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NATIOVAL ADVISORY COMMITTEF FOR AERONAUTICS 

CHARACTERISTICS AND FROFILE DIUG OF TKE 

By J. 14. Wetmore, J. 4. Zalovcik, and Iiobert C .  Plat% 

Tssts havs been concl.i?.cted i n  f l i g h t  , t o  deternine the  
boundarplayey cha rac t e r i s t i c s  .w-d the  :irof'ils dr2g of the 
NACA 35--2l3 a i r f o i l  secti.on at high ReynDlds numbers. These 
te3t.a wepe made cn a t e s t  penel of ly-foot chord momted on 
the  l e f t  wing of R Dctuglas B-l8 a i rp lane  ju s t  ou ts ide  of Lhe 
propel ler  d i p s t r e a n .  Tes ts  vere made t o  determine the t r a n -  
s i t i o n  points  and the boun?ar;.--layer ve loc i ty  p ro f i l e s  f o r  
vsr ious surface and. :$ewer conditions over a range of a i rplane 
l i f t  cce f f i c i en t s  from 0.20 t o  O.h.6 f o r  which the  range of 
corresponding Reynolds numbers w a s  3O,OCO,OOO t o  20,030,000. 
The p r o f i l e - d r a g  coef f ic ien t -  09 tha  panel. was determined for 
the bes t  s.lu-fac.: condition both with power on and with the 
engines and propel lers  u topped  over R range of airplane l i f t  
coe f f i c i en t s  f r o n  0.21 t o  0 .32  with a Repo1.d-g nimber rmpe  
o f  32,cOO,OOO t o  16,OCO,OOO. I n  addi t ion ,  the p r o f i l e  drag 
of' the  u y ~ r ; r  s i r f ace  aloae was d.etemiinod. f o r  the  s m e  power 
and surface conditi.on and OVCT approximately the  salne range 
of a i rplane 3 . i Y t  coeff'ici.ents and iieyniLds rmbers. 

With the  beat surfacs condition and the l e f t  engine 
atopped, th9  laminnr boundary :e.yer was maintained t o  42.G m r -  
cent of the chord on the upGer ourfzce a t  a l i f t  coef f ic ien t  of 
0.320 and a Eeyno'lds number of 26,700,000. 
t r r insi t ion t e s t s  indicated a reduction of aboxt 3 percent of 
t h e  chord in the  laninar--flow run over the  upper surface due 
t o  oneratJon of the en[,inss an6 propel le rs .  As n r e s u l t  nf 
rertucing the i,idiccted axplituds af %he transverse waves 3n 
the  urpcr siu.L"r,ce -From 0.007 t o  0,001 inch, the  transil i ion 
point moved 3ack from abofit 32.5 t o  about 4 2 . j  percent of the  
chord. 

The resu!t,s or  the  



The ve l%j t3  surveys i n  t h e  'lamiller boilndary 1-ajer indicated 
t h z t  values of' bomdery-lager Reynolds nurrber R5 (based on the 
djstence & o m  the sui'i'ace at which the dj-nmic press:lre i n  t h e  
boluida:*;r l eye r  i s  one-half that j u s t  outside the bounctsr,: 1:)Ter) 
o:-ceeC?np c"OO0 are c.ttaina3le i n  fl.ight, on suitubl y des<imed snd 
c.3reful ly f inllshod eir?oIlo. 

The pro?ile-dra.G ccof'f i c ien t  of t k e  t e s t  pene!. wS t h  engines 
otop7ed W ~ R  l'ound. tc; remajn substantially constnnt, at a vnliie 
of about o.o0)38 f o r  f l i g h t  cond.ttioris r*ansi,lng frcin ar, a i q l a n e  
l i f t  coeffi-cicnt of 0 .Z1 and a. corres?onding Reynolds nimber' of 
about 10,000,000 t o  8, 1 i P . t  coef r ic ien t  of 0.3? and a Reynolds 
ntm3er of' 24,GOO,@OO. 
proL'ile4rag cosff i c i en t  of t he  v ? - p e r  surface alone .varied f ron 
about 0.0022 at the  lowast l i f t  coef f ic ien t  t e s t e d  t o  0.0028 at  
the  highest lift coefl!.cicnt, 
f u l l  t h ro t t l e  the  dx-ag cocjff?cient due t o  both s v ~ f a c e s  and tha t  
due t o  the  upi;er surfacxj alone were b A h  incyeased on the ord.sr 

Over the  mine rcnge of conditions the  

With both s n ~ , i n e s  operriting a t  

01% 8 t r l  10 T3rCelit. 

