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NATIONAL ADVISORY COMMITTEE Fon AEROl'JAUTICS 

:r1EPORT 

'J'LI:'O, T' IN"V.SS'I'IGATION OF BOUlmARY- L.k.YE.:t "';..iD PRCFILE -

DRAG CHAR.,\.CTERI.3TICS OF SHOOTH v'\'ING 

SEc-rrONS OF A P -~o7D A lTIPLi".NE 

Ey John A. Zalovcik 

A fliSl:t investigat:'on was marle of boundary-layer 
and profile-drag charactGrist~cs of smooth wing sections 
of a P-47D airplane . Measurements Viere :':1ade at three 
stations on tlle wing: boundary- layer measuremer:.ts Vlere 
mado on the upper surface of the left wing in the slip­
st-c'ewn at 25 per-cerlt semispall; ::,ress1.~re-distribution 
measurenents were l;].ade on the upper ~urface of tr~J left 
wing at 63 percent semispan; and wa1{:e surveys VIere nade 
at 63 percent semisDan OI~ the richt vring . T:le tests 
wer,;:) r:ade in straight fli t;Lt Rnd in turn3 over a range 
~f Gond; ~ions l~ whic~ a;I'pl,an.e li~t co~fficients6 
from 0 . -<-) to,0.68 , ~eJne_ds n1.l' .• ber.:; fro.,. 7 . 7 x 10 
to 19.7 x lOb, and LIach numbers from 0 . 25 to 0.69 were 
obtcuned. 

The results of t.l~e L vestigat:;jen indicated a 
mlnlr.1l..::m profile - dra.g coe.:'ficient of 0 . 0062 for the smooth 
section at 63 rercent semi span. At the highest 1l1ach 
number attained in the tests , the critical Mach n-.nnber 
v:as exceec.ed by at least 0 . 04 with no evidence of com­
pressibility shock losses appearing in the form of 
increased width of the wake or increased proflle - drag 
coe~ficient . For flight conditions approaching the 
critical Each numoer, va:r'i&.tions in ~,Iach n1l'nber of 8.S 

much as 0 . 17 appeared to have no effect on the profile ­
draG coefficient . 

In the slipstre3.m, tran.sition occurred at least as 
fal"' back as 20 percent chord on tho upper surface at l ow' 
li~t coefficients . ~ 

\.1. 
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In order to 0~t2in ~ co~parison of t e pro~ile -drag 
characteristics of wing sections Oi low -~r 3 and older 
t ypes u~Ger s~rnilar fli3ht conditions, tests have been 
made 0 f tv.ro p -L~7 alr}JI'lne s : ~:Le P-4 7D nirpla~le J ho. vinS 
l1epubl i~ S- 3 sections and the XP- L~7l<' airplane , having 
s e c ti ons l.,ra t varied fran an ~H~CA 06 - ser ie s se c ti on at 
the plane of '3yr.rrnetr:T to an NrlCA 67 - series S3 ,tion at 
the tip . The investigation of the \'ling sections of the 
XP- 47 F'li rplai.le inclltded testa to do term:i.ne the profile 
drag of a wing sect:!.on ouLsid8 ela slipstream and the 
position of trcmsitlon on ~ections inside and outside 
the slipstream . The re'3ulLs 0:' t1-:.is investi~3.tion are 
rresente1 in refer~nce 1 . 

T"('e test.3 ,ith the P-~.7:,) c..drplane re.pcrted herein 
were generally 3imilar in E'COD(:: to cr~e tests ",Ii th 'che 
XP - Ij,,7F 8.irplol1e exc:J~lt tl-::at t~le tcst[· wi th the P- 47D 
were extended to co ,lsid~rHbl y hidL;r 1\1aoh n1.Lil"'le rS in 
order to oetain S011"18 in~ormatl~n on compressibility 
effocts at t\iach nlkloers chrou,.:;r t:w cri tl.cal hl~ 1."e . 
'The tests were r.lada ~n strai ,~'1. t flibht a~ld stGa(~y t'J"rns 
at various nor~al accelerations over a r~nLe 01 indicated 
airspeeds from 155 to 330 niles per lour at altitudes 
of 12,000 and 2h, COO fee t . 

