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'TIID IIECTIANICS OII SAILINC
SIIIPS AND YACI{TS

BY K. S. Nr. DAVII)SON

A p€rsistent urge for higher speeds under sail has stirred man'r
imagination from eariicst tinres. 'l'hrough the long centuries of
sailing, the peculiar exlrilaration ofspced got into his blood. llcsidcs,

lastcr ships always had an advantage over thcir slorver rivals, in both
the nrcrchant and militlry sctvicc8. Now, when only yachts are

drivcn by sail, the spccial flavour of nraking a fast passage *'ithc.rut
bencfit of porver and the fun of racing continue to werve their epells.

Spced has perhlps an evcn grcater hold todlv than ever belbrc. 'I'he
fascinution of it scems dcstincd to continuc inclefinitely.

Ilut all tlrrough history the desire for spccd hts had to be tcmpcrcd
in varying dcgree to tccornplish othcr ends, Cargo-c;trrying caplcity
and scl-kccpiug ability havr tcnded tr.r dernand considcrable tirllrtcss
<.rf hull f,rrm, and this works against spced. 'l'hus, loo}ing back a

long way, it is not surprising to llrrd that two l'airly distinct dcsign
trends are clistingLrishirble. ln largc ships intendcrl tocarry cargoes

on long voyages, thc hull forrns bccarnc vcry full, whilc in srnall
craft intendcd only to cilrry a few tnen on slrortcr voyages or in 6ne

wcrthcr thc lcarr lines of thc earliest log canoes were rctained. 'l'he
small cralt rvcrc relatircly fastcr for thcil size, rvhilc tlrc largc ships

had widcr uses anrl rverc ablc to kcep thc scas itr all reasotrable

weathcr,
l\lodcr n cruising antl racing yaclrts are dcscentlants of the large

sqrrrrt-riggcd slrips of a lrrrndrcd ycars ago rathcr tltan of thc stnall

log orrroes of antiqLrity.'l'hcy rcllect tnuch thc sante philosophy as

the slrips, in tbe bahucc strulk betwecll speed and other (luitlitics.
'l'ht y havc good spacc bclorv rlccks, and tlrcy arc thorotrglrly rclirrble

srir-boats. Ncverthclcss, tlteir avctagc spceds sizc fr-rr size are just
alrout doublc those of thc scpare-rigged ships.

IIuch of ulrut lirllr)\\'s rcl testo tlris rcntat kable accomplisltment.
'l'lrt: ruots Iic dccp. \l:rnf idcls and c(,urrtless e\P(:rilrtcnts Ilitve

Il,rlcrl a |,rrt. 'l lrc conrrcctirtg thrcatl is l [rrogrcssirc ittrPrrnt'nrcnt
in tlr, rl ilitl to s,ril clr,:.c trr tlrr: rrintl. \lost rrf thr: dilf,:rcnccs of

)
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Tllolrr-s, l). l|. (r956). A ncw rtrtrxorrrllror (to b. pul,lt,l,rtl.
'I'orvxseru, A. r\. (r954),'I'hc ditlurirr'll bchind r linr.ourL( In Lrrrr.
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dcsirin hctwcctr lhc olJ rhipr rntl nrrl.,n t&l'tt trrr lq ot' t.. it
anotlrcr otl rrindu ard Jxrlorttt.rncc,,rnd \| tnr,l$ lrrt Jrrf" e,r'r'- r

accounts in no gmall ntclrurc frrr tht l*o'to<'nc lirrn ln lr.rt{e
sPceds.

In the main, the modern yachtrval cvolvcd from thc b'rclgr'rur"!

of thc past. Nor has it yet received exttllsive study in thc lrght ol

what is now known about hydrodynamics and acrodynanricr' 'l'hc

tremendous activity in these two ficlds, stimulated by the nccd'r of

porver-clriven ships and of aeroplanes, had not even staned whcn

thc r,sscntial fcatures of the modern yacht began to emergc' soon

aftcr thc mitl,lle Ef the last ccntury' It is thercfore cspecially

intercsting to apply rnotlcrn knowledge antl methods of h1'dro-

.lyn"nri.r'",t.Ia"rrJynamics to the yacltt, to cxirntine what has becn

acc,rmplisl,ed uP to this time, antl to study the chances for further

irnpn,vemcnt. i goo,l clcal of attentiorl is given to recent cflorts in

this direction.
'l'he story would not be comPlete without some mention of high-

spcc,l s,riling craft, in which space below decks and sca-keeping

uiritity 
^r" 

nin,l",""ondrry and speetl is given 6rst phce' In smrll

.ir"r, 
"* 

n", fo.g S"en knoln, hull fullncss catr be greirtly reduced

*iJ"", *a*i""g sail area becausc the lateral stability needcd to

currv sril can bc-provi.le.l by other mcans such as shifting the crcw

," li""in"t. il'l,i, i",1," 1'rirrciple r-rf the callicst log canues and of

^""y 
nl",f*. sruall crafi. Specds can be increased in this way by

.rt"i,ftitt,; likc thrcc tinres. It is pttssihlc to risurlizc furthcr in-

"t""t"- "iap""a 
* perhaps six <'r scven tilnca ill shtltcrtd wate rs if

-ur" aro"ri" steps are iaken to provide lateral stability or its

equivalent.

ItlS tlt{ llAslct ot t^lLlxU 
'ul?t 

AND YACllrr {Jl
.'. crr(t tt lr nrl rJrctd elonc thlt countlr but rpccd itr rcletion to

t noth, - r.latitc apcc.l t//.'L. 'l'ablc t shorrs buth acturl end

,.l.ii. " 
,p..lr. 'l'lrtre is a striking uniformity among lhc 

-rcl:rtivc
rprcdr frrr errch typc, and a ratio ofjuat lbout onc'to-two betNtcn

dre mcan values for the two tyPcs'

tt tttit Iti llrl lllrilr I

Table r. Aaerage sailing sqeeds

PART I

'I'here is mtrch evidence to supPort the statement that' size for sizc'

the average sailing speeds of tnodcrn yachtr are:t tn: 
:1i::,:i

double thJse of thc <,ld squurc-riggcd tlrips' 'l'he evidencc " 
t't"lli":

in t"bt" ,. 'l'hc term'silrc for size' rcfcrs to thc rvcll-\trown lrct tlr'rt

rn.]," in.r",,." of sizc rvirlr tto clrrngc o[ rle.ign sill incr...rs,' n.rrlr g

sp|c.ls rorrglrly irt prr-rportion t(' tllc sqtlJrc r"ot ol tlrc ltltlcr'<'r'l

il,tgttt.'t ltL" i,t.'uttp"'ittg lhc sp'"ttl' "[ tlitl' rerrt l\l t\ r't \('t{i'

Averagc
actual Length
sPeed overrll

Date Typc ,/ (knols) I, (ft.)
r49z Colurnbus 31 7o
r8J7 Sulnncr 61 2oo

t8so Clipp(r ships 6 25o

rgoz Preusscn 7 t 4to

rgts Sr',rr) Wquth.l 61 53

ro15 6 nr. buats 5l J6
r9j5 J-Class tnsts 9l t35

Colunrbus's speed of 3i knots is for hia first westward passage

from the Canary lslands to the West Indies, 3roo miles in 34 days'

IIe hirnself seems to have considered this a very good passagc' and

itissuppt-rseti that lte musthave carried the north-east tradcsbehind

him most of the waY,

Sunrner was theihip captain after whom the 'line of position'

-",hu,l ,ro* ur.d g.n"r"ily in celcstial navigation was named'

Describing the inciient thai led to his discovering the method' he

wrote:'IIlving sailed from Charleston, S'C', z5 Novenrber r837

b,run,l fo, (irecnock, a serieg of heavy gales from the westward

prorniscrl I qrtick pitssrtgc; aftcr passillg thc Azorcs the wind pre-

v,ril".l frorn tltc sotttlrward, with thick weather; aftcr PisslnB longl-

tude zt'W. tro obscrvation was had until near the land' ' ' " 'l'he

wcather wtls uow lui)rc boisterous and very thick' and the rvind still

southcrly; arriving rbout nritlnight I7 Decenrbcr' within 4o,miles'

by d""i r".kuning, .rf 'fuskar light, the rvind cantc south-east'

nraking thc Irish coast a lee shore ' 
" 

'l'he distancc is about 33oo

milcs, the tirnc zz drys, the sPecd 6l knots' Sumncr obviously hekl

fair rr inds \rith Plcnty of strength.

Average

opced
Vl'lL Rcmarkr
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rlx 'rccorJ' l,rng-dirrancc pas.s.rgcr of thoc r6$clt-l long KonB

t" l.ondon, t'lyrnouth to Svdney, and so on-lh!i rvcre congidcrcd

norc\rorthv rt thc tinre and hale gone dorvn in history. 'I'hc 7-knot
rpcctl for Prarssen, one of thc l;rst of thc big Gcrnlan squarc-riggcd

rhips, built of stcel, was rvorkcd out by her captain froln his own long

experience and is based upon a goodly number of voyagcs in thc

Chilean nitratc run to liurope. 'lhe speeds for the two modern

racing classes are long avcrages for day-racing by these classes under
all kinds of conditions. It has been said that the J-boats, the large

yaclrts wlrich used to race for Anurica's cup bcfore the last war,
wer e the 'fastcst all-round sailing vessels ever built'. Table r rather

confirms the statcmcnt, giving them a wide margin of actual speed.

'l'able r inclr.rdcs only rvholcsolne boats, ablc to keep the scas in all

reasonahle wcather. l'lvcn tlle racing classcs listcd are rcmarkably
gotrd sca-boats. Whcn thc J-bott l'unlve crossed from Atnerica to

England in r935, hcr navigator, a man of great experience in ocean

racing, was Lrrrd in his praisc of hcr sea-going qualities.'l'he out-
stunding fcature ofsountl sea-boats is their reasonably great fullness

of hull lbrrn, which givcs theur reasonably high displacerncnt in
relation to lcngth. lt is characteristic of all hull forlns of tbis sort

tlut thcir resisttnce curvcs take a sharP uPturn, due to heavy wave-

nraking, at rclative spceds tr/1,,!L tt[ tt y a littlc more than unity,

as sketchccl in lig. r . 'l'his puts a fairly elTcctive linlit oIr the maxilnutn

relative speed tltat can be reached. lior no way has yet been found

to avoid tlrc sltlrp upturn by modifying thc hull slupc without

reducing its fulhrcss, and there is a lirrit to the driviug force that can

be devcloPed by the rig cvcn under the contlitions most favourable

for rnaxitnunt spced, namcly, a broad rcach with a ltlt of wind wcll

abaft the bcarn. Supposing the wind to be increasing, there will
always conre l tittrc when sail lras to bc shortencd cithcr to avoid

drnrilgu to the rig or for sotnc otlter rcasott.

