arid is dcslgned for use on sheltered stretches of water only * * * 

Sweden's SAAU 401 Hovercraft 15 undergoing sea trial$ 
and wc hope to report on these in an early issue 

k * * 
Joseph I,. Wusser, i r i r  , a pioneel in the field of grouncl 

efrect machines (GEMS). has beerr appointed assistant 
manager of the Aerospace/Kockets Division of' l"exlronqs 
Bell Aer osvstems Company 

Hc will be responsible for the direction of all ground effect 
machine and air cusl-rion vehicle work within the division 

A veteran of twcnly years in the US .  Marine Corps, Wosser 
ietired recently wit11 the lank of lieuteriant colonel 

Since September 1958, Wosscr had served as head of the 
Air Vehicle Design Branch of the OfIicc of Naval Rebearch 
in Washington, I3 C' In this post he was responsible for 

plann~ng, coord~natr ng, rnanagrng and PI ovrdrng technical 
supervlslorl oi a multr-nlill~on dollar contracto~ programme 01 
research and exploratory development These programmes 
riicluded research in vertrcal/short takeofr ancl landlng test 
vehicles and ground effect machrnes 

Wosser authored some of the first technical papers on giourid 
elrect machines pr~blished lu the Uilrled States, heginn~ng 111 

1958 when GEMS were rn their infancy 
A natlve of Mrll Valley, Cat i torn~a,  Wosser became a 

Naval avlation cadet in 1943 after studyliig lncchailical 
cnglneering at the liriiversrty of Calrfornia D u r ~ n g  his twenty 
years as a marlnc pllot, Wosser accumulated 3,600 hours of 
Right time, inclridrrig 350 cornbat hours 

Me holds a master of menee  degree In aeroriautrcal 
engineering froni Massachusetts lnstiti~te of Technology anci 
bacl~elor of science degrees rn mrlitary scrence arrd aeronaut~cal 
enginceririg, respect~vely, from the Clniversity of Maryland 
and the U S. Navy Postgraduate School 

k k * 
In the linited States an 8 It long 5 It w ~ d e  I>oli9011 Air Dart 

is now bang  marketed for $595 assembled, or about 'F400 a \  
a k ~ t  Wergliing 95 Ib, the Dart can carly 300 Ib at  30 mph 
over flat land or smooth water Its 10 hp englne drives a fa11 
which supports the vehrcle on a column of alr by the same 
p~rncrple as larger arr cushion vcl-~~cles It has a hoverheight 
of 9 ins 

Y "r Y 
A Scllonel Werft propeller Lln~t iesembl~ng a huge o ~ ~ t h o ~ t ~ d  

motor has been attracting attention at the l ondon Iri(er- 
national Engineering Exhibitlor1 Rated up to 600 hp, it is 
be~rzg ~tlcorporated in the Denny hovercraft as a cl~ivc cirl~t 
Vrckcrs and Westland have expressed interest, arrd I<ussian 
represerrtatives are considering it\ surtability for  hydrofoil 
applrcatron * dc * 

Olympia Enterprise5 Co. I,td of Malta have recently formed 
d limited l r ab~ l~ ty  company to acqulre and operate a P l '  50 
tt'ydiofoil This wrll be in servlce between Malta antl Syracuse 
w ~ t h  a dally return service The l11p to Malta will take only 
24 hours arid the charge will be £4 return 



The lovestigation 
At the Unrvers~ty of Southampton a study of two- 

climens~onal static hovercraft stabll~ty IS bang  carried out. 
We are looking for an unclersta~~ding of the mechanisms of 
instab~lity (for example, its depcndence on cross flow or 
vertrc~ty) as well as trying to establ~sh criterla for the strength 
of stab~lity jets, the eflects of cross flow and jet scale efiect. 

It will be rightly arked by some whether a furthe1 contri- 
bution In the static case 1s really recluired. Two-dimensional 
stability data 13 certainly in existence (both published and 
unpublishccl) but the ava~lable ev~dencc, besides b e ~ n g  frag- 
mentary, does not correlate vely well, and t h ~ s  would suggest 
that much of the work has not been of a sufic~ently funda- 
mental tiature. This is not sulprising, for rndustrial research 
must necessarily be directed to the Inore immediate needs of 
the subject, rather than to an exhaustive invest~gat~on 

The purpose of ocrr work IS, irr fact, twofold. Firstly we wish 
to producc rneaningf~ll experimental results. sccondly to 
propose a theory which adequately explains the observed 
phenomena 

i n  order to expand on thesc points, ~t is necessary to 
consider some of the principles on which our work i\ based. 

( i )  Meanir~grt~l Exyerirller~tal Results 
We have thought of thc need for an  experiment to be 

carefully controllecl, that is we must know what is happening 
to the flows at any given condition 'The tests must be repre- 
sentative of engineering ancl operational conditions, as well 
as being suitable for the developme~~t of a thcory. 

Having cliosen to work in two-dirnensiorrs, we have made 
the model broad relative to its length in orcler to minimise 
side boundary eflects. It is necessary to have uniformity of 
flow conditions across the model, anci to achieve this we have 
included carefully designed entry nozzles, as well as plenum 
bames anci gauzes In the flow stream. We fell it was necessary 
to be able to control each jet independently, and have used 
separate blowcrs. A particular jet geometry has bee11 chosen 
with a view to the s t ~ ~ d y  of scale eBect and changes of 
convergence anglc on the jet boundary layers. We are 
measuring overall forces on the model in  adclition to 
recording a comprehensive scries of local pressure dala. 

Hovercraft Stabi 
Research at The University 

of Southampton 

By A. J. Burgess* 

* Delivered to the Hovercraft Symposium, Universzty 
of Southampton, March 23rd, 1963 

Figure I . Gener.01 View. The  Rig 

As we were designing the model, it became very clear that 
l ~ t t l e  work had appar.ently been donc on jet geornetries. 
I t  was therefore nccessary for us to choose a particular 
geometry without any expcrimcnta( jiistification, and in  the 
first instance we may have to publish our findings stating the 
conditions resulting from this "as built'' state. Such conditions 
might include the presence of separation and the magnitude 
of the boundary layer on the inncr or  cushion side of the 
edge jets. With further work we hope lo be in a position 
to suggest more suitable geometries for the jet, and to 
comment also on  such things as ground and craft surface 
roughness. 

( i i )  l k e  Theory 
The need for  a theory arises thus. It would be possible tct 

vary every parameter in the experimental work, ancl then 
to reduce the data so that all dependent conditions were 
known, An engineer would like, say, at  least five points fo r  
any given curve; but he is also inberently lazy in illat he 
seeks to use his working time wisely and produce a result 
with the least personal effort (!) The combinations of 
hoverheight, jet thickness, jet angle, jet total head, etc. provide 
a permutation of fearful proportion if we are  to consider 
experimental data reduction only. A theory is therefore 
developed which deals adequately with s part of the experi- 
mental work; then the parameters are varied (the digital 
computer now does most of ou r  work); then any interesting, 
~~nexpected or unlikely events are confirmed with further 
experiment. This is the policy we are expecting to follow. 

The Present State of the lBrojeel 
What then is the preservt state of our work? 
(a) 7Tre Rig. The rig is structurally complete, though wc 

are still developing some of the systems. 
We will see in Fig. 1 the position of the blowers, and the 

air delivery ducts which feed into the roof of the rnoclel. 
We can also see the principles of thc moving ground, with 
balanced model, and thc width of the n~pdcl relative to its 
length. The wall of the side shown open 1s madc of pcr\pex 
to aicl flow visualisation. Static PresSllre tappings Rrrve been 
placed orr the model base longitudinal centre linc, on the back 



The Ministry of Aviation is placing an order for a Westland SR.N3. 
The craft which is scheduled to be delivered in early 1964, 

wil l  be used to  evaluate the A i r  Cushion Vehicle in various over-water 
and amphibioils operational soles, 

The SR.N3, wfl ich Is powered by four  Br istol  S i d d ~ l e y  ' G n o ~ ~ i e '  H.1200 
gas turbines, is a direct development of the 27-ton SR.N2 which has just 

cornpletecl an outstanding successful f i rs t  year of tr ials. Components 
and systems fully proven ir.e SR.N2, are retained in the new craft and all 
are now backed by considerable development and operational experience. 

Like its predecessst-, SR.N3 incorporates the Westland-patented 
'skirt' giving outstandil lg over-wave and obstacle clearance capability. 
The  Iiull, w l i ich i s  10 f t  6 in  Ionger than that of SR.N2, gives a 

load-carrying capacity of up to  150 passengers or 12 tons of freight, 
overall length i s  77 ft, overall beam 30 f t  6 i n  and overall height 
33 f t  9 in. Weight i s  37$ tons. * S 

m Y E O V I L  a E N G L A N D  

lncorpotati/rg SAUNDERS-ROE DiVlSlON " FAlREK AVIATION DlUlSlON * BRISTOL HELICOPTER DlV lS lON 



ACROSS JET ACROSS MODS\ 

Figure 2. Totul heud cli.stributions 

%* MARKS THE STAGNATION STRLAMLINF, 

P2 ' P, 
x ; + (I + c o < 0 )  

Figure 3. The overfed jei 

CROSS FLOW 2 M. 

