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There llas be.n considerabfe int-.!.st
and liork dona during lhe pact decadc in
dttcllpts to achieve truc )ran-po?iered
flighr . AEii. lroni el Iorre nd inl) in
Germanl in tlre 19J0's, tlle problcn had !:e-
mained dornant fo! nearly Ewenty ye.Lfs.
In [he lare 1950ts) several in.]ividuals
in Britain began to reconsider the prob
fer in tlre light of the great advances
made in d€rodynanics, natcrials, and struc-
rura ch.ol.!l -rLr:nq .1j :.. -r vcn-rJ
period. Sullicient interest in nan-pot
ercd flight eas stiruratcd to encourage
the British industrialist ljer,fy Krener to
esLablish [he f5000 ](fener corpetition in
early l!60. The baslc rrLleri for this coir-
petition require that the naircraftn take-
off and fiy a figurc-eight course around
t1,ro pylons placed one hal.J nile apar[ on
a leveL licld soLely by hurran musclc
po!,tcr. Tho ruLes further stipulatc thdt
thc starting ]'ine (whlch is also to be
tl,c I inj ,lr Iine) Le croslcd dr d nininu
dLEitLrda of I0 ft (3 n.); no storcd enerqy
devices or lr'.gh!er-!h.\n air gases are per-
lritted, and the aircraft nuljt be control-
Ied by thc cre", for the duration of lhe
flight. No iinit is set on the nunber of
Lr-al -cr;, .e co p -i-or '€: orir'-
nalLy open onl.v- to citlzets of lqe Briti.L
Conrnons,ed t th .

An exccltent histor:ical surv--y of seri-
or.r5 pdst a[tenpts to acl]ieve ).Lan-powefe.l
f1iglitj and the status of projects inten
ded to co:rpere for the Krener prize, up
Lo Febfuary 1956 is coniained ir Shen-
stonets paper (f). T\"io si0nifrcdnt events
Hl'Lich have sustained interest in ran-poir-
ered flight :iince the punlicatsion of Shen-
stoners pdper havc been tlrc changc in ah.
Klemer Coinpetiti.on rules irL L957 to a11ol,/
participation Lry individualc of dny natj-on-
dl!l) and ttie doubi-ing of the prize for
thc negotiaLior o.: tlle basic coirrse to
tlO,00o (about $24,000 u.s. funds). The
crllrcnl prizc is Co r,.nain in €ffec! until
3] Decernbe! l!73j at lihicli tin!, .if tlre
pr.ize has not been ,on, the Roydl llcro-
rdutic,l Soci-ty !.ri1l .on5-ider rpvitior,
of the rulcs and €xtension oi the ccnpeti-

sir,ce the establislnent oi the Krener
prizer at least tnenty fivc serious clesi_,ri
studies of {conventional aifcr.aft capab.le
oJ conpeting for the Krener priza hqlve
bcen undertaken, 0f ttiese C.rsig.a, aboLt

a dozen have been built ar.d at least sevenjdve successfu.Lly ilo\4n folLolring unaided
ran powered takcoffs. Five other rachincs
1.. v- r€a. r-d an ddvd, ied - dql o1 .or rr . -
tion. Table I Lists tlrc physical charac-
tar.istics of sonre of these ,rachines.

In additioir, severaf ornit|opters dnd
heLicopters have been construcled. ft
appearsr ho,,,rever, thdt xriLn pow€lcd heLi-
copters rldvc little cliance at prcsera to
,'1y far enougli out of Jround effcct to
.-.ssf-''l cornp ' Ior In (rLri r pr!:e.
ldl ilc slD\"iifg lione prornisc aerodynanicall! J

ornithopters mu!t necessarify be nathc!,
corelex nechanically; ano, coi:siderinq tlc
present stdte of naterials and sLrucruraL

._cloo.. qrei ( Ic -de!e.narqinal prospoct at best. lt least i|
ihe near future, one is probably best o{i
concentrating on a more-cr-less convei-
tional aircraft layou[ to solve the p.ob-

Despite alf li:e reccni activitt ii !i.
fie1d, trirch of it by tcars of vcry corpo-
t.nt engine€rsr lhe Xremer prizc .rppears
to be a long way fror ljein! !ron. A5 a
consequencer ue consider it approprlatc
at this point r:n iine to crlticall!'.xa)ine
existing desigrs and perhdps ir'rdicaic sone
vrays to circumv€nt shortconin.tr- i. currcriL
approaclres to tlre prob.Loin.
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Porer llvaliahlo

Thc logicaf place to rer.ir E discr-s-
sion of ndf-po ered fl.illrt is to consider
the poner avaiidble fu,om a nan and lo!r'
this po er can be xro:t cfficilntLy exrrac-
t(]d. FortLxdtefy, a con.ia.rdiLe arortnt
of exp-Arinentaf rTork he! ie,pr dcn,- ox
this eutrjectj ,rLlrch of ii dbectLy r.laLcd
to the probLetL of ran-po,rer.d iliqht.

Very extensive =xperinerts ircr: co.-
ducted at Ursinusr i"luskolfluq -Insti Lule
* l^an o' ,lrr ', op,.l
the rrid L9JOir. Gropp invcsrigat.d ftr.tors
.u.h ae pl,).:ical cor'di.::on 4r'd :riir 'nq,
po?rer:-to nej_.ht ratio, anc i.etl:oi5 of
polre! cxtrdciion. vlhilc i0presslne, ih€
lrork is of jiom.inhat lirnited vaLue in :hat
it conciders only the fir-ir tldo ri.utes
oi exercisc, and tnc su\iects vr€re na:nfi
l.orthern Europeans; no inforinatjon.n ?cs-
sible vari.Liions dlre !"o cthfic frctors vras

!iven. Gropp's ccncLu$ions rre!o tlr.1t
pedalinl i::rs prol,.rt]ly thc riost cliici.r:t



)fedn! ot porrer eaL]ra.rriorl ancl that d sLib
jeci in avera.]e physicar collCiLior'r !.as
.apable oi producin.l on the orde! oI 0.:l
BHP afler abour L,!ro minutiesr clcrtion.