The rcs.il-ts 02 t h e  tes ts  i:idicate the  des i rab i l - i ty  f o r  
ccnt l  nued fli,ght resea-ch on a i r f o i l 8  a t  I.art,e scale  t.0 svppI.e-- 
ment the dcvelonr:ient work of tho tu1me1.s. 

During the  e a r l i e r  s t a g s  of the  Cornlittee's work on the  
deveiopmnt of l:mii1ar--flow a!.ri'oils (reference I), it w a s  
found that  by suit,ably d-esigninq the proi'ile of an airL'oil  8 
fnvorab1.e or acce lera t ing  prc: ssure E;rRdl.ent could he inaintdned 
over as much as 80 percent of t he  chord back of t he  leadinF: edge. 
Tes t s  of some of these airf'cils i n  the  wind. .i;imnels and i n  f l i :#t  
showed tha t  with:',n the  lower f l i q h t  ranf;_:e of Hepo lds  nunbars 
t h e  laminar bound.e.i*y l aye r  extended as far  back a.s 80 percent 
of t he  chord from t;ie leading edge, with the  r e s u l t  t h a t  t h e  
p ro f i lo  d r a g  was extremely low. 

In tho higher Reynolds number rances, say, above 20 ,000 ,00~ ,  
it waa expected t h a t  othe;? meth,Jds might. be required t o  0b'taj.n 
the  desjrod exterisivo laminar bomdary l aye r s  and r e s u l t i n g  
extremely low d r s p  . Tho present, i nves t j  @at!.on was undeI.taken 
with the objac t  of i nves t i s a t inc  methods of prolongihg t!ie 
I.n.mlnar f l o w  e t  high Reynolds ni.mbors and t o  pive d;!ti:L for 
comymrinon with wind.-tuinnol data .  Coiisequentl.y, a sui.ta.bl.e wing 
WELS chosen with these ob j sc t s  i n  view ra the r  thnn w i t h  t h i s  
0'0 j e c t  of choosing an optimum sect,ion f o r  any partI.cul.ar 
prac t ica l  appl icat ion.  
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This report  represents  resixl-ts c.f the t e s t s  of the Dlain 
a i r f o i l ,  These test:: r:ovs?ed a ranqe of Reynolds nunbers 
between 20 ,G00,000 and j0 ,COO ,090 znd. included var ia t ions  i n  
power condition 3 r d  surfc.cx crJndition.r An ir ivesti , jr t ion of 
t h e  3f f e c t  of sect ion slots f o r  bow,? my-layer contro i w i U  
be covered i n  e. subsrqlmnt reuort. 

The t e c t s  w r e  made with a 3-1-8 airplane which was made 
avai lable  f u r  t h i s  Yroject by the A,my Air Corps. 

A PPAFATUS 

The Douglas 13-18 airplane is a birnotored, fully cant i lever  , 

It Ss powered with Wri.ght 
m?-dwing monoplane wlth a wing mea. or" 958.6 square f e e t  and 3 

d=slgn gross veQht  of 23,200 pounds. 
C,;rclone R--1820-4'j en<ines (810 horsepower a t  '1100 r p m  and 
8700 f e e t )  f i t t e d  with ?--blade propel lers  having a d j m e t e r  of 
11 f e e t  6 inches. 
cmstant-speed proy,ell.elvs me normsl:l y used on t h i s  a i rplane,  
but for moot  of the present t e s t s ,  they were rep!.aced by Cur t i ss  
e l e c t r i c a l l y  control led ful.1.--feathering propel lers  i n  order t h s t  
t h e  engines coiild be stopped durlng f l i g h t .  
a i rplane as f l o m  wan approximately 22,000 pounds. 

