
Bru ce Carm ichael IHIS liorn atul 
reared ill Iron City ; ;ll icll i~a ll . 

Possessin g a keen int erest ill aoiu­
lion , he sallied [orth. f rom this 
small m ining to ion. on Mil :hi gall 's 
1l111Jer pen in su la 10 tal..e ull h is 
,~tud ies i ll ncro nau tica l engineer­
llIg 11/ tli« Llniuersity of Michigan . 
Ajter graduation ill 19"10 . atul I I 

lour of dUly ill th e na vv, Bruce 
joill ed Chance Vo ughl A ircra ft ill 
C.O IllIt~C l ic U I whe re he teas resp oll. 
sib le f llr much of th e preliminary 
aerodynam ics all th e Ch a nce 
Voughl "Cuttass" 

III 1948, he m o ved 10 T exas wit h 
Cha lice Vo ug/ll and while th ere. 
becam e active in soaring ici tl: Ih ~ 
T ex a s S oari n g A s s o c ia t i o n . 
!hruugh his under standing of the 
immaculate aerodynamics required 
for gllod soar in g .flight , Bruce 
qulckly becam e kn oum. as aile IIf 
our leading sailplane aer odvnami­
cists . ' 

l.atc ill 19 t1IJ ,IJruee [oin ed Good · 
year A ircra]t C o r p o ratio n i n. 
Akron. Ohio, atul in 1950 wa s ap ­
pointed to the S cientific Co m m it ­
lee of S 'iA. III July 1952, he join ed 
l) r, Rasp et at the En gineeri ng R e­
search S tation, M ississippi S tale 
College, where he is engage d in ex­
tensive research on bo undary lay er 
co ntrol and many other projects , 

Man y o] Bruces pap ers have 
been. publislt c«! ill our ow n Soar­
in g Ma ga zill e and in th e I. A 5. 
Review. Others lui ue been trans­
lated illi o foreign languages anrl 
pu blish ed a hruad . T his paper. 
which is one of his m ost recent , 
will pr ove IIsefu l 10 our sail plane 
desil?ners ill ch.oosing Ihe conjig­
urallOn m ost sULlcd to th , perfor m . 
ance Ihey desi re, 

WHAT PRICE 

PERFORMA CE? 
,­

hy B. I-I. CA IDII C II ~ E I. 
A f : ro ]Jh ll~ i(' ."f 1 ),~ /Ul T t llUw t , .ll ix.-fi·'(/i; /Jl , i S/ l/ t , ~ 

C(Jllf 'flf ~ 

'I'h is s tud y, lik e nia n v be fo re it. 
ha d it!' o ri gi n in a ru th e;' cas ua l d is· 
cuss ion on th e favo r ite item o f talk of 
m os t so a r in g e n thusias ts, namel v. 
'T ha t hi gh perf o rma nce sa i lp la ne th ;ll 
we are go ing l u hu ild some rluv ." 
Som e tw o yea rs a go , De! Le wis. n;)w 
of T em co Ai rc raft. a nd th e a utho r. 
s ta r ted Lo la y out a des ig n fo r a h ig h 
per form a nce sh ip . In trying to Ireez« 
the desiun. II ' ra pirllv carne 10 ilu­
couc lus io u th at we had in s uffic ie n t 
in fo r ma ti on to ma ke a decen t com pro­
m ise between high perf o r mance a nd 
eco nom ic, geomet ric . a nd ope ra t iona l 
p ruct icuh i li ty. , uch q ue st inns as th e 
fo llowi ng uros : \ ' ha t is th e order 
o f impo rta nce of th e various Iliuht 

. . I' I sai l-Characterr strcs w il e 1 make lip t 

p lane perlorm unce in the all impor­
tau t mat te r o f h ig h effect ive c ro ss ­
cou nt ry speed '! ITo \\' near ca n the 
pe r fo rm a nce o f a shi p o r reason abl e 
spa n upp rouch tha t of on e in 1111: 
" mo ns te r " category '! H av ing co m­
p rom ised on a !'pan , wh a t is th e opt i­
I1Il1m a spe ct ruti o to use with t ha i 
spa n? 