Pa 7 PI 
DEFLECTED JET EQUIVALENT H O V E R H E I G H T  hx. 
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side-wall lo record pressures through the jets, on slgriificant 
parts of the jet boundaries to glve an indication of boundary 
layer growth, and on the grourlcl longitudinal centre linc. 
Total head measurcmenl in the jets is carried out with the 
use of rakes or  singlc tubes as appropriate Fig. 2 shows us 
typical dishibutions obtained acloss llle jet and across the 
moclel. The prcsencc of a large boundary layer wlll be seen 
on the cushion side of the jet, marked by the  fall in total 
head. The disttibrrtion across the model will be seen Lo be 
satlsfactol y. 

(b) 'The Theory, Any stabilrty theory must ~tself be 
dependent oil a performance theory, and upon one that 
accounts for the split or  overfed as well as the deflected jet. 
I t  is probably considered that Strand's approach to the 
problem is the most thorough, but this theory is too unwieldy 
for stability work. 'The requilemcnt is not prima.lily for art 
exact t h e o ~ y  but for one that is simple enough for tlre 
ensuing work to  be easily handled, whilst giving good 
experrrnental agreement. Such a theoly 1s provided by the 
integration oi  the simple momentum element across the jet 
thickness, which has been attributed to Stanton-Jones. It also 
gives good agreement with expcriinental results (by suitable 
definition of cushioir prcssuse) and has the mathematical 
convenience of yieldin8 

Pclrij + 1.0 as h/ - 0 
T 

Its validity at low h can be improved by su~table detail correction, 
/ t  

but these improvements are of small magnitude and may not be 
considered worthwhile. b 

The theory has been extended for the "split" or  overfed jet case, 
as we see on the next figure (Flg. 3). Note the dcfinit~on of the 

x 
stagnation streamline station T , and that when t 

equations reduce to their more famillar form. 

CROSS FLOW fl FULLY DIFFUSED 

P, .c. P ,  

LOCAL HEIGHT h $ .  

OVER THE REGION OF  DIFFUSED FLOW, 

H - P  



TYPE I .  

TYPE 2. 

Figure 6. Three-jet S tn l~ i l i i y  -- F'lo~v Types 

It is also necessary to examine the "underfed" jet, i.e, that having 
a cross-flow passing underneath it. As will be seen from the next 

X 
figure (Fig. 4) we have defined a modified hoverheight h , the jet 
then being considered as fully deflected away from the high pressure 
side. A uniform distribution of the mass flow ,m in a sense normal 
to the ground has bee11 assumed at all stations. 

We must still account for the cross-flow withir~ the cushion. 
The craft is generally least stable where the flow is fully 
dinused and sufiers no loss of total head, and with these 
assumptions, the base pressurc follows a parabolic law as 
shown in Fin. 5. 

adjacent to h e  jets, we may form sets of -1mpllc1t equations 
whrch will yreld the required unknowns by su~table  iterative 
solutron. Two types of flow earl exist, depenclrng on the 
relatrve strengths of the jets, as IS shown in Pig 6 It will be 
noticed that the d~fkerence arrses from the sphtting of centre 
or  edge jets respectively For  any glven comb~natron of jet 
corrd~tions, there wrll be a range ol trlrn angles whlch allows 
the type 1 flow Outsrde thls range the type 2 flow w ~ l l  obtain 
A typical stabrlrty curve w ~ l l  have a p o ~ n t  of d~scon t rnuou~  
 lope ac; show11 ~n big 7 

The theory is currently berrig programmed for solut~on on 
our I'egdsus dlgrtal computer 

So much foi the ~mmediate theory 1 would llke to men t~on  
rrr passlng a feature of the work arising horn the abilrty lo  
vary the relative let total heads  PI^ 8 shows u5 two pressure 
drstrrbutions For a craft at  some angle of tlim That wrth a 
.iolid line 1s the d ~ s t ~ ~ b r r t ~ o n  obtained with eclilal jet total 
heads, whereas that wrth the clashed Ilne IS the cirstr~bution 
with reclucecl total head on the downgoing srde, lncieased 
total head on the upgolug side It will be seen that 111 this 
latter corldrtron, the moment iesrlltlng from the cushion will 
be neal .zero Neglectrng the conil~bution to moment of the 
jet l ~ f t ,  and cons~derlng the equihbrium condition lo1 the 
edge jets, we o b t a ~ n  the corrdrtiorrs for neutral stabrl~ty These 
are shown in Fig 9 for a typical operating polnt The lines 
of neutral stabrlity will be seen expressed wrth jet head or 
thrckness iatras Xn the unshacled drea operation 1s unstable 
tests suggest that operatron IS stable rmrned~atcly adjacent 
to the Irne In the shaded region 

We thus see the possibrlrty of a slmple autostabilrscd jet 
rystcm, where stabrhty IS garned with ncgllgiblc rncrcaw of 
l ~ f t  horse power 

Possible Puhrre Work 
This, therefore, has described some aspects of the work 

that we are doing toward Ihc understarrding of hovercraft 
stability phenomena. 11 represents only a beginning to the 
overall problem, and we are hoping to extend our work 
rnto the dynamic two-dimensiotlal and static three-dimensional 
fields, as well as to continue the current series of investigations. 

Figure 7.  Three-Jet Stabilitjt - -  C.P. Shift Curve.% 
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SUPRAMAR'S 300 PASSENGER HYDROFO 
Preliminary Details sf the Gas-Turbine Pawered PT 1 SO 

SIJPRAMAR'S PT 1.50, a further development of the PT 90, 
has been designed for service over greater distances of 

open sea. Features of note are the power arrarrgemerlts and 
the distribrrtion of the passenger compartments. 

Foils 
7'0 facilitate calls at smaller ports or the crossing of shallows 

and in order to facilitate clocklng and slipping the craft, thc 
foils as wcll as tile rr~dclers and propellers are retractable. 
To  protect these against marine growth and corrosion they will 
be made from stalnless steel. The front foils will be provided 
with hydraulically operated flaps which accelerate tile process 
oC emerging h e  craft and Improve its bel~avionr in a seaway. 
'They wrll be corlt rollecl electronicall y,  

X-lull 
Tllc hull wrll bc bu~l t  of anti-corros~vc light metal which 

to R large extent wrll be welded. l'lastics would be usecl for 
interior con~truction palts artd equipment, 

Engirles arrd 'rra~lsmission 
I'owcl 1s provided by two 8,700 h p  13r1~tol-S1cldeley P~oieus 

'rank5 for eltlier 250 o~ 450 nautr~al m~lcs w ~ l l  be provided 

according to customer's requirements. A two-drive will be 
used. This not only ensures a favourable arrangement of the 

\ 
passenger compartments, which are kept free of noise and 
vibrat~ons, but it also provides a relalively simple method of 
retraction for the rear foil, rudders and propellers. 

For rnanoenvring in displacement condition an independent 
7.00 hp gas-turbine. with it own propeller, will be provided. 9 
Sub-division of Comparhnents 

Assuming that distances of about 150-250 xlautical miles 
(3-5 hours) will be regularly covered by this type of crafl, a 
high degree of comfort and freedom of moverneril on board 
will be ofEered to the passengers, To permit .tl~ern to change 
their positions during the journey, thirty seats additional to 
the 300 will be arranged in lounges, and in silltable placcs on 
the open deck also. 

