


WIND-TUNIEL TESTS OF THE N.A.C.A. 45-125 AIRTFOIL
A THICK AIRFOIL FOR HIGH-SPEED AIRPLAWVES

By James'B. Delano -

SUMMARY

Investigations of the pressure distribution, the
profile drag, and the location of transition for a 30-
inch-chord 25-percent-thick W.A.C.A. 45~125 airfoil were
made in the ¥.A.C.A. 8-foot high-speed wind tunnel for
the purpose of aiding in the development of -a thick wing
for high-speed airplanes. The tests were made at a 1ift
coefficient of 0.1 for Reynolds Humbers from 1,750,000 to
8,600,000, corresponding to speeds from 80 to 440 miles
pe? hour at 599 ®, . The effeet on the profile drag of
fixing the transition .point was also investigzated.

.The effect of compressibility on :the rate of increase
of pressure coefficients was found to be greater than
that predicted by & simplified theoretical expression for
thin W ingse ¢ Thettesults' indicatled that o For “a Lift: cioef=
ficient of 0.1, the critical speed of the ¥.A.C.A. 45-125
_airfoil was about 460 miles per hour at 59° F,

The value of the profile~drag coefficient at a
Reynolds Humber of 4,500,000 was 0.0058, or about half as
large as the value for the W.A.C,A. 0025 airfoil. The
increase in the profile~drag coefficient for a given
movement of the transition point was about three times as
large as the corresponding increase for the NoohniiCuiliny 0012
airfoil, fransition determinations indicated that, for
Reynolds Numbers up to 7,000,000, laminar boundary layers
were maintained over approx 1mately 40 percent of the up-
per and the lower surfaces of the airfoil.

INTRODUCTIONW

The minimum static .pressure on an airfoil has been
used as an'index of .the critical speed of that airfoil, &
high minimum pressure indicating a low critical speed.
(See reference 1.) Most conventional airfoils have high
peaks of minimum Dressure that extend over only a small
part of the echord. It should be possible to produce air-
foils having high critical speeds by changing the high
pressure peaks to a flat pressure distribution with the
minimum pressures extending over a larger portion of the
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Thick wings are desirable for many applications, such
as engine-in-wing installations, fuel storage, and recesscs
for landing gear or other equipment. Thick wings of con-
ventional design, however, have low critical speeds and arc
inefficient for use at high speeds. A 25-percent-thick
airfoil wase designed having o pressurc distribution intend-
oed to give & high critical speed for a wing of this thick-
ness.,

.This airfoil-was tested to determine its critical
speed and to obtoin data to ald in the design of other
thick wings with high ceritical speeds.- The tests were
made in the 8-=foot high-speecd wind tunnel at a 1lift coef-
ficient of 0.1 and at specds ranging from 80 to 440 miles
per hour. The range of the test Reynolds. NFumber was
1,750,000 o0 8,600,000, based on the 30~inch chord. Com~
plete pressurc-distribution and drag determinations were
made to obtain scection coefficients. The location of the
transition point was detormlnbd along both surfaces of the
airfoil throughout the spoecd range. The mcthod of the
surface pitot was uscd og several positions along the chord
to determine the location of the transition point, the
point at which the. velocity near the surface of.the wing

startcd to- incrcase very rapldly because of. the onset of
turbulent flow. For somo tests, tronsgition wos artificiol-
ly fixecd ot two chord locations.

APPARATUS AND METEHOD

The' investigation was made in the N,A.C.A. 8-foot
high-speed wind tunnel, a single-return closed-throat
tunnel of circular cross section.” Sphere tests in this
tunnel have shown virtually the same critical Reynolds
Number as in free air (reference 2).

The W.A.C.A., 45-125 airfoil was used in the tests.
(See table I.) The first digit, 4, of the airfoil desig-
nation indicates the class of airfoil that has a flat-top
pressure distribution, a uniform distridbution of 1ift
along the chord at the design 1lift coefficient, and a
cusped trailing edge. The second digit, 5, designates
the approximate position at which the adverse pressure
gradient begins, 50 percent of the chord. The first digit
of the last three numbers represents the design lift co-
efficient, 0.1, and the last two digits zive the maximum

thickness, 25 percent of the chord.
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RESULTS

Tac pnressure distributions on both surfaces of the
airfoil for cq = 0.1 (a =.00) are shown in Ffigurec 2
for various valuss of M. Figurec 3 shows comparisons be~
tween the viariotieon grite speed 4of (the jpregs
sure cocf e airfoil tested aand Ackeret!s the-
oretical thin airfoils (referonce 4) as
. - Lo n -L = Sg .
given by the factor 1 - ——nve The compubted pressures
———
f\//I - Y~

on The upper sur
comparcd in fig
= A " h A Ll
ok O Ay 46125

The variation of the Reyn
ber 18 shown in Figure ba In

b
6, the locati



transition point is shown for various valuas of the
Reynolds Number. Curves of cq, for thc various surface
conditions are shown in figure 7; in addition, curves of
Cdg Tor the N.A.C.A8. 0025 airfoil (rgfcronco 5) and the
laminar and turbulent skin-friction curvés for flat
plates arce shown. Figure 8 shows the variation of Cdg
with the transition-point location for various Reynolds
Humbers.