Hznilton Standard, hydrsul ical ly  cmtro i led . ,  

The weight, 05 t he  

A t o s t  panel h.avS.ng the NAJA 35--215.airPoil sect ion ( t ab le  I) 
was mounted on t,he l e f t  wing of the a i rp lane ,  The chord of the 
panel was 17  f e e t  and the span was 10 f e e t  a t  the leading edge, 
taFer iag  t o  5 fee+# a t  the t rz i . i ing edge. It xc?s conatri:cted of 
laminzted white pine i n  th2 form of a hollow s h e l l  w i t i i  w a l l s  
a'bout 2 inches thick;  the outs7.de p ro f i l e  w a s  zcccmte ly  shaped 
t o  t e q l e t  s l ze .  The surfaces were s p a y e d  with several  ccla.f,s 
of lacquer brse  f i l l e r  ard rubbed down with various p a d e s  of 
water c lo th ,  the f l n a l  f i n i s h  be inp  obtained with a No. 4-00 > 

water c l c t h .  
running d o n g  the  to:, and bottom of the wing spars and T . J ~ S  secured 
i n  place by means of s teel  s t raps .  The posi-Lion of the panel w a s  
such t h a t  the  inboard end. of th .3  leading ed-Le wa3 about, 1 foot  
outboard of the yrcpe i le r  disk,  the  leading and. t r a i l i n g  edges 
were noma1 t o  the plane of s ,pmetry of the a i rp lano ,  and the  
plane of chord l i n e s  coincided epproximately with the  plane of 
chord l i n e s  of the wing. 
means of f ab r i c  s t r e t c h d  taut over a wooden frarnewmk. The 
weight of the  panel and f a i r i n g  w a s  1.394 pounds; s a t i s f ac to ry  
later-a1 balznce f o r  a l l  conditions of' fl-i.rtht was obtained by 
removing a l l  f u e l  from the  left-wing tanks and adding 350 potlnds 
of b a l l a s t  I n  the  r i @ t  wing t i p .  
t he  t es t  panel mo-mted on t h e  wine; i t a  dimensions and loca t ion  
are shown i n  f igure 2. 

The panel was siqportod on t i m  wing by ra%ber pads 

The panel was ?;:ired in to  the  wLng by 

Fieure 1 i s  a photograL)h of 



4. 

A l l  prea~lures were measured b:? mems of a multiple-tube 
a1 whci  mmotncter md wero rocordod photogrtphicnliy . 

. 
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Bomdmy-lapr msrtsumments were made on the  upper 'surface 
of the t e s t  pcnel os'er a ;-en@ of a i rplane l i f t  coe f f l c i en t s  
from about 0.20 to  0.46; the  range of corresyonding Reynolds 
n m b m  wau from &out 3O,OOO,OdO bo 20,000,OOJ. Several 
conditions of t he  panel- surface,  as incicated i n  f igure  4, and 
various power conditdons wore iuvest i3ated.  The power conditions 
covered wem as fol!.ows: 
enginee id l ing ;  l e f t  engine ztogped, right engine f u l l  t h r o t t l e ;  
right; engine stopped, l o f - t  eilgiiie PILL t h r o t t l e ;  both enginee 
utoyped. O n l y  a f s w  t e n t s  were made on the  lower surface of 
the panel because of itfi in fe r io r  condition, 

both engineu f u l l  t h r o t t l e ;  both 

The p r o f i l e  drag due t o  bcth surfaces  and t h a t  due t o  the 
upper surface alone was dstermined w i t h  the  panel surface8 i n  
the  f i n a l  condition and f o r  two power conditions: both engines 
a t  full t h r o t t l e  and both engines stogped. The prof i le -drag  
moasuremnts covered a range of a i rp lane  l i f t  coe f f i c i en t s  from 
0.21 t o  0.32 with a range of corresponding Reynolds nmbere 
from 32,OOO,OOO t o  24,rX)O,OOO. 