Lat.r a.aLys€s bt Nonleit=r (2, l) dnd
iiilkie ({) ert.nd.d lhe linie sa,an to sev-
.r!al hours. rtilkie corcLu.led Lhdt lor
charpio. a!4letcs, ine steedy sLate ,riork
outl,dt for exercj-se duxations iror ! to
.L!0 ii.nute5 na5 [r.4 to 0. -c BHP, Limited
primdr,iLy br lhe abiLity ol the trody lo
dbsorb a4.l tr.dnsport ory!en. In addition,
Ior short period5 (0.r 'Lro 5 Jlinutes) up
to 2 nHP couLd i,e produced. ior a totdl of
ar.6 Hf minutes, by htdroLysis of chemr:car
sub:ilafces stored ir'r tne inus.l€s. This
pfoces:i ,ouLn, ho e"'er, cr'tdil going intD
ro)iyten dpbt.r Ar'r ordrnary lrea:.th] indi-
rr;duaL sliould be dbll] to produce 70 Lio li:r
pelc-p'rl ot Llrese 'ralues according to ilkie.

''opp d pd -
"rd.i l

F j!1. 1,

The po,er levels qive. in Fig. I (as
:iur:in! pedaring ds tlre best nethod of
po\'?ef eltfacr'ion ) Less lener-
ali!/, dccepted and Lavc been experimenratLt.
v:rified L] several. groLips who rave built
or are b!:ilding nran,pol.]ered aircrdft. Tr'Jo

!Lres tion5 rcJnain l-drg-.lt' u,'ranslrered. dcs
pile .Nis body of exp.rin€nlal data: (l)
is a Jrd. .apable oi deveroping Lis fulf
po .r DotcntiaL !fi:|f: suspended scvardf
I.ct above the lround !n :L flil.sy, fle1ibLe
aiicrafl? (2) I.iore irtportdrLtf), 'rihdtlevel ci poner d,.qraddtio. does the piLoLl
suffef ?l:ire attcnpting the verl difl:icult
taEk (]1 co.tfollin! lhe aircrdftJ sp.cifi
calLy) aroun.i rhe (rener CornpeLrition
coursc? A iuxth:r: practicaL difficu.l.t,,,
dr13.s in trt'ing ro iind a iirsr-rate

e a .o.

Oo
e ?fotos. the forLorinq seir Dl possible

policf .quations, as-.Lrllinil:

(1.) Tl,! pjl.,t:iE j.r avera!e phtsical
PJ

Lhc Kr.cm.r Conteiilior, ill parLlLcip.ri.
in ;orie :ofr: ot !,Ltsi.cal trainiri! progrdin.

o -o. o p
. I .0

d 0.
L.ver! l! L|e n...t !o co.cenlfate o| tLy-
i n_.1 tlL-- arrcrdi Lr.

(2) If a cre of more th.1n one rs to

cdn be produced h'' tne rrslav:s.i Thus dr
output of r:r.5 BHP per nan for periods of
5 to Lu mi.ut.s Jndy be eapected ii addi-
lional. crcr,r ranbers recd not concentrate
on flying.

3HP avaifable = 0.40 + 0.50 (N-l) l.l
Thi5 assunas no deqradation in pilot
pcrlorJndnce x'ith exercise.

BHP availalrle = 0.i0 + 0,50 (N-]) 1.2
Thi; ::sune.j 25% deqradation :Ln

?i1ol perfornance it]l elercise.

BHP availeble = 0.35 !. 0.s0 (Il r) I .J
I conpronlso bctreen the assmp
tions oi 1.1 ancl f.2

For steddy lever fright, the polier re-
.rLfed carL b-- expressed by thc folrdfa:

ln lrlt.rnaiiv. r.:p!€sentation is possibl€
ai one cllniiates the velocity iry use of
thc d.finition of the lift coetficientr
and th. fac! tLat in l:veL flight Lihe LiIt
aFpror dtc:ly cquals the reight. In Lhis

r zr"t w lwl't'
rH PREo.- l-d sso ls j

(l)

For purposes of tne ;rresent anaLtsls,
it lias Le.n assrncd that lh: dral poLar
ior lilLe aircrelt can be approrimaced irith
suiircient accurdclr ovcn a linited ranqe
of lift coeiiicients nnd ReynoLds nlr,yLber
by tlie iraraboLi! rel.:r'Lrion:

TH PREo.. ? BH PREo.. 550 L,/O
(2)
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Ir5inj '1,i3 approrrnarrior, on3 oLrraif5 LLe

'i:iLaL 
fe: rLts tnat:

Kc3
coo= ,t a--h " 

tio, ' t '
(5)

,' ^2- AV,c^ E -L o - (
"o 3ftAR sr r. tF)

:Lrtro.rr,r.inq i.e 5p.cr-tic I]oli,er p, e r.:./,'. )r

'..[*]'"ffi"'
,-t

p ' c,lEJ

C_ = tl.Ll:lltj C., = li.li4|li r.r rr:i T /l

c = l. 0244 C2 ' N.0158 ior rin.po!r.r

1:.rrxe:i rl :rnd I 5rLo!.r ptots of theiuaatiL): :peciiic polrerl( ning to:rdinq)2
ari a f!icti.tr. oi Lifr coeificr:enr. Ttree.
Ii! rrr!:5, f oq-.ther, !r:tr dpproNria rjc rela-r-ions|it,:i ior dircf;Lit !i.iettJ Do\.rer dvail
arL--j !rr.i eifi.rtrve rEpect faLjio (ruLjocr
to .ons.raints on reat:uabte tilt co:i1i
cier:LE .1r.1 conre:p.n.lil. ona:r'r.rru.s) icr!
l,ie ba5r. of a srzir:lt .tuiy ci rnn-polrer
..1 air.raft. I. order to !€i a ie.i for
L'l-. nLILl).rr., the re.rion: or aiil.. 2 ard l
:ie.7:rr1 r.cirnt r:yp--e o1 ODe. Ctass s.il.
!Lare5 (r, r) ;re ::lroijn tort.rtl-er i.rith the

:ror.rlr.d ai!.rr,rIt. It :|ou1d l,-. polr't..t
ori t.;LLiJ aiiC. lror th: assrnp.ron tti'
iLi ,rircrrlL I r:r a tarnboli.r ira! DoL.rr,
li!:. 2 .Lid 3 rr,. conDieL.Lr qi.eraL.