'l'lrc rttaxitnurrr relltivc specd catrllot of corrrse be stated exactly.

llrrt if the cxtra sPeed Irttw and then ad.led, by coasting down the

fionts of lirllorving sc:ts, is disregarded, the figure

V 
^".1,1 

L: t t S'

bascd on overall length, aPPcitrs to be roughly rePresentative of
rr lrolcsonrc boats in gencral. 'l'ltere arc trumerous records of clipper

C<.'lunrbur'r lnd Sunrncr'r voyagcr J'rulubly rtprrrnt lurl. ru
best perfonntnccs that could bc ntatlc bv ltr'gurng r.r.{1. rn rf{!r
respcctive crrs. Both rvere by utluarc-riggtd ohipr uttrlcr lerr'.rtrt1
conditions.'l'here is no grcrt ccrtainty as to tltc si,tcr of thc rlrrl'r.
but thcir lcngths carrnot l)ave bccn vcry firr frorn thc iigurcr gir cn rn

'.1'able r. 'l'lrc trvo rclative spccds should thcreforc bc dirccrly c"rrr'

parable, antl the fact that they are nearly the satDe suggests thrt tlrrrc

was not tnuch rcal ilnprovement in performance bchvecn l'19r

and r 837.

Ct rrirast tlrese voyages with Stormy Weather's 6L knot speed in

rg35-a lrunclretl yeCls aftcr Sttmner. Slormy lVealherisa mo'Jcrn

.""-guing yacht, r.lcsignctl for occan racing or cruising and a

thor"ougiilyablc sea-boat. On a length ofonly a quartcr of Sumner's

ship, shc bcttcrcd his actttal specd by somcthing like one-quarter-of

a knot, ovcr nruch thc same distance, 3 too miles frotn Ncwport' R I 
'

to llergen, Norway, in I9'2 days. llcr rclative spccd was twice

SunrnJ'". l"urthei, hcr Passage was matlc in June, in variable

suntmer weather rvhich inclutlcd a week of heatl winds and only trvo

dtys with thc witrtl free en<'rugh for a spinnrtkcr' Nor is this puss;tgc

t,r'Nonuuy tn cxcePtionil onc by urodcrn yrchts' lt is a good

passage, but therc are plcnty of others whiclr are at least as good and

n<rt a"fcw that are bcitcr. lolero, solrtcrvhlt larger than Slorzly

ll/ealher but otherwisc much the same, averaged

Vl^,lL=o'gg in thc r95o Bennrtda race

o'68 in the r954 llerrnutla race

o 83 mean'

The Bermuda race, 635 milcs fronr Nc$port, R I'' is rather too.short

to ensure a good averaging out of th!'wcntlrcr' lltrt thc rnean hgurc

for the two'races citeJsl t rrltl con)perlsiltc fr-rr this' as the first racc

rvass"il".linfrcshwintlslntltlresec<lrrdinliglrtbrcezcaitlle.tnc!n
i",u,t f"a frn,tt Srrrtto' I l'ertlltcr's rr:lrrtivc s|l' t'l t" N"rrr"ry' l rrcitl' rrt-

tliu. ttt" t',,,, li,r,,r.s f,,r ll"/' ru gir't: irrr itlt'r t 'f tltc s1'r t'r'l tlr'rt i' likelr

;;il:;:;;'Ji, ;tt t'" ,,"t"t ti'nt """ tlc lrrrcr rigrrrc i' [rrllv lr'rl(

o" nt".tt 
",,"i^ "" 

,ltc trttrttt ligttrc [or stltt:rr'-'riggt 'l rlrip' irr t'rl'lc- t

'l'h" r",,,.,iuing c,,trics irt lltc t'tl)lt drc r'rtlr(r rt'tr(lr llr( rrl ll; I rt (r'

Sui ,it.i ,'..r.i .,tt"l"'rrti"rr"llrct'-[rr"tsgr'l lrr t rr f"r tl, ti;1*r

"ii1* "i 
,f,. ttl-;o'r .r tlrr rr 'rl''"rt' t''n l'rl '1"1 " ' 'l tt 'rr' 
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416 rulYl ti lt iltr tlrtl(r

thtpr hrr lng l,'glcd rh,rrr t ll lnr*r l,,r 1<rl':p r &r pr rrn t,r
t or j {lJyr !t ! !trclch. $ lriclr orr I ttlcetr l<tr6lL u( rrr t (c tt r- r'r.
rponJs t{) r rclJlivc tpccd ofalnxril .t.tctlt' l'l(. .$t,rrr llr*;.r,
onrc l(,$lc(l ll 8 kntrlr for lbottl 4ll lrrrun, c{,rtttlx,rr(lr r{ lr' I r. i,!,. t
spccd oI r'20, but this rvas in big fgllorving scxd. 'l'hc 

J 'lrttr rcr!.,,

It. rat( irrrttr fr7 trlLliq rrll?l l. lJ lrclltr {l?
I |fic trlx.r rtt rnrtrrrtrt. !n lh.rt lmnlrc.ltll)n tut rhc fulut..'l"hc!
.L'r. rhrt rr(rr{r trbtrrc r1'cctb hrrc non bccn bruu8ht rr cl.). to
llr nu\uDum rcl.rtrrc rpccr.lr rct bv hcr\v wrvc-nra[ing tc1iirrncc
th:t frrrrlrrr itrrltrurcnrtnt along the ulnc grncrll lincr of dcrckrp-
nrcot rrrust of ncc!:ssity bc of nrorc lirnitcd magnitudc, 'I'his dors not,
howcvcr, dt'tract frotn the rcmarkabls advancc thathas actually been
madc in thc last hundrcd ycars or so,

'l'he improvemcnt of two-to-one in average relative speeds cannot
in truth bc laid to any singlc thing. Nevenheless, the underlying
pattern is clelr: a progressive improvement in the ability to carry
sail and to go to windward, that is, to make progrcss against the
wind. If there is any one thing that is sure, it is that average speeds

of the ortler ol 8/Io of maxirnum speeds ccruld not possibly be
attainctl unlcss good progrcss could be rnade in head rvinds.

Lr.lrking brck a krng way into history, surely it was an easy step,
once a rnarrageublc lroat of sorts had been contrived, to think of
hlnging up nn cxpansc of cloth or wovcn rushcs to catch a favouring
brccze. '['hc idcl nrrrst have occurred quite naturally to almost
anyone with the lcast ingenrrity who had cxperienced the enormous
dillcrcncc bctrvccn pulling uprvind at thc oars and clrifting gcntly
drxvnwind witlrout effort.'fhus it is not surprising to 6nd that the
earliest rcprcserrtrtions of sailing boats show a rig dcsigned to the
best advantage for sailing before the wind. A rectangular sail hangs
from an horizontal yard, which is slung ahead of the mast to allow
thc sail to belly out forward. 'lhis is the sirnplest fornr of the
sqrrare rig.

It must soon have been discovered that the wind could be brought
around somewhat on to the quarter to sail a course a few points away

from tlre rvincl tlirection (sce fig. z).'l'he sail could be trimmed to
remaio about at riglrt arrglrs to the wind.'l'he latcral component of
thc sail firrcc worrld lrc rclativcly small and would not cause much
sirlcrvise drift. lhrt thcrc the rnatter secms to have rcsted for at
lcast t\r,o thousand yclrs. liric thc Red's ships and William of
Norrrrrrrrly's slrips hl.l sirnplc sqrrare rigs.

Nor was thcrc lrry busic chunge until Lrng aftcr tlrat. l\lore masta
rvcrc fittecl, and topsails, topgalhnt sails, and royals wcre added as

thc ships grov bigger. 'l'hcsc changes avoided tlre difficulties of
nraking and handling larger individual sails, but thcy did not

.9
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about t 3'5 knots at their maximutn, corresponding again to a relativc

spced of lr5.'
'lvl"*inr,rni rclative speeds have thercfore remained largely un-

.tt.g"i, t"ltil" avcrag; rehtivc spccds hrvc doublcd' tlcncc thc

,",i,,1uf u""r"g" t., nir"irnu,,l spccds havc tloublcd' increlsing

y'otrr (say) o 4s/r'r 5 or rorrglrly '1/lo irt squ;rrc-riggetl shipr
' 

r, i".,tio qo/t t! "r r"ugl'ly ll to in rrt"'ltrtr )'tehlr'

.lnr,.t("tlllf.l,.,s(t'J'i'.n!"'r'l""tro"l'r'-l'!J '"'i ' 
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{iE tultltt l:\. i('tl trilr'r

tccomplish much clrc. 'llrcrc ir Iittlc to in,licrrc ltut rrt rr.it
advancc s'as made for gevcrll ccnturicc in cailing cltr:r t.lh. rr."l
It was evidcntly taken for grantcd that this could nrrt lx rt*,r^
Apparcntly everyone exPected either to rvrit for fair rrinrlr or ttr tr\c
his chanccs of being blorvn olf course. 'l'he ellort rvas dcv,"rttd to

<.--.(

rnt ltt(llA!{tci o? tatLtrac tlltpt AHtr tAc ra {Jg
It rrr not nruch bcforc Ncbon'r tirnc thar thc ung.rinly cr-

cr.f,!'.nccr of thc crrlicr ships be1;rn to disappcar. 'l'hcrc is plenty
of cvirlcnce that the advintages of windrvard ability ucrc obvious
to Nelsotr. 'l'hey rnust hrve been recognizcd widcly in his day.
Seaborne comnlerce and naval power had bccome large issues,
comnranding a grcat deal of thought and attention. Diagrams of the
battle of'l'rafalgar show the combined lirench and Spanish line at
about six poirts from the wind before action commenced (fig. 3). It
is unlikcly that six points rvere being made good. 'I'he wind was
light, and texts on seamanship of the period and for sorne time
thereafter dwell at length upon the liberal allowances that needed
to be made for srgging offto leeward. Seven points would probably
be ncarer than six as an cstimate of the course actually being saileil.
But scven points is a very considerable improvement over the
twelve points or so which must have becn alnut the best that could
be done by the ships of a century or two enrlier. Sevcn points not
only avoids losing grorrnd in head winds but permits a little pro-
grcss to l)€ madc to weather. Would Nelson have dared sail to
Egypt in r799, giving up the wcather berth in the prevailing wester-
lics of the lVlediterrancan, if, failing to rneet the Iircnch, he had had
no chance of gctting back to the westward in reasonable tirne? On
the other hand, lrow much easier would have been lris decision to
sail cast if his ships had been able to make 3 | points from the wind,
like modern racing yachts.

Actuully, firr the sanrc sailing specd, 3| points produces four
tirncs the speed urade good dead to weather when compared with
7 points, and twice when compared with 6 points, as is shown by
fig. 4. 'l'he clippcr ships of the r85o's could probably do 6 points as

against Nelson's 7 points. 1'hus the improvement over the clipper
ships of trvo-to<rne in average relative speeds which has been
ellccted in modern yaclrts is consistent numerically rvith the im-
provement effccted in rvintlrvard ability. It would tre a mistake to
read too rnuch into this close nunrcrical correspondence, for wind-
ward ability is ohviously not all that is required to maintain high
alcra{c speeds. Windu,ard ability is nevertheless a vital factor.
\\'itness, for exarnple, the Bermuda rac€s that have been cited, in
hrrth of rvhich Brilero rvas close-hauled on the rvind or nearly so for
practicrlly the cntirc tinle.