c section chord 

x di stance alon,; cho~ d from lead:!.ng E.:dge 

s distance al ono surfE'cce .from l eading ede;e 

d deflection of (~Urvatllre gage 

y d Istance above surf't ce , pos i tion in wa'{e 

Ho free - stream tota l pres3ure 

By to tal pre ssure in boundary layer 
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6H los s of to tal rre s sure in wake 

Po free -s tream stat1c pr essur e 

p local static pr e ssure 

free-stream impact pres s 1J.re (Ho - po) 

fr ee - stream dynamic pr essur e '(~pov2) 
Ty absolute temperature i n boundar y layer 

To absolute t em pdrature jus t outside ~oundary layer 

11 l1eloci ty in boundary la ye r 

ul velocity in boundar:-T l ayer near surface 

U velocity .~ust outs i de boundar y laye r 

(p a-
o

Po ) ' P pr essur e coefficient \ _ 

v c 

v 

R 

critical pressur e c oe fficie nt , corresponding to 
local velo i t y of sound 

airplane lift coefficie nt 

section profile - crag coeff~cient 

aileron defl e cti on , ne ga tive for up de flection 

calibrated air s peed (ai r speed related to 
d i ~feren tl3.1 pre s...;ure by accep ted s ta..'1.dard 
a d iabatic formula used in calibration of 
differential- pr essure ind icators und equal to 
true ai rs peed for sta..'1.d ard sea- I e ve l condi tions) 

true a irspeed 

Reynold s number 

free - s t r eam Mach n Ul'1be r 

:Ma ch number i n b oundary la yer 

Mach m:mber jus t out>$ ide boun.dary layer 

'<t 
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b acce~erat~on o! gravity 

Po free - stream donsity 

Sub 8 ~I' ipts : 

L left 

The P-!:.7D a irpla,_e is a 10w-vvin9" , sinole - engine 
monoplane with a Pratt t· 'vVhitney R- 2JOO - 21 engine and 
a fo~r-blade C~rti88 electric propeller (fie . 1). The 
airplane has a gross VIe 19h t of about 12, 000 po~nds, a 
wing span of }..;.. l feet, and a v.'ing a rea of 300 8q~are feet . 
'l'he wing i:1corporptes Republic S- j airfoil sections , 
'~hich have pressure - distribution characteristics similar 
to those of the N CA 230- se1'ie8 sections . 

T:,ree 'ling sections were tested (fig . 1) : one on 
the rioht wing and one on the le ft wing l ocated 63 per ­
cer..t semispan f::'om -che p lane of s'ymmetry, or about 2 feet 
outboard of the -"lap (s ,:; c tion with aileron); and one on 
ehe le ft winr loca ted 2~, pe r~ent semisp",n from the plaJ1e 
of s ymme tr ! , or ab 01..:it 1 foot wi tl in t.'l-J.e edge of the pro ­
pe 11er di sk. ::;ach of tl-:. c;; out:Joard sec ti ons had a chord 
of 7 . 17 feet and a maXinll.'11 thickness of 11 percent chord . 
The inboard sectIon in the slipstream had a chord of 
.3 . 73 feet and a maxirnu.n th ickne ss of 14.6 percent chord . 
A photograph of the test section on the rig}-lt wing is 
shown as f'igure 2 . 

The upper surfaces of tLe sections on ehe left wing 
. nd the upper and lower surfaces of the section on the 

::.. .... i0'lt wing were fair'ed by f.illiT16 wi th glazing putty 
anG. then sanding smooth to redUCe the surface waviness . 
r:Le surfaces were t:nen sprayed ;,lth several coats of 
white lacquer - based paint for a Droteccive coating and 
s8Jlded li ,h ely in a chordwise direc.tion with No. 320 
carborundv!n Darer . An indication of surface waviness 
'Nas ootain3d'by mean s of a curv~ture gage (fig . 3) with 
legs spaced 4 nercent of the wing sectlon chord . The 
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waviness condition of the faired surfaces is indicated 
in figure 4 by the plot of the waviness index dlc 
against sic . 