?r L)'r.r Ler arLd Tr]al:ni ;sion

i,.r r 'r.r l .L,, 5.i:i:fac.or.,'.rrarjsi:, of
fr;Lr L,o!,icr..r aircr:.i- tfcp:: -.r rr,.1 t.en!
rr'-;5ion .:Iici.ncie:,rari b.en Irn1i:i.!dJ

t_
rrer:, tir. i;trrrir.r .;t.rLirr 1r.15 tF.l

l
:pee,l ir It/ !ec

ir. R,rI. 7 and eap:fr.nc! !rrlr r|c tJffin
difcrrlt, it ;Lppears rhrt vaLLe: qr.aier
than ilil Der.erLL arc acl ieval,iLe. For lLrr

iox rl ot 0.8U i.re3 se1e.Le.l
.rve eltaindt..

ll.r!hts

Ari a n.sul.t .l r-lr:,-xp.fierce .lained
:t 7a!r:c:r! !rou!5 flon L:|e dctllll cor,:r:ru.-
tion of 5ucce.5lLir rlan-po?crcd aircraitj

.'

alil-. rci.ght. 1or ne!r d€:iqr5 ritl cof:ir'.d
eralLy rrcrc ds.uancr tlan ra: becl lros-:ibl.- :in tlle past. Sinqi. pl.Lce .lircrafr-
()I v:r:r Lnr.t. :rzc. and er:p'-y !:ithr::: orl
'Lrhe ofd.r ol -r0ll l.2ll li (5C 55 rg) ?ith
adeqJnt.. loac irctors hdve been dexonstra-
Led. Tlr.sc rldc,rinis hdre noL_ rEli,-d on
LrLe ert.li:ivc d:c ot eroti! irLaLierials r..l
sLirucLur..ll techrri.trie.i. :in fa!tJ or rlosc
riac:Line5 conLplrt.d, th. structurill ap-
pfo.r.h :Ldt, Lr.. corisidci€.! a|1te corser'/d-
Liie .orL.ideri.q ihe d.:ir:grr proirler f.r..d.

ir ,lat)ar, fcr: e)idrnp-e, Li-LrL: r-s. hns
be:r rad. o: rdLrerirl: :u.h .1s ri.!tr:cl forr:r5,
Fi.br:irlas, --tc. IL seers l]rcbalrl,c that
u5e of these drLd otlr.r r.,,.r rat.:niars ofier
con5iderf,ble Aroni:ie oI .!,.rn further

I]1 rd.lrtiorJ ih L.. oi :rL.h nateri:r1s rs
ri:lid io.ur ollcf: rol..tial tjrre .rna .o3Li
ervir,!s !' ricl, .cril.L b! .f ,'ert, _irr-,1 Ler.:-
Iit to a :imdl.l !rou! irith lirLite.l r.:our-

siliLc l. st,.cift, ri.tr: sinLpreJ r!a.r.istic

anal!sis. If one :rs5:rn.s, i. tir. ats.ici:,
of r,r.l-r:1 C:rtr on optirL,I .ur.lrn rolrer Ljo
Llrciqhi rar-rnsJ -lrt tlie aver'.Lqe .:r.r\r neii: s), q-

2it tay L.. oL,-1..t..1 tha: .rh: fr,opos.d
r.ror:ght -: Ln tio:r: t.ke no:xDti.it.rc
ccunt oi vrjriatrori:i in !ei!lrL Llriirh air

lio.. rr! 1:(lr,inair: if oie.or;iders
L:,I r.]:uLtj.n. lrei9|rs a. .lesign Jo.1L5,
:rnrl l.c fe:iuLting sizc paran-- rers-fc...r. ,,li.n! 5panJ J:p.:.t rdtio) .rre iit|il the
teieriaL rarne of appric:rliritt of.h.
parii.ul.ln .ru.1tion u:cd. TLe id!tiii-
..ri:ro.s :or :i!e.ifrin! tl:e rreighL- irr tl:.1
i.rrr clro.ef are: (l ) .:ritln--ric .rrp..li
.nc!; (2) the resuliirlt reitjlrtE alrr.c

t2 v2
Cr-
ARu
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FIGURE 2. iAR{ATION OF SPECIFIC POWER RE-

QUIRED WIIH LIFT CCEFFICIENT AND WING
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ii = L,l il x- t0 N0 73 /.!
Optini s !ic, Smarl Ai!.fdf!

$ = t+o i.; + L15 ii0'50 /.2
l,reseot B! t. ol- lhc ar.t

rf = l1C i{ r rz: N0'!6 /..
f:issin:lstlc , Ldrjc Iircraft

;.tuafio!L 7,2J ior erdJ:rDle, qiv{rs d
lroiqlt of 2:5 lb (rI5 kq) fcr e on!-r.ln
:racirinc; ri45 I:. (22O ku) ior a L!,o-pldcc
aii.crn:i; ii2o -b (2Ba ..1) jor a cr.,,,, of
r)rree, arrd !c o.. Nolr co)JiLir]ing dn. 7
t/i!l lq. l, assLrin.l i = !.8, a pLlrt or:
srri:.iiic pr)lr.r dvaila}le Js a func.ion of
ci'+ !,:f,aler ol cre1,)'r.!')er3 can ;c ,r.rde,
a! 5hor.rn ilr Fig. /1, T.Le inport.r.t cor-
c1u5io. i:c ). ilrd r fron Fj9. I is ttrat
ri-'ol : o r; o. .slr'-
cl t}? reilht .rml pcael' avrilabie esti
r]at.i:: : c].car -:rrin ir: dvdi.ldbLe spccific
Dor.rcr i:r achieved i)t incr.aeirq tte cr!,

_ _l: - .._:,o., 
l

av.riLlble cortlnues to increase iItI i.
crcJ:iij crcl'sizc; ic?3v.r, tlc crlrvc::
l,!Ji| to ifiltter njtcr a crc\,r eiic oi trc
xrcif h.rs bL-cn rcaclr-"d anil iL s.eifs unpn6l-
iL ble ao consid.f aircfaf'! nith crcr5 oI
rtror,'r .hiir tlree or four aei. The Jrlf in-
?o:t.rn.E oi tie above concfusions sl.oufd
Ii .-.r' iI ' --r1- .1i-
L|!,j.o,rL.-_ric.izc of the air,crafi i:j .on-
:i'ilred. F,)r.omparrson,ith F:ts, 2 and
-J, lt i.- cenv:.i.r1t 'Lc Dl.ot ttra qu3 tit!:':,. .o r ,ri]'rt .jiv:J d L_ -:.
rqu.Lr. ri)ot ot ]L;-',"]lnE :Loading, rt.rin-"1
rrin! loddiIL.l Ior va!iou3 valires of ct,er
.i7.. ll r'.Dre5:rita!iec gr'aph oi rhi..
.or: -r;ir:i Eq:. _.:.trc 7.2 15 snoih in
T ". F-. r :l.o lr " l-
.l.ev.rl oi rvalfabLc, l/(til:):, tlr. .r1I.,,,
. : : .. . --n,... ..r:l
, re. ., :n J!:,.r' ,i:.,:., 'l.p tar,l*, I iun!
aJair. c.c!:jr!.inl betLneen a orje-jnd. and a