Inasmuch as it was necesaary t o  dive the  a i r p l w e  in order  
t o  a t t a i n  the  low l i f t  coef f ic ien ts  desired,  the r e l a t i v e  l a g  
of the various pressure tubes Rnd lines was detemined by 
spec ia l  tests and the results were corrected accordingyiy. 

Results of the invest igat ion are presented I n  figures 5 t o  10 
and in t a b l e s  I1 t o  V. I n  figure 5 the d i s t r ibu t ions  of pressure 
coe f f i c i en t ,  S, (S=q/G), o w r  the forward pa r t s  of the  surfaces 
are shown. A l l  exporimentnl points i n  figure 5 are f o r  pos i t ions  
along the  center  l ine of the upper nnd lower surf'aces of the t c a t  
panel and tmre determined by means of the boundary-layer racks. 
Tranai t lon results are presented in t a b l e s  I1 and 111 for  four 
surface conditions a8 shown i n  figure 4, and f o r  various engine 
and propel ler  conditions. The ranges of l i f t  coef f ic ien t  and 
Reynolds number covered i n  each test run are included i n  addi t ion  
to the p a r t i c u l w  l i f t  coef f ic ien ts  and Reynolds numbers a t  which 
t r a n s i t i o n  occurred. The method of determining the conditions 
f o r  t r ss l s i t ion  i s  indicatod in f i p c  6. 
ve loc i ty  d i s t r ibu t ions  i n  the  laminar-boundary layer are shown 
f o r  varioua chordwiae and laterc2.1. pos i t ions  on the upper and 

I n  figures 7 ana 8 t h e  



4 



7 

t o  turbulent f l e w .  
en ::lm-pt r lce  Zn ths  v s l w i t y  cI.cs3 t o  t h e  swi'ace as i l l u s t r a t e d  
i n  i'iFm 6 ,  

!The t zans i t lon  w . ? ~  genei*e.lly w e l l  dofine4 by 

Ccqarison of the  t r a m i t i o n  reev.lsE f c r  tha var5ov.s con- 
d i t i o m  iesLeC 3,s ra-kher umertain i n  eone cases owing t o  the 
f s c t  that tb:m i o  fio f ixed re!.a'rton i ~ e t ~ e s i l  a i r p h n e  l i f t ,  
coef f ic ien t  end Xepg2Cs ~1:mbsz.; 1, e . ,  fcr a qucrntitativs 
evaluation of the eft'ect, f o r  exmaylo, of ,the y o m r  or swface 
condition on the e x t m t  of . the I.ajmxr-'oowidar*y 1~,yc3r, c o w  
pwison  s h o d d  be mc:?..o st Vie sc.m lift; coef f ic ien t  x x l  at 
the  s m e  Eepoid.8 nmber.  There , w e t  however, sevsi-a1 con- 
c lusions jndicated by the re su l t s .  With tGle 5es% s w f a c e  
conCition tested.  (cordit iorL D ,  f iz .  11) and with the  isfi onpine 
stopped the l.aTi.naz. boundary luyeia WSLB m-intained t o  4.2.4 percent 
of the  chord on t33 uppor surface.  A s  sho~m. i n  txk le  11, tran- 
s i t i o n  w a s  !3.marvad a t  t h i s  s t a t ion  at. several d i f f e ren t  coinb!.- 
n3tions of CL a i d .  R owing t o  the  vnmoiciable vs.ria.tIon In  
the  r e l a t i o n  of R to CL between 4 i fTormt  Lest r-us. At, 
m airplane lift uoef f i c i e n t  of 0.220 ,which mast nesr1.y ap.proaches 
the  dst3i3n l i f t  c o s f f i c i e r t  of tho p+&l ( c z  = 0 .20 ) ,  t he  
Re,vnolds nunber f o r  t r e n s i t i o n  E t  h2. h percent of thc  chord 
was 25.7 mill ions.  
we3 not determined f o r  exsc t iy  the  foregoing conditions but, 
0.8 shown i n  t3b!-e III, at a l i r t  z:oetf'isient, o f  0.'2!4'7 and a 
Repolde  irun3eer o f  26.8 ruillions t r a n s i t i o n  occurred 6.t 28.4. 
percent of the chord. 00 -khat f o r  C = 0.220, re?resent,ing a 
mcrc unfavoralde cordi t ion for  the  k over surf'ace, t he  extent  qf 
t h s  lmiixwy lager  woirld be somewhat less than 28.4 percent of 
t h s  chord. 
I n f e r i o r i t y  of the lover  surface condition as compared t o  that 
of the best  upper sirrfaco condition. 