5 

Boundar y - layer racks , each 
pressure tube and either one or 
(fig. 5), we re used to dete rmine 

consis ting of one static­
five total-pressure tubes 
boundary- layer charac-

teristics. The tubes were 

a ~-inch wall thickness . 
32 

made of ~- inch brass tubing with 

The upstream end of the total-

pressure tube was fi l ed and flattened so as to leave an 

opening 0 . 003 inch deep and ~ inch wide and to have a 

0.003-inch wall thickness . The static-pressure tube had 
six orifices 0 . 02 inch in d i ameter equally spaced around 

1 
the periphery at 14 inches downstream from the hemispherical 

end. Each total - pressure tube of a rack was connected to 
an NACA recording mul t iple manome ter and referenced to 
the static pressure obtained from the static-pre ssure 
tube set about 1/4 inch from the surface . With this 
arrangement, the impact pressure was measured at various 
distances above the surface when the six-tube rack was 
used and near the sur face when t..~e two-tube rack was 
used. The static pressure measured by the static-pressure 
tube was referenced to the static pressure ob tained by 
means of an airspeed head mounted on a boom 1 chord ahead 
of the Ie ading edge of the right wing tip (fig. 1). 

Surveys of the wake of the right wing section were 
made by means of the rake s hown in figure 6 mounted 19 per ­
cent chord behind the trailing edge . The rake consisted 
of 24 total-pressure tubes space d 0 . 3 inch and 5 static ­
pressure tubes spaced equally across the rake. The total­
pressure tubes were connected to an NACA recording 
multiple manometer and referenced to free-stream total 
pressure in orde r that the total - pressure loss at each 
point in the wake could be obta ined . 'rhe static pressure 
in t he wake was measured wi th the three central static­
pressure tubes , each of which was connected to the 
manometer, and referenced to the static pressure measured 
by means of the airspeed head on the boom at the right 
wing tip . ~Vool tufts were located on the upper surface 
near the trailing - edge region abo ut 2 feet on each side 
of the center line of the section at 63 percent semispan 
to determine whether any cross flow existe d that would 
invalidate the wake surveys . 

-- - . 
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All p r essuros , allero~ positions , and normal accelera­
tions vvere measured by NACA recording instruments . An 
indicating accelerometer was provided for tile pilot . 

In orde r to obtai n fr '3e - streaJ'1 static pressure , 
corrections ceter~ined from an airspeed c al i bration 
were made to the s ta tic pre ssure measured by the ai r ­
s peed head mOl.'nted on elle boom .911.ead of the right wing 
tip . These corr8cti ons we r e applied to al l measurement s 
for which reference to free - stremn static pressure was 
required . 

Boundary- layer velocit7 profl 1es were determined 
from the bcur1cary- luyer meas ~n"ement3 by use of t~e 
compre3s1ble - flow relation 

or , to a first - order approximation, 

u _ My 

U ~'~6 

T:.tle airnlane lift coefficient at whicr~ transiti on 
occurred at a given chordwis8 posit i on was deJ.:;erT~li !1ed 
fr'om a plot of the ratio ul/U a b a1.nst 8.irplane lift 
coeff'icient . Th e lift coefficien-c c orresponding to 
transition was c'rl osen at the elbow of the curve as the 
ratto Ul/U suddenly increased from its laminar level 
to its turbulent level . 

'The prof.i.le - dra6 coefficienL3 vere determined by the 
inte grati ng: method of reference 2; that i s, the total ­
pressure loss vias integrated acr oss the wake and then 
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mult;ir,lied by :~actors de,ending on free - stream impact 
pr33sur3 , maxlJ:lUr.l to-cal - :ore ss 11re loss , static pressure 
in the N:.J.. e , and fl igh t I'Tach numbe r . 

'='ES 1'3 

Surveys of' the w&ke of t:':1e snooth r1sht wing soction 
were maje first in 3trai gh-: fligLt with leve l - f light 
povv"3r and vii tll. the Ct~ rplane ell..:3ine tllrottled and then in 
tur:ls i.n o,,-'der to cO','er a wide r&nge of f1 igl1 t cond l ti ons; 
that is, airplane 11f t ~oef'ficier:ts, reynolds nUlnbers , 
&nd r.:;:b.C:-l nu,;;')8rs . :!),U'i~1'; .::1:0<3 l'il"st .f'li,?;:lt in ~lU'ES , the 
filler used to fair ·:::r..e 'dir: a 311rf'£..~e crac.:ec. at t:1.0 
leading edce of t.; _e 3.LftlU.J.1.1 t i on - corr:partm3nt door (at 
11.5 percent cll ord ) . Since t~18 crac% cO '..l.ld not be kept 
smooth and thG ouri'a.ce unbr'cken in .m se.]uent i1ib-hts, the 
W E',ke s 1..1.r V':':.ys were di G cO.!1~ ':n·~,e d . 