c-ioilllD :fffcT 4ItD f,r-PI:cTIv[ :lsPtct :illTo

i! hr.ie.l coFprri:rLrr oI Fr:g;. 2, i, .n.i
5 si.rr. Ll.)t LnLc;:r ile rin,t lo.lding nn.r/
o| the t;.i..rl L qre !..Dr, lo!r, or the cff:c-
tivi ::..f-cct ntic ie v.ry iarge, .r)!
rn:ll-!or,rr.J tfiql- i! .earLy irlc;5ibLe.

5airsia.t.j!,j.1:,, 7irl, daa.r il 1-a5r. t; ard("J) :l:= .tratiori ;r. striiici.nr"i), rea-
]iIi,-i. ta di:norstralc tie saii:.. point:l
Lo he lro|1)lrl: o.JL jr Lilr. !ucc!-pding alat;.
si!.

Io -r.,.. .1.- .. .+ ! D-ci-_on :c"
. -ifi , r.. thc . -cfr!, "io,s t. ,r"rt

in and iixishing tine at dn aftitudc oIo.Iy L0 tt (3.0 rn). TttLls ii i:te span oI
1-_lte rinU iF sufficiently Ldrqc, a consid_- -bL: i .rr--_e i .iec- , r5pc(, rqc_o
ru\ . e o5r d inid lro,,l ,tr\odro I [cc1 . ,t ].e
JLrT6r(:r: ror or a^la.r !a1 io alo ir Fll.
6 is oxpr€lscci as a fuction oi ttre ratio
of tho ])cight of thc d.c. of ttre i.l,A.C. of
'- illj ,o r ie ,aJr. Lric '.'ing rtt.r.. _r.LvdlLca 5lu\,i in f iq. L r.rv* L,cen-s ro.L.rx_

ria.ed ( I ) for ings riLh aspect ratiorj
up to about l. No relercnce hasr been
round, hor.rever, Ior glound aff.ct dulren-
1 ,r iotr5 or rrir'J. r^r' .,-pF.t rdlio: .L9-
tosarily used on high-pcxiornanc? sai]._
pfan:s and eaisljing nan-po!./cred aircrdf!.

l-r or- . i, o) -:ip ! r.I .4-, r.. -.L ir.plt t,,r J nan-rcir,.F>d d ir.;rIt, tr rs
lacessary to lravc an estirate of the :I_
pLrlrel.y gconetric a.p€cL raLio. tir€ lR! i,jd I nEd t'\ - r. 4. D-\pilp | . tin.jr-rior,:.
ol ll,c ;!rd\otic ,oLJr'r ;t l!r: hccjr tou.!
.'. on_- - .::- o oral 1rro l_'..J-.-"
- a' .- , .": . .il._ a ),r . n.bf ol f+lo :o. a/ , .:r'. , n Lh-.
k iactor for ti..otal .rirDtane ard ihc
ldirg gconic.ric aspect r,qLti; (for frig:Lt
L d- ) r.-d cr). t!-. , -c :r o, D .old e_: , .ir.

crait layout. Fton tiris inforn.rrior'r, itis possiblc, by aCj)sU:ent o: the Rey.olds
: -bers d. o t .nle . .- .il)a.
, , ,i:r ai _rcr. ro 1r.: .L_pr lr -1r- .l L: , : .r. ;on o .. p-:t
r.dlio, a!: uin,r a:r. oit: .ri, r;ra1 c,rai-
.r.l ^ricilc- . i.ri IJ" ra t: c !t r- rjj: . .r _ci(9, t!). I. is fuxt|cr assurnod that tiLc

\ ., o-c w :J 'o -.() -. )l;- d JaI!: oJ i.Lr-

'ot ?u-D e: o. c fr pr1 ". rl.-- r-_ -!-F .L a a _if..
(4.1 m) (assirrinil Lhe borLor oI !irc air_
crJfi is to fr_ (3.0 :r) above tte borton
)i r'.- .1it.-dt.r ) Lr" horj :n | : r. I /;.-1.
\ - or I o. .-r_ le:- . o .ll.o
d lari.{rne !c,f. TIL€ gencNtin!. eluation forFio. 7 isl
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V
K ' (O.Ol AR + O.l8 ) + l.O5 :'w . )

(tor :]! s.! Fi.. a)
v,\!x@

cl r - Oatiainairle ri.-h an aj.xcfafr linilaf in ta'ol't to a conv.:rtional iLiqlr peflo!]ld.ce sniL-
pLd.-a hi h.ving d reLlriivet/ hutly fNsc

IL is liolth noting that on the Lidsis
oI .Le lrork oi Coi3 (lljr2J]i), it atledrs

soarinl l:,irds. Tlris .if.ci ias e.lDarerrLli
rc.n cbtai.ned throu(r'h Lilre use ot d coDbi
ldtio. of spanrrise .artrLrer dn.l rhdt ndy be
descrlbed a5 fre).ii)re vdncd pdnels near
llre tip of the l-.ird;' !iir95. -cLcir devices
.le5erv-. exLensive inv.stiqar-ion, par L':icu
Laffl, -'or pcssrbLe appli.ation to ioir.
poirt .lc:iEn'r eircr:dit sucl a: L-he nan-
ror.red air.faft -

the iniornetion ir. Tdbte 2 indicaie.
tlre foLLoqiig difficuLtjrcs in :rerfornj.fE

-'":
craft beconLe: a .ignificent percentag: of
th. iurn r]dd:u:, th-- ring b.gir.s to behdve
Like d r,oto.. hcfea:i.g banl( nnql: ledd:
ro snaller turn radii dnd L-o di r,rcrers.'t d .I
,-aclr s:cir:on of irirq acrosE Lrlc :rpan. trof
.:ralir]!, lrjth t|. !0 ft (27 |r.) span ri q

ilavel inq ahosi ti\rj.ce as lrst as ttre in
n.rf tip. For this ca:re, as:uDi.g nD ailer
on .lofLection, the .lifferen.r. be.leen th.
a.Lur.l. :r;ar1iris. ajrtoad alLl ih-- corr.lpond-
i.E j.ierl cL:Ljp.ic .11!tf itrr]Li jo. rF .hoi.rn
superinposo.l in |-iq. 8. tLrr.t!ron.rrate:
ti]€ raLlrc ot tle slre.r.riie 3|i..t in .cnief

;val" --s lrri.rr can:loL L,f pro.lLccd !.irhout
,-rc.::iv:1y farje .1if.rofs. I. a.tdirion,
L|. re,-,uLLirq .on-optinun LIIr .ti.:rtfitf,'Lion leail:- L:o J in.r.as: ir irj.lrrced dra!lJ

.
require.l to r.l,.e a L,u|]r.