Teckknical datid 
Length, 139ft; Beam over deck, 26 ft 3 Ins; Span of hydro- 

Coils, 47 ft 3 ins; Draught float~ng, 15 ft; Draught floating with 
foils relractccl, 6 11 3 ins; Draught foilborne, 5 Ct 9 ins; Maxi- 
mum speed at 8,700 hp, gas-turbines, 48 knots; Cruisirig speed 
with gas-turbirres, 45 knots; Dtsplacernent f~llly loaded, 1 SO 
tons; Number of passengers, about 300. 
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Transmission nrrangernetzts 
on Grurnman's AG(EH) 

The Future of the Hydrofoi 
by Cu r t  Borgcnstam, Captain (E), Royal Swedish Navy 

JSL1,THOUCiFI basrcally the idea of the hydrofoil rs an old 
one it is still regarded as something of an inventor's 

daydream ancl sliipbntlder's nightmare. Even the more con- 
ventional planing craft, whlch made use of the dynamic 
pressure under an inclined bottom as a means of making 
relatively high speeds feasible, was looked upon as an 
exclusive toy, hardly worth serious mention in shipbuilding 
circles. The fast naval motor torpedo boats of the last war 
were, tectlnically spcak~ng, the Fruits of the knowledge and 
enthusiasm of spccrallsts 111 racing boat and aero-engine 
techniques, rathcr than of theoret~cal shrpbuilding. Thts 
attitudc was also applied to the hydrofo~l which scemirigly 
waq of a still more obscure naturc. Few rcalised the virtue 
of rrtilistng thc suction on the back stde of a submerged 
hydrofoil section and the potential ability of the hydrofoil 
to re:lch an appteciably better dragllift ratio than the 
ord~naty planlng craft 

1'111s scepticism was often conhrmcd by the dificulties of 
thc few daring experlmcniers to fulfil their theoretical 
predictions. There were several good reasons for this often 
repeated cliscrepancy between theoletical and practical perfor- 
mance 

Fit-slly the use of suction to support a ship 1s in itself a 
potential r~sk  of cavitatiorl wlitch in turn can result in loss 
of clrag/lift ratio, erosion and unstable flow conditions. T'hc 
suct~on is also an invrtation lor air to be drawn down from 
the free surface, which can also be detrimental to performance. 

Sccorrdly tt i.i In the nature of the hydrofo~l that the 
res~starrce curve is favourable orily above a certain speed 
when the hull has become fully foilborne Below thic; speed 
thc curve has got a "hump" which is usually still Inore 
pronounced than that of a planrrig craft Many a hydrofoil 
rnveritor lias beer1 so influenced by wishful thinking that the 
hump problem5 were overlooked W ~ t h  piston typc engines 
and fixed p~tch propeller? thcre i s  an aculc ~ i s k  that the two 

curves of available and required power plotted over speed 
come dangerously close to each other in the region of the 
hump. In unlucky cases the result is not just a loss of a few 
knots top speed but complete failure to lift the hull clear of 
the water, Even if the hump is overcome, the form of the 
power curve is far from ideal for a piston engine as it can 
result in risk of overrevving at high speed and of overloadirig 
at intermediate speed. The situation was not facilitated by 
the fact that the hydrofoil inventor was usually much less 
interested in engine characteristics, than in hydrodynan~ics. 

The power transmission from the engine in the hull to 
the propeller in the water could in itself present a very 
difficult problem. The solution could be a compromise between 
a long vibration-inviting shaft and a steep inclinatioii of 
engine and propeller, An alternative was the inboard-outboard- 
drive with double conical gears ancl vertical driveshaft, a 
solution which is inherently expensive and complicated and 
means extra power losses in the gears. 

These and other difficulties rnade life a hard-fought battle 
for the hydrofoil inventors and entliusiasts, most of whom 
gave up because of lack of financial or technical resources lo 
overcome the practical problems. The hydrofoil corrtirrued 
to attract and fascinate the few shipbuilders who for one 
reason or another had to seek rneans to achieve really high 
speeds on the water. But the hydrofoil as a cornrnorcial 
proposition remained an unsolved problem. 

It is only in the last decade that we have seen a turn of 
the tide, notably in two fields of application, namely the fast 
passenger servrce in the straits of Messitra arid along thc 
ltalian coast on one side, and the Soviet river traffic or! 
the other. In both cases the development can be said to 
emanate from onc and the same person, namely Baron Hans 
von Schertel who started his experiments i n  Germany in thc 
early thirties, rnet the same dificulties as related $above, but 
was too convi~.lced of the commercial lutrrrc of the llydrofoil 



Extreme ruse of rli~agreernent between available and required 
power curves. The engine must be throctlr(l back nc top speed 
to avoid overrevvirzg. The two major pohzts of ulilization of 
the erzginr are ( A )  = medium rpm, h ~ a v y  load; (B)  = max 
rpm, light load, neither (I/ which is attractiv~ for a p i~ ton  
erzgine. Soluriorls (1) Reduction of hump resistrance or (2) Use 
of gtrr turbine with fuller power curve or (3) U J ~  o f  variable 
pitch propeller 

to give up h ~ s  ~clea. The work he and his team did in the 
Sachsenberg Company before and during the war was taken 
over by the Soviets after the war together with several 
complete and half-ready experrmental boats. Baron von 
Schertel and a few members of h ~ s  old stafl founded the well- 
known company Supramar in Swttzerland and corrtlnued their 
work. They were lucky to place their first passenger craft, 
the P1' 10, on a very favourable route, namely on Lago 
Magginre. The competition From slow steamers and from 
very windlng roads and railroads was not very strong. They 
could enjoy a tourist season which lasted almost the whole 
year round ancl last but not least, the route went betwcen two 
countries, Swlberland and Italy, with all that this brought in 
extra passenger tr affic 

St111 i t  seems doubtful if this wo~ild have led to a wider 
applicat~on had it not been for the boldness of the R o d r i q u e ~  
yard Iri ltaly who bel~eved in the Supramar hydrofoil for 
fast passenger transport between ltaly and Sicily. 

I t  woulcl be unEair in t h ~ s  corlnectron not to mention the 
way 111 which I3a1mler-Benz AG came to contribute to the 
development. Like all high speed craft the hyclrofoii requires 
a reasonably low specific engine weight, and for comrnerc~al 
usc the engrnc must necessarily be a diesel or  possibly a gas 
turbine. Such engines of about 1,000-1,300 Irp were developed 
in competitiorr by Dairriler-Benz and Maybach and M A.N. 
'The railway market was ultirnatoly nlainly dominated by 
Maybach wileleas Darmler-Bcn~ also went to sea w ~ t h  their 
engine, the famo~is MB 820 and it? clerivates, which were 
"rnarinized". 

The first of the Sunramar nasscneer craft. the PT 10 was 
fitted with a war-built ~ai;nler-~Yenz enginc of the '  type 
MB 507, developed for "LS-Bootc" (Lcichte Schnellboote) as 
r diesel version of the zero engine 605, T h e  first oositive - 
contact with the company came when the nectl of sp&es was 
filled by stripping otle of the few qurviving engine specimens 

Curves of required u~zd available po8wer. Pistort engine urzd 
fixed pitch propeller 

in the Stuttgart museum! This led to the lntroductrort of 
the MB 820 as a staridard engine for  the Supramar projects, 
a purpose which it has since filled very well. It is light and 
has a comparatively simple and sraightforward layout Sacilitat- 
ing service and overhaul. On the European market there exists 
probably only one lighter and more compact engine, the new 
(talian CRM 18 D with 1,000 h p  arrd an all up weight of 
4,000 Ibs. complete with reverse gear. 

The two Suprarnar types P7' 20 and PT 50 with one and two 
MB 820 englnes have been built and sold by Roclr~quez in quite 
large numbers and licence agreements have also been s~giled 
between Supramar and several foreign undertakings. Rot11 these 
types have fixed, surface pierc~rig hydrofoils and havc about 
40 knots top speed. 

For  fast passenger traflic in congesteci and ~nhabitecl 
archipelagos the very low wave-making of the hydrofoil 
offers a valuable advantage. Experience from the traffic 
between Stockholm and Mar~ehamrl on Aland with a 
Supramar P7' 50 proves that it IS well possible to ma~ntarn  a 
cruising speed of 30-35 knots even 111 trght trafic through 
the archipelago wlthout risk of damage on shores, boata, 
quays, ete. 

The lirnitat~on of the surface piercing hydrofoil lies in 
its seakeeping properties. It IS true that the hydrofoil has a 
much softer r ~ d e  against the wind and sea than most planing 
craft. Also the pitching molions arc much lcss violent. I n  
other directions of the sea the behaviour can however be 
rather problemat~c Follow~rig sea 1s usually the woist case 
Tor all craft, but the surface prercing hydrofoil is  affected ~n 
a special way, namely through the change of angle of 
~ncrdence caused by the orbital rnovement of the surface 
water. The effect oE this is that the lift can be lost occasionally 
ancl irregularly so that the forebody will lend to dig into 
the sea and become clisplaccrnent borne instead of foilborirc 

With the sea on the beam the transverse movements can 



Boeing PC(H) High Poinl 

become rather jerky. Even if the angular amplitudcs of roll 
are Icss or the same as with an ordinary planing craft, thc 
angular speed and acccleralion car1 be much higher because 
of the comparatively long lever arrn betweerr the low centrc 
of roll and the passenger compartment. 

Cienerally speaking a sur-face piercing hydrofoil is rather 
irlfltrenced by the movements of the water surface, in principle 
in alrnast the same way as a displacement craft, For instance, 
the necessary margin of transverse stability at speed dictates 
that the foil must have such a callfiguration and area distri- 
bution that it will in practice become rather "stiff" and will 
tend to be influenced by the inclinations of the waves, just 
Iike a too beamy and shallow displaceme~~t craft. 