The q uest ions rai se d in the ahov« 
paragra ph ca lled for cnm p utul io ns of 
c ircl ing as well as s tr a ig ht flight pe r­
Iu rmu uce. o rn e es tima tion of typ ica l 
the rma l s t r uc tu re had tn L ma d e 
s ince th e study was p r incipa lly C OIl ' 

ee l'ned wi t h t h erm a l r.r uss-coun l r v 
soa r ing ty p ica l o f m ost eo ntest work 
in th is co untr v. I· ina lly, s ince a II id e 
var iety of wi ng d im en s ion s were to lie 
s tudied, it was necessarv to c ons ide r 
the e ffec t of Re yno lds n~m he r on t he 
ue r od vu am ics ,;s well as In eva lua te 
the effect of the geo mel r ~ o n 1he 
we ig ht o f th e sa il p la ne s co nsi de red . 
Il was decided to \'ary th e spa n f ro lll 
:30 to 90 fee t in 10 foo t int e r va ls a nd 
to va ry th e a s pect ral in from 10 to 
:30 in int 'rva ls o f ,'i. T h is gav e 3;) 
pla n forms to cons ide r a nd as s ha ll 
h seen wa s no t qu ite 'n o ugh to ( ~O lll­

p let e th l' st ud y. 

W eight Cons ideratio ns 

The a utho r ha d been d iscouraged 
Irrun muking s uc h a lon g s tudy for 
yca rf fo r the si m ple reason th at ude­
q uute weight d at a we re nol ava ila ble. 
S ince so ma n y of th e sa ilpla nes of 
the past ha d heen o f th e type wh ich 
" j us t happened " ruth e r th a n been des­
ig na ted to ~ l wI : i li(' s t re ngth re q u ire­
men ts. a co r rela t ion o f th ei r we iu h t . " aga uis t geo lnet r .' lI as doomed to fail ­
u re . T he p u blica t ion of He fercn ce I 
removed th is obs tucle. It tha L refe r­
e uce was presen ted a n exce lle nt co r­
rela ti on of th e em pty we ight o f n un i ­
erous Ge r ma n sa ilpla nes with widcl v 
va ried geonwt rl' all desi uu ed to t h ; ~ 
sa me "trength req uirem ents . The [ol­
l" ld ng Io ru iula fo r e ru pt I' we ight per 
uni t no r ma l load [a c to r i ~ take n from 
Ih is work: 

h" 
W" = I : ~ . 2:~ 

n 

where : 

\'(T" = em p t ) II'l~ i gh t p ound" 
n = uh im at e normal load [ac to r 
h = wing spa n feet 

1/ 1' = thi cku css z c ho rd rat io 
A R = asp ec t rati o, 

It is seen th at th e spa n p la ys a ve r v 
s t ro ng ro le wh ile the th ickn ess ru tio 
pla ys a m o re m inor ro le th a n m ieht 
he .ex pec ted. T he Iac t th a t the em~ ty 
we ig ht decreases as the aspec t ra tio 
inc re ases mi g ht a t firs t see m stra nge. 
One mus t rem ember that with fixed 
" pa n th e area dec re ases as the aspec t 
ra t io in creases , a nd th at a ltho ugh th e 
we ight per sq ua re foot of wina a rea is . . I tIIIcrea slIlg, t lC to ta l win g wei ght is 
deerea s ing. 

(; II S/ Load ing Crit eria 

Jt has heen s ta nda I'd Ge r ma n pra c· 
I ice in thc past to d esi gn hi gh per · 
rOl'lnunce sa ilp la nes to g G ultim alt ' 
no rtl w [ load fact or. T h is was used in 
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