All voests reported herein were made with the airfoil
at an anglc of attack of 0°, which gave approximately the
design 1if$ coefficicnt of 0.1. In the tests with rough-
ness at 0O.1l5¢c, however, a logs in 1lift occurred at high
specd, probadly because of turbulcnt separation.

Inasmuch as the wing was thick relative to the tun-
nel diameter, a correction for constriction was made to
the pressure cocff101 nts aﬂd to the profile-drag coef-

ficients. This correction varied from 2 percenit at low
spceds to 5 perceant at high speeds. A corrcction was
also made for the departure of the effecctive centers of
the total-pressure tubes from the geometric centers in
the transverse pressure gradient (reference 6). The pro-
file-drag coefficients for the airfoil with roughness at
0,15c and 0.30c have not been correctcd for the direct
drag of the carborundum strips that werc used to produce
and to fix transition; this corrcction is small and unim-
portant.

DISCUSSIONW

Critical speed.- The critical specd is defined as
the speced at which a break-down in flow, caused by com=-
pressibility offects and known as the compressibility bur-
ble, occurs. This flow change is usually evidenced by a
rapid risc in the drag cocfficient. It has been pointed
out in reference 7 that, for practical purposcs, the crit-
ical spced can be taken as the value of the translational
0

speed at which the sum of the tralsl“t1oqnl and the in-
duwced veclocities equ@ls the local speed of sound.
Extrapolation of the curves given in figure 3 show-

ing the varlutlon with M of the maximum pressurc coef-
ficient to the critical pressurc cocfficicent (the pressure
cocfficient at which the specd of sound is locally reached)
indicates that the critical -specd of the V.A.C.A. 45-125
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variation of the pressure cocfficicat (r
1 - So ; o ;
S = 1 = e y 8 about 7 perecent highoirs The most

probadle ‘causgie’ of this discrepancy is the agsumption made
in the deveclopnont of tho-thoory that the induced veloci-
tics are nogligibly small, It is belicved that the criti-
cal spcod of the N.A.C.A. 45-135 airfoil can be increascd
by so modifying the design that bhe pcecak prossure coeffi-
cicnts on both surfaccs arc reduced to give o flat-peak
prcssurce distribution.

Pregsuvure distrivbution.- The shapes of the pressure-
distribution curves remained practically the same through-

out the speed range f15 M) As the specd was increascd,
2ll the pressurc coefficients at points along the tops of
the curves increanscd wt almost the same rate _C\pt for

M 7

a
specds cbove 400 miles per hour (M = 0.53), where tho in-
crease wos greater on thb lower surface, ag is indicoated

in fEpuesE, The adverse prossure grodients over the rear
of the airfoil increascd when the gpeed wos in-

but apparcntly coused no separation. At high
y some unreporited pressure-~distribution results, with
rouLnnoss ot 0. 16c "on’' both surfoeos of The aiffoil, showed
a loss in 1lift that was nrobably causcd by scparation; no
such loss in 1ift wos notcd with roughnosg ot 0.30c.

Drag.~ Tho minimum profile-droag coefficient of theo
smooth ¥.A.C.A. 45~123b airfeily for o 1lift coefficient of
0.1, was 0.0058 at o Reynolds Humber of 4,500,000 (fig. 7),
or about one-half as large as the profile-drag coefficicnt

%)

o
of the J.A:C.A. 0025 airfoil (reference 5). The wvalue of
Ca fras 050068 ot tho lowest Reoynolds Fumber and it re-
‘0

L

mained below 0.,0063 ocven ot the highest Reynolds Humber,
which corrcsponded to 2 speed of 440 miles per hour at