, 

The t rar is i t ion p o b t  on the lover  surface 

' 

ThiR rosul-t f.s an i rd ica t ion  of the  d o p e e  of 

The influencs of surface cond?tion on the pos i t ion  of 
t r a n s i t i o n  i s  shown mora d i r ec t ly  by comparison between tho 
t r m s i t i o n  r e s u l t s  cibtsined. with the  d.iC-i'erent upper awface  
conditions.  With condition A ,  f o r  which the indicated ampli- 
tude of tho . t ramversa surface wavinens was a s  much as 0.005 
i m h ,  and with the l e f t  en.gine StoFped, t r a n s i t i o n  occwred 
a t  32.5 percent; of tho chcrd and 2); inchcs outboard of' the  
panel center  l i n e  a t  .m Rirplane l i f t  cooff ic ient  of 0.247 and 
a Xepo ldn  mmber of 26.4 mill lona.  For surface condition D, 
v f t h  an indicatod waviness ,amplitude of 0.901 inch, and the 
emno power condition the  triznsftion occurred at $2.4 Farcont 
of the  chord t-it tha xuno Reynolds nuxnkor ani! a more ~xn?:mombI-e 
l i f t  coef f ic ien t  o? 0.256. 
uppsr surface condition w a s  therefore an increclss i n  tho extent 

The r e s u l t  of the improvement i n  the 
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of the laminw boundaq la,pr of' at lea& 10 porcent of the  
chord, The cfr'ecta of the ixtermodi8ts surl'ece conditions pro 
not ciorlnitelg indica';,d b r  thct rseults. 

Operetion of t h s  engineE apd r rop i1 . e r s  h-td PJI advsree 
effect on the extent of the l aa inn r  laye * .  C o q a r i s m  oi' the 
r e s u l t s  obta!.nod with both enFtrBti oper ivlng ai fuJ  1 thmtL:le 
with tbosc obtalneC with both onTines stopped indic3'ma c? 
roctuction In  the  lttmiimr--fldw -A- L of' about 3 percent cf the  
chord.. 

me v.duea of Rg durf .vo i  froxn the menawe& volcrcit,y 
d i s t r ibu t ions  i n  the lmirmr borm$.i\ry I.ayor nnd l i s t e d  ir, 
t ab lo  IV range from ab0u.C 750C 'io ~JOOO. 
values my not, bo e n t i r e l y  r e l i a b l e ,  tile r eou l t s ,  in @nc:ral-, 
a m  suf'fic:',ently consis tent  t o  ;omi t  tiha ~oi l r , ius?~on th9-i; 
values of R8 
s i t i o n  occurs i n  f l i g h t  on sui tahl j -  desi&ed sxll cnro fu l ly  
f in i shed  a i r f o i l o  . 
increttee over the h! g.3a-t values obta-tried i n  the  or*igimI- 
NACA low-turbxlence t - m e ? -  on lmilnitr'-f ].ow sirf ~ 1 . l ~  s i m i l r - l r  
t o  t he  33-21? section; t h i s  c'omparison ind ica tes  t h a t  even 
with e.xLremelg low .t,urbulenco i n  the  twiiiel a i r  streer3., 
boundary-layer and. prof i le -dmg m.easwenient a W;J bo sub j r j c t  
t o  considerable reviFion when ay-d ied  t o  P l i @ t  conditions.  
It i s  pointed. out thGt w h i l e  thc .;due Rg I-- &IO0 ma3 not 
be the  u l t i ca t e  ,-stt?airdi$ sf t h i s  value brzu been Rt.tniiied ,?nJ 
thorefore m y  be used 3s :I guide i n  es t5aa t ing  w h i ;  may be 
expected i n  tho  o x t m t  of tho l m i n i v  Scundzrg :Layor m-d 
hence in p r o f i l e  drag f o r  airfoS..i.r; imving +.i.essrwe-distribution 
cha rac t e r i s t i c s  generally s i m i l a = *  ,to tLose oi. the  ?'+%.? airf'cil 

Altbouzh !.nd!.vidtm,l. 

of ab least 8000 o m  uttcino.bLe before trm- 

The vr*lue 8000 represents  a c.ons13-er*:.bl? 