Fis. z

developing such features as forecastles, after-castles' 
- 

cxaggcretcd

p""p.,'ngi l.S.ls and thc like, which, far from hclping thc shipr

io."li .1u"., to ih. *intl, tttust cllcctively havc prtvcntcrl rlrcrr

tloing so. 'to judgc by tlrc tlrartings of shi|t of.rlrc f:tnt:tlltl ji

""ua,,t""ttrlt 
a"nt,,-ry' n""tly rs Itlttclt [orcc tttttst lt:rr c Itcctt ctc'!t't

by ihc rsincllgc lrf the aup(rstrtl(lrlrc JnJ riggirrg 'rr l'r tlrc :-r'l' ll 't
ui a,,,,r'" tltt'f,,rec.ltt" r'r rritl'lr;c *rrrrl'l 'r' t 'rlrrr'n! crr'rlr rl -n

sinJ arr,l .,,'rl,l n"r 1'':'rl'11 {r'rrlrrlrrrl( t'r'rrl'trlIl'xtt"rrr ' :'r'
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Of rll thc changcr rhet hrvc contributcd to thc grcat irnprovcmcnt

of sindsard ability in modcrn timcs, probably thc m(,st intportant
ir thc ahift from rhe squarc rig to the forc-and-aft rig (6g. 5). At
any ratc it is fair to sry that thc improvcment could not have come
about without this shift. lior the square rig was quite unsuited to
close windrvard work,

In order to sail on the wind at all, it is evidently necessary that the
sail force lie far enough forward of abeam to have an appreciable
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driving component along the course. This in turn requires, first,
that the apparent wiud nreet the sail at an angle to its mean plane, as
in an aerofoil, rather than straight on; secondly, that the lift/drag
ralio of the rig as a rvhole be reasonably lrigh. 'I'hese conditions
apply, of c,'ursc, tt.r eitlrt.r type o[ rig.

'l'he b:rsic difficulty rvith the squrre rig seems to have bcen that
the wcathcr lccch, or leading cdge, of the sail could not be set up
hard enough to nrake it stantl propcrly. Not being attachert to a spar
as in thc forc-and-ali rig, thcrc ri as no way to gct a good enough
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purcharc on it to prcr cnt it! slKAinB oll barlly rnd rcry. trl<!y c nrr*ra
abar:h u hcn thc ship'r hcad w;rs l'rorrght to .vcn 6 Jx,inrr lr,rl rJ
true s'ind, lhc apprrcnt nind then conring fronr conrcrrh.rt frrtlxt
ahead. Anothcr problcm with the ecluarc rig, particularly in lrrltr

Squrr. rlt

size8, was to find a rvay of carrying the lveight ofthc hcarl yrrd' $hilc
at thc silnle tinrc llhrs'ing thcrl to bc hrirctd lrotlnd lo nlorc thln
about 45'. \o d,rrrlrt tlris prrtblcrn cotthl lt.rrc lrcn r'lrc'l ll'rt
bcsidcsilrc rlrllierrlty rritlr tlrt'st.rllrcr hctlr llrttc $rr lhr trrrll'{l
cortt lhc.tt i, , tr llrrl trtlt*: tlrc l,.rt,,l fhc url lrr rlt rrlr I rr' '

tltt $tclrrxlcl ol tAll"l!sc tllt?t Ax1, tAc tr {{3
rrrul.l f,'ul :rgeirur thc rlrroudr whcn hrrccd rround. Six pointr wa.r
ftr tht'* rcrsonr aboui thc btst rhat could hc donc with rhc
rquerc rig.

Nonc of thc aame dimculties plague thc fore-and-aft rig. In its
modcrn form the luffs, or leading edges, of the mainsail and jib arc
Eupported by the mast and headstay respectively. 'l'he mast is, of
course, stifl, and the headstay stands well when the sails are sheeted
dorvn hard because it takes the whole aftward pull of the mainsail
ancl carrics a lot of tension.

ln its ess€ntial features the fore-and-aft rig is by no means new.
Its devclopment can be traced from a long way back. 'lhe essential
features are the full suppr.rrt of the lull and the fact that the sail is
abaft the shrouds insterd of ahead of them and can thercf<rre be
flattcncd in without lirnit.'Ihcse feltures werc present in various
forrns of thc latcen rig which existed at least six or eight hundred
years ago, 'l'hc lateen rig can itsclf be considered a t'airly direct
dcveLrprnent frorn the s<1uare rig. It involved only trvo basic
changes, nanrcly, slinging the yartl under the shrouds instead of
abovc thcur, and then canting it until finally the sail became
triangular instcad of quadrilateral. With these changes both sides
of thc sail could meet the wind, on irltcrnatc tacks. 'fhis nrcant,
howcvcr, tlrat whereas the sail could belly out awiry from the mast
on <.rne tack, it rvas blt.rwn against the mast on the other, as shorvrr
in fig. 6. l"lence the sail had a single smooth camber on one tack, but
was less cllective on the other tack becausc it was 'cut' by the mast
into two shorter carnbcrs. I\rssibly the idea of actually splitting tlie
sail into two parts, to form mainsail and jib, evolved at about this
point in history.'l'he overall configrrration of the lirtecn rig, rvhich
was quite a grxrd one frorn a urodcrn point of view, would not
thcreby be nruch altcrcd and the performance would liccome the
samc orr both tacks. ln additir-rn, the chafc of the single sail
against thc mast rvould be eliminated.

Whatcvcr the true historical sequence of events, the fore-and-aft
rig wns certairrly rvell known in smallcr boats rvhcn the stluare rig
was still in its hcytlay firr large ships a hundred years ago. In fact,
all of thc square-rigged ships of that time carried jibs and main-
sails of the fore-and-aft vlriety in addition to their squlre sails.
'l'hcrc scrq nranl'jibs xnd thcsc rvcrc supplcnrerrtcd by triangular

l

i

t

j:

t,

t

:

1

i

,i

I
|!



++1 tl'tvltt tJ Ltclltlrtt.l
ttrrrilr bdrrcen thc mrll. 'llicrt rrr tt lcrlt s!.nr&-r.r.|..
callcrl rhc rponker, on thc ntizzcnnrlrt. lndctrJ, rbr Xrrtrrd ri.a
fronr thc aquarc rig to thc forc-and- t rig wiu drcrtty rrll ua"br
way.

Why was the ahift to the fore.and-aft rig ao graduall lr crnnor
have becn for any lack of appreciation of the need for incrcrcd

"".%f . *'l:

average speeds. The large square-rigged merchant rhipr u'crc

already being hard pressed by the carly stcanrships and apccd uer

the ortlcr of thc day. \lorcovcr, thc ability of thc atcrnrihil' lo

mrkc progrcss in htld winds lrls bcing urgcrl ar I rtrrlrlS [}' rrrrt rn

thcir firlour,

I
.

I
I

llll ]ttclla!jl(:r ot tltLtsc !l tt Axt y^cnr! fl5
Onc rruon ir pcrhrpr thc fairly t idcrpred bclicf thar thc railing

rlrip could hohl ita own against thc atc;rrnship by follorving routu
rhcrc fair uindu prcvailed. Great strides had been made in working
out the pattcrn of metcorological and occanographic conclitions on
the main trade routcs of the world. It was astonishitrg to \yhat
cxtent the tradewinds and the ocean currents could be countedupon
to produce quick passages if careful attention was paid to the routes
follorved. 'l'he steam tug had solved the problem of being held in
port by adverse winds. As a consequence, the advantages of good
windward ability probably did not stand out as clearly as they miglrt
have undcr other circurnstances,

Ilut a morc telling reason is, surely, that the fore-ancl-aft rig was
not yct able to demonstrate its inherently greater potentialities for
windward w<.rrk. [Jntil the windage of spars antl rigging coultl be
drastically reduccd, and until flatter and better-setting sails coulcl
be nrade, the lift/drag ratios of lore-and-aft rigs were little better
than those of square rigs. 'I'hese developments took tirne. Wire
rigging had to be introduced, and many other irnprovements. ,I'he

realization came only very slowly that really large gains rvere
possible.'l'he point secrns to have been missed for some time that
in a lorrg view of the situation the various improvements that were
being dcveloped could be fully exploited only in the fore-and-aft
rig, and not in the square rig.

PART II
Motlern yachts are a far cry from square-rigged ships. Progressive
changes in the rig produced progressive changes in the hull, until
at last the overall configuration and the proportions have becone
radically diflerent. In 69. 7, a large and a small racing yacht are
cornpared at the same scale with a typical square-rigged merchant
ship of about r86o. 'I'he very dillerent proportions are evident,
and stand out even more strongly when the principal dimensions
are rcduced or expanded to a common overall length to permit
direct conrparis<lt-roo ft. in the lorver tabulation adjaccnt to
lig.z.

!
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Fig. 6
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'Drc yrchtr erc rcn to hrvc conridcnbly lcu fullnersof hullform,

h h.rr lxcn implitd carlicr that thcy harc rcasonably full hull
fonns, in ihc gcnsc that they havc good spacc bclorv dccks and arc
good scc-boar. 'l'his is rrue. 'I'he fact is that the old ships had
:rbnonnally full hull forrns according to mod€rn notions.' For many
ccnturies fullbodied'round ships' and fine-bodied,long ships'
existed side by side. 'Ihe round ships became the cargo carriers
and the long ships became the war galleys, largely propelled with
oars.'I'he squarc-rigged ships of the ninetecnth century were the
lineal clcsccndants of the ancient round ships. But it will be seen
in table 2 that they rvere alrcady much less full than say Columbus's
ships, and that at the end of their era, in the biggest sizes like
I'reussen, thcir fullness had dropped down much farthcr, to
roughly that of nrodern bulk carriers like tankers. 'I'here is no great
dillerence of fullness between Itreussen atd, Stormy lVeather,'l'be
racing yachts contirrue the gradual trend towards decreasing hull
fullness that has evidently been going on for a long time.

'l'hc extendcd ovcrhangs oftheyaclrt hull, which date from about
thc r 88o's, arc in principle a very ingenious concept. Ilasically, they
pcrruit the displacerncnt on a given overall length to be greatly

l,cnsth ovcrull, tO.4 (fi.)
Load wutcrlinc lensth LIYL (ft.)
lleunr, A (ft.)
Druft, 1l (ft.)
Sail nrea, S.4 (ft.r) (6ctual)
Wcttcd surtscc, ,s (ft.r)
I)isplAccmcDt, A (tons)

s,t/s
s"{/A

Ship

Actuol dinrensionr

244
22t

45
23

,25oO
r 52oo

r'5

9t
r8 6
95

38so
46oo

290
29

Rclativc dimensionr
Longth overall, IO.,l (ft.)
fnxrd wotcrlin€ l€ngth, LIVL (tt.,
llcanr, , (f!.)
l)rafi, 11(ft.)
Sril rrea, Srt (ft.r)
Wrrt.d surfacc, ,s (ft.r)
Displactrrrent, A (tonu)

\r.S,,'lS (9 is displrcernent in ft.')

