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C- F~~~~T IAL BU LLETIN 

SO ME EFFECTS OF REYNOLDS iLND N.ACH N""JMBERS ON 

THE LIFT OF AN NACA 0012 RECT ANGULAR WING IN 

T ~E NACA 1 9-FOOT ?RE SSURE TUNNEL 

By Thomas C. Muse 

A short inv e st i ga tion was made in th~ NACA 19-foot 
pre ssu re tu.~e l to de termi ne the aerody na mi c character
istics of a r e ctangul r wing model c0_structed to NACA 
00 12 ai r foil sectio n s. The tests were r un ~ith the air 
in the tun~el at two dif~e r ent pressures: atmosnhe ric 
(14 .7 Ib/sq iI . abs .) and ~5 pounds per square inch abso
l ute . Ihe Reynolds numb er r anged from 1,070 , 000 to 
5 , 250 , 000 for the test s at at no spheric p ressur e and from 
l. 960 ,C OQ to 8 , 240 , 000 for the tusts at a pre ssur~ of 35 
pounds p er square inc h a bs olute . The results in dicate a 
marked c ompressibility effect on the lift coefficie~ts. 
"pa r t icul a rl ~7 the maximum lift c Oefficients, which incr'JBse 
~p "to a vel~cit y of a p proximately 1 50 miles per hour (a 
Mach nu mbe r of 0 . 1 9 ) and the n d cr e as e rapidly. The r~
suIts a lso i nd ica te that , i n wind- tunnel t e sting to dc-" 
terminEl maxirrlum lift cO e fficie nts , compr e ssibilit y effects 
o ay b£ avoid ed, by limi ti ng tht; t unne l air- straam test 
velocit J- t o a -o out 12 5 miles pe r ho u r (a lach number of 
0 .1 7) 

DJTRODU0T I ON 

Du r ing the ca lib ra tion of the NACA 19-foot pr essure 
tunnel a f e v y ears a go . tests '~er e r.1ad e "-;ith a rec~a!lgular 

metal wi ng co r st r u c ted to NACA C012 airfoil sections. The 
re sults of these test s, whi c h a r e repo rte d he rein and 
wh ich have bee r! repo rted in pa rt as 'In"J?ub l i she d data of 
the NACA 19~f o o t pr essure t unne l in references 1 and 2. 
showed co mp r essibility eff ects on the lift c o ef fici ent s 
t ha t are be li eve d to be of consi derable i wpo rtance in Jind
tunnel tes ti ng te c hnique as ~el l ae in co nne cti on ~ith 
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certain p he n omena observed in :fli ght. Inasmuch as the 
information provided by the p r ese n t tests is so mewhat 
sc a nt y , further tests are cont emplated when the pressure 
Of th e p resent rril i tary testing program i s relieved. 

TESTS AND ?ESULTS 

Figu r e 1 g i v~s the details of the model . The te st 
s e t up of the mode l mounted in the tunnel is sho wn in fi g
" r e 2 . Forc e tests were made ov e r an angle-of - attack 
r ane e f ro m b e low z e ro li ft through the stall with the ai r 
in t ha tunnel at two pr e ssur e a . at mospheric (14.7 lb/sq i n . 
abs . ) a nd 35 p ounds pe r square i n~h abs olute. The tes t s 
we re ma~e at values of dy namic p r e ssur e fro m 10 to 200 
pou~ds pa r squa re foot, ~hich g av ~ t e st Rd y n olds numbers 
fro m 1 , 07 0 , 000 to 5 , 250 . 000 at atmospheric p r e ssure and 
fro m 1 . 9 60 , O ~ O to 8 , 24 , 000 for 35 pounds p e r squar e inch 
pr 0 ssu r e . 

Tes t s we re ma d e to ~ eter n i n e t he effe cts o f support 
t a r e an d i n te r fe renc e , a nd corre c tions for t he se eff e c t ~ 

ere ~ad e t o th e coe f ficients p r esented herei n . Th e 
a nele s of attack a re corr ected for jet- ou nd u r y e ff ects. 