Seakeeping is always a matter of much controversy. There 
are few facts and figures available, i~nd  the properties are 
also difficult to express in clear figures. There have also been 
very few opportunities to make correct comparisons between 
lrydrofoil and conventional craft of roughly the same size 
and speed in the same adverse sea condition. The above 
opinions arc however based on systematic lull size tests with 
hydrofoil and planing craft both of about 40-50 tons and 
35-45 knots. The two tyJ3e~ of craft were run simultaneously 
in hard weather and wave heights up to [our feet. 

For ofT shore purpose the submerged hydrofoil would seem 
lo be the logical soh~tion, This will in lxinciple bc much 
less influenced by tlle irregularities of the waves. Of course 
the orbital movements have an influence, but this fades out 
appreciably with increasing depth. (This in fact apl~lies 
espcciafly to the vertical movements. It can be shown Lheorcti- 
cally that the circular form of thc surface particle paths lakes 
tile form of horizontally flattened elliptics with irrcreasirlg 
depth.) 

The residual irnpulscs can be cfliciently counteracted with 
the aid of actuated Foils or horizontal rudders 

The basic problem of the submerged foil is i n  fact not so 
much the dcsign of the Soil itself but the control system. It 
I S  interesting to note that thc often crit~cised "Hydrofin" type 
of Christopher Hook has submerged foils actuated by forward 
p o ~ n t ~ n g  "feelers" which follow the wave contours ahead of 
the craft. 'd'he drawback is the vlrlnerability and I'ragility 
of the mechanical part of the system, which does not lend 
itself to development to larger sizes. 

The Gerinan inventoi Wcnclcl has bee11 testing craft witli 
hand-actuated subillergecl foils, but this is hardly acceptable 
For larger sizes. The natural solutioi~ seems to be an autopilot 
of electronic type. The first operational large craft with this 
system will be the Boeing PC;@) Hlgll Point. There is a good 
chance that this will represent something of a break-through 
For the ocean-going hydrofoil, provided that the single 
forward strut arrangement does not give rise to dangerous 
transverse forces during a turn rn a seaway. 

Other ways of control have been tried, for instance, based orr 
liydraulic height sensing, without the aid of electronics. 

The objection against the electronic autopilot systein is its 
high price and complexity and tlre danger that tlre craft will 
become uncontrollable in case of failure of a component. 
However, similar control systelns will become more and more 
commonplace in many other modern technical applications. 
A high reliability is also very often required, for instance, 
in space flight and nuclear powcr technique. It is thus 
probable that a great anany of the components of such a 

Ciibbs ur~d Cox Sea  Legs 

system will very soon become avarlable at low pirce "from 
the shelf" 

Space and weight will also be drastically cut by the modern 
electronic technique with pi~nted arcults and transistors, Thc 
vital units can thus be duplscated foi safety reasons, wrthout 
too much weight and space increase. Also the shock rcsrstance 
a r ~ l  ruggedness will ptoflt from the same development. The 
systern will also have the advarrtage that the ciaracteristice 
of the craft can ear;rly and yurckly be changed by simply 
varying the electronic response delay and da~nper~rng fad01s 
of the apparatus. 

'The modern development of the Soviet river fleet has 
techn~cally followed a dzflerent path. Three haslc B~yd~ofoil 
boat types have been developed, tlle Raketa, Meteor and 
Sputnik with one, two and four 1,200 hp light diesel engines, 
and about 40 knots top speed. Quite a large numbei have 
been built, experience is systematically being collected and 
several rntcrestrng detall rmprovement.; arc urider way. The 
foils arc of the hor~zontal type arid fully submerged, rather 
close to the surface. The vertlcal stabil~srng is achlcved in a 
very simple way by the use of small planing surfaces 
~mmed~ately above the foils 'Thrs system 1s quite satisfactory 
lor use in the compa~atively calm river waters for which 
the claft are intended This Soviet development has beerr led 
In very logical steps along a systematrc llne and has reached a 
well established state of technology 

In contrast to this tho studies 111 ll S A present a very 
confused pictuie at first slglit Crrummarr, llkc Saunders-Roe 
In G I3 (wlth therr Canadian expcrlmental  raft "Rtas d'Or") 
started experlmeilts with a ladder type of foll system, hut the11 
latcst and most advanced craft the Denlson has sutfacc 
pierclng foils of s type not uirllke thc supra ma^ systern, 
although called the Carl systern Den~son 1s certainly well- 
krlowrl to the reader and has earl~el been descr~bed 111 this 
journal (Displacemenl: 80 tons, top speed about 65  knots) 
Most lrnpoltant of ~ t s  characterrstrcs is its G Ci, gas t ~ ~ r b r n e  
of very hlgh power (18,000 hp) w111ch will permrt Future 
development to hrgher speeds and possibly mole advanced 
roll systems Anothcr advanced ~nnovation is ~ t s  very 
tngenrous t~ansm~ssron wrth hrghly loaded conical gears Thrs 
~ndlcates one way (although a costly and compllcaleif one) 
to t~ansmit h ~ g h  power froin a hullborne eriglnc to a 
submerged propeller In line wsth its high speed the Denison 
has a supcrcavltat~ng propeller, a ilestgn to which U S  Navy 
and Davtd Taylor Model Basln has devoted much money 
and advanced braln wor k 
\---\ 

Sputnik 



'The 110 to11 Boeing PC(H) will be supported by three 
fully submerged f o ~ l s  and stabilised by an autopilot system 
working with signals from gyros and accelerometers wllich 
are transmitted via hydraulic power to flaps on the foils. 
The two 3,100 hp gas turbines will give a top speed of over 
40 knots. 'The craft 1s largely based on the poslt~ve experience 
from the smaller exper~mental craft Sea Legs built by Gibbs 
& Cox and stabllised in a s ~ m ~ l a r  manner. 

A 300 ton Grumman project, the AG(EH) is under way, 
also based on three submerged foils but arranged two 
Forward, one aft, contrary to PC(I3). This new project ~111, 
like the Denison, have suficient lnstallcd power to be capable 
of exploiting the propert~es of hydrofoils at very high speeds. 

After this suinniary of today's state of the art we can ask: 
Where is the hydrofoll going? Will it have a future, ancl if 
so, for what applications? 

For pure river traffic or otherwise in sheltered waters the 
Sovict system with horizontal foils stabilised by surfacc 
touchii~g planes has great attractions. It is simple and bas a 
very low cilaught. The experiences seem to be positive, partly 
thanks to a good hull dcslgn and the availability of a good 
light-weight engine. Sim~lar craft should have a masket also, 
for instance, on the German and French rivers and on the 
Rodensee. 

Although a great deal of well written articles about the 
Sovlet rlver craft have been published, it is difficult to get 
a clear vlew of t h e ~ r  profitability. This is, of course, natural 
rn a government-owned undertaking. Expenses and incomes are 
only small parts of a much larger budget system, where every- 
thing is financed by the taxpaper. It must, however, be 
admitted that there 1s a tendency for traffic undertakings also 
in democratic countries to be more and nlorc state subsidised. 
The need for a novelty to prove ~ t s  valrre in economlc 
competitron will thereby be gradually reduced, and it will be 
increasingly dificult to diner between good and evil in the 
technical world of new products. 

A valuable amount of running expcricnce has by now been 
collected from the Supramar-Rodriquer PT20 and PT 50 

types. These and similar craft with fixed, surface piercing 
foils of rather simple design will have a commercial justifica- 
ti011 in certain restricted areas and under certain conditions. 
Broadly speaking these conditions would seem to be: 

( I )  Fairly sheltered waters with such weather conditiorrs 
that the wave height during the operational season 
seldom exceeds about 4 feet. 

(2) A rather high rate of passengers who are in a hurry 
and who are willing to pay for tho time saved compared 
to the use of displacement craft. 

(3) A medium length of journey, suficiently long to let the 
speed gain over conventional water craft play its part, 
but suficiently short to make air transport unprofitable 
due to overwhelming term~nal problems. 

Foils must, of course, be made retractable, and the power 
transmissiorl must be based or1 z-drivcs. Such a craft will 
obviously be very complicated but will certainly have a high 
performance potential. Apart Froni the ground effect machine 
this seems to be the only way to reacls speeds higher than 
about 50 knots for operational seagoing military craft. With 
the introduction of the fast atomic submarine there is sufficient 
need for high-speed anti-submarix~e craft to justify the 
development of submerged foils of advanced design. Whether 
the civil market will havc need of large ocean-going hydro- 
foils is d~flicult to predict, Much depends on the rate of 
growth of the tomist traffic to still unexploited areas and of 
future competition from ground efFect machines and VTOI, 
airplanes. To sum up there seems to be a future for the 
hydrofoil in certain specific fields of application. 'The develop- 
ment and building costs are high, however, compared lo 
conventional craft. For  this reason it is essential to avoid 
technical pitfalls and to concentrate resources on such lines 
of development which can be expected to be profitable in the 
futurc. There are many interesting dctail problems to be 
solved in connection witlr the hydrofoil, which will offer an 
cxtrernelp fascinaling field for. the engineer ancl shipbuilder 
with a mind for high speeds arrd ucrcorrventional designs. 