FOlJnd8.ry- la~7e r m8as·~J.r6me:J.t 3 W8I'O rr:adc to th v, i th the 
two- cube and tne six - t..ube bounris.ry- layer racks or. tHe 
upper S1.::rfLce of the ir:board section behind the propp-ller 
on tre left wing . :.le~surerrents of 3tc..tic press .... :re L..'1.d 

of i:1pact pressure next to the surface fo r the deter ­
mina~ic:l of tranEition we r e made wit~ two-~~be r~c~s 
at 5, :3..0 , 15 , 20, and 25 nerc ant c110rd . ~.Ieasu:'er:ent:;s 

01 vel oc i 'C:'" dis 'tr' 2. b J.tion throu3h t~1.e boundary 1 '1.~;er \1E'.re 
rll de vlith the six- tube racks at 15 :md 20 :;,e rc e~.t c:lOl'd . 

'l'ransition measureme.1t s on the up?Gr surface of the 
Ol:tboard 3ec:';io:1. on cr.e left wi ng we!'e no": feas.Lble 
because of the s pan,Jis e cru.ck ElC t:le lead::'ng edge of 
the ,.';"11l1unl ti on- cor-par tms"1. t door 8. t 11.5 pe rcent chore. . 
Static rre.3sures , hOY.Jeve r, were r.:easured w~_ th c:-e 
static - ~re8S1.;.re tub9...> of ~h8 bour.:.dary- l5.ye:c' rac':s at 10, 
:1.5,20,25, and ~O percent chorn on the upper s'..l.rface 
of.' t.1t is winG. 

':2he test s ','Je re rIade in straight flight (lavel fl:!.ght 
and s[ .. al10\. dive s ) at a lti cl:des of 12,GOO ilnd 2\,00:) feet 
over a range of iLdic ated airspeeds from 155 to 530 mile s 
pCI' hour . r;:':te ail'plane 1i:"t coefficients ottG..L1ec. in 
theso tes ts ra:lged from 0. :,5 to u . 6J; t:le Re)no:1.ds 
nurrber, from 7. 7 x 106 to 1 <) . 2 x 106; ar~d the .l.Iach 
nv.mber, from 0 . 25 t o 0 . 69 . Tests were &180 n~ad'3 in 
'Cl:rns .s.t an c:a.1titude of 12 .• 000 i'eet at indic8.ted 8.irspeeds 

----- --- _ .. ~~ _ _____ _ ~~ _ _ _ --,J 
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from 256 to 360 miles per hour end a t norma l ac~elera­

t ions from l~g to J-I-~.g . The a1 r,JJ E..ne l ift coeff i cients 

in t he tUY'nc- ranged from 0.21 to O. 56 ; Pe~molds nu:m~er , 
from }J-I-.2 x lOS to 19.7 x 106; ar.C. !.lfich nLll,,:be r, from 0 • . 44 
to 0 . 61. 

Pres sure d:: stri. :)ut ion nd c1'1 tical lVla~h nl1! ber. ·· 
Some :cepresenFati ves+:fiti c - pr e3En .. re rii stri IJlitioi.1S ove r 
part of U:e u??e r surface of thp, left win.; sec ti ons 
at 25 and E, 3 98 rcent serr.i span a~"e sQ')wn in f:i ~ur€ 7. 
The c rltical Mad ... nunbers of the two wing sec ti ons , as 
deterl~ined by the von I,tr-:nan mlth od (referenc e 3) fr om 
pressure-distri~ution ~eaSUreTI3nts at subcrjtical sneeds, ,-----

Cr, V 1 - r,.~('2 . 
are plott ed in figure 8 against -f--=::::::--=-;'-' ~mi ch 

'il _ 'IT L.. \,.... ····~ r 
reoresents t~e lift coefficient ll.st would be obtal~ed 
if t .'le fthaGh n Ulloe r were inc reas ed frC'm Mo to ~(~cr a t 
t h e angle of at;tack correspondi.nt' to CL ' The flight 
T.Iach numbe::> 2nd tte defle -:::ti on ,)f t'1e left aileron :.:1:>"e 
p l otted abeve t~e curve s ~f crltical rach number . 