2. IrL a.l.li.ion to i,r- Llsu.rt pr.rt-.tr
of aileror drdll (it .(xrn!.tio!i.t diteror,s

o
adv,-rs. l,r!r, iilf er--r: ridr !lrci_u-,.t .f iEc r
rult bo con;id.r.C !rhc| ihe aT.rralt i;
operrL:..1 cl.s: to the .trou.t, T|. ererdqc
alLi-"lrdc o; tr. IoLr'er :!\i 5D.n oI the
uirq (de.ren,.jrill orL th. bar.k an.lre .Lnd r:zno

oL:ter (uliper) ;exii sDan. Trri. ierd5 to a
C:iftera.ce :ir'r ifoLinC eiI..r on Lt!: tuo
trir.,l lidn:fsr L.ihich Lerrd. to igqI!:lvdte Lhc
rdv.r:ie ia,,r :.nd.n.t. Thii r:ray l_e.1d ro
Lrlr.r re!rir:)r..t icr i v.r? L.iri-. ruddlr
'rrd/or ea.e:siv. tr-ir Ltr:i! - t_.D : cf r'tri.!r
tcn.l ic incraar-. :Dor.r.r j::.tLi|.d irL,jtre

AIJII,YSTS

lJo cLair is rirdLl: tor the ab:iolute a.-
.lfa.y oi tirc )j::cedir,9 aata o| lrejltiLr,
ro !r a.,'JiLabl.., or dsfect rd-Lio/!lri,Jrd
cl:lect; .-rclr o; Llr.s. topi!s .1.:jefve d.-
lar.l.. rrt.r'tion ir .epafaL! paler:. Ijor
.v.!J the irllornaLi]oi p:..EenLcd rpp:rr:j
Lr.! LiJ Dn L|. 5.1!i: Di sxperi:nc. !.jLtl
lh. nar: Iroli.r..l .,ir.reft irLritr .{rd r'tor\rrl
Lo ddte, :_LriIi.i !:1rLj coxr.cL r.r allr!
sor:-- .iun lj.iat v. cor.Llsion: r'o t_.. .tra,rj:1
re.l:r.iinr d!!i.-tn !tcal.5 lor Iu.ure i1lrcr.lfL

Tl-llJ'l PERFoRIEIICE

lpilrrran (l/l) has presenLed e qoo.l
lirerirlindr,t ana-l.,'si: of the diificurties
to bc aniric:r:pated in attejpr-ing to jrdlte
tlc tufrs !..tLrir:d io negotiate tlre ]lreJrc!
cours.r. lhc irajon citticurtie; rre tlic
adi'.r,ri: !oI1 ri.j jarr no)r--nL. (erLd .on:c-
,:!cnt r-a!,q. varue5 .f trin draj and rc-
lirj.re.l aileron poner) prodlc.,i h€n operd
t:rg a very l;Lr:le spar,, Liq.trr!j.ghl air
cirail ir: ;L bankcd ti.rrr clos. lo lhe grouri.
Tl!:, rdtulrc of the proirfen..Lr lre ill,ustfa
-.ed L,y ..1r:id.r:i.g :lrne of Lhe rm.ricaL
re:uLLi:.rl lpill:dni5 an.Llfsis. T|c naron
vuirlLe: u11.,'..cr:rr!t the turr:ir,! perlorr
an.e (rssuri,irq a .f,!ad.r, cor,!L-dnL aLtitud.
tur]]) are inc r'rir! :iIl:-:1, 5peed, aLL'iLrLie,

aL:ro lir:Lit3i ly the ma).imm avaj.l;rbfe s,.c-
L'ior. lifL co.ifi.i'rnt oi tjle rifg. Con-
sid-.r rrL ;ircrriL Lrnv:'.inq n'ith a .ont.r
lr'n! v:ao.it,, oi :! i'rl:,rc (! rL.//:. ) al ,:,r
al.r'i'r:!'r of r! rt (4.C nr.), lr cd3ur.d ro
r:1,. ir.,ia! r .I i-h. i:.1.C. n ret:t i ight.
l.l.nninq lo Fi.. 1r !_or n.rL.',Lion. va.l!3s

(l;l n.); ir rt (rl JL.); did la It (27 ii.)



Despite'tlLe d:nor,straLed feasibility
(by ihc Soul-hanpr'on, LIatfieL.j, and Nllnf
nachiics) [o fty, inc]rLdirg thc aLility
to nakc unaided rLan-polrere.1 takeolts and
contrc,lled turns) b)' fluscle poter rrone,
lhe Krenor prize has yct 'Lio be on and ie
dpparenll:' noi close to beinq ton by.xisL-
iiE nLachines. PJr1i of the diificultt bc-
comcs appaxent in a briei .ramination oi
the dircrrft charrcteristics contdined in
Tdbt! l.

The Puffin II aircrdft, for elanple,
has a wing span r"rhrch i5 about 50 perceni
greater thai conven'Lrona L 0!.n cl.a:s sdil.-
plane5, but thc nacl,ine lteiilhs less than
a third as rLuch. It sccrrLs int]]rlLively
clerlr that operating :uch r vehicle, par
ticufarry j.n a banl,.d turn ver) .ios,F lo
the ground, nusr b. very ditficult, In

po!.r'ered aj-rcraft hdve eormented on the
vcry poor hanoling ch.lracterislica of
rhese machires r.Lative to conventional
atucraft and sdilpl.lnes (5ee especi.Lrl]'
Rel.15, bt Pigqott).