Cantieri Navaii ieopoldo 
Rodriquez, Messina/ltaly 

Licensed Shipyards : 

Westerrnoen Hydrofoil A/S Witachi Shipbuilding & Engineering Co. Ltd., 
Mandal/Norway Qsaka/Japan 
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OVERLAND APPL 
* Delivered to  the Uovercrrrjr Sy~tzpositrnr, University n j  Sor/~honlptotr. 

Marclt 23rd, 1963 

Introductiox~ 
COCKERELL,'S concept of sustainrng an air cushron beneath 

a vehicle was to provide a comblnalion of spced and 
proximity to the sea whrch had not been achieved by man 
before Substantial progress has been made In developrng 
the marrne ACV over the last four years. 

The alr cush~on can support a veh~cle ovel land as well as 
over water, however, and some consideration has been grve11 
to ACVs that spend all or  most of therr Irfc over land 1 
propose to collsidel one or  two possrble uses for ACVs over 
land, some vehicle configuratinns that can meet the requrre- 
ments, and some problems that mrght be encountered It 
should be pornted out, however, (hat overlalld ACV develop- 
ment is very much behrnd overwater work, hence what is 
fact for marine craft 13 merely antic~patron for overland 
vehrcles I I many cases 

One ayplrcatron of the air cushron to overland transport 
that I do not propose to drscuss IS the hovercar Thrs project 
could well have a tremendous future, but has little In common 
wrth othel overlancl ACVs 

General Consideratiorns 
In marrnc applrcatror~s two baslc propeltlea of the arr 

cushion are exploited, vrz. 
(I) 'The completc or part rsolatron of the vehicle lrom 

the surface 
(ii) A low surlace bear ing pressure 

The first propelty means almost the complete removal of 
hydrodynamic skrn friction, thc wcond property glvcs 
consrderable reductions both rn wave makrng drag and 
acceleratrons experienced by the claft and its occupants 
compalecl wlth conver~t~onal marrne craft 

In overland applications the ACV ~ ~ s c s  the low s~irlace 
bearing pressure property of the arr cushron, which enables 
rt to ncgotrate sott ground 

For overland routes along which regular traffic rn sufiicrent 
numbers IS requlred, the sr~rface i s  surtably prepared ancl 
hardened -- rarlway tracks and metalled roads for example 
Vehrcles operating on these p~eparccl surfaces are reasonably 
efficrent and fast. Corrstr~rctron and mainterlance of these 
surfaces IS cxpensrve, howcver, and only justified i f  regular 
traffic rs envrsaged FOI more casual overlarld operation it 1s 
considered that the arr cushion can make a contiibution 1 

think it f a ~ r  to say that overland ACVs will tend to tackle 
jobs that cannot be successf~~lly carried out by other vehicles, 
without elaboratc treatment of the terrarn, whereas overwater 
ACVs rn~ght well be in drrect competrtron w ~ t h  othct 
veh~cles. 

Continuous: Soft-Ground Operation 
The first apphcatron 1 would like to consider is the t~anspor t  

of personnel and equipment over rmprepar eil tcr ram, lncludlng 
Iery soft ground and stretches of wate~ 

SLIDE NO. 1 
For this applicatron one ~mrnedlately considers the conven- 

t~oiial ovelwater type of hovercraft and thi5 IS a good starting 
pornt The zequirement 1s sufficiently drfferent to suggest malo1 
tliffielences m design For overwatei transport of passengers 
we think In terms of regular ferry servrces w ~ t h  the hovercraft 
enjoylng a h ~ g h  utilrsatron The emphasrs here IS gettrng the 
operatrng coat down to a minrmum valuc and sophist~cated 
desrgns are j~rstifiecl, although the cap~ta l  cost may be 
I elatrvelv high - 

In the marn, overland c ~ a f t  wlll not be used so lntensrvely 
and, wlth the lower utrhsatron, cap~tal  cost becomes morc 
rrnportant Furthermore, maintenance facllltles for overland 
vehrcles may not be as elaborate as lo r  their overwater 
counterpart operatrng from well-equrpped terrnrnals One resr~lt 
of these cons~deratrons is that the plenum chamber type of 
vehrcle becomes rather morc attract~vc It promrses s~rnplrfi- 
cation of structure and assoc~atcci lower caprtal cost compared 
with the annula1 jet configuration 

As wrth overwatcr vchiclcs, flexible trunks or skirts a le  
fundamental to eficrent operatron overland The  requrrernent 
1s somewhat drfferent however In general, the srze of overland 
 obstacle^ to be encountered IS more predictable than the size 
of waves -- they a le  not transrent and the larger ones may be 
avc)rcled The mole crrtical terlain can be tackled at reduced 
speed and In consequcncc flexible members ovcrland are not 
requlred to respond In the same manner. 

The nature of  the obstacles is drfi'erent however, they tend 
to be harder and skirt wear and tear become greater problems @ 
Furthermore, for  ground operation the drag associated with 
llexrble parts bull-dozing through mud could be prohrbitive, 
even at low speed Hence, the strflrress of the flexibility ir 
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crrtical. For these reasons flex~ble members that are satrsfacto~y 
overwater may not ivieet the overland requirements and vice 
versa. 

T h ~ s  shdc ~llustrates a typrcal configrrration of a craft 
~ntended prrmarrly for contlnuous operat~on overland carrying 
passengers and/or equrpment. I t  can operate over marsh, water 
and surfaces liavrng l~mrted degrees of roughness and slope. 
It  has a plenum chamber type of cush~on, the arr escaprng 
beneath the Aexrblc skirt. This is of suff~c~ent length to 
ensure that the rigid mall1 body passe5 over the maximum 
obstacle herght for w h ~ c h  the craft 1s desrgned. 

Thrs partrcular craft has arr p~opulslon, whrch IS used when 
operating over l l q u ~ d  and extremely soft surfaces. Xn addl t~on,  
t b ~ s  iype of vehrcle would probably have wheels whlcli partly 
wpport ~t over the more s o l ~ d  surfaces, a h ~ g h  proport~on of 
the weight berng taken on the cushlon. The wheels are used 
for tractron in addihon to providing deenng and rtabil~ty. 

Ove~land craft of t h ~ s  type could operate over some parts 
of the world where there are v~rtually no compet~tlve vehicles, 
In Canada for example 

One applrcatron of thrs class of ACV IS survey work In 
swampy areas, carrying persorincl and equrpment Another 
applrcation 1s the transpo~t of a wrde range of perishable 
calgoes; rts speed of travel over vaned d~ficul t  tercaln can 
result In reduced handling in some cases Cargo deterroratron 
can be prevented and expensive processing obvrated 

Typ~cal  opelatlng data for thrs type of vehrcle 1s 25 tons 
payload; 50 knots speed; 5 Ct obstacle helghl; 3,000 lllstalled 
shp; 1 in li slopes. 

There 1s a cons~derable effort belng rnade to develop 
tracked veh~cles of very low glouncl bearing pressure to 
negotiate soft grouncl ACVs of the type illustrated can, of 
course, operate over ground of any degree of hardness, they 
are amph~bious and must be prefe~red to the miore conven- 
t ~ o n a l  tracked veh~clcs provrded they can be produced at the 
rrght price and can be made to operate efficrently 

T think it worth notlng that fol ACVs overwater there IS 
probably a l i m ~ t  to reduc~ng the alr gap between the surface 
and the bottom of the sklrt, from stability considerations 
Over ground, if wheels a le  stabilrs~ng the vehrcle, no such 
hmitahon ex~sts and time m ~ g h t  show that the l ~ f t  powel can 
be reduccd to a lower o r d e ~  

SLIDE NO. 2 
Occasional Soft-Ground Operation 

A second class of ACV tequ~red 1s oric that spends most ol 
its l ~ f e  operat~ng on metalled loads ot good tracks, wrth 
occasional operat~on ovel soft ground In some cases conven- 
t~onal  wheeled vchlcles are capable of negotiattng the soft 
ground, but the eflects of the wheels dtgglng Into the gtound 
are unacceptable For this typc of appllcat~on there 1s a good 
case for taklng an ex~stlng lnnd vehicle arid modrfylng ~t so 
that gorne of rts werglit can be taken 011 a n  arr cushlon for 
opelating ofF thc load Such a conversion can glve certain 
beneficla1 operating characteristrcs over a stalrdartl vehicle 
without ~ncreas~ng  ~ t s  pllce consrdetably I he three main 
operating advantages ale 
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(i) When operating over bumpy ground the use of the 
air cushion improves the crew ancl passenger comfort 
considerably and reduces the loads that are taken 
by the suspension systcm. This means that a substan- 
tially increased cross-country speed is possible. 

