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Th e ~trif e for low dra g in sai l­
planes hecame int ensified with lh r­
int roduction of tec hniq ues for W'o· 
me tr ic control of the la mina r bo un d­
ary layer. By geomet ri(,. hound arv 
la yer co n t ro l we imply r-are fu l n'· 
duct ion of a ll curva tu res , includ ing 
those in the flow d irect ion as we-ll 
as those no rmal to th e flow. \Vhl' n ~ 

a chang!' in cu rv a tu re oucurs, geo­
metri c boundarv laver co nt rol would 
require a smoo t'h Ir~n ~iti on fr om one 
curvature to the next. '1'11" t ra ns itio n 
r-urvature must be suc h tha t the c u rvu ­
tu r es within th e transition lie betwl" '1 1 
th« cu rva tures at th« extre me" . 

\Vhen such a pr oce"s of geomet r ic 
boundary lay er cont ro] is ap plied to 
a surface , be it a compo un d cu rve 
or a cylinde r, the ma gnitude o f l hr­
pr essure gra die nts du e to a flow ovi-r 
tha t surface will be minimized . 

Laminar a ir foils ur e a typica l ex, 
ample of geometric bounda ry layer 
contro l. The lead ing ,'dgl: of a lumi­
nar a irfo il is gl'ne ra lly an elliptic 
cylinder. Over the forwa rd portion of 
the cylinder the pr essun ' d ro p" 
gradually a lon g the roof of tlu--« 
so-called roof-top uir jo ils. 

T he same pr ocl'''s of gl'omel r i,' 
bo undary layer control may he ap ' 
plied to a fuselage. T he n o~, ~ should 
be an ellipso id with it: p('ak llt'ga· 
tive pressure ra lhe r fa r baek. How· 
ever, d ictat es of pi lot position on co n· 
ventional sailplan es pr ohibi t a ;.:trid 
appl icati on of thi s cOlleept. 

1 ; O\\' , whell we look ut ,;ma ll d is­
turbalH.;es O il the \\ ing or fusela ge in 
terms of geomd ril: boulldary la yn 
control. we will see that evell a rad io 
an tenn~ on the nose o f a sa ilplulll: 
will res ult in a la rge inc rease in dra !! 
not becau se the ant enlla bv itself h a~ 
h igh drag but beeause tI; e a lltelllla 
d isturbs the lam ina r flow 0\ 1'1' thl' 
fuselage thus ra isi ng its d rag con· 
siderably. 

011 win gs ther e is all e\'ell mo re In-
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s irlious efTI'd whi ch OIT ur,.. us an', 
"lilt o f sn r Iucr- d i"lorl ioll under load 
or on wo od "h ip,., a,; a result of 
sh rinkujn- of the h:ad ing I'dge skin. 
The d is to rt ion shows ilsl'lf us a sc ri i-» 
of waves r-ith er a l :15 0 o r normul to 
the How di n '('li oll . These wuves CUll';" 

successive pn'"sun ~ oscil lat ions which 
in a sho rt d i s t a u Cl~ destuhilizc the 
How "0 tha t a tu rb ulent ho uuclurv 
la ver is soon develop ed. Since a tnl:' 
lJl;h 'nt houmlary laver a t sa ilplunr 
"Iwl'd" and di mensior» ha s a bout fou r 
l imr-s the d rag of u [a mina l' bo undury 
luyer OUl' l'un ,'x l)('cl a la rgl' d ra g in-

WAVI N ES S Gjl/ GE USING A M ODEL. G81 
FFDE~AL bUt. /NblC'ATO,e 

. ... FIG 2 

, ·!t·,L:;t ' fru III W lI l1!" h,1\ ing \ I a\ '! lead ­
ing l'dgl·:--: . 

Thr- ea r lies t ex!wriment al verif ica­
lion in flight of the influ ence of lead­
ing edge wa viness was thaI of , 
St ephens and Hasl am ' who sh ov red 
llll' influ ence which curvature Iluctu ­
ut iun s on a win a hun' on th r- In nsi­
lion from lumiuur to turbulent Ilow, 
In a luu -r reseurr -h, Smith uud I [iglou' 
d, 'moustrall'd on a Kiug Co bra ",iu g 
Iha l lilt' profil e drag ru uld be redu ced 
from O.()075 to O.()()2S 11\' smoo thinu 
tlu - win g . ' 

TIll' fi rs t appl icat ion of a irfoil 
:,mooth ing on a sa ilp lau« r-ume 10 thr ­
aut hors' uttr-ntinn in 19 '19 at th« 
So u th w t-s tt-rn Soa ring l\ ll'ct. Herb 
Ci hb oll,; and [Jick L\'On had smouthvd 
till' I('a ding pdgp o f a T<; ,;-\A a t 1111' 

:,ugg l'stioll of Dr. W. Pfp ll ll il l1.~ p r. TIll' 
-r-nior a u tho r ma de a pl'r fornHln ce 
rru-u su rr-mcn t of this su ilplum-, [ind ­
iuz Ihl' mi uimu m dru u 10 Ill' a.01 6 iu­
:' t l ~ a d of l lu- usu al OJ120. W hilt ' this 
\H I " su rpri sing it was no t possibl e by 
lotal rlru u mr-asurcnu-nts 10 lea rn if 
till' profile drag had been reduced 
or if othe r irnprovcm cnts were co n­
t rihu tin j; to thi s low drag. Howrver. 
in 1951 a l tl1l' Techuical l\ le('[ing a t 
Elmira pr ofile drag m eusuremcnt­
murl« in lliuln on a TC ·;-\A win g in 
th e rou gh and smoo th co nd it iou were 
rep ort ed, Figure 1 shows the result " 
of thi s work . It r-un Ill' ,;I'pn that 
sruoo th in j; ca n rt-rlucc lhe profih ­
drag from 0.0125 to n.oos. Later 
work sh owed that if the junction be­
t wecn lead ing edge and fabri c is 
properl v exccut cd the profil e drag 
will go 10 0 .0075 ov.... a larg" rang!' 
of lift C'odli('ien t. 

Couc urrcutlv wi l h till: a bov« wo rk. 
pr ofil l~ clrag ' nn-usurem en ts" WC\'l: 

mude on llll' suilpluru-, 10·5, havi ng 
a luru iuu r -cc t iou 6:-\2·6 15. In thi s 
sIudv it wa,; found lhul eo nto uring 
an a'lrea c!Y smoo th airfoi l reducpc! lh(, 
pr ufil e cl,:ag hy 0 .0025. 

T lw pmCT:-S o f ~m u {)lhin g aero· 
dyuami l' "llrf ace con"ists o f fillillg th e 
su rfacI' with either pyroxylin pUlly 
o r a svntlll' l ic ruhl )('r lwro dn lalllic 
.';111001 h;' r. The su rfaee is' Ihell 
~moo t lwd b~' "andi ng, nsing a chalkcd 
3plilll: a" a ron gh gu ide a nd a wavi­
Ill'"'' gauge , Figu re 2. a" a final , ~ on· 
troJ of the coutou r. 

II sho uld Iw ment ion ed again thai 
"mall d islnrl,an ('l's to the boundar\' 
la p ' r ea u ('a u",' large drag rises. Fo'r 
Ihis n 'ason Ihe inlel"llal release be· 
l'OllleS a ll e l'l's~ il y on hi gh perform­
alJ(T sa ilpla ne". TIll' inll'rnal release 
uSl'd on Tinv " Ii II' ~ I o d i fica t i o ll 195,1 
was sn/JI!I'Slt:d 11\' Cu\' S tore r to "oln: 
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