J-bort

r35
87
25

. r5

r66
4.5

60

too
64s
t8 5
T I'I

5500
ItIO

68

55

6-metre

36
2!5
6.5
54

6oo
t9a

4r
3',t

r46

6ss
t 6.r
t5 0

4600
r480

88
4'7r!60) J.<trr Yrht

l{ :

I

I
I
I
I
I
I
I

$hip ( Crrrr.r rtr txli
l'js. 7. Coorp,rrison of rquuc-riggr:d rhip wirh rrcirrg yechtr.
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.n rb ul,p(r prnir.rnr.'l'hc Gcnot jib, with hr lrrgc orcrlJn, rr
rh.ughr bv a,nrc ro prf<rrm thc funcrion of r rlot at rhc l"riing
<dgc of an acrofoil, prcvcnting brcakdou n of the flow ovcr th; k;;.r
lorriom of thc rnuinsail due to thc high anglcs of attack of tlrcsc
ponirrns which Persist bccause the skqv cainot be *n"ff, "ii-i-natcd. 'fhis rather elaborate notion may U" qu..iiorr".t,'tui-if,"
overlap.of thc Genoa jib does add sail 

"i"" *iil,out ,.q;:ri; *ychrngc in tlre fore-triangle dimensions of the rig. 
- -1-" "'6 ''

l,ast but not lcast thc yachts have proporticinatcly verv much
morc sail area than the ship. 1'hey haveratios oir"it 

"r"" tJr""tt"O
surface Sl/S of ovcr twice, and iatios of sail "*" a aJpi"""rr"*
S-{/A of the ordcr of tcn to twenty timcs. .I,he *tl, Srf 7S, *iri"tgov-crns.r')nly at very low speetls, is independent of tn" 

"ir" uf imcralt. I hc ratio Sl/-\, wlrich governs most of the time, varies
inversely with the size on account of the squarc_cub. ,"l",ion"ilp
involved. I ligher valucs of S.4/A would therefore fr" ._fr*"l'f 

^thc yaclrts bccause o[ their smaile, size. u* ,r," yJr,"''"il llrr"
ncarly tu,ice tlre norr-dimensional ratios 1SZ7{V wlrlcn Aescrifre
proportions.

'l'hc rock upon which the more successful systcrns for fixing
racjng lrarrdicrps arnong yachts have been tuiit i" tt"rt,, n."tordcr, drsregar(ling dilfcrcnces of design, changes in Sl/A cause
corresponding changcs of average rclative speetl, Vl,,lL ruii"h .1"-
pend orrly on the characteristic shapc ofih. ,.ril,or,." .u_..
Using tlre sarnc principle, and startirrg with the V l,lL 

",f 
;;)o-;:":.,

l...l1.lr:r in 
talrlc r, a Vl^lL of about o.5o 

"-.rg". fo, ,t,"'".irif".Jl/r\ of tlrc slrip. Ilowcvcr rough, this ,esult1"n lre compared
with thc 'mean figurc' of about o.4o given for ships ir. t"trt" ,',lr.a
is cnorrgh to sllow h<_rrv iltportant it i, to curry 

"uil,'l'hc larger non-dinrensional ratios n/.S;l/{V in the yaclrts are
possiblc becarrsc oI tlre Jrroportionatciy grcatcr lateral stahility.'l'he snrallcr non-d irrrcnsio nrl ratio in tlie ship is well cnougi
explaincd by the structural difliculties encount;red in uery la.!e
rigs: stnrctural problcnrs havc an unplcasant *"y of b".u-ing l.is
tractal)le as sizc increases.

. \\'hat sort of pcrformance in a tech nical sense is actually attained
hy Ittorlern racing yaclrts? A great tnany gcneral strtctncnts lrave

Squarc-rigged rhipr:
(r rqr) Colunrbur
(r 860) shit, (fis. ?)
(r9oo\ l'rtutt.n

Modcrn power-drivcn rhipr:
Large Iankers
Fast Iirrcrs, uirplone crrricn
Dclroyers, cruiscn

Modrrn s,riliDg ynchts;
Storny lltetther
6-n)ttrc (lis. ?)
J-l)r,ut (tis. ?)

Csnoes:
16 ft. Canaclian canoe (with two

rrrcn arrrl thcir gear)
6'dArar</ \'iLing ship (.. 

^.D.9oo)

Tul

+{o
490
r60

r?o-r 5o
50-70
45-60

r30
88
68

5o

5o

reduced without corresponding loss of the lateral stability needed
to carry sail. In fig, r r, a ()-rnctre boat hull is compared with an
hypothetical dcstroycr-typc hullhaving the same overall length and
displaccmcnt. It turns out that the two hulls have nearly the samc
wctted sr-rrfirce at rcst, I Iowevcr, the much largc r mirl-scction of the
yacht and her vcry dct'p keel give her trcrnendously grcirtcr powcr
to carry sail whcn on thc rvind. Also the irnntcrscd lateral plane area
ig m<trc cunccntratcd towarrls the nrid-lcngth. 'l'his provitlcs a

bettcr aspect ratio, (dmft)!/urca, which hclps to reducc thc induccd
resistancc arising from thc lateral water tltrust tlrat ollscts the lateral
componcnt of the sail force.

'l'hc yaclrt rig, too, has a nruch bctter aspect ratio, (hciglrt)r/(s!il
arca), tlran thc ship's srlulrc rig, and this hclps to retlucc tlre intlrrccd
aerodynaruic dr.rg.'l'he yaclrt rig incorprlrirtcs trvo fcatrrrcs rvlriclr
htvc cornc iuto gcncral usc only tluitc rccently, \\itlrin thr ltrst
tw(nty-livc ycrrrs or so, l)rt rrlriclr frorrr thcir nrtnrcs arc olrr i,rtr'lr'
adaptutiorrs ol curlicr eorccl)t:i. 'l lrcsc lrc tlrc jilr-lrr:.r,lcJ or
'llcnrrrr,.l.r' rrurins.ril, altl llrc or trl.rpPirrg rrr '( itrrrt' Ilr. I l,c lirrt
dr,cs rr*,r1 rrith tlrc g,rl[ (,t ul]1,(r srrlrp,,rtirg !'l'.rr ' I ll,. r'i1.,
<1tt.rrlr il.rr, t.tl t r,.rirt 'ril, 

'l lrr,r r',rr r'. rr r r,'l,t rl 'lt .rr'l tc.l'r, r r ll.r ri t r
,,1 tl,.rr,.,rr,,.,,l i,,ll,.t tl,, rr r. 1... I ..,1rr;lt, trlrr.il 'rt""'t
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trcn mrJc rcglrding thir qucrtion but thcrc rrc not tnany lyttc-
nutic dare. llt,rycthcr, thc rvorh donc on thc eubject hls not bccn
rcry crtcnsiyc,

l:ig. ll is takcn from somc studi$ of a successful 6-mctrc boat of
fairly rccent vintagc. 'l'hc boat is closc-hauled in e rz-knot truc
rv ind.

'l'he sailing pcrformance, repreeentcd by the triangle comprising
s:riling specd Z, true wind spced Zr, and apparent wind speed I/r,
wrs dctcrnrincd in this instance from a respectable nunrber of
obscrvations on thc boat itself undcr sail. It will be seen that at
a sailing angle 7 of only 3l points from the true wind thc sailing
spccd is very ncarly halfthe truc wind specd (5.9/ r z) and corresponds
to a relativc spccd tr'l",ll. of vety nearly unity (S.S/J:O) 'l'hesc are

rcally rathcr rerrrarkal>le figurcs. A rz-knot wind is only just over
thc lirrc irrto forcc 4 on the lleaufort scale, whcre it is describcd as

3'1lo{eratc brccze'. Yet with only this muclr breeze the relativc
specd of the boat has alrcrdy reachcd sorue 85 o/,, of thc nonrinal
rrraxirnunr relative spccd, taking thc lattcr to be r'r5 as mentioncd
carlicr. I;urther.rnore, thc rlotatiorrs on thc lJeaufort scale, dating
froru about r8o(r, givc'5-6 krxrts full and by' for thc spceds of
square-riggcd ships iu a forcc-4 brccze. 'I.'ull and by' would

PrrticulrrB
l,crrgth ovcrall, /.O;l (ft.)
l-ond waterlirre lcngrh,

r.tv L lft.,
llclrrr, l, (lt.)
l)rult,,t/ (ft.)
Drsplactrrrerrt, l/ (lb.)
S,ril rrr.rr twith (;cnor jib),

.S.., (fr.t)
l.artral artl hull, /...1 (ft.r)
Itiglrt arnr at zo" hccl, /t.4

(Ir.)
Sailing ptrfonnancc

I lccl angl<, .t (lt!t.) 20
Srili')t{ spced, I/ (kno!s) 5 9
'f ruc rvnrd. l"' (k'r,,rs) t2
Apprrdtt !tr"J, /.r (k'rots) t7
At'r),rrc''r$inJJ,xlt,/l(d.8.) 26
Sailirr! anlllt, y Ghg.) 39

(31point.)
Spccd nuclc nood t,r 4 6

rvihJwrnl, l',,,, (krrtt:)
Lcc\airy,,l (les.) 3

Rig
Lifr, , (11,.)
Dn,., D (lb.)
Lift/rlras r{tio,I-lD
Lilt cocllicicnt, C'r,

(non-dimrnsional)'

llull

16o
235

6.5
54

9400
6oo

+75j8
6,r
o80

7o
o96

Ilcclins forcc, Il (lb.) {6s
Itesistance, R (lb.) t.tr
llr:rlingforcc/resistnncc, HIR 3'3
llccling forcc cocllicicrrt, C's o o?

('r(Diin,(',sioDt'l)'
ll.csisr.rncc/tlisplaccmcnt, RIW o'ot S

. Non-dirncnsional forcc
cornicicnts !rc dclir)cd by

I.':Cr.,llpl/'
whcrc, in consistcnt rrni6, f ir forc.G,
.4 is eurfacc arcr, p is ttuid d.n.ity,

Fis. t

Hydro. H/l -!l

, 

n.-. L/0. e l

lhID
,d'-,',0
olrr)-

l is. E. ,\nrrlysis of 6-mctrc bort closc-haulcd in I2-Ln{'t raind.
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probrbly nrcan somcthing likc 7 to 8 poinr from the wind for those
thips. 'l'he evidencc is, then, that a 6-m€tre boat could actually
oursail a squrrc-riggcd ship, boat for boat, when going to weathcr
in this rnoderate brcezc.

'l'he angle of hcel was observed at the same time as the speeds and
sailing angle. .l'he heeling force 11, which may be called the basic
force magnitude, could then be estimated from the lateral stability
charactcristics of the boat, which were known. Iror simplicity, the
heeling force was assumed to lie in a plane norrnal to the mast
containing the estimatcd centrc of elTort c.tr. of tlte sail plan.