(ii) T11e reduced bearing pressure between the wheels ancl 
the ground means that the soil is not compacted 
so heavily, This is of importance to the agricultural 
industry, for crops cannot germinate in  compacted 
soil. 

(iii) Thc niost important featurc is that when a proportion 
of the vehicle's weight is takcrr oK the wheels tho 
vehicle can operate over soft ground conditions in 
which a standard vehicle can get bogged down. 

'Ibis is a photograph of the first Land Rover which was 
modified in this way by Vickers-Armstrongs, 'The air  cushiocr 
is contained within the flexible skirt which extends around 
the whole periphery of the vehicle and air  leaks out below 
the bottom of the skirt. With this type of vehicle the skirts 
can be raised so that it can operate on roads in the usual 
way. 

SLIDE; NO. 3 
This GA perhaps shows more clearly the forrtl of the 

modification made on the Land Rover. 
Around the vehicle is built a light metal body incorporating, 

in the truck sides, the housirrgs for two fans. Tlie fans are of 
the centrifugal type, 25 inches in diameter and double sided. 
They are mounted separately and connected by a unlvcrsally 
jointed shaft. This is belt driven froan a counter sliafl. 

* I>elivcred lo  the Hovercraff Syrnposiurrr, Ulliversil)~ of Southcmiptorr, 
March 23rd, 1963 

A i r  g a p  
b e l o w  
s k i r t  
( I N . )  

L B .  p e r  FT:- C u s h i o n  p r e s s u r e  
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connected to the end of the cranlishaft of a 23 lltle Kovcr 
petrol engrne, ~ d e n t ~ c a l  to the nlam power u n ~ t  of the vehrcle, 
but mounted transversely b e h ~ n d  thc drrvlng cab 

A framework surrounds the vehrcle and carries a flexible 
s k i ~ t ,  which retams the cush~ori plcssure, wh~lc  offetlng a low 
resistance to obstacles The s k ~ r t  1s of spccral convoluted 
clesrgn and made u p  lrom re~nforced neoprene sheet I t  1 5  
designed to wrthstancl cush~on pressures of LIP to 50 pounds 
per syirare Toot. At pressures below this thc slirlt re ta~ns  
rts shape except locally when passlng ovel solld obstaclcs 
Wear and tear of the skut  piovcd to be difficult problems 111 

thc eally days, but we t h ~ n k  that they havc been substantially 
overcome The skirt framework 1s adjustable In both hc~ght 
and trlt by means of threc hyclraul~c jacks When tile s k ~ r t  
is lowered the cushion pressurc rncleases and recluces the 
load on the road wheels When the skirt 1s lalsed to the 
111ghest p o s ~ t ~ o n  the fans can be stopped, permltt~ng the 
vchicle to be operated as a convent~onal wheeled vehicle. 

The expeiimental vcl~icle has becn 111 opela t~on since 
January of last year. I t  has becn used for resea~ch and 
demonstration purposes The vch~cle was operated lo] about 
two months by a crop treatment company who c a n e d  out 
trrals to assess its surtabrlrty for agricultural purposes. 
Following thls work certaln parts of the vehlcle have been 
re-designed, and three craft are now rn operation 

SLIDE NO. 4 
This graph dcrnonstratcs how the welght taken on the 

cushion can be varied. The size of the gap through w h ~ c h  the 
air is escaping between the ground aild the bottom of the 
skirt is plottcd against the cushion lift. Fo r  small gaps below 
thc skirt little air escapes and a high cushion pressurc builds 
up. When the sklrt is raised, however, the gap increases, more 
air escapes, the cushion pressurc drops, thc weight taken on 
!he cushion reduces and the weight taken on the wheels 
rncreases. 

'The fans and skirt on the Land Rover are desrgned to deal 
with a m a x i m ~ ~ m  cushion pressurc of 50 pounds per square 
Soot. This corresponds to a cushion lift of 6,500 lb which 
represents about 80 F r  cent maximum loaded weight. The 
mean air gap for the maximum cushion pressure IS only half 
arl inch. When the vehicle is operating over rough ground 
some parts of the skirt are brushing the ground and in other 
places the air gap exceeds half an  Inch. 

When operating over very rough ground at high speed 
the motion of the skirt would be such that the mean arr 
gap would exceed half an inch. T o  maintain a cushion 
pressure of 50 pounds per square foot at  a higher air  gap we 
would require a higher curve on this graph. T o  achieve this 
a more powerful engine woulti be required lo drive the 
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fans. If we w ~ s h  to doublc the air gap for a glven v a l ~ ~ c  
of cushron plessulc, the lift powcr would have to be doubled 
approximately. 

SI,LDE NO. 5 
'Th~s graph 1s an  attempt to ~llustrate how the all cush~on 

can prevent a vehlcle gett~ng bogged down In soft soils. 'The 
tractme effo~t  obtalned from a Land Rover In four wheel 
clr~ve IS  plottcd against tlie wcrght on its wheels 

Cons~dcr for example a un~fo rm rno~st loam When there I S  
l~ t t le  wc~ght  on the whccls tlicic 1s a small cohesive t rac t~on.  

6 
As thc weight or1 the wheels lncieasc.; the tractrvc erPort 
Increases, for although the ro l l~ng  res~stance gocs up the 
frictronal tractron goes LIP at a gleater rate rn~ t~a l ly ,  fox 
l a ~ g e r  wclghts on the wheels the roll111g resistance g~adual ly  
takes ovei and bends the curve over. This 1s because the 
frlctronal tractron 1s i n  proportion to tile weight on thc 
wheels, but the ro l l~ng leslstancc IS proportional to the square 
of the welght on the wheels. When the welght on whecls 
leaches a ce~ ta in  value the tractrve efrort 15 at  a maximum 
and wrth addrtional we~ght the lractrve ellort dropn 

All soft soils have this cha~acterrstrc shape. Wrth increase 
in mo~sture  IJI  the soil a lower curve obta~ns,  however Hence 
for very soft solls the maximum t ~ a c t ~ v e  effort 19 small anti 
IS  obtalncd when therc 1s lrttlc w e l ~ h t  on thc wheel$. For 
these very soft soils the tractive effvort disappears entirely 
a t  larger weights on the whcels. With this state of sflairs 
thc vehicle cannot proceed under its own power and IS bogged 
down. 

We must bear in inlnd that thcse considerations apply only 
to soils of sensibly un~fo rm moisture content. If, for example, 
a soil is soft for some inches in depth, but there is a hard 
layer of soil beneath this, then i t  pays to load up the wheels 
so that they get good contact with the Iiard soil. This state 
of affairs is usually obtained when a substantial amount of 
traffic has gone over the same spot. For little-used country 
the top soil is uniform in general. 

We can see from this graph the advantage of using the a i r  
cushion. It is a simple means of ofl-loading the wheels by 
any desired amount. For example when operating over vcry 
soft loam, one should arrange for about one ton weight on 
[he wheels. With two tons weight or more on the wheels the 
vehicle gets bogged down. On the moist loam we do  not 
require the air  cushion at ail. Wencc the technique of using 
this type of vehicle is to vary the cushiori pressure according 
lo  thc soil over which one is operating. 

"n~ese considerations are, of course, applicable to any 
ACV operating over soft ground when traction Is obtained 
from whcels or tracks. 
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SLIDE NO. 6 
This is an illustration of a larger vehicle, for which the 

mnalor part of its weight can be transferred from its wheels 
to an air cush~on for soft-ground operation. It is a three-ton 
truck a r~d  is typical of vehicles of this type. You will note 
h a t  unlike the smaller Land Rover, this vehicle has a 
respectable space for accommodating its payload. It  is in 
(act identical to that of the standard vehicle. The lift engine 
and fan are tucked away and lose their prominence. 

Vehicles of this type have a total installed power. i . e  lift 
and traction of about 30 hp per ton of loaded weight. Tllis 
powerlweigbt ratio is less than a quarter of that for the 
prcsent generation of over-water hovercraft and about half 
of what we might expect for the continuous overland air 
cushion operation. 

There is the possibility for vehicles of this type that the 
air cushion eq~~ipment  will take the form of a conversiorr 
kit which can be buttoned on in a s l~or t  time with a ready 
reversior~ to the standard vehicle when the air cushion is not 
required. 

SLII)E NO. 7 
Trar~sparL of XIeirvy Equipmeri( 

The third class of ACV for overland operation goes even 
further in striving for low capital cost and low power/weiglrt 
ratio. As this does not pretend to be a contplcte vehicle, it 
might be called more appropriately "a mobile platform". It  
can take the simple form of a relatively shallow flat structure, 
frorn which a peripheral flexible skirt hangs. Again a plenum 
chamber type of cushion would be employed, the air probably 
being supplied from an external source. For example, a tractor 
vehicle could carry the blow~ng equipment in addition to 
towlng the platform. 