It i: clcar troxr the previous discus-
sion of iurn lcrformanceJ lhat th. hand-
l-i.g characleri:rtics ot rd.-poiJered air
cfaft rould be greaify inproved if th:
5rz"c (pdrL-icularLy lh€ 'ring sp.n) coLrrd
ie subltdntielLy re.luce.1. It 1s our
opinion Lrll:t the sj.ngl. most iirporttrnt
fa.Lior in the tdrlur.: ct aLl past att€npts
to ?in th-. K.erer priz. lias been the v:rt

Tn retrospact, it 5eers ihat rhc l,eneliLrs
oi i1 Large iring 3r.n in increased.IIcc-

'ioD ' d l. "nontation ]rave heen ]arg.ly .,rncerr-.d by
th. struclural end turn pcrfolnance prob
l.cn: LJliich E.rch spans havc i.lr.duced.

0n. can fL,!ttL=r specuLdtc thaLr tever
dl oI t]le iollor.ring pfoblen! rft1t aLso

f.!manc. of Liie aircralt:

It shouL.l a. not.c that ro:i o: tte dirore
Listed difficulti.s .!., in paftJ r:e Lr.-a.i
to ttLe eize prob en previously ,:liecus!ed.

lccepL:irit th. ass.rtion -hat j.t ,rrouLd

b6 6. b6 6t
spdrLe cl rn.rn-po,rrer..l !lircfait tfcn rheif
present valu.s, Lct us .reni.€ roir lh15
mi.rlrt lic acconpli:hed. For p.rrpoEe5
oI this discu:islo.J consider a tamir_! of
geometricarl:r:iiniLrr aircrai t ?ith up
L-o four cre! )rernbere .13 s\oirn in flr. !.
T o opLixLLrrL desiqn con.lition:.rr.: ccrsi.:l
ereC here: r ldnil,y oi aircrail d.riltn:d
lo th: cofdition oI L,/D 0ith ar a!
sured vdlue or c. = c.Et}. lhei .,i.rfriLs

\)
ritnoLrt liiglr LiftDdevice5 are eriploied,
q d.a d .d
, n.n-n .l
l:Laps Jle us!.]. liith theodala on !!",er
aveirdlleJ reight, dnd aspect rdtlc tro-
serr'!ed in the pr:vior's s€cl1o., cctr;in.rl
ith tLLe lleneral sizing iiagral:sr Fig:.

2 a.c l, the reference aircratr, iLare th.

Three iaclors i.n TabLc I ar., imfd

-1. . o bo' r . a
three-r:an rachines arc sLi,lhtly !J:aL1cr

2. The uing arcas of LlLe .lircrdit
cle5j.!lne.l to th.r colrditior.f rir.ilrI.

L/D,.' ..rq "pl

'Lo L-he trio .orLoilionsr is r.LdtiveL-!
sxdfL.

.i. Tle crLris-. 5pe-prs of !'he aircralt
d.slrie.l i.r I /D ar: 5rrlr5lartiall.i

air.reft de: i]]r:.- tor ,l e c.rn.itio. oI

of t|c aircraft lisrld ilr l-b o l. tl,!
astcct r.1tio trn.j/or rle rir:r .lx:a nr:t
lre r:.rc..1. on l]1,e br;15 of F:ir. 2 a..
l. one .r;., lnrs J:r!.J|L b: dc.orrli5l eo i:i
bi r:ri cix.i[ .]:i,i!ln, rrd pertaF5 .r:rl
r:sof.:ir! ti litritcd l!lnaarL/ lal'-'r cor

' 'u
vari:. .n,L, il1rhLl, lor d t?!:lr aircfalt

L. Aeroela:itic .ilslofr-ion (palticJ-
rarl.y !iin! torsion) of the tert -Lisht-
ei!ht structure:.

2, Distortion ot the ai!1oil .on-
to,rrs undar dirfoads dde to th.: use of
ron ri!id coverlng for the ',ir,g surlace.

j. L:55 rhan optinra po?er cutput
frDn Li|e pilot due to fatique nnd dis
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conliguration, o,/er a reasonabl-e raigc oI
size paranelers (pfovided Lle rift coel
fi.ient vdriatior,; rgnains r:thi.n th!

5elecled), exanination of Fig.. 2 drrd t)

I i.ci.aLres that d subEtantia]. in.rea!e
ir thc Farainete! P/(!!/s)rj i: requif-'.] io
D-i
ine .-lfecLive asD.c'Li ratr:o. To in
creasc P/(!t/s):, one nal, 1ncre.15e the
brakc horsepoiter dvaiLalle, ircl.,rasr Lhe
properL!r:,/trnr,snission .ifi.i:nct, r'edLce

Usinl th-- valucs iri Taire I as a rel
.rencc, le! us consi.l.r the cDnlrined €f-
f€ct (or LlLeif, equivaLcrit) oi:

L. A I p€f.cnt iJrprover!.- in con-

2. I\ 10 perc,:nl redu.L,ion j.. :tru.-

l. Car,.rful E-cleclr:o. a4d iiriinirlr of
pr: ol and cfei reFbers suclr Lh.t .fet',rs
ujth ar averag-c rei.lrl of ri! rlr (5'l k!)
pef ra., nitllcut de!):a.latioi oi poL,er
o rtput, can li! pfovi.:le.l.

ltltl Lir.5e r!sulption:, t!,o pos.iLlc i:]),:
Lo r.e.luce t|.r size of r.Le air.raf: li5teC
iri T.ile I dr.:

l. r Ll;e lle ral!c: .t L_lre pdrrr.tcr
F/(rllS)". ar.l llt-. :rror lrlrl: I and !ErLer
at1] neLlr v;LL:e! of trir! loading ,r'llicll
!hould !ive.iial.l.r val!e5 of re,tui.rc.l
xilnll are.l .lian thc ..fespordr:n! .'a u.s
in T:i,r: -r.

2. Kc.:p j,he rirq .1..ae fr.rm ':tairLe l

(. , . a i

j.. smaLLer valde:: oi r:'.turre.l :ifeclir:

fl: rEir tin.,, aircrafi chara.teri:Lil|.E
iDr lht 3.cono ol th-.!e lt,,o
srFi:fi z..l :r t:hl- 4.