'lir complcte the resolution of forces it was evidently necessary
to know only one more force magnitude, which could be either the
resistrnce 1l of the hull in the direction opposite to its motion or
thc drag.D of the rig in the direction of the apparent wind- It was
clear that in principlc the hydrodynamic characteristics of the hull
or the acrodynarnic characteristics of the rig might be dctermined
by separate experiments, which would ordinarily be more con-
venierrtly carrictl out in rnodel scale than in full scale. T.hcre was
anothcr altcrnative, that the characteristics be deduccd frorn
meirsurctnents on the boat itself of the forcc directions aod magni_
tudcs at all p()ints of attachmcnt betwcen thc hull and the rig. As
a rnatter of fact, some work has now becn done along all three of
thcse lincs, notably by Davidson, Warner and G. L 'faylor, re-
spectivcly.t Iu thc prescnt instance, rnodel experiments rvere em-
ployed to dctcrnrine the hull resistance. 'I'he model was ballasted
to htve the desired hcel angle, and thc leeway rvas adjusted until
the scaletl-down heeling forcc was developed at the proper scaled-
down sailing speed.'l'he resistarrce was then measurcd and con-
verted to full sclle by the usual rncthods employed in modcl work.

It will be sccrr in fig. 8 that thc heeling force I/ is atrotrt 5 jl of the
displacerrrcnt and tlut the rcsistance R is rbout r,! ,){, of thc dis-
pl:lccnrcDt.'l'lre Iifi/drag ratio I.fD of the rig works out at 6. r, and
the lilt/drag ritio l//,li of the hull at 3.3. What thcse figrrres rcally
signify, and rvhcthcl or not they inclicittc that a limit on lrcrfornrance
has becn closely approached within the framelork of the principal
dinrcnsions arrd proportions, can be judgcd only by analysis and by

' l.rrrrhcr $,rrk h.rs t,ccn urrdertakcn wirhin the pl)it two ycdrs by thc y.lchr
Rr'(Jr(l' (i'u'ru'l in (ircut ttritrin-
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crrnrprrison with othcr acrodynamic and hydrodynamic expericncc.
No grcat claim can be rnadc for the absolute accuracy of the figurcs
bccause of the narrow basis on which they rest. But that is only an
adclitional rcason for trying to extract as much as possible from
thcr n,

'l'he studics from which the figures were taken actually covered
a range of true wind specds up to about 2? knots, embracing angles
of heel (in 5' steps) up to 35'. Irig, 9 shows the sailing spceds and
the hull resistanccs over these ranges and provides a greatir breadth
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irlrl
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Fig, ro

of view than does fig. 8 alone. 'Ihe compl€te set of diagrama like
fig.8 reveals comparatively little variation with heel angle in either
of the trvo lift/drag ratios, IIIR and, LlD.'L'he sharp upturn of
the spced curves thercfore follows closcly the sharp upturn of
the rcsistance curvcs, being due mainly to the need for rapidly
incrcasing rvind strcngth to provide the necessary force to offsct the
rapirlly incrcasing resistance. lt rvill bc seen tlrat ncarly the bcst
spccd has already bccn reached rvhen the true rvind has reached
r2 knots arrd the hccl alglc zo", as in fig. 8. It follorvs thirt radical
ittrprovcnrcnts can scrr.ccly be expcctcd unless sonrething rlrlstic

09 06 I I rj./l09 lO ll
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cirn bc dorc lo rcducc thc rcritlrncF in thc hrglrcr-r;rtr! rtF'or t|
tlrc crrrvc.

Rut this docs not cxcludc the posribility that subrrrntirl, if rr.a
radicll, inrprovemcnts might bc nrade rvithout major ch:rn6cr of
design or dimensions. As matte rs stand today, boats likc thc (Frnctr6

are built to strict measurement ru'lcs which govcrn thcir principel
dimcnsions and proportions, and races betwccn thcm arc often lost

or won on time margins of a few seconds. An improvemcnt of say

5 
o/. in thcir perfornrance on the wind would therefore be quitc

tlramatic.
It is errsy to slroy by manipulating the specd triartglc, as in

fig, Io, tlrrt a 5 
u/o irnprovcment over tltc specd made g,r<',d to wind-

rvrrd in fig. 8 would rcsult if, for exanrple, ( t ) thc sirme sailing speed

l'and sliling anglc 7 could be attaincd in 9 knots instead of r z knots

of truc rvintl by increasing the sail forcc coe{ficicnt, or (z) the same

sriling speed in the same true wind could be attaincd with 4'Iess
sailing anglc. 'l'he first would lower the speed curves in fig. 9

borlily, the secontl rvotild push tlte curve of speeds made good to

the right.'l'he rnain poilrt is that in either case the apparent rvind

auglc / wotrltl have to be rcduced by about z'J'r tnd it can be

verificd that this rvould in turu rctlttirc eithcr art increase of tlrout

36f, in thc lift/drug ratio 1,/D for the rig, or an increasc of about

r8'1, in thc lift/drag ratio i1/R fbr thc hull: if l1/1? for thc hull

rernainetl unchangcd, Z/D for thc rig would have to increasc frorn

6 r tr) 8'3 i if l//) for thc rig remained unchanged, Ilill tirr the htrll

would havc to increitsc froln 3'3 to 3 9. Viewed in thc light of thc

past, irnprovements of this ortler of magnitudc do not secm beyold

rel",rn. lnrp.ou"rnents of rnuch greatcr tnagnitude Itave obviously

bc"tt ma,le ovcr the past hundred years. 'l'he jib-headed mairrsrril

and the overlapping jib may wcll have elfccted intprovcments at

lcrst as llrgc, tlirxrgh reliulrlc figurcs itrc not elsily tlctcrurir)( (l' Nor

arc tllc l)rcscnt lift/drag ratios in thcntsclvcs Prrrtittrliirly lrigh l)y

a.r<rr'lyn,ttnic standitrtls. Cttnventional sttllsrlnic acroPlrrtrcs ltlrrc

lift/drrg rutios <tf thc ordcr of t 5-:o.
'l'o tr) to irssrss tlrc prrssibilitics ttl'rrc cxlctly it is ttsefrtl t'r g"

a littl. furtlrcr irrto tlctlil, errrpl"lirrg tltc rtstt;rl tttttllr'l' "f nr"'
dvn.rnic ittt,l ltrdr,rtlltt.ltttic Itrr',lr"is 'l r\irig li( ll 'tt r tlrrl'r'(
p,,irrt, thc tl(,ll'(lltrirllii"lr'rl ltlt t"ttlrttcttt f r r'f fh' lil r' t!'rr(

Ttra NEcHANICE Op gArLl!{c 8l p8 AND yACltTg .+5?

givcn as o.8o. 'I'his rather high coefficient implies a rather high
anglc of attack of the sails. A reliable cstimate of thc mean angle of
attack is difficult to make because of the skew of the sails. Ilor.rever
a little judicious jrrggling of figures suggests that for the conditionj
of fig. 8 the mean angle of attack is probably in the neighbourhood
of 8 9o, Some confirmation of this estimate is given by generalized
aerodynamic data, rvhich indicate that a sinrilarly carnbeied acrofoil
of the sanrc geometric aspect ratio as the 6-metre rig, (height of
mast)1(actual sail area):3.2, would be expected to develofa lift
cocflicicnt of o.8o at an angle of attack of about g., Ilorvcver, the
acrofoil rvould thcn be expccted to have a lift/drag ratio of around
lo,.which is nrore than half again as grcat as the 6.r lift/drag ratio
of thc rig. 'l'hrrs it rvould appcar that thcre is still room for significant
irnpnrvcment of thc yaclrt rig without altering the sail arJa or the
aspcct ratio. 'l'tre problem, followiog the lcad of the aeroplane, is to
improve the set of the sails ancl to retluce the drag.

- 
'l'he hullis somewhat less sinrple to analyse. Iror although it may

be regardcd as an acrofoil in so far as it dcvelops a hydrtidynamic
force to balance tlre sail force, the hull must also prouid. buoyorl"y
to fl{)at the weight and havc latcral stability to carry the sails. Witir
these three things to do, the hull ought not to be criticized in too
surr)nrary a fishion for turning up with a lift/drag ratio I{R of not
much nrorc than half the lift /drag ratio t/D of the rig (3.j as against
6.r ), 'l'lrc problcrn is to unravel the separlte influenccs oi it" ..u.r"l
drrties-

'I'aking the hull as a sirnple weight carrier, the resistances in th€
upright position, without heel or lceway, nray be compared directly
with thosc of (say) a destroyer type of ship of the same ovcrall length
and displacerncnt, as in fig. r r. When tlris is done, it is scen at once
that a not inconsidcrable price has bcen paid in the yacht fornr for
thc relirtively grcatcr bcarn and draft and the shorter rvatcrline. At
thc 5.9-knot sailing specd of fig. 8, the upright resistance is some
8oli glcater. '['lre long overhangs of the yacht form arc evidently
lcss clfective than thc irnmcrsccl ends of the ship form in dclayini
tlrr sha11y 111.y1syn ,rf thc rcsistancc crrrvc at the high end of the speeJ
rrngc, rlhcrc wavc-mlking is large. 'l'he yacht forrn is also poorer
in tlre lorv-spccil rcgion rvhere wave-making is negligible, and this
in spitc of its luving very nclrly the samc arca oi rrictted surface.

,i'lr?Yt l!r ltt( 
'lAtrtr 

r

I
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lvcn st 3 knol' its tctiitlncc it urlnc lot'o fr.ltttr rr.*]lr*r Jr

because thc grcatcr bcam and lrlunrcr undcrlxxly ltncr incrtrr tlr
resistancc pcr unit of wcttcd surfacc by acccntuetinX cddv.rul.o6
at the 6tcrn,

When hteral stability is taken into account, howevcr, thc high6
resistances of thc yachi f,rrm are fo'und to be anrply conrPcrls..tcd

for.'l'he hccling force that the destroyer-type form could suppon

at 20' hecl angle could scarcely be more than roo lb', assuming r

rtl? rc]tANlcs or SAtLtNc tHtpg AND yACHTB {5g
thc liftidmg ratio IllR from thc abovc figurc of 4.2 to the rctual
6gurc of 3.3. Fig, rz indicates that only about 4lb. of this added
resistance is attributable to thc heel angle alone. The remaining
z5 lb, is attributable to the leeway, or more properly to the fact thit
a hydrodynamic lift is being developed by virtue of the leeway.
1'he z5 lb. is therefore in principle an induccd drag in the aero-
dynamic sense, which theory says should vary in the manner
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Fig r r. Comporison of 5_metrc and derlroycr'typc hullc of
tlme length and diePlacemcnt'

centre of elTort at the samc hcight as for the yacht' 'fhis is only a bit

morethan20(/oof thc465 lb'giveninfig 8 for the yachti Thu.s 1l:
yacht fornr lt", 

^ "l"ut 
advantage fnrtn thc. ptin: nf ui"*, 

l-1,tlll
iift/drlg ratio /liR of over zI : r, evcn wlrcn thc rcsistrncc addcd I'y

i""t oni t""*^y'i* tlisreg,rrtlcd. 'l'be figurcs art /l/R ''.1651t t 2 
: 1..r

frrr thc yaclrt iorut "n.i 
IIlll:rcol6z: r'(r for tltc dcstrrrtcr'N1'c

fortntt59krlots.
'l'ltc resistirttcc lrltlcd by ltccl lrrf lccrv'ry is :g ll'' f"r .tt'" 

t'tl'
forttr'.rt 5 9 knots, shiclr crrrrcspotttl'r trr lh'"rllJ slrr'h tt'! ' tr

Rcrtjian(c, ff (lb.)
liig. ta. lbrcec on 6-nretrc hull at 5.9 knott with ro. hccl englc.