T ~ e var i ati on of t he lift c oefficie n t 01 wit h a ng le 
of a tta c k a is g i v e n in fi gu r e s 3 and 4 for t h e t e sts 
at th e d iffere nt ReynoJ,ds numbers and t h e tw o t UE!161 air 
pressu re co ndition s. Examinatio n of these cur v es r eveals 
so me varia ti on of lift- cu r ve slop e wit h Reyn olds nu mber . 
Corr e ct i ng t h e s lope s to infinit e aspe ct r at iQ a o a nd 
pl ott i ng a o a gai n st test tiey nol d s numb er (fi g . 5 ) g i- a s 

~ s epa ra t e cu rve fo r ea ch of th e t n o tu n nel a ir ~ r e ssu r e s. 
Wh e n ao is p lotted a gainst Mach numb er . h owe v Hr, t he 
tw o Q~ r v es sh ow fair a g r e ement in t h at th e b reak s occu r 
at ap_ roxi ma t ely the same Mach num ber ( f i g . 5). 

In fi ~~re 6 , the maxi u m li ft coeffici ent C.,. i s LJ r:;,a x 
plot t ed ,'a g ai n s t t est Re~' no1d s numbe r f or th e tw o ;:> r e s S1;i re 
conditio n s. For at mo sphe ric p r essu re , th e va l ue of ~T .!.Jmax 
i ncreases u p to a velo c it y of a ppr oxi ma tel y 1 50 mil e s p er 
h o r ait er wh i c h it decreases at a rap id ra t e fo r ·t he re
ma iLing p ortion of the r a nge investiga ted . I ncr easi ng 
t h e p re s su re of t h e ai r in the tunnel exte nds the cu rve 
~ bta ined at at mosp heri c p ressu re to h igher v a l ue s of CL~ax 
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and to higher ve.lu~8 of' cd tical Reynold.s number as 'inc:l-
ca ted. bJ• the d.ashe~.-l:!. ne curve. The cri tl cal Reynold s 
number ., n thi s case also corresponds to a veloci ty of 
appr oximately 150 ru.:.lel3 per pour. When these srune values 
of Cl-

IJ1
-BX are plott,ed A'"fdnst Bach number 8,S in figure 7, 

however, both curves S~lOW the peak at approximately the 
srune Mach number (0.19) i ndicating that the breakdewn ef 
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the flow is a cempressibil:t ty effect .. A few pressure 
mea surements evor the nose of the w:i ng indicate 'th:: 8 to be 
the case . Further o.ete1lod preSE:urc rnoasurernents are 
ciesirable . It should .be remembered , however J that beth 
Reynolds and r,jach number Gffects are combined :tn the results 
of f:lgures 6 and 7 and that the varjation of CLmax is due 
to a COlnb Jna tj on ef these two effects. On the other hanel , 
compress} b:i 1'1 ty bffects are Q Hi t e 8tl..t:J.ll fer Mach numbers up 
+'0 0 . 17 and var .at:iens 0f CLmax ' belo~T this Villus therefere 

a,re essentially truo Reynolds number offects . In refer-
ence 2, it has been shewn from tvTe--cimens onal pressure
distribution tests of aj.ri'oils of the NACA 16-eerios that 
tho curve of C

Lmax 
agaj nst Nach number t'tarts upward 

a geJ.l1 at higher Bach numbers with pronouncec. incroo.ses of 
Il1C.ximum Eft coeffic1 ent ·ooing 0btained . Unfortunately J i t 
w~s not possible in t he present tasts to obtain tho high M~ch 
number necessary to ehow this effect . Furthor ferce tests 
at ltl h Mach numbor's appog.r to be very dr~si rg.ble . 

The r esults of the pres0nt imrcF-tlgation of the NACA 
0012 wln ) indicate that t est.s for tho d.0r,ormjnat on of 
max. m1.U:J. lift coorf:i C) ont '-l houlct. be I,ade at the Reynolds 
e.nd Nach numbero corrosponll.::'n6 to thoBo exiating for the 
cond _. t.ions a t whj c tho d·ta will (J useel. Unfortunately, 
d.upljcat on ef ar:t~cipatod condiUons of size , altitude , 
and volocj ty wo l d be requir.)d bee'ws E: t"le prepEJr Re;ynolds 
and Mach number s can bo slmultl3.nel)usly obtained in no 
other way . Inasmuch RS tho majorjty o· wind tunnels are 
dependent upon velocj ty clum es for "·".tr atlon ef Mach num
ber , the effects of cemp GSS b i ljty auri Reynolds number 
thus obta~ ned cannot bo sopa. a tCJd j conseQuently, the Mech 
numb0r aff ects a t CLmax may predom._nate kJ.t m ch lower 

tha.n tho desired Royn.)lds number and the data will be mis
l ea djnc. . Becau80 the lnajority of m~1mtup--lift ata are 
applied to the landj ng 13.n{l still-lin .., Gondl.tiODS of airplanes 
in '-Thich the veloci ties are UBUBll;) lEJSS that 125 miles 
per hour .• the compressibil:ity effects aro sIllG.ll. For thj 6 
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r ea son. i t ~ ould appea r des irable in most cases to make 
t he wi nd- tunnel tests foi maxi~tim lift coefficient At 
v a l uer' of !{ach numbe r ' su{f ici erl tly lo,v that compre ssibil
ity effects will be negligible . The present tests indi
cate that an ai r- st ream velo c ity of approximately 125 

