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SOME EFFECTS OF REYNOLDS AND MACH NUMBERS ON
THEE LIFT OF AN NACA 0012 RECTANGULAR WING IN
THE NACA 19-F0OT PRESSURE TUNNEL

By Thomas C. Muge
SUMMARY

4 short investigation was made in thZ NACA 19-foot
pressure tunnel to determine the aerodynamiec chavacter-
istics of a rectangular wing model censtructed to NACA
0012 airfoil gections. The tests were run with the air
in the tunnel at two different pressures: atmosgnheric
(14.7 1b/sq in. abs.) and 85 pounds per square inch abso-
lute. The Reynolds number ranged from 1,070,000 to
5,250,000 for the tegts at atwospheric pregsure and from
1,960,000 to 8,240,000 for the tests at a pregsure of 35
pounds per square inch absolute. The regults indicate a
marxed compregsibility effect on the Llift coefficients,
particularly the maximum lift coefficients, which increasge
up to a velocity of approximately 150 miles per hour (a
Mach number of 0.19) and then decrease rapidly. The re-
sults also indicate that, in wind-tunnel testing to de-’
termine maximum lift coefficients, compregsibility effects
may De avoided by limiting the tunnel air-stream tesgt
velo;ity to avout 125 miles per hour (a2 lach number of
0517

INTRODUCTION

During the calibration of the NACA 19-foot rressure
tunnel a few years ago, tests were made with a rectangular
metal wing constructed to NACA C0l2 airfoil sgectiong. The
results of these tests, which are reported herein and

which have been reported in part as unpublished data of

the NACA 19=foot pressgure tunnel in references 1 and 2,
showed compresgibility sffects on the 1ift coefficients

hat are believed to be of consideradle importance in winde
tunnel testing technique as well ac in connection with
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certein phenomena observed in flight. JInasmuch 2g the
information provided by the present tests is somewhat
gcanty, further tests are countemplated when the pressure
of the present military testing program is relieved.

TESTS AND RESULTS

Figure 1 gives the detzils of the model. The test
setup of the model mounted in the tunnel is shown in fig-
ure . Force tests were made over an angle-of-attack
range from below zero lift through the gtall with the air
in the ftunnel at two pressures, atmospheric (14.7 lb/sq L7
abs.) and 35 pounds per square inch absolute. The tests
were made at values of dynamic presgsure from 10 to 200
pounds per scuare foot, which gave test Reynolds numbe
from ;0% oco to 2,250,000 at atmospheric presgsure and
from 1,860,000 to 8,240,000 for 35 pounds per square inch
pressure.’ :
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Tests were made to cdetermine the effects of gupport
tare and interference, and corrections for these effecty
were made to the coefficients presented herein. The
angleg of attack are corrected for jet-boundary effects.

The variation of the 1lift coefficient Cy with angle
of attack a is given in figures 3 and 4 for the tests
et the different Reynolds numbers and the two tunihel air-
pressure conditiong. Examination of these curves revealsg
some variation of lift-curve slope with Reynolds number.
Correcting the slopes to infinite aspect ratio a, and
plotting a, against test Reynolds number (fig. 5) gives
a separate curve for each of the two tunnel air pressures,
When a, is plotted against Mach number, however, the
two curves show fair agreement in that the breaks occur
at approximately the same Mach nuwbor (fig. 6).

In figure 6, the maximum 1ift coeff;cien+ Cr ig
. Ylpax
pletted ‘against test Reynolds number for the two pressure
conditiong. For atmospheric pressure, the value of Clmax

increases up to a velocity of approximately 150 mileg per
bour after wihich it decreases at a rapid rate for the s
maining pcortion of the range investigated. Increasin

the pressure of the air in the tunnel extends the curve

obtained at atmospheric pressure to higher values of Clmax




and to higher values of critical Reynolds numbsr as indi—
cated by the dashed-line curve, The critical Reynolds
number in thls case also eorresponds to a velocity of
approximately 150 miles per hour, When these same values
of CLma are plotted against Mach number as in figure 7,
however, both curves show the peak at approximately the
some Mach number (0.19) indicating that the breakdown of
the flow 1s a compressibility effect. A few pressure
megsurements over the nose of the wing indicate this to be
the case. Further detafled pressurs moasuremente are
desirable. It should be remembered, however, that both
Reynolds and Mach number effects are combined in the results
of figures 6 and T and that the variation of CLmax is due

to a coubination of theee two effects. On the other hand,

- compressibillity effects are quite emall for Mach numbers up

to 0.17 and veriationg of CI . below this valueAtherefore

are esgentially trus Reynolds number effects. In refor—

ence 2, it has been shown from two-dimensional pressure—
distribution tests of airfoils of the NACA l6-series that

the curve of Cy - against Mach number starts upward

again &t higher Mach numbers with pronounced incregses of
meximum 1ift cosfficient being obtained. Unfortunately, it
was not possible in the present tests to obtain the high Mnch
number necessary to chow this offect. Further force tests