590 F., indicating that compressibility offccts were small.
These low drag values arc duc to extensive lamianar flows
cxtending eover 40 perecent of ) thetairfioil wp to o Reynolds
Number of at least 7,000,000 (fig. 6).
Tive prefilesdPagpeepfficientscof thorpivfodil wik
roughness ot 0.15¢c and 0.30c¢c were, ra?poctiv Ly, L25ipsr=
P , droglecoc flClunb f

cent and 75 percent largo4
the smooth airfoil for Reyr
The xrapid iancrease in




than 7,000,000 is beliecved to be due to turbulent sepa-

£

ration and not to compressibility ceffectse. Thig belief
is substantiated dy the rcsults of the pressure-digstribu-
tion measurements. on the airfoil with: roughness at 0.150,
ng hos previously been discussed, and:also by the fac

that. the critical speed was not rcached. It is not Pdoxa
whether therc would have been separation if tronsition
had ocecurred ot the same chord po“ltlon because of large
scale. rather than rouﬂhdess. ' '

Thie variation of “0qy with the tronsition-point lo-

cation wons almost lincar for Reynolds Numbers up to
5,000,000 (fig. 8). Thﬁ drag increase for a given movement
n

.{‘
of the tronsition point was about threc times as large as
the increase for the same movemeat of the tramsition point
on the Wid:B«ds, 0012 airfoil.dreference8)s:, This drag in=
cr asends. greater than cean.be accounted- for by increascd
cin friction alone and is prodably duve mainly to pressure
drua.

L]

COECLUSIQES

1, The pressure-distribution results indicate that
the. critical speed of the ?5—gcrc"nt ~thick N.A.C.A. 45-125
airfoil was cbout 460 miles per hour at 599 Bl forla 1144
cocfficicnt of approximately 0.l. . The test results indi-
cate thaot it will be possible further to incrcase the crit-
ical speed by so modifying the airfoil that the peak pres-
surcs will be reduced to a morc uniform pressure distribu-—
tion. ' i

ve of the profile-drag coefficient for the
1 irfoil at a Reynolds Number of 4,500,000
was O 0058, or about half as large as the value for the
5 i ’ ;

J.“l -A. C.JL. 002
3. Transition determinations indicated that, for
Reynolds Humbers up to 7,000,000, laminar boundary lﬁvers
were maintained over approximately 40 percent of the uppe

and the lower surfaces of the airfoil,

Langiey Memorial Aeronasuticnl Laboratory
Hational Advisory Committee for Aeronautics,
Langley FTisld, Va., November 3, 1939.
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ABLE I.- ORDINATES OF THE N.A.C.A. 45-125 AIRFOIL

[Stations and ordinates given in percent chord]

Upper surface Lower surface
Station Ordinate Station Ordinate
o) 0 0 0
2.1862 3.443 1.368 -3 .340
2.564 4.762 2.636 -4 ,576
4.851 6528 5.149 ~6.,212
7.5348 7851 7658 -7.407
9850 8.8349 1041560 -8.333
14.862 10:32%7 15,138 -9.655
195880 11,314 20.. 120 -10.518
250909 18:5631 30.081 11,559
595960 12,9086 40,040 -11.,834
50,000 12.440 50.000 -11.33%6
605033 10760 BC o967 -2.688
7035052 8+223 69.948 -7.251
80,0563 B 165 79.947 -4.,369
90: 032 2 8£.968 -1.560
50015 . 819 94.985 -.503
100,000 0 100.000 0

L.®B. radius : 4.69
Slope of radius through end of chord: 1/20



45-125 airfoil in the 8-foot high-speed wind tunnel.
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N.A.C.A. Fig. 2

£
J opeel
= ///[/ =4 M‘
M g — N .‘ 20
,Kﬂ" T - T‘\ \ |
fis "ET/%X? \ o
: — === R\ L8
+_._s ?:'——:/T \Q‘% h “'E
/ Upper suritace N O
l N /.6 O
2.0 8\ /4 k'\‘q:)
- S N S
s a0 il A W
. .8 . == | ‘ =
S AL Lol At >
s S Sk e\ o
[WAS) ey SR \ LO ©
NN | \\\\ h
\?.3 Lower surface D A o
S 4 RN W€ 9
Mach number; M \ X W
0 4——-- 0576 A\ 6§
% /,2 D . D
3 Q= 5[5 N %
0 vV——" 426 C
O L0 O —-- 345 \ 4.3
Q o —— .266 Q
()} By S ./86 b
O 8 X e b
Y~ -+ =5 ; : ‘k :
1S X
) .6% nba
le) L — e
&) Y, P ~ |
3 _ ] T~ |
Q - - - ]
IS =
™ |1
—— L—1
K I 2 3 4 5 6 .7 & 9

x/c
Figure 2.- Pressure distribution on the N.A.C.A. 45-125 airfoil.
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