The purpose of the mobile plalform is the low speed 
transport of vcly heavy equipiner~t over inferior surfaces. T o  
carry heavy equip~ncnt on a conventional wheeled vehicle 
means a high wheel bear~ng pressule and a metalled road 
surface. When such heavy equipment has lo be transported 
in  small numbers, co~lstr~rction of heavy-duty metallecl roads 
is not justified and there is a case for the mobile platform. 
The  low bearing pressure oflercd by the mobile platform 
means that heavy equipment can be carried even over fairly 
soft terrain. 

With reasonably flat sul.faces ancl inotlest speeds not 
exceeding 5 mph the alr escape gap between skirt ant1 ground 
caxr be reduced to  a small fraction of arr inch. This means 
that the lift power requiremcrzt can be reduced to a few horse 
power p9er ton loaded weight. Further, with Lhe lift power 
being so small, there is little penalty in czrrrylng additiorial 

we~ght  and the structure can be made crude and chcap by 
conventional ACV ~tandards. This application of the air 
cushion is of particular interest to oil companies and manu- 
facturers of heavy industrial equipment. 

SLIDE NO, 8 
One interesting off-shoot in this type of air cushion/flexible 

skirt configuration is an applicatio~l to road vehicles. The 
large trailer's we sometimes see on Brit~sh roads carrying 
heavy industrial eqlripnerlt are restricted in their operatioil 
over br~dges. Many bridges are of very limited strength having 
been built a century or  so ago and the Ministry of Transport 
quite naturally are not prepared to risk a vehicle of seve~al 
hundred tons breaking through them. Taking head-room and 
w ~ d t h  considerat~ons into account it is not possible to  support 
large transformers for example with wheels other than provid- 
ing a large bogey at each end. In  consequence, a Xargc 
bending moment is imposed upon the bridge when one of 
the bogies travels over it. When a n  air cushion is  accom- 
modated between the two bogies, the load is more uniformly 
distributed and, for a bridge whose span is less than the 
vehicle length, the bending moment is reduced, Having 
crossed the bridge the air crrshiot~ is switched off and the 
skirt raised until it is required again. This application of the 
air cushion is of considerable interest to the manufacturers 
and operators of heavy industrial equ~pment.  

SLIDE NO. 9 
This tabulation reviews the overland applications of the 

air cushion which I have mentioned. T11e classes of vehicles 
shown in the top three llnes have a considerable range of 
payloads, speeds and terrain. 

The config~irations have a number of corrrmon featutcs 
however. The plenum chamber air cushion is preferred, of 
necessity the powellweight ratio is of a lower order than that 
of over-water ACVs and the construction is more simple and 
cheap. Perhaps even more than with overwater ACVs, 
however, the success or  failure of an overland ACW depends 
up011 the design of flexibility. 

Summing LIP, the overland ACV future i~ by no means clear. 
The case for the air cushion in tlre comrncrcial field depends 
upon one of two things, either (i) removing the necessity 
for expensive surface preparation, o r  (ii) consiclcrably reducing 
any adverse effects upon the surface itself. 'These vehicles 
are behiricl the overwater ACV in developn~cnt. Orre important 
factor that must be rensernbered is that overwater ACVs 
will, by and large, be offering some improvement to existing 
services, whereas overland the air cushion can In some cases 
satisfy a need not fuifilled by any other vehiclc. Many of US 
are extremely enthusiastic about the future of ACVs overland, 
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GENERAL PRINCIPLES OF THE HOVERCRAFT 
By H. J. Davies, B.Sc. Ph.D.* 

Senior Lecturer, Mathematics Department 
University of Southampton 

r TlHE marn prlrposc of thrs l c c t ~ ~ l e  1s to acquarllt those of 
you who are riot directly concerned wrlh roserich i n  the 

lHovercraft field with the basrc prrnclples ant1 attendanl 
problems of such craft. 'This, In the main, wrll be a repetrtlon 
ol the words of more competent workers than I, coupled with 
some yuggestcd lrnes of research. 

Fig. I 
Three of the best-known lrlting systems for ground effect 

rnachrnes are shown rn Fig I The Arr Bearrng opesates 
at vely low hergllts and 1s assoc~atecl with the problem of 
lubrrcation as well as a transport bearrng devrce along 
a monora~l  or g u ~ d e  plank. 

The Plenum 1s a hrghly stable conllg~rratron provided that 
the supply jet kits the contarnrng srdes. Once rts behavrour 
bceomes that of a tree jet it IS  thcn vrolently unstable As far 
as herght clearance IS  coricer~led rt 1s an rmprovernent on the 
Air Hcaring 

A further height ~mprovernent 15 obtarned with the Momen- 
turn Curtarn. thrs conlirru~atlon b e ~ n e  stable u p  to about 3 %  
of the dramcter. ~Howcver, the degree of siabrlrty IS atrll 
small 7111s statement requrres further rnvestigatlon as 11 
I S  based on jets supplred from a single source, I e rt IS 

assumed that the total heads rn thc jets are equal. From the 
work that has already been done here rn the CJnivers~ty 
there 1s evtdence that wrth scparatc powered jets - allowrng 
varlatron of total heads--the deg~ee  of stabrlrty may be 
substantially ~mproved 

We are also rnvest~gatrng the res~llt ol mariylng [he 
Plenum and Mornenturn Curtarn, I e usrng the Mornerrtum 
Curtarn to replace the aohd walls of the Plenum We then 
have an automatrcally adjusting s ~ d e  wall w h ~ c h  w o ~ ~ l d  
seem lo  grvc us an ~nhcrcntly stable system 

There are, of course, other systems such as those adoptrng 
thc prrncrples of re-c~rculatron as was attempted by the Swiss 
and the Mrller Company 111 the States. 

L shall now confine my remarks to the Momentum Curtain 
or Perrpheral BIowing type of rnach~ne 'I'here IS ilothing 
ncw about the concept of rnotrori on a C L I S ~ I O I I  of complessed 
air Indeed, many of us have arrived here today rn vehicles 
susta~ned by, In general, tour cushions of compressed alr 
What 1s new 1s the brrllrantly srmple mean? of contain~ng 

the cushron - havrrrg drr drr ~ u r t a i n  functlonrng as a conta~ner of the cornprcssed nlr and replacing the lubber tyre 
As In most wo~thwhrle advancements the old IS not done away 
wrth entriely but the best of both wollds 1s adoptetl and 
merged Into a harmonlous whole So it 1s that rnost cushlon 
craft today have a flexible wall ol half a tyre along the 
curtain pe~rphery contiihutrng to a fur the^ augmentation of 
the cushron pressuie above that of the ainbrcnt. 'Chls flex~ble 
wall I S  usually referred to as the ~ k r r t  - whrch :his irr keeping 
w ~ t h  the characters that ~ndu lge  in such tesearchl Let us then 
act rn character and remove the sklrt in order to have a 
clearer- look at the basrc pnnc~ples  of the lnachlne 'These 
b a s ~ c  prrnciples are q u ~ t e  srmple to expla~n 

Fig, 2 
At the commencement of the operatron the jets hrt the 

g~ouncl and splrt 7 he ~n-flowing part of the jet "pumps up" 
the pressule of the arr beneath the craft As the pressure of 
the all Increases a larger quantrty of the jets arc turned out- 
wards untrl a steady state is reached In this state the 
entrarnmcnt, A, of all from the cushron rnto the let IS  exactly 
balanced by the rn-flow, B The jets thcn curve outwards 
along an alc of radrus r defined by the eyuatlon ot motron 

vL 1 d p  
-- --- 

r p dr 

from whrch, together wrth the condrtron for lrrotat~onel motion 
vr = constant, the ci~sh~orr pressure may be calcl~lated 'T'herc 
are several srmple methods of calc~rlation based on  the assunip- 
tlon of the rnvanance ot the veloc~ty along a stream-hne. Suc11 
theorres, by their good agteemcnt with experimental measure- 
rneiit of the cushion pressure wrthin the Irrnltaiions of h e ~ g h t  
greater than jet thickness, are acccptablc for  performarice 
analysrs. Tire assrnnptron of the s~mple  theories are, howevct, 
rnvalid for herghts less than the jet thickness which rmmccliately 
rnvalidates the comparative arguments that have been put 
forward based orr the liniiting value of the c~lshion pressure 
as the height tends to zero. A two-dimensional jet theory has 
been evolved whrch is exact ~rncler the assumptron? of Ihc 
usual fluid perfectiotls - incompr cssible, in viscr d - for all 
thrckncs,-hc~ght latros The usual critrcisnr rnade of thic, 



theory rr that it is complicated which, in this computer age, 
IS ~ a t h c r  snrprrsing. 