For the section at 63 ne rc en t ser~is') an, the cr':. tical 
KB Ch num.ber ,;ar i.ed a-:m r oxirrG.tely line8.rlv .frorr 0 . 66 at a 
lift coefflcient of 0 :10 to O.5~. a t a 11~t coefficient 
of 0 . 8e ; :'01' the sectlon a t 25 IJercent sen'i f:~pa"1. , the 
v&r.l d tion of cr1 tical ]\,;8.ch number ovcr the same range 
of l ift co effic ~ er ts was from 0 . 63 to D.h) . Alt~ough the 
evaluation of critical ~ach nu~ber inv~lved extrano l ati on 
by tbe von I<'a rman metl-.od of st atic - pressure d.ata ob t o.:tned 
at fl ight ?iIE'ch rn':.rrberc: ranzlns fro'11 0 . 02 to 0 . 30 below 
the cr i tical vSllue , the re3ul ts were in grod a3ree1T'ent for 
the er..tire range of t' e ext rapolet i on . The extent of the 
extrapolation at v a r icus lift coefficients Day be deter­
l-:1ined by cOTI'paring the fli ght M:a ch nU ... be rs at which the 
pressure - distributi ',)l1 y:"easurements we re marie with t he 
c rI t i cal "Y..a ch nu..n'bers. (See fig . 8 . ) 

Accordi~g to the resLllts p res€~ted i n reference 4, 
the crj tical 1:3.ch !"lumbe rs a s deternllned from measurement s 
with ststic - p1'33;:ure tubes similar to thos'e used i n -the' 
present investigation rr.ay be as p.'.'..lch a s 0 . 01 higher than 
would be obtained fr ,. m measl:re nen ts wi th orific e s flush 
wi th th e wi ng s JI' fa c e . 
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It sh~uld be noted t~at , since t~e left aileron was 
deflect~d up:arj fro~ 1.50 to 3. 60 during ~he t0stS 
(fi cS • 8) , the cr; tical ~rach numbers at 63 jJerce:1t semis")8.n 
mey be some "hat highe:." tha~l the cri tical Mach numbers tbat 
v/",jL ,ld 1e obtnioed 1Jltl'l the aileron neutra~. An indication 
of tD8 r-ai;:li tud'3 of tbi s effect is g1 von. in I'ef'-;rer.ce 5, 
v'!'ich nresents the results of tests of 8 IT'~Qel 01' a wing 
section with aileron on a p- h7B- 3 a1r ,J18.ne. (The win.£<; ~ec ­
tions of tn; s 9.1 rplane ere sirr.i l&.r to those of a F- ~j.7:J air -
01ane .) Tn8 results 1n re::'erence 5 sllowed thaJc , at a 
constArit a'ltSle !)f attack 1..1 the n:i.nge of the flt:;:ht tests , 
the cri ti C'll Mac h numbe r was :bi.:;-'her by abo'lt 0 . 015 wi th 
the a~leron c.eflected u pvHl.rc. 2 0 tr.ai1 with the a:.leron neutral. 

}01:.ndar~J~~yer ch8.ra~t(;ri 2tic.8 il~_.81~9strear~~. - 'rhe 
method of' detenn'!.nin6 i:be 8.,:'},:lal1e li~'t cO-3fficier.t .9 sec ­
tion Re .ynolds number, 8.r..d ':light I,rac l1. nurrber co:'resDonding 
to transition froIT' lY'e8.SUrerr2nts with a boundar:r - layer 
rac1{ in a .riven position 0n the w::.ng surface is .!..Jlus'!:r8.ted 
:n fi;ure 3 for a rack at 15 per:.er:t chord on t:1e upper 
s'n'f9.ce in the slipstrearr. (at 25 percont seI"iso:m; . I'he 
broken lines in thl s -figure l",dtcst.e tte c .)'Ylcitil)r:s for 
transition. 