~ miles pe r hour (a Ma ch number ofO . l?) wou ld be th e u? pe r 
limit for airfoils wi th pressure distributions s imilar to 
that of thG NACA )012 section. For flight attitudes that 
re quire maximum lift at high Mach and Rey nolds numo ers't 
su ch as would 'be obtained in highvspe e d turns. howeve r. 
bcith the p r oper Ma ch and Reynolds numbers should be 
du p 1 i c at e d • 

C OtTC1U S ION S 

From the tests of an RACA 0012 rectangular wing in 
the NACA 19-foot p ressure tunnel herein reported . the 
followi ng conclusion s may be drawn : 

1. Qo rrc? r e ssibilit:y effects produce pronoun ced changes 
, in the v a lue of, the m;:!'xir.mm lift coefficient for Ma ch 
n~mb ers exc 8 9d ing approximately 0 . 17 . Eelow t h is value, 
Reynolds nurl·be r effectH appa,re n tl ;,r 'predoDlinat e. 

:3 . De t e l' ill ina t ion 0 f t !1 e r,j8:x. i mu ill 1 i ftc 0 e f f i c i en t by 
Wind-tunnel tests must therefore be done wi th due regard 
for the flight c onditi on tO,which the results will be 
ap}) 11 e d . 

Lang ley Memoria l Acro na uti cBl Laborat ory, 
, National Advisory Committee for Aeronautics . 

Langl ey Field , Va . 

1. StaGk, John : CO F-Jp ree s ibilit y Effec t s in AeroG£mtical 
Bngin'eering . NACA A.C. R .• A" g" 1 9 41. 

2 . Stac k , John . Fedz i uk. Een~y A .• Bud Oleary . Harold E .: 
Preli n: i ,na r y Investiga ' ior~ of the };ffect of Compress 
i bility on th e Maxim"J.!D. JJift COE:;fficie.:lt . _~ACA 

A.C . R •• Fe b . 1943. 
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Figure '2. - Rectangular NACA 0012 airfoil model mounted on the 
normal supports in the NACA 19-ioot pressure tunnel. 
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Figur e ;) .- Variat i on of lif t - c oeff i d cl t- ,-~,;_:tV8 sloOG 'iii th test ReY!lo l ds 
m.unber a!!.-L :Ioa cr. :1Ul.-,Der :fo r lJACA 0012 r"cta:lgular iiLlg. 



f) 

o 
':ji 
t 

H 

-- -- --- _. 

gACA Fi gs. 6 ,7 

.... i P:c<.":s Sl.'.r li' , l e. / S r> J. ~" . abs CIl'-'~.:: 1. SIr + r! : 1. -'" '! . f" r - i: _--1-1" . -<-I ._1 
-+--+-+-------r-----i---O 14 . 7 -.-- f--L- --1-+-+ 

~ ! '" I' 1'-
.~ ._- - I I '-1--: : 1-.--;:-.,... -lu....-:-r~,\ I' 

~~ I I -- I ! 
: 1. 4 ---r ---- i ! P t -1-1; ...:---+---y---

~ ----1-1

1

-.-i
L
!- -----r----t;foI~-tr~ - -I . 

. ~ 1.2' --1- '--1 ---+;./y~-_I_- ·-L-L·D\- -. I --l_ .~ 
~ ~ - -+-_ . 

. 6 . 7 • 8 . c 1 :? 3 4: ;) f, 7 8 9)(.10'" 

Figure 6 .- Vari a tio::1 of :T.a:dmum lift co;.;Eic i o;:)clt \\· ith l;apt Re:yno1d.s 
lli.1rnb ar f OT :i.JAC.\ 0012 r0c tan~:nl3.r ·;ring . 

-~ 
--r~ 

--I---

~ 11 
+-

Fi ~~ure 7,- Variatlon of mexi'nUln l Lf t coef'cicL;:lt wi t h Mach 11"1.<I)or 
for NACA ')Ol 2 rr.~c t l1n f,'1.1.1al' win~. 

c...... . 7 
"'--~--~~--- -----------_._---_ .. ~ ~~-~--~-----.,;:;,.".-....-- J 