There IS, howcvcr, a limitation placed on the hover height 
by tlic existence of a critical herght 

Pig. 3 
'1'111s bsight rs defined as that at which the edge jets meet at  

a pornt above such a height. 'l'here is n o  i~~f low of air to 
cornpenbate lo r  tile entrainment, A. We are then left with a 
rlcgatlvc augmentation. In aclditiorr to which we have the 
~nstabilrty associated with a free stagnation point. An attempt 
was rnadc to overcome the disadvantages of this tulip configura- 
troll by "coandcring" the jets on the undersurface to form a 
vcr tical take-08 coiiliguratiorr ; but the rapidly changing posi- 
tron of the Centre of lJressurc in tran~ition to  forward flight 
as a jet wing created stability and corrlrol problen~s that have 
not, as yet, beerr solved. 

Frnally, let us look at the static stability of these air-cushion 

I 

Figure 5 

machrnes, l,et us cxamine the Ilow configuration when the 
craft 1s at  incidence. 

Fig. 4 
At Lero rncidence both the jets are balanced When the craft 

1s placed at  ~ricrclence the down going jet splits into two. 
S ~ n c e  thrs jet IS closest to the grourrd only a small propo~tror~ of 
the thrust is iequrred to marnlain the cushron piessure Thc 
remarnder splits and Bowb across undetneath the craft Here 
we have two erects:  

(1) The cross flow expands contributing to the rnstabillty of 
the craft 

(2) I here 1s a frlctron eKect whrch woulcl cause a negative 
pressure gradlent contributing to the stabrlity of thc 
craft 

At small angles of rnctdence the trrction elrect is dosnmani 
contrrbuting to stabrlrty. At la~ger  angle5 of ~ncldence the 
expansion effect IS domrnant. 

I t  is obvrous that any devrcc that delays the cross flow wrll 
irlc~ease the range of stab~lrty T o  Increase the pressure In the 
cushion the angle of ejection of the lets IS rnwa~ds; but IS the 
angle of ejection of the jets is outwards ~t wrll delay the cross 
flow of the downward golng jet. We arc thus faced wrth the 
usual desrgn compromise. i t  is, however, ~mportant  to have a 
h ~ g h  cushion pressure In order to give a good design cleaiarrcc 
height Thus, it 1s rlcccssary to retarn the inward arigle o-l 
deflection of tbc jets which cornpels us to look elsewhere for 
a means of controlling the cross flow This can be done by 
the electron of a wall whrch would ent~rely prevent the cross 
flow 

Fig. 5 
In thrs case the maximum pressule would resulf on the 

down going side of the rnachrrle grvlng a rrght~ng moment. 
At first srght this may not seern to be a very practrcal 

scheme but the same ellcct lnay be  produced as lollows: 'The 
wall may be replaced by the use o t  another jet giviirg us a 
twin-jet system. 

Fig. 6 
At first the outer jet behaves 111 a norvrral fashion, 

tLrrnrng outwa~cls, arid LLle cus111on pressure between the two 
lets is rncreased, causing a strong stable restos~ng moment 
I h c  Inner jet splrts into two lmrtions and as the rncrdence 
Increases the greater proportron of the jet moves inwa~ds 
undetneath the model Howcve!, at  a certain point, the prcssurc 
between thc jets becomes too great, and, due to  C'oandcr 
erect, the inner jet cl~ngs to the bottom si~rface of the model 
1 he outer jet also passes uridcrrrcatl~ the model, causing a 
lo\\ ol lrft and a strong destabrlis~ng molncrrt 'I he eflect of the 



Figure 6 Figure 7 

inner jet is to greatly increase the stable slope compared with 
the simple jet system. The illcidcllce range can be increased by 
delaying the Coandering of the inner jet by fixing a small 
wedge on the inner side. 

A still further increase in incidence range can be achieved 
by adopting another method of simulating the wall effect. 
This I S  to Incline the outer edge of the craft so that stability 
is ma~ntained in the limiting case when the machine is at  its 
maxlmuln incidence with one edge about to touch the ground. 
The final configulation is then as shown in this figure 

Fig. 7 
Illustrates the increascd degree and rangc of stability 

achieved. An attempt is now being made to corl.elate the 

stahil~ty behaviour and degree of stability with the rate at  
which the cross-flowing jet diffuses within the pressure cushion 
and the point at which this jet hits the base of the craft. 
Such work, if successful, would put the descriptive behaviour 
princ~ples as given by R. Stanton Jones at  the Princeton Sym- 
posium In 1959 on a somewhat firmer footing. 

There are, of couise, many problems, of a fundamental as 
well as a development nature, that face us. The picture 1 have 
given you is far from complete. You notice that a cro,,s flow 
involves a horiao~ital induced force. Thus, to achicve a static 
state an external horizontal thrust is required; and so, we 
cannot separate stability from control Aga~li, the problems of  
trans~tion to free flight via the Jet Flap or partial fllght via 
the Raln W~rlg are intriguing developments worthy of in-  
vest~gation 
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Successful 
skirt development 
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Prices and 
delivery dates 

Y- 

New hovercraft 
designs 

NEWS FROM WESTLAND 
N E W S  ot two major developments that w ~ l l  undoubtedly 

cxpcd~tc the wrde-scale commerc~al apl~jcat ion of Westland 
ACVs, was glvcn by the company at a tIovercrafi I'lesen- 
tation" as the Glosvcnor House, London, on A p r ~ l  18. 

Flrst, the company announced the s~~ccessful engineering 
of t h ~  Westland patented flexible skirt, w h ~ c h  offers an  
~ ~ n m e n s e  imp~ovement In overland obytacle and overwater 
v;avc performance without any ~ncreasc In englne power 
Secontlly, firm pr Ices werc quolecl for the SR.N2, the SR.N2 
Mk 2 and thc new SR N5, In passenger or freight form Craft 
ordered now wtll be dclivcred in March next year or In nine 
month> from the receipt of orders, 7'0 ensure tllcse delrveries, 
Wcstland is planning and tooling for batch productton. 

'The SII.NZ,, with an  all crp weight of 27 tons and a maximum 
crulsing speed of 80 knots IS priced at  5325,700. Lt w ~ l l  carry 
70 passengers or 8 tons o f  Ircight. 

The SK.N'L Mk 2, with an all-up weight of 371 tons and 
a maxtmum c ~ u l s ~ n g  speed of 74 knots, is priccd at 6450,600. 
It will carly up to 150 passengers or 12 lons of Belght. 

The third model, the SIC Ncl, w ~ t h  an all-up we~ght of 7 torrs 
and a maximuin cruis~ng speed of 70 knots is priced at 575,600. 
It will early 20 passengers or 2 tons of f'reigl~t. 

Operating costs for thc SK.N2 will be 4d-5tl passenger seat 
mile, for thc SR.N2 Mk 2 7d-4d per mile, and the SR.NS 
4d-Sd 

In  a d d ~ t ~ o n  to this programme, Westland has reached an 

advanced stage in the eng~neering studies of the SR N4, a 
170 ton ciaft deslgned for Cei r y work across the English 
Channcl Travellrng at  d speed of 90 knots it could carly 
600 passengers or 350 passengels and 26 cars or  65 tons of 
fre~ght.  

Sir Errc hlcnsforth stated that ten FJovelcraft of thc SIC.N4 
type could calry annually across thc Channel the passengers, 
cals and light frctght visualtsed for a Channel tunnel In 1970. 

Eight foot skirts would bc fittcd to the SR.N4 w h ~ c h  wocrld 
allow clearance, at a reduced speed, of waves up to 75 ft hrgh. 

Westland think it is l~kely  that they will build the SR.N4 
without any defirntc older on hand as a piototype The 
company has been encoulagcd generally by the more scrlous 
~ n t e ~ e s t  shown by potentral opera to~s  over the past twelve 
months, and could have the SR N4  operating In four years' 
time 

The dcveloprnent of the Bex~ble skirt means that it 1 9  
possible for ocean-crossings to he made w ~ t h  a 200 ton craft 
fitted w ~ t h  10-15 f t  skirts wheleas a yeat ago the minrmum slze 
Tor a hovelcraft capable of tbrs performance was cons~dered 
to be at  least 100 tons 

Equally the skirt glves a s~gn~ficant  increase to the 
perfot mance of smaller craft, enabling [hem to operate over 
terrain iinpassable to any know11 wheeled or tracked vehicles 
of s~rnllar capac~ty The SK.NS, for  example, is fitted w ~ t h  4 f t  
s k i ~ t s  cleveloped on the SR.NI and w ~ l l  cleat a 4 f t  wall or  
a 7-8 ft  scrub. 

S R .  N I  ,SK.NS 
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