'EJe results of tl:1e bo'mdary- Jayer Y;' e9.s·';.re.ents i~~di ­
cated that, at low li~t coafficler:ts, l&rrinar fll) J 'as 
obtained at least as f9.r bCtck a3 20 ')El rcent ch')rd cn 
the nner 3urf'aGe, w"1.:i.ch is cil-.'OU+ 2S fnr bacv as Y"'8.J 

be e,;~ected cn a sllT'ilar ~'in~- section 01..:ts;.de tl:10 Y~, ro ­
peller slipstream . Lamjnar f'lo N at 20 perGer.t clLcrd lS 

illustrated by typical ve l ocity profiles i~ fi~~re IJ. 
'I'}-:e lift coefficier.ts , Re~olds n1..-..mbe rs , an, r'":lCh nUIJ'1b (; rs 
at i:-llCh transition was obtained at 10 , 15: ar..d 20 per ­
cert chord are siven in fics'lY·e 11. At lift c."1ef::'ici~Lts 
. nd Reynolds nUJntJers le s s than thoE e inc.i C:l t""d b~! the 
Jurves fcr 15 and 20 rye r ent chord in figure 11 , ~be 
fl()\~j \,.1~lS laminar at t,1~ore chorcj-.'Vlse yositions . AlthJugh 
trans.1.tion measurerr,ents were a l so [raje at 5 u.nd 25 :;;er­
cent chord , t~esa ~ata lera not presented , ~n~~·luch as 
the flov.' W9.S alwa~'s laminar at :5 ];:,ercent chord 9.11d 
~l~ays lurbuler:t ~t 25 percent chord . 

P,.,ofile·dr9.J;:; of w"'n [ s'3ction C'utsir'e s~.::pstrpan .­

DUl'ln~- ~.ll t:,e ests the vI'ool tufts on tts u:),;,ler surface 
neqr 0) psrr:.ent serrispan of the rit~ht wing \I!ore di r ectvd 
s trai u 'It bac 1-:: and there"!::>y 'ndicp..ted tJ,1.at tl1~ wake surveys 
were n t influenced by cross flow . 

The profile - drag cceffic.J.ent":! of tr.e s~ . oth sect:Lon 
on the rierh t v:i ne; are pre sen tee l..n fi gUY'e 12 for stra4 ..;ht 
fli e,rt and in fi g'l.re 13 for curns . Fli vh t ~iach L1.u::-.be:r, 

. . 

. ~ .~;. -,. - . 
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crittcal Mach nu"',b t' , Heyn '')lds nUl'l"ber , calibrated air­
speed , and defle~tion of the right aileron are olotted 
above the nroflle-dra2 cvrVAS . The criticql Mach 
nUI"'ber shmvn in figures 12 and 13 is th8t for the left 
wing section . Inasmuch ss the ri g~t atler~n was down 
(figs . 12 and 13) when the left aileron was up (fig . 8) , 
the cri tical N'"ac~1 number for the right wi::1g section has 
been estimated on the basi s of the resu1 ts of reference 5 
to be of the order of 0 . 02 lower than t~e cr tical Mach 
nurrber I') f the left wing sec ti on . Some repre sen ta ti ve 
walee 1J r ofiles obtained in straight fligtJ.t are shown in 
figure ILl . 

In straj ght fllght , t:~ profile- drag coefficjent 
varied from 0 . 0075 at a lift oefficiAnt of 0 . 68 to 
0 . 0062 at a lift coeff:cient of 0 . 15 (fig . 12) . The 
minimum profile-dr·ag coeffi lent was 0.0062 . 1Nlthin 
the acc'Lracy of the rreasureTiJents, ch8.n£)ng fro:n level ­
fli[·~t po'~rer t') 3lides v; ith Engine s throttl ed a9peared 
to have co effect on the 9rofi le- c.rag coeffi Gient. 