Tho pyof ile-ilrag coet'f'icieat of t h e  ._uznn?. wars d.e-teml rid. 
from tho full-vnke surreys i n  rccordnnce with the mome~.t~1;11 
mbthod a8 devolopod by Jones. (%io rePeren.co 3.) For  the 
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pmer-off condition the  caoff i c i en t  is s ~ b s t e n t i a l - l y  constant 
over the range of l i f t  coe”3cicJnt scd B~yr,oLdo nim3er inveoti- 
Gated m.3 hag a value of aboct O.COL!8. With Fawar on the value 
is inweaoed to about O.GO52 or 8 percent.  

In view of th3 infei-ior corditj.on of the  lower surface of 
the  panel tbe prof ile4.i-ag maowomat a on tha uTper susface 
nlom are coneidered as nore nstsly repreEcnzk!.ve of the cnpa- 
b i l l t i e s  of t3e a i r f o i l ,  
from t he  bp.1P-vake surveys by the method of Squire and Young. 
(Soe rofeyence 4.) Aa shorm i n  f i p e  10, f o r  the povmr-aff 
condition t3e coef f ic ien t  lncrensed from about 0.0022 at  an 
aiqd-ane l i f t  coef f ic ien t  of 0.23; and a Reynolds number of 
29,OOO,OOO t o  0.0028 at a l i f t  coei’ficient of 0.32 and a 
Reynolds ntmber of 24,000,000. 1% is reasonable t o  a m m e  that 
f o r  oqually good sux4ace conditione the drag due t o  the  lower 
surface wmld ba lece than the5 of tho upper surface s o  t h a t  
t he  minimum drag coef f ic ien t  of t h e  akiToi l  would bo somowhat 
1em than 0.0044. The aCveree e f f ec t  on the &rag ccef f fc ien t  
due t o  eligine ar,d propollsr cperation I s  su3s tan t i~A~ed by the  
powor-on results which show aE i rcrease i n  Lra& coe;c”fIcimt 
of about 10 percent over t h s  2owerz-off values. 

Tho dreg cooff ic icn ts  w3re evaluated 

In reference 4, iil addition t o  t he  method of dotermining 
p r o f i l e  d m g  from wake mmeys, there  2s developed o. method 
of predict ing ths &rag from a knowledge of the loca t ion  of 
the t r a n s i t i o n  point,  the laminar boundary-layer ve loc i ty  
dio‘cribntion irJllledieutcly forward of t he  t r a n s i t i o n  point ,  
and the  presoure d i s t r i b u t i o n  botween the t r a m i t i o n  point  
and the t r a i l i n g  edge. To malro use of t h i s  metkod the ex- 
per iaenta l  p r o s s . ~ e ~ - i s t r i 5 u t i o n  curve f o r  the upper Q W ~ C ~  
given i n  figure 5 W R ~  ox$onded. Prom 53 p r c e n t  of the  chord 
t o  the t r a i l i n g  edge where the pressure waa known frolu tho  half-  
wake surveys. ‘.The profi le-drag coef f ic ien t  of the  uppr sur- 
fr.ce was then calcula-ted f o r  tho casea of t r a n s i t i o n  a t  42.5 
percent nnd 32.5 percent of’ the chord, both et a Reynolds 
number of 28,000,000. For the 42.5 percent location the drag 
coe f f i c i en t  WUF, 0.0023 wbich i s  i n  cloae agreement w i t h  the 
value obtained by the wake-eurpejr method. With t r a n s i t i o n  
a t  32.5 percent of the chord tlw drag coef f ic ien t  w m  ca lcu le t ed .  
t o  be 0.0028, Tlieso r o s u l t s  indictzte a reduction of about 
18 percent i n  the pTofl le  drag due t o  t he  improvement i n  sur” 
face c m d i t i o n  between condi t lon A and condition D. 