Fron t:re:! ddta, j.t cd. l! 5!er'r -l:aLi

n.re tLan l0 to L-q perceit oI r:|: taLLres
Li::te.1 :r:. !iblc J re.llrif:s v.r,/ ,jretrL
eifoi't jr lh. af.!r: o-' str c.r'ra1 Lr.i!ht
r..iucliorJ drr! re.uction, ard irlro?.
r.:it in pjro_lell:r/lrer:ri !!i.r .rIIici-'rLci
'Li5 tru:i. 1,. corL;ii:r..1 fi. ri.ror!\,cnti.rr.-

al'r apJrDa.h lro th. FrcLl--ri ot:i!- r,:
ducLion, ai.l ir.c).c ar-- v.r', d:Iinrt.

L-he pre..nt sta-. oi rai-crial and arr.o-
dyr'rar:ri. a:cllnol.!.;.

If .lrl]osirL,l a vahc .t !in! sliarJ arl
.flirur conprcrr:;e tr'rsl be i.u|d l.r:irrcrl
drdi redr.iiof lhrori!h jround :iI:cl
(,Lich r--quife5 ldrge i,ir,! :pans |'jli a
:iiilct.rral iiei.llLt rrerlar-) ) erd tur. per:
iorrnance. Suci af o)L!!izaLion lrou .i xe
fuir€ a consioerdL-rL), norc d.tai:r.il e..l
:iopnieticated anallis-is tlar fr.:..t!d jr

vert, desirabr. -.o r.duc. .h! !!i.s :i:ar
to va:Lu€s ir. ihe ran,te oi a0 to /r tLl
(r8-21 tr). lf i-lLis conclurijorL i;.orrcct.
clLen eitir.f a rj.pLane Layout
ot biril Lt;pe .ri.! (nrentior.d Iirevroust),)be!ir to aDp.ar vefJ atLr.n.tlr.. the li
U alrE arrdnlercnt .a:: th-. ddditioraL .1d,ra.taqe ot in.rcds.Ll slrLr. tLtral cIti ci er:
ct, corlar-.d nrth :r ro.olLane.

I iurL'|.r Iiol.l, iiL\ r.:Ii:c! Lrl) L,rl
bjr.i tti_re i,1r:!r1, i: thdr ii Dn. .ref hotls
to 5irjL.l a! rircrait .t L]1i5 .t|].. iir:tl
a conver tionaL L.rifr. J .aI,a|L. cf operdtir,r
orit of .JrourLd .:IIf cr bi larL-Lro!r.,r, nl oi-.
!alue: of Alt suList.:nii.allt hi!1|f tnar
-hose r:.:L1ir,r.i r'o i1i Llre Krcrer c.rir!.
,ill b. rc,ruir-.d tn Dr,dcr to diLair ,:t:.
r..tLL r,..t ?afues oi IR... For era{DLi, ttre
tlo jrian lracline .lesigil.d ro i,L: .; .1ition

/
. \J

in.r to a !eor:retri.r a:pcct fario oi :+t_.Ll

of rround eltecL:. If e.:rru--. ., tlr. k
Iactof 1!r al,e i,R- ..l.Lj,iolr co!l.i r. di:

tLi: car. r./o rLd Le r!.luc.il l. -19 tt (il I)

:llllil.ir!RY ll..D COI'lCt UaiIOtt;

?hr rur.to:i-- Dt Llr : lrat:x h.ri ller t.-.
.1|nL],2c, on rhe bJ5i:, o; !or: t:i.:i Lrid.f
.rerodrndlic tl:ocr, J Lhe ,-rubl.r oi a.l i,rvj.g rdn por.rr..r f li.lh- ar.d ir ldrri.|tar
Jirirar .inrlt3.. lr.1ve ieer: .r.rI.,.tr!.] L:
fore, 40Lal.fj, L, ilorr'iei.Lei. (2, .) rrt)
Sr rr!af (r: )" lu. il].:r: :tLrdi:5 ifrr!

Lih. nin.r:tL d.:igrer- siri.iIic.rl. ! ,| ..rjr
Iiel. fojr Lh. -{fenef :-ri:. l:r; l-..er lroj

ti.:Jl .r:perirrL... ir l!siirrJ ..r,:tiirctl.rr .



TABLE 4. CHARACTERISTICS OF IMPROVED MPAs

steady l€vcl rllght at h - 15 ft.

A. Max. L/D de6ign.

B. Mln. !@er desi8n.

N-1 N=2 N=3 N=4

cross llt. (lbs)

T1{P

I x 1000

233.5

0.29

408

o.707

1.7 30

570

1.2t

1.965

127

z -tta

2s (f c. )

r,r/s (]b. /fr2)

?/ (w,/s)t

A

364

o,64

1.555

.l!
465

0.506

1.15

A

318

7.245

1,53

I
445
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.lroLrp: 1. BritairL a1d ir !rdfi1i. Ori t|.:
l-.r:i5 oi this erperi.:r.:: it has L.:r'
po;si:-.re -o r:re.:.i. Llre pfoLrerii in r.rv.rJ
in a.l,evir.,i irr. J:an fr!i:r-..i flj.qlit.
T|e rair concrJsiois o'i lh:. :ilu.l) .tr.:

l. ili tle ird5i5 of :;infre tl,.or),
a.il .iata on rro(]ef. 5a:Ll.trane5 .rnd :rist
in.J |dr to,,,,er.rd drrcraii, it .tptcdr'5 thdt
nan !.,r.f!.1 ILi!lrLi ol :usralie.l dLra'.ior
ir a 5tr:i1i!Lt LirLe al Lo!, rlr-itu.lcs (on

0()
r:adir! acnj..varil.'rlLL a .axerul],y dc-
si!|r,.d air:.rafl Ilo n )j, a piiot in !ood

:o
fici.n- Jrar!in oI potel crrsti to ov.rf

fri.llt in a banled tujrn. FLi!liLr orit;ide
oi lr:ound etlecl prcsents a reny nuch
i.re dr:ttjcLjt prciLen, a.d ii co.veni:icn
a] !.ing desiqn tcch.iqu€s ar! usodJ lroLiL.l
reqLrire ai aifcralt liith dI .rtr.m€Ll hi.gr
asp€ct raij.o !r.d 'r:n!l :ita..

2. TlLe iajor pfobl:n riti existinl
aircr:rft con5trLrcled to corrpete for lr-.
lir:ener prize is thejr 9r:at riize r!Ldtir./e
io tjl.if very Lotr rrciqit, coullld r,rth
corr.epcndir.g ieiry toL.r f Llqit :P--€d3 J df.]