The interpretation of the results of the orofile ­
drag measureITents in turns (fjg. 13) 1S comD1j~ated by 
t 1-'e far.t t~lat a crack deve~oped at t~e le8.d~ng er.'lge 
of tl-}e arr'1"unition - co rrpart-rrent d')or (at 11.5 ercent 
chord) SOi.ne ti:ne durL1€ the fli,!bt in "rich these measure ­
men ts 'were rrade. 'The tendency toward lower profi le - drag 
coeff i cients for the first serie s cf turns t::an f'o r the 
other series in 'Heated tr8.t tl:e crack may have developed 
after tl~e n rst serie C' of turns. At 11ft Goefficients 
greater t:-:an 0 . 40 , be ~rof:ile - dY'8g coeific · er.ts in 
tUJ"ns agreed with th')se obta:.ned in straight flight and 
thereby i~dicated tllat tr9.ns_tion 'flas probabl forvr8rd 
of 11 . 5 percent ':!hord at these high lift coeffi8i ents; 
at lilt coefflcients le ss than O. '~o the profile - :irc.g 
coef ficie nts for- t1:.e second 9.n6 thi rd serie s of turns 
were s0rn.ewhat higher than those obtained in strai ght 
flight . The minimwp 9rofile - drag coeffj cient for the 
second and t1:.i rrl seri es of turns was 0 .0066 . 

For fltght conditions approachin~ the critical 
~~racb number, 1:1 vari ati on in Macl-} nurrber a s larg e as 0 . 17 
( f ig . 12) w:th a relatively small variation in Royn81ds 
nJll'!b\3!, appeared to have no effect on profi le - drag 
c oe fftcjent. A s''1Jilar res lIt 'as oota_ne d in the tests 
rerortec. jn I'ef8r·::: nce 6 on t he sarre wing s~ction lith 
transition fiyed near the leadint: edge for sr.loothec and 
r,}nde r ato ly rougnp,ned surf8 ·':!e~'. A cO'T}Q Cl. rison of figures 12 
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CJ.nd 13 shows L"at , E,t a 1 tft roe "'ficient of 0 . L7, tre 

s''tr,€ v:tl"l'e of pr')file - Jrsl! '?'oE-fflcier.c (witJT'.n t'1e 

e):peri'ne~tal err ar)l}laS obta~ned 8t ~:ad~ numuers varyinp-: 

["rIm 0 . 30 t 'J O. 5i; in th~s case ) hOV"ever , tho var~Htion­

iC1 f'ey], les ~'1urrber WB.S :u:rg'3 (10 x }06 tv I! >.. IJO) anrl 

t·herefo:.:>e rray t,8 ve :tad an effs~c t on the re sul t s . 

, At the h:'ghest frach num"Jer attelneJ. :n the tests 

(0. t,q), the r::r~ tical Mach nU:11ber -,':'Cic exceeded by at 

least o.oL (~i€ . l~) ~Ith n~ e~ld8~ce of co~oresgibility 

shoc"- losEes appe':lr~ ne- ll1 the f crw of increased width of 

t1w wake ;_nd ~r.cr,;a::;ed rrofi 13- cr=<..: coeff:icient . Tris 

result anpears to 4~ei)ate eit~er ttat :rrotat:'onal flJW 

wi tLout shoe.(' exi s'-E;d t') :: TT'3 C7.t-·.-t at E',u.r3 rcri tic[',l 

sp<>eds, as SUt~gested In refe:,"ence3;, 7 , sni b, 02 ttat 

t'18 eff8ct of COJ1'1Dl'ess-:'OY1 ~'~Jck WJ.S of :r::.sufficL3nt 

r)1a6nitude to be rreaf'ur'3..::>le by pres'3nt a~p8rD.t'JS for a 

s~all ran[e of Wach nUTbers B~OV~ the critiell value . 

Wilr" comrresslon 8'1toc1-.S Lave '-,een :'ncU'::J,ted by SC:llieren 

phntograprs obtainea in w:.r,d "Ci.nl't:l-:'3.i.e of 11P.OS 230-ser:!es 

a 1""1'011 s . T'lJ.e 8e phot o~::'8.phs sLo'w ri: at, upcn 3. tt s:inment 

of local ve1~c~ty of so~~d , s~ock first D.ODearS as a 

se1';e8 of srrall ehock v:aves and tulles 1J.p to,) a'l':e11-

estqblist:.ed shock front as the rl:aG'lJ. r,u.::rber 5 s furt;-,er 

j :1C re 8. se (1. 

Tbe flie-'lt investigation nf r>,)"r.oar:;-la;Ter &,11('1 

pro~lle - drag c~ara'::teris~ics of V'i~C sectic~s of a 

p _1 7~ 81~,lBne that ~ere speGlal1y flr.ished t~ [iva 

aero'lyna'll7 cally ecro')th s'J.rfaces havi~g v::..1,1Jin'33s of syra11 

ma~11tude irdicated t~e fo~lowl~g recu1ts: 

1 . Bound~ry- layer transit~on at least as far oack 

as 20 percent c~ord v,as obtained on tbe lll.)::>er surface of 

a section in the slipstream at leN 11ft coefficients. 