lirom mo.lcl cxperirncntr.

ruggested by the experiments, namely, in proportion to the square
oJ the amount of lift devcloped. 'l'here is some question regarding
the constant of proportionality. lilementary aerofoil tbeory givei
the exprcssion Cot:C|.lnAR, where C- is the non-dimensional
cocfficicnt of induccd drag and,.1R the aspcct ratio. 'l.aking the
aspcct rirtio of thc l,rrcht's underbody profile as (draft)?/(latcral
ar(:r) = o.+ r, this erprcssion 1iclds.z1 lb. for thc incl ucctl tlr.rg, rlhich
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ir in rcmlrkrl rlc lgtccnrcnl n ilh Ilrc ctJr.nrrrcnlrl hfrrtc. A 'p*lr..o
arigcs, h()\tcvcr, bccartsc on thc otrc lr.rntl lhc.ltttr.ntrtt llxr''r .
rcally rpplicable only to acrofoils of nrrrch higlrcr lrprct r.lx, rD{t

somctincs undcrcstirnatcs thc inclrrccd dr:rg of acrofrrilr of hn
aspect rrtio, rvhile on the other hand, it can be argucd th;rl thc

yaclrt's ldtcr.rl plane otrght to bc considcred a half-acrofoil, vr th.rt

with a mirror irnage above the water surfacc the aspect ratio sould

be doubled and thc theoretical induced drag halved. Therc scenrs

to be littlc chance of resolving the questi(ln cornpletely' llut thc

alternltivcs have compensating etlccts, and a cotnplete ansrver is

pcrhtps trtorc of acadelhic than of practical iDterest'
' 

'l'he ansrvcr is of less practical significance than the implication

of fig. rz that the lift is nuch too snrall to tlevdop the maximutn

lift/Jrag ratio II//i of rvhich the hull fortn is inherently capable'

If thc expcritlental value of thc parlbolic const:tnt wetc to rclnaln

unchangc,l at higher lifts, more than twice the actual lift, around

rooo lbl,ir I r f, of the displtcenrent, would be ncedcd to devekrp

thc tnaximurn lift/dmg ratio. A 6-mctre boat alrcrrdy has ncarly

tlrrce-quartcrs of iis total wcight concentratcd in lead balllst at the

bottom of tlrc keel, so that there is no chlncc of doubling thc lateral

stability and hence rhc lift. Ilven if this wcre possible, horvcver' and

even if the cxpcrimental constant held, thc lift/drag ratio rvould still

not exccctl alio,.rt 4'3. 'l'hc rcal trouble lies of course with the high

resistance thirt exists bcfore the induced drag is addcd'

Anotltcr ntltter of sotne itnportancc is that r-rf' bullnce 
"'l'his 

is the

narne usually given to the tentlcncy or othcrwise for a boirt.to sail

a straiglrt cu,,is. ,vith very littlc hclm angle' Mechanically' the

r"rult*t ltydrndynarnic arxl acrodynantic forccs ltirve to lic in the

slrnc vertical plane when thc coursc is straiglrt' Gcncrally spelkirtg

ii i" a"rirrSt" in practical sailing, first to trim the sails to trest

advantngc, tlrercby fixing the fur"-antl-aft Positit)tr of the ccr'trc r)f

ellbrt c.t., ancl thcn to bring the ccntre of thc latcral hull force tl't"tl

tn t1,".",1.,ir",1 fo.e-ond-aft position for balancc by a vcry snt'rll

adjustrricnt ofthe helln. lt is tlt"rtforc inrportant to kttorv tltc tllrtt

of hclm anglc otr thc ]rull rtsistJtrcc' ]l('dcl (\P(lllrlrnti rrtr tlrt-

6-rtrctre hull rttl,lc for tlris Prrrl)"sc itr'lre'rtt.J tltrl elr'rrr;irrg tl'c

lrclttrl.rrltrtle(:trllt'ciltltcrlryaltrl'dcgrtcsrr.rsllrrit..(tlt.llr\|.llr
,tt,*it*,ft" frrrcc ertrlrt"tfi lt ol'" t(rlrrc.t ll'r l'('irt ll 'l 'l

rns MtcltANlcE op SAlLrNc 8lttp8 AND tAcHTs 46r
crurcd thc rcsistancc first to drop and then to risc. tf the initial
drop io retistance is attritrutablc to the reduced lecway of the hull
proper as distinct from tlre keel, which seems probable, the hull is
cvidently very sensitive to small changes oflecrvay. Thc subsequent
rise in resistance dr-res not necessarily confound this reaSoning, for
it can be explained on the ground that continuing increase o-f the
weather helm eventually incrcascs the resistance of the rudder or
rudder-keel combination, but only after theleeway has been reduccd
so much that furthcr reduction has a negligible elTect on the hull
ProPer.

I c.L.R.
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Fi8. 13. Eflcds of h€lm angle on 6-mcrre hull st 5.9 Lnot! with
zo" heel angle. From modcl experim€nts.

The 6-metre boat itself sailed with practically no helm and was
considered 'well balanced '. 'l'hus she sailed at nearly the best point
on the resistancc curve of fig. 13, le{ving no room for significant
gain from a clrangc in the forc-and-aft location of the rig with respect
to the hull tvhich wotrld alter the centre of etTort position c.E. .l.he

lateral force ccntre c.L.R. nlust then have been in the position given
in lig. r3 for practically no helm, which is soure 45 

u/o of thc overall
lergth flrnr the bow.'l'his is thc sarne position as is shown in fig. g,
rvhcre it is scen to be rvell ahead of the geometric centre of area of
thc lateral plane. lly working from this lateral forcc centre c.L.n.,
it cln (lrcn be concluded thlt the centrc of clTort c.lt. nrust also have
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46a sutriYr lN $t.cllrxt(.t
brcn wcll lhcad of thc geomclric ccntrc of rrcr of thc utl pha. rr 

"r
shorvn in fig.8. 'fhc position of thc ccntrc of ctlort thur r,tcrirqr.l

can be accounted for quite rvell by assunring rlrc mcan rrllrd 1r.r.
sure on the jib to be trvice that on the mainsail, !n sisuttr|lr.ro

which is consistcnt lvith a rough integration of uome prcosttr<

mcrsurcments on sails mlde by Warner and with the knonn

eflcctivcncss of the Genoa jib.
It is well establishetl that the centre of pressure of rectangular

acrofoils is norlnally at about one-third of the chord fronr the

leading edgc, or well ahearl of the geomctric centrc of area' l'he-re

i" o,ui "ui.l.n"" 
too that thc ccntre of lateral pressure of the

g.rr.'rrlly rcctangulxr rlnd"rlro,ly profiles r-rI normal ship hulls.lic at

it,,,,t un"-thi.J.rf thc length from the borv, when the hulls are

makiug leeway.'fhis accounts for thc long bowsprits of thc e-arlier

sailing ships, iheir object being to put the ccntre of etTort of the rig

far e,-ugli f,,r*u,.1 to ellcct proper balartcc'l'hc geuerally triangular

un,l"rb,,iy profile of the yacht f<rrrn is evidcntly succcssful in

rnoving thc l,rteral force centlc aft by about t z lu ofthe overtll lcngth

(o .15-i'33) an,t tl,us succcssful in largcly avoiding the need for borv-

sprits, rvhiclt rllc at best a nttisirnce'

'l'he triangul,rr unclcrbody prr-r{ile of thc yacht forrn secnrs to have

"nuth", 
u,l*ntog" conneci; with balarlce' 'l'he deep forefoot of

the carlicr ships lrad a tettdcncy to dig into the brck of-the wave

ahcacl when the vcsscl was running lreforc a ltcavy sea' This cotlld

be tlangcrous, as thc lateral forcc centre could tcrrrporarily be moved

" 
f,,,t,; i"-y fr.tr*"^f, which might lcatl to a loss of dircctiotral control

tV,fi" ^UA*. 
In this evenithe vesscl nright brtlach to' slcrving

ar,,rrn.l broarlside <tn and going over ou hcr bcaru cnds' jeopardizing

irt"'tig-ii "* ft*it,g ,tu,,J,"tiutt' t"nsctlrre-nccs' ltttriry,lrcth.tthc

,"r1, ii ,rnly plrtl/ untlcrstoorl, rcasor wlty the vcry .ltlurrt 
htrrvs

p"r.i"t.,l fi,r su tong in the squtrc-riggctl ships is tlrirt tn"t t]":l]::ti

t"n.l",tay tr-r tlig in antl worrltl thcrcli'rc llrori"lc srtrrrr:.s rlr"gtt:trd

against broirclritrg to. AtlyN'ty, it is u fact tlrat tltc blulrt bou s g'tvc

.:;;';;;i;;'i- ",'rl, "i 
*iii"'{..1.,.,cr t' tlrc.sitrtl.ucci.'l'' l'::"'ll'1"

un.l alt"r" uls lcss necrl to ttttr bclirrc tlrc rvirtrl 'l lrc 'ltrt"ttr orr'

"jri_,*" "r rrr" 
lrlunt l)r,\\s in hcu,.l sc.rs trrst tlrc^ lr.r.r l*.,'r,'c

,,tf,,,.,t1 ;tft. yrclrt lrrrll rrith itr cttt-rrr't! {'rrtt'rn i'r ttrrrtI lrr.

rlr.ecl'til'lc of lrrr"rclrrng t'r'

rltr IlrcI|ANtc8 oF lAtLtNo gtlrps AND yAcllrs {63
Sumnring up, it ir morc difficult to gaugc for the hull than for thc

rig horv much room thcre is for improvcmcnt \vithin thc framework
of fixcd overall lcngth, displacement and draft. 'Ihe hull is more
complicated to analyse. As matters stand the form of the yacht hull
rcprcsents, for its purpose, a considerable technical advance over
that of the ship hull. Any reduction of resistance without loss of
lateral stability would, of course, be a net gain. 

.,.

llroadly speaking, the combination of the principal dimensions
and proportions enrbodied in tlrc 6-metre boat is representative of
a grcat many present-day racing, ocean racing, and cruising yachts
It has evolved gradually ovcr the years and has stood the test of
time. It is rather encouraged by a number of the measurenrcnt
rules that have becn dcviscd as a basis for establishing racing
handicaps for these boats.

'l'herc tcnd to bc rluite consistent relationships bctrvecn the three
main variablcs, saiI arca, displacernent and lcngth, which are
tolcrably rcprcscntcd on a geonetric basis by the exprcssions

^/,s,alp'v:a.s t,
VV:o.r3l + o.5 for racing bolts,

/V:o.16l, +o.8 for cruising boats,

where Sl is the actual sail area, V the immersed volume corre-
sponding to the displaccrnent, and Z the overall length. 'l'he racing
yachts in fig.7 conform fairly well to these expressions. It will be
seen that as thc $ize of boat increases thcre is progrcssively less sail
area and progressivcly lcss fullness of hull forrn in proportion to
displacement. Ilowcvcr, thes€ two trentls havc conrpensating
eflccts. llclirtive to displaccmcnt, tlre first redrrccs thc hecling and

driving furce coruponcrts tlcvelopcd by the rig in the satne wind,
rvlrilc thc second rcduces tht: latcral stability and the rcsistancc of
thc lrtrll at thc srmc relativc specd l'l.,lL. h consequence, there
is to lirst ordcr no very grc t chrnge in either the hecl angle or the
rclative siriling specd when ckrsehauled in the same rvind as size
is ittcrcascd rvithin the usufll yacht range.