- Lo .L :
eulLs ir., ver_! poor ndndrin.l .hdracteri:iii.s,
fdrt1cf,larlf in barLhei tunir! tlilh:.
Clanc::_ oi rinnir.g rhe r(ren:r priz: "J.uld
l.c gredrLy enh:rnce.l if .he 5iz-. -.sp.cinl
1.. ihc ?iinit span -coul.r b,. 5ubEtar.tinLl!
rcdu.:d. Val,Je: ot rirLq sLran in rh: rar:le
oI i! t.7: tLr (ll 2l rL) are.on:idered a
.lcsira|le de;i!n !oaL. TlLe opLiir.uri ,ralue
oI i,lrirr! span JrL:t be deLeriined 5y a ver_'
car.ful ana t:ri: oI thc t!.Ldeoffs iret,r!err
lu:n pertofrarccr !]]our,.r .aIect, and .i9ht.

l. TrErc is .Ln advantale i| usil],j at

,l-r-r i:a.le here, hoth th. t\to dnd tlf..-
rarr ,rachin€:: ar! sra.ilcf thrn thc .orr.-
5p.rdi{ sin!le !l..Lc. aircrdii. Tlris is
du. sir.pli to lhe iaci rhat bt Llcublirq

al1e norc l\ar .iolLbics, L,Lrt riLih .dreful
.tru.E;:ial-ll?:i!n the lei.lirl s5ouLd not
dou:,Le. IL r:: urfort|.ale i:hat no i:rro-
lrarL lra.lrir]e hr: _!et fl.orr. tu pforid. v.fi-
i ila,io. .)1' thi s conclusio..

"!: "red!cli.n L-l:rou(ln u.rfhr f:ductio. and in-
crcas:d !rcprrler/Lran5ni5:ion --ffj.cj.e.ci
s!cJrr '!o oti:r onl! lLirited po5:j.bilitic:.
!d -. -..1 on prc i: rnilt t rr: s.r,.able -. tr ucturdl
artd ]aterial5 r::clnolo!l:i, oLr anal sis irL-

.li.allrs tha,, rinqs llith sDrns !rletcr thar
\

.rdtt irLldd.d to corrpete IoI. tlre Xrljrtcr
prize. Rc.iu.r.io!5 ir lpari b.rlo! rhis

p
bi-itrca r.rlich enouLd l. ilro:iti.aLed in
rr'u.I mo!i .lctaiL dfe:

a. ri iitl.Lne conliquraLion.

c, Ibir,dr, a..1 lhe rays ir'r irlrich ..rody-
naricaLLt -..lui /aL rnt ::r_ruc iLrr-a5 :Ii! ht
be Lruilt.

c. Thc trad.oiti betlieen po er r-.
qLrired and fcrfornnnce of aircrafL_
u5in! Linit'r.1 boLri.dnry Lator conrroi
f or: .lra! reductio..

.D
size r.duction by ncan! of eiqht reduc
tionr afd impror.menas in rec|a.icaL -cf-ficieac:rj lreiqll-, a.d poNer avail.aht,- are
stilL tro of tilLe most i.lrpDrL-alt parareters' D'b : :o.

.t"
!ai.. SririldrLy) i:lcred:es in propeuer/
transnission eflicionc! are e.{uiralent
-o a signi;icant r..l ction in i.reight or

o

5iqns to mah€ substantial j.rDrovemenis
ir. tl,esc areas.

I o " ' p.-
cal i]. r.ron an.l thar clforts to do so na,!.
ploduce L_rclmological lairLr of great 5i!-
nii:L.an.e to othex irxalrclres of aviation.
Con5idelable !orl.- FLrrll needs to Le don.
in ihe drca. of ver\.rou speed aerody-
nanics dnd Lritr:a loh' densit,!'. strucl_ules.
the apirLi.ai]:ons of Iihis trpe of techrolo,
:ly Lo 5di:LpLan.:s (tor'rcrud ancl unporercd),. o. -etc., nire .tuitc cl-ear. Perrr.Lps conpeti
t:Lof fr:rr Lrhe Krctrer pri?e nill captune
thc iFaginaL_iorL oI a sufiicierLlr r,unbcr of
t.ofle to )r.Lke farale gdins in '.|is iech
noloqfr possibre. On€ Ee-s tlre dclinit!
rnLprcssio., aiter :urveyin-_. l_he Lit€ra-
tur! o. nan porere.i lLightJ L_tdt lrith
jusl n little inore cllcrt lrt enou.jh ildi-

.d : o
het, areas ol eristinq dcsiqis, the dreal

.]o:
be t,Jrnc,i:i r.to realit). (heiter this i.
tru: or rrL.r.lt an iLlusioi rerai.s ro be

1l



Irr lillrL cf ilLe analt5i5 pres:ntecl ir,
L-iLis paper dnd a iairly clrrcnsirc aurv.t
ol tlc literatrLre on rrar. poliered flight
and related ar.as, lr.: rccoJrnend .h. fo:I.
lolrtn_o:

f. ii ili.thL- tesl- progran should Lre

underLiakenj usinE a suiiable aircrait,
su.rr ds d po!.ered sailpLane, lo invest:
ia-c vario!s ;lspects oi ilting lhe llrenef
cours.! It is sLiqgesLred Lihdt the aircxdft
fll ihe basic i19u.e-ei9l!t course at very
1o-r aLtitu.l. lrii| t|e riisrrance b,-lireen LilLe

I,]lor1e distorlcd lo dccorrit for ttrc Cii-
forerce j.n spccd ranqe betlre€n thc
t.sti air.rail end representativc nan-por-
.fed aircraf!. The fLi!xt tests shouLd
!1d ine lhe :If.:cte on tLandling ciar.l.Ler
isLric5 on var:;ir,q ttL€ bank dngle, and th-'

a o g o lI'
particuLarL)' in turni|g fLight. Sucn a
proJran r'rould drso be of vaLLre in trdir
1ng a pilor lor r attempt dt tle tur€)ief

.: :o
tioLreled rdcllne L-o the tasli trnd riskinE
po5sib:l . d.rra.je.

2, l,n intelnational ran-poltcrei air
craft societ) should b. forned to open
lines oi cornunicatiorr, on dn interndiior-
al leveL, b.t een individuals and lroups
int:r:st.d ii J|an-po\"rere.l fliglrt, to .n
courage eifoni,s iro in the Kner.cr (or .Ln

aLternaLive) prizc, and L-c 5erve as a
sour.e of rechnicaL daL'a for those int.rr-
.sted in desigfrirq and/or lruiLding d ftrrL-
po cred aifcfafl.
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