2. Tn straigbt flight (level fl:!.gbt ':n'r! 811.8.110'7 

di ves) tlJe prof i le-dn g coefficient of a sect1')!~ outside 

the sliD9trea~ varied frJ~ 0 . 0062 at a lift oofficler.t 

of a . 15"to 0 . ':)075 at a lift ':?,oeffic:.ent 0.1 o . 6~. T:'le 

mi.ll"'1u!]1 profile - drag coeffjcient was 0 . 0062 . 

3. At the h~ghest Il,If::.ch D .. 1!y')er attcir,ed in tre te8ts , 

P1B cr.tical Mach nJmter W~,S exc~.;:.ded by 'J.t le:3.st o.oh 
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with ~a evidence of C~T9reg8ibility sh6ck losses appearing 
in the form of increased width of tt3 I1l.' a1'e or in·"Y'6as::; u 
profile - drgg coefficient . 

L~ . For flig'r).t condj tiolls a')~roech:1r.g the critical 
MJ.ch ~umber , variation in ;":8ch n r'.rrter as lerge as 0 . 17 
appearod to ~ave no effect on proflle - dreg ~oefficient . 

Langley Memorial Aer'onautical La'::loratory 
_8tional Advisory COJ1rnLttee for Aeronautics 

L8Dcley Field , Va . 

--~--~ 
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Figure 1.- Republic P-47D airplane with test panels refinished in white on 
right and left wings. 
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NACA ACR No. L5Hlla Fig. 2 
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Figure 2.- Smooth test panel at 63 percent semispan on 
right wing of P-47D airplane. 
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Figure 4.- Surface-waviness index of smooth surfaces of sections 
on right end left wings of P-47D airplane. 
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Figure 6.- Wake-survey rake mounted on wing of 
P-47D airplane. 

Fig. 6 
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Fig. 7a, b 

Figure 7.- Typical pressure distributions over upper surface 
of sections on left wing of P-47D airplane. 
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Figure 8.- Critical Mach number derived from subcritical pressure 
measurements on sections of left wing of P-47D airplane. Flight 
Mach number of pressure-distribution tests and deflection of 
left aileron are plotted above Mcr-curves. 



NACA ACR No. L5Hll a 

• 
. 8 

I 

.~ 

"0-I 

I 
'-.:.! 

I 
I I 
I : I o I 

?n 
R 

r ~ 

0 
r- O 
I 

I I 
I 

I I 
o I 

,8 

( . ru 
l\o-~ I 

'L(, 
U .4 

I I 
I , 

,2.. 

- -0 

r--
'V 

..t:'l 
~ 

,6 .8 

Fig . 9 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

F i gure 9.- Method or determining lift coefficient, Reynolds number , 
and Mach number corresponding to transition at a g iven chord­
wise position. (Example shown is for 15 percent chord . 
Effective-pressure center or total-pressure tube at 0 .01 in. 
above surface.) 
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Figure 10.- Velocity profiles in boundary layer on smooth upper 
surface of section of P-47D airplane wing in slipstream. 
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Figure 11.- Relation of lift coefficient, Reynolds number, and 
Mach number for transition at three positions on smooth 
upper surface of section of wing on P-47D airplane in 
slipstream. 
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Fi gure 12. - Profile-dr ag coefficient of smooth section on right wing 
of P-47D airp lane as obtained in straight flight . Mach number, 
Reynolds number , calibrated airspeed , and deflection of right 
aileron ere plotted above cdo-curve. Mcr-curve is from results 
of left-wing tests. 
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Figure 13.- Profile-drag coefficient of smooth section of right wing 
on p-47D a1rplane as obtained 1n turns. Mach number, Reynolds 
number, calibrated airspeed, and deflect10n of right aileron are 
plotted above edo-eurves. Mer-curve is from results of left­
wing tests. 
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Figure 14.- Wake profiles of smoo'th section of right wing on P-47D 
airplane as obtained in straight flight. (Position y = 0 
corresponds to top tube of wake-survey rake.) 
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