Nol is tlrcre vcry nruch change ofspeed in any one size on dilTcrent
points of sirililg. 'l'his is shown by fig. 14. As the sailing anglc is
rvirlent d irr tlrc sanre truc l ind tlrc apparcnt uind is rapidly rcduced,
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thur rcducing rhc rcrultant reilforcc dcvclopcd. But this rccluction
ir rl tirut rrruch ruorc thio oflsrt by thc largcr componcnt of tlre sail
frrrcc thrt bcconc: alailablc for driving; later it is ollsct in some
dcgrcc by thc grcater sail forcc coclficients that are developed as the
shccts are liecd and tlre sails become more bellied; finally, when
the apparent rvind gets far enough aft to allow a spinnaker to be set,
it is largcly ollsct by a substantial increase of actual sail area.
I\toreover, providcd the wirrd is not much less than about r z knots,
variations of driving force produce much smaller variations of
spced bcciruse tlre curve of hull resistances is so steep, For the
6-metrc boat in rz knots oftrue wind, the speed changes Ly less than
ro o/o rvhatever the point of sailing. A ,polar' diagram of sailing
spocd plotted on sailing angle is in consequence nearly circular.

A distinguishiug fcature of the traditional combination of dirnen-
sions and proportions in thc modern yacht is therefore the consistent
rclativc speetls it produces, provided there is any reasonable breeze
at all.'['hc conrparatively srnall irnprovcment of speed in wind
strengths tjrcater tharr about tz knots was seen in fig, 9. It is now
scen thtt the influenccs of size and of the point of sailing are also
cornparativcly snrall. 'l'he ' average' rclative speed tends to hoyer
around unity undcr. all cr-rlditions.

PART III
High-speed sailing rnay be defined as the attaining ofrelative speeds
materially gr{)ater than unity. It will be evident from what has gone
bcforc thrt the essential need is to circumvent the sharp upturn of
the curve of hull rcsistances. One way to accomplish this is to re duce
thr hull firllncss drastically, s.rcrificing space within the hull and
a rncasure of the seir-hecping ability of thc norrnal yacht. 'l'he
problern is then to provide lateral stability in some rvay thlt does
not rctluire high displacemcnt, so tlrat sail arca can be retaincd.
Othcrwisc thc net gairr rnay bc snrall.

Liglrt-tlisJrlaccment craft re not new in principle. Ior many
cerlturies tlrcrc havc bccn canoes, proas and the like in the South
I)ucific and other plrcrs rvith mrrch lorver displacenrent in pro-
portion t{) tlrrir sllilarel and lcngth.'l'hcre arc tr.rday large numbers
of rrrr.rdern craft, fi-rr cxample, racing dinghics, of lhich the same
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thing ir truc. ln lll instances thc conrbinarion of thr thrct n,r. r
variables, sail area, dieplaccment and lcngth, ir radicrllv rlrtlrrrnr
fronr the tratlitional combination found in thc yacht.

'l'he lcy to these light-displaccmcnt craft is that thry ere
esscntirlly small. '['hey are small enough for the $eight of rhcir
crcrv to coml: to a sizeable fraction of their total displaccrrrcnt-

Undcr these circurnstances, the lateral stability to carry a lot of aail

can be provided by shifting the crew to the weath€r rail, to out-
riggcrs, or to 'trapczes' that lrang from the masthead. A 6-metre

is not a llrge boat. lltrt with a crcw of frrur at r.5o lb, each, not

cr)urrtinu tllc hchusman. thc wciglrt that can Ire slriltcd is lcss tl)iln

7';., ,t ii'c tr.rtirl displaccrncrrt (6Jo/9qoo), und thc narrrtw hertn of

Fig. rj

the hull prevents this weight being shifted very far to weather.

A 6-metre is in fact ahorrt the smallest size of boat in which the

traditional cornbination of the major variahles has becn mlintained'

ln soure of thc still smtrller craft that are popular these days the

crew wcight Irtay rcach as rnuch as 5o]{, or even rnore of the total

displaccrrcnt, and bccause in nrany instnnces tlre hulls arc rcliltivcly

witlc the crew can gct rvell out to wcatllcr even rvitltout otttriggcrs'
'l'ltcrc arc all tttatttlcr of gradltions ltnong light-displrtcerrtr:rrt

crxft 'lb gct a gr':ncral vicrv of thcir cllrttltarilti'c lrt rf"rrtt'trtcc"

inrlgine ". 
,rrt exlirrplc a crlft u ltich hits tllc s.ttttc srtil rrcl attrl lt trqth

as tllc 6-nrctrc lxr.rt irr lig tl, lrrrtslrielrc'rrricsittrror'rl'lcert't"(
sis ittstcrtrl ,rf [,rttr rttt..l lt;rs a tot.tl rli]l)l'!c( lll( rlt t'l t'r'lr' :tctoll"
0r ollc-(lrlrlrlrr oI tlrc (r'trtctr':'s 

'li'1'l rr-t'lrr ttt 'l lrt 'r' rn r" rtl't rr

tl,, n l[u,,rt 1o"., ol r]rc t.,l.rl (ll'ltl t!( llrr lrt ln ot'l' l l'' it 't'l' tir

lr..lrtrg f,,r.c // r,l 1l,i lb llr tlr( l' rr'(llc lr'.lt rl 'iJ lw'l r 'r " trr

lig. r6. Comp.rison of resisrancc of 6_mctre bort of 94oo lb.
lighr-displsccmrnt craft of zloo lb,

Fig. 17. Pohr diagram in rz-knot wintl for 6-mctrc boot rnd
light-disphccmcDt craft.
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(t(r tr,'1ll,l 1a3;l ;,,lv,l,,t.,.r.l o.'r I lr !i l'.-1.. ', r\. r.{l
(cnlt. lrnc. rrhrrb r.,uLl.'l t.ntx l{.l!'t( lrrlt ,c II'r I *tf -{r
c,'uld lx lt l|c 'rhrp' tllr< r.tlt.r ll.:!r lhc 'ial'l' tri. li\..-rt
of rhc rcr) lcnicnl rc<;uirclttctrl f.r lrlclrl rlJI'llr(r, .,.1 la ll
ildic,rtcu thxt thie clrangc u,'ukl I'y it*lf urc conrrJ(rrl,lr ..r
rcsistlnce, ctcn if thcrc \rrre no tcductirln of drrphccttrclrl.'tlt
rcdrrction of disptacctnent rtould tllcct a fiJnhcr l.rrgc rerrr'6.

A rcsistltrcc curvc can bc cstimatcd fronr avail:rblc data frrr rlrip

fornrs, as in fig. r6, and an allos'ancc made for induccd drrrg. \\'ith
a suitrblc centrcboard the irrduced drag would problbly be ltsr

than tlre induced drag of thc 6-metre bo.rt hrtll and could scarccly

trc rnorc.'l'ltc polar diagrarn in fig. r7, dcvclopcd frorn this resistancc

inforrnation, lbr l2 knt ts of truc wind, shows a maximum speed of

ncarly r8 knots when thc wind is a point or lnorc abaft the bcam'

'l'his is thrcu timcs tl)e rotrghly 6-knots maximum spccd of the

6-nretrc boat in thc aan)e wind, und corrcspon(1n to I instcad of I thc

wind spced.'I'lre cnlt is in efcct close-rr:aching instcrrd of broad-

retclrirg on this point of sliling bccausc thc aPparcnt wind is drawn

far,rhcid Uy ttrc high sailirg spccd, aDd thc full hecling forcc of

465 lb. is being excrted' I;or all higher Points of sailing the diagr"tm

ass"urnes that winrl woulcl be spilled by easing the sltccts or sail

slrortcned itt ortlcr to prcvcnt the hccling forcc cxcccding +65 lb'

In sutnnrary, comparing with thc 6-nrctre boat:

thc sail alca and lcngth are the srnre;

thc hull fullncss, as in tablc z, has bccn reduced from 88 to zz;

thc gcornctric ratio n/S.4 / f'V has bcelr increased frorn 4'7 to 7'4;
tlrc iiccling fo rcc latio,l// lll has bccn incrcased fronr o o5 too'zo;

and at Drlxirnurn sailing specd in a Iz-knot true wind,

the relative spced l/i./t has bcen increased frotn I to 3;

the speed ratio l'lV1' has bceu incrcased from ! to |;
the rcsi"runcc ,ati,, i?1llz lras been incrcascd frotn o'oz to o'o8'

'I'herc is nothing wildly extrernc about this craft lts weight

witltout crcrv is r,rtltcr ,,rr tltc lt'w sidc, ard it wrlrrld be rather large

conrpirrctl to tnost of thc I iglrt-displrtct r ncnt craft bcing brrilt todrty

-tlx,ugh 
not llrgcr than, fur intt'ntt, thc flrtlorrs Clrcsaptake llay

catrt,"s, rrl,iclt ur".l t,, c",,y crcws of ciglrt tlt'tcn and frrltlt itll

acc,t,tttts furttirlt"r'l rerrlly treitirrg sport ( )tt tlre s lrolc' tlrc Lr'tft ir

reasortably rcprcscntativc. Whrt lr'rs lr'rppcncd is thrt' by rcltr tng

^nu f^LrrrE ttry

rhc hull of thc rcquirrmcnt of inhcrcntly high latcral rtabiliry and
rcJucing thc diaplaccmcnt, thc uharp upturn ofthc rcsistance curyc
hrs bccn circunrvcntcd and thc specd allorvcd to rise, without any inl-
provcmcnt rvhatcvcr in cirher of thc two lift/drag tatios LID or IIIR.

'l'he remarkable flattening of the rcsistance curve is due mainly
to tlre vcry great reduction of wave-making by virtuc of the small
displacement. In combination rvith wide beam the hull may be
liftcd somewhat at high spceds, so tlrat it tends to plane or skim
ovcr the surtace of thc wrter, instcad of pkrughing through. Co-
ordinatcd rlata for ship hrrll fonns indicate that the hull ftrllness as

dcfined in tablc z has to bc reduced to well bekrw 7o or so before
any materirl bcncfit can bc hatl from the flattening of the resistance

curve.'l'hus the reduction of hull fullness frorn z9o to 88 betwecn
the square-rigqcd ship and the 6-nrctrc boat in table z is relativcly
incllectivc, whcrcas the furthcr reduction to 22 in the craft under
consid('r{tion is cxtrcrnely cllcctive. A hull fullness of around 7o
can be said to dcfine roughly the distinction between hcavy-dis-
placenrcnt and light-displacenrent crrft.