, e  

The s i a i f i cmce  of the  valuos of p ro f i l e  drag obtained 
f r o a  the tests of the 35-215 a i r fo i l  sect ion may become mor0 
apparent from suitable cornpariaone. 
ical turbulent  skin-friction drag coef f ic ien t  f o r  two s ides  

For example, the theoret-  
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of a i'l?;t p l a t e  a t  the  Iieynolls iim%er r;t vhich the  valce of 
O.OC'+8 vas obtdned for t he  t3st ranel I s  0.0052 or  about c 
ps rcmt  graater The minimm profi le-drag coeff '.ciont 1 O r  tile 
conventional. N!XA G01-5 a i r f o i l  sec t ion  i s  cstimaLed t o  be 
O.OO>?? at the s a m  Reyndds nvmbep o r  about 20 porcent Frentcr 
thm that, oi' the 35-21? s e s t i m .  C ~ m p ~ ~ r i a o n  on the  bas!s of 
the  uppei. surface drag indicabes t h a t  t h e  sin(.:lo surface 
tmrbxlent skin f r i c t i o n  of a ?!at p l a t e  is about 1 2  p e x e n t  
grea te r  end the single svzface drag of the  001.5 sec t ion  a3out 
30 porcent v e e t e r  
a i r f o i l  aect ion,  

than the  uTper s i r f a c e  drat of the  33-21? 

A lnminar boiindary layer was maintained over the upper 
surface of the  NACA 35-21? t e s t  ;?anel t o  x/c = 0.424 where 
t r a n s i t i o n  t o  tuy'm'lent f low occurred at, a lift cceff i c i e n t  
of 0.220 and z Reynoids llulnber of 26,700,000. 
condition of the upper surface so t h a t  the indic,sted amplitude 
of t h e  tranwo?rae waves, as measilred with the  surface curvsture 
@ago, was reduced frm 0.005 inch t o  0.001 inch resul ted  in 
increaeing the extent of tho laminar boundary layer from 32.5 
porcctnt t o  42.7 percent of the  chord, thereby probably reducing 
t h e  profilo-drag coef f ic ien t  of t he  upper surface about 18 per- 
cent. The r e s i d t s  of the  t r a n s i t i o n  t o s t s  indicatod a i'orward 
movement of thc t r a n s i t t o n  po.?nt of about _3 percent of t he  chord 
due t o  operation of t he  engines and propellers. 

Improving tho 

Tho ve loc i ty  surveys i n  the laminar boundaq.  l aye r  indicated 
that valuos of boixdnry-layer Reynolds number Rg (based on 
the  distnnce from the  surface a t  which t he  dynadc  preskure i n .  
the  boundary l aye r  is one-half t h a t  just outside the boundpi-? 
laxer) exceeding 8000 are attziinablo i n  f l ight  on suitfibly 
designed and ca re iu l ly  rfninhed airfoils. 

The prof i le-drag coef f ic ien t  w i t h  power off was very nearly 
constant with a va lue  of 0.0048 f o r  f l i gh t  conditions rangjng 
from en airplane l i f t  Coefficient of 0.21 and a corresponding 
Reynolds number of about 3O,OOO,OOO t o  R l i f t  coef f ic ien t  of 
0.32 Fad a Re,vnolde number of 2b,OOO,OOO. For the same range 
of conditions the prof i l e -d rag  coef f ic iont  of the  uyper surface 
alono varied frcm O.OO?? t o  0.0028. 
operation of t he  engi.nes and propel le rs  increamd the  prof i le-  
drag cocff ic ionts  REI masurod f o r  bcth surfaceo and f o r  the  
uppor surfrice alone on the  order of 8 t o  10 percent.  

Tho e f f e c t  of fu l l - th ro t t l o  
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