'l'he tcndcncy to plane at high spceds raises the question of
whcther a hull form rvith V sections like a fast motor-boat might
not lrc Jrrefcrablc to a hull form with rounded scctiotrs like a ship.
Actrrally, for rclative speeds of the order of 3, there is little to choose
between the two kintls of form, provided ofcoursc that both arc rvell
dcsiglcd. lt is ouly rvhen relative speeds of at lcast 4 arc reached

thirt V sections bcgin to show a clear advantage,

AD intcrcsting conscquence of the attainrDent of relative spceds

nratcriirlly grcatcr than unity-and thercfore a characteristic of
light-displacement crati in ge neral-is a pcculiar ability to coast

down the fronts t.r[ follorving t-rr quirrtcring seits. 'l'his can add to the
spced Lrrrd is greut fun. 'l'hc physical rclatit-rnship betweeo the spccd

and thc lcngth of natural gravity wavcs in clcep rvatcr corresponds

to a relttive rvavc spccd of
4,1,1^: yt+,

whcre Z, is the wave specd in knots and ). is the wavclcngth in fect.
'l'hus u craft that can siil at a rclative spccd l'/./L of at least r'3+ can

kcep rrp with natural waves that arc at lcast as long as hcr own length.
Waves only a littlc longer than tltis arc often big enough to lift the
craft bodily and carry her along continuously on a wave front.'fhe

''r'..^'
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n(,rrnal ucht. trillt it! nuxrtnunt rcbtrrc rlrrd r,f lh. rlr.l(, (.1 . tl-
just nrisscs in this rcsptct.'l'lrc nltrrrrl trr\c. tltrt rlrc rerr \rr1, r.1
rvith arc only about I of hcr own lcngth, likc thc rincr rhc lrcr.<ll
is nrirking, and thcJc arc too short to havc tnuch ctfcct. Shc nrel- b<
carried akrng intcrn)ittently to somc e:(teot, as uas .$r(rD4, ll'ctlhct
on thc occxsion that has [recn mentioncd earlicr ryhcn an a\'(rirllc
rclrttivc specd of about r.zo was l(Bgcd for some 48 hours in big
folIrrving scas. llut tlris scenrs to be about the limit f<rr normal yxclrts.

'l'he bcllying outward of the polar tlirgrrnr of sailirrg spccd against

sailing angle, when the wirrd is lrrorrglrt nrore or lcss abcam, st'cn in
fig. r7, is chrractcristic of all high-specd sailirrg craft, tntl has to be

acccqrtctl. lt is thc tlirect rcsult of increasing tlre spccd ratio tr11lr',

On tlrc wirrcl, thc sliling anglc lrlts to be widened to Prcvent the
apparcnt rvirrd tlrawing so llr lheutl tlrxt thc sxils rvill not fill. OII
thc rvind, thc crlft rurrs itwly from the wintl and rccluces thc aPPiucnt

uind strengtlr; in fact, thc spccd achievcd dcad to ltovard cirn

trsrtrlly be irnproved by'tacking downwinrl', thereby tlcvclr,ping

nrore rpparcnt rvind. Ouly rvith the wind more or less abcam is

grcatly incrclsed spced possible.

It worrld be i(llc to attenrpt to arBue the relltive mcrits of the
6-rnr:trc bolt agairrst those of thc particrrlar light-rlisplaccntcnt craft
that hls bccn considcrcd hcrc. It is sintply a ntatter of how much

onc chooses to cnrplrasize nr:txintum speetl for its own sake lnd how

nrrrclr onc cilrc:s to slcrilice in thc rvay of sca-kccping and so on, in
ordcr to gct it. Nor is there, after all, any neetl to rguc thc case.

'l'hcre arc all sorts of cr ft intermediste bctwecn tllcse two'
enrlxxlyirrg tlrc frrll range o[ crttttprrttnisc llctwcctt spccd ancl tlre

otlrcr desirable attributes. One can takc ttne's clroicc. 'l'he point

for prcsctrt purposcs is really tlris: that the nllxirnum specd csti-

nratetl for this liglrt-displaccmcrrt craft aPPcitrs to lrc closc to the

bcst spccd tlrlt has actu:Illy been attaitred irl I 2 knots ()f \vintl by atty

suiling craft ul) to the prcscnt tilne--which lcacls natrrrally to llrc
tlucstion of lrrlv ruttclt tnorc spccd is possible.

llcrc the r.liscttssir)n l)ec(,nrcs spcctrlrrtive' for nt'lxxly knorrs tlrc

ans\\cr to tltirt qtlcstir)n. llt^vcvcr, thc rctlttirctttctrts for higlrtr

nutrirtrttttt slrcctls arc f,rirly clclr, irtrrl by rcrtsrrttittg ft'rttr tltctrt tl r
nrtttt,rrrlillictrlttrrpctrrtrtdcotrcstlIllr.rtIslrccrlol s]\ lo ltr"tr lrl

l1-!'ll(tt trrrc rrltrtl ,,rrghi tr' lx: lt'r'rlrlc, 'rrrJ crttt ht;lrrr r1<r'lr
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not bcyond the realms of possibility. At 4o knots in a r2-knot wind
tbc ratio Vlll, is cvi'lently ncarly 31, as compared rvith r| for
the light-displacement craft that has been discussed. To make this
jump, rather dillcrent tactics necd to be employed.

1'hc basic rcquirement is to increase the ratio I{R, which was not
done in going frorn thc 6-metre boat t(, the Iight-displaccment craft.
'l'hc reason for its neccssity if much higher specds arc to be attained
can bc seen in fig. 18. 'I'his diagram gives a broad picture of the

12l,l 5 67
Saihnt rpecd/rruc wind rpc.d, y/y,

l'ig, 18. Lirnits crn V/V1in tems of ItlR and Z/D, fired by gcomctry.

purely geometric rclationships which fix the maximum possible
ratio Vf V, tlrrat can bc rcached witlr various cr.rmbinations of the two
lift/drag ratios l///i and L/I). 'l'he nrost favourablc sailing anglc 7 is
assumctl, with thc truc wind [.i, norrual to the apparent wiwJ, Vr.
\Vhen ,11/,li:2.5, as for both the 6-rnetre boat and the light-
displaccnrcnt craft, the chart shorvs tlrat the nraxiurum possible
I'/Ii, is lcss tlttn z if LID remlins at 6, and worrld be jrrst short
o[ zl cverr if Zi 1) could be incrersed by a factor of say 3, raising
it trr 18 or to ab(,ut thc I.lD o( a tnodern subsonic aeroplane.
On the othcr hand, if l1/R could bc increased by a factor of 3,
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II/R its equivalent

$ltlvf Y t lta llz(ltAtlr'r
raising it from 2.5 to 2.5, thc nrarinturn l',|'a coll.l F, !r,!-
just ehort of 3l with no improvcmrnt at all in til), rhrlr .',y
irnprovement in Z,/D would have an imnrcdiarc cficct.

'l'here is a big diflerence betwcen irnproving .l//) anrl inrprorin6
HlR.'I'hc first requires basic aerodynamic developmcnc, whcrcer

,".,ft''y

7 ,t 6 I 10

Rclattvc rPccd, v/VW

Fi8. 19. Spccific reeistonce sgsinlt telstive tpccd.

the second is in many ways simPly a matter of design' Writing for
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it becomes clcar that a high value ofll/R requires either a high valuc

of 11/l/or a low value of 1l/ Uz. 'l'he resistance characteristics of any

type of hull can be expressed in thc form

Rltt/:l(vl\ttv),
wtrcre / is a function and //l/l/ cxprcsscs thc idea of relilivc sPccdr

in the sunre rvay as tz/a/L, but provitlcs atl cvcn lnorc fttnlllnltntel

basis for cotnp;rring dillcrcnt hrtll forttts hccausc di'il'lrccttrcnt ir

N nrorc firnrlrtttcntll cltlrlcttlirtic tlr.rlr lcrr6th, l'ig trrt crrtlrl'rtrr

'Klt.'-drlYen
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Fig, zo. Schemcr for getting high f{l',
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the 6-metre hull and the light-displnccnrent hull on rhir b.rr,r., rr1.1
shows also a dashed line to mark roughly thc klvcr linrit rrl tlrc
rrtios R/l/ that can be obtained lry any prcscntly known rncanr in
tlrc region of highcr ratios of Vltl.V.'l'hc fact is that in this rcgion
of lrigh rclativc spccds thcrc is not yet avlil ble any typc <-rf hull
frrrrrr or otlrcr means of providirq watcr support for wlrich ratios
<tt lllllt o[ lcss than soructhing like r/ro can l)c countcd on. lt
follows thcrcforc that if l1/l? is to bc incrcascd to sornctlring
likc 7.S, it is nccessary thtt IlllV be incrcascd to son)ething
likc o.75.

'l'hcrc are in principle vrriorrs ways of doing this, apart from slrift-
ing thc crcw an inrpgssiblc (listancc to wcrthcr. Cataruarans, c{)m-
plising nvo long nurrow hulls abreast of caclr other (fig. zo), with a

conncctiug lrarnewt-rrk, lrave existcd fbr a long tirne. Sonrc of thcur
arc s:lid lo huvc siriled ,t wcll ovcr 20 knots. llcrc thc olrjccr ir t0
kcclt the linc of action of the rcsultant olll und l I' betwccn thc two
lrulls, thus providing very high lateral stability-at lcast until the
weathcr hull is liftcd clcar of thc watcr. Obviously there is no
reason rvhy Itl14/ cannt>t reach o.75 or svcn morc.'l'lre slrne prin-
ciplc is crrrprloyed in iceboats, with thcir rvidcly scpar:rtcd nrain
rullne t3,

Other scherncs have been put forrvard irr rccent ycirfs, and sorne
of tlrcnr Irave becn expcrinrented with. 'l'herc is thc possihility,
wlrich llarkla has nrentioned, r-rf supprrrting a craft ott hydlofoils
fornred to circullr arcs, cerrtrcd at thc hcight of thc rig's centro ()f

olli)rt so thlt tllc rcsultant of 1,1 and Ill firlls norrrrll to thenl.'l'hetc
is the sclrcrne of substituting sonrc sort of ligid acrotiril for the usull
firbric sirils, so oricnted with respect to thc hull tlrut thc line of action
ol thc rcsulttnt sail force passcs tlrrotrglt thc ccntrc ol gravity c.t;.

Itrrth of tlrcse sclrcrncs clinrinate thc hcclirrg nrotlcrrt, thercby l'.rstly

sirrrlrliffing thc problcrn of irrcrclsing 1//ll'. Arrd tlr.'tc irr'o rrr:rl)y

otltcr idcas-trrrrst of thcrn, irrcidtntrrlly, irrr',lrirtg sirntlrrlr'tl
forrrritl.rlrlc structrlnrl prolrlcrrrs.

\\'lto c.tn :'rlY \vlrirt trr.r\itnlttlt sl)e(tl \\lll $rrlrtt ,l.tt lrt .rtt.rrrrctl

irr slr,:lt(rcrl rr.rtcrs lr)- l,,ll,'rrirrg r,rit rlr rrr(,llr(t,,i ll,< l,tr""'
lc.r,l. i

i!t'-t tt tn*rt*i!nFFilr.ri'!tYnd.i.-r,tf6*e$t*it1'4,'w{tr'! n {r*/" -' ""lF,'," 
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