at hlgh Mach numbers appear to be very dssirsble,

The results of the presont investigation of the NACA
0012 wing indicate that tests for the dstermination of
maxima 1ift coefficient should be rade at the Reynolds
end Mach numbers correspanding to those existing for the
condltions at which tho data will be ueed. Unfortunately,
duplication of anticipated conditions of size, altitude,
and velocity would be requirod becyuse the proper Reynolds
and Mach numbers can be simultaneously obtained in no
other way. Tnasmuch ag the majority of wind tunnels are
dependent upon velocity chenges for variation of Mach num-—
ber, the effects of compressibility and Reynolds number
thus obtalned cannot bo soparated; consequently, the Mach
number effects at CLmax may predominate at much lower

than the desired Reynolds numboer and the data will be mis—
leading. Because the majority of maximum-1ift deta are
applied to the landing and stalling conditions of airplanes
in which the velocities are usuglly less that 125 miles
per hour, the compressibdility effects arec small. For this
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reagon, it wounld appear desirable in most cases to make
the wind-tunnel tests for maximum 1ift coefficient at
values of Mach number sufficiently low that compressibil-
ity effects will be negligidle. The present tests indi-
cate that an air-stream velocity of approximately 125

V miles per hour (a Mach number of 0.17) would be the unper

limit for airfoils with pregsure distributions similar to
that of the NACA 0012 gection. TFor flight attitudesg that
require maximum 1ift at high Mach and Reynolds numbers),
such as would te obtained in highyspeed turns, however,
both the Proper Mack and Reynolds numbers should be
duplicated.

CONCLUSIONS

From the tests of an NACA 0012 rectangular wing in
the NACA 19-foot pressure tunnel herein reported, the
following conclusiong may be drawn:

1. Qompressibility effects produce pronounced changes
in the value of the maximum lift coefficient for Mach
numbers excesding epproximately 0.17. Below this value,
Reynoldsg number effects apparently predominate,

2., Determination of the meximum lift coefficient Dy
wind~tunnel tests must therefore be done with due regard
for the flight condition to which the regults will De
applied. :

Langley lemorial Aeronauvtical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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Figure [.- General dimensions of o/l-metal rectangulor NACA

002 wing.
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Figure 2.- Rectangular NACA 0012 airfoil model mounted on the
normal supports in the NACA 19-foot pressure tunnel.




5
0
>
/.4
i
1.z - 7 &
A T A
/.0 / }/’ /| / P o
. ; y A TN L=
- A ?ﬁg ~
8- / A “/ 7 e /
G y, // // / Vi /
SSNE o/ # y paei il / // /
g , / / x/ ; E : ;
Ly / % / / / /] /
% A / / / Mach  Reynolds
Q s / / / / number.  number
vz 3 ¢ % g 4 . C748 18
% e /’f / / / . 285 __
N v © /9 295
Lo + b4 ¥ 5 5
e - 38 8-
o ) A e ) o [ R o |
. : o v 4 v >4
-4 4 = /6 o0 -4 o < o4 /2 /6 20
- 0 4 & & /6 o0 - o 4 8 1é& /6 20
-4 e 4 8 1C /5 Va C =4 o 4 8 /2 /6
(/ block = 10div.on Y4e Eng, scolc) -4 0 4 & /e /6 zo
6 /1€ /6 ZO

L-4 8¢

Fi igure | 3 —Var/ar

7 boun

-4 o
Angle of attock

of /ift coefficrent W///) 70?/9 of attack for MACA%O/Z rectongular wing. Pressure,
s per square /nch abso

¢ 'bi4



L-Log

z
»
(a)
» »
; AT
| / ) 4 A A : AR
.0 /{W | / )/ / L/ Xgﬁr
G/ / : (5 /( ("\ b k.
& // / / / / °
| / / 4 i £
3 . / V.= A A
- // // // A // -
)
Q ; 4 y. y. / / /
& gl ke / e /| | et e
U @ 2 4 i o 006/ /96 x/0°
§ 2| ERAEENARESAEEE AT
5 4 4 4 % . 2bo 26
Y #ﬂ o 230 7./1&4
~N /#/ 5 N b B S e
J 4 ¥ /] /|
) - a y / Y %
= ! 2/ i = ?/
-IZT o 4 1277 98 TED = 4 g e /6 0
-4 o 2 g /4; / Eg - —2% o 4 8 e 16 &0
(1 black = 10/40") K P /_4 2 2;‘ /r/4 d8 4 1O . £EO
Frgure 4.-\;5/—/0;‘/0/7 of /ift coefficrent ?1%7‘% Zn;/e g;ga;‘%é‘/f?gr WACA OO/Z rectongular wing.

resswre, 35 pounds per sQuare /nch absolute.

+ b14




Lift-curve slops, ag

Fig. 5

} | Fressure, 1b/sg in. abs

e O 14,7 —F
ARSI

.
B T ) S P
3 ,—‘/‘- Mer”
i r"“”“‘\fﬂ Ol 3
E’- _/\ /’/ 4 Q :
. 13 <f..\4/ . e :__" et ey —1'-»- —f

5 s |

O:S 108 '1 12 ’3 O;'-ff 05 .6 '7 '8 ‘9 1-".‘
¥ach npumbher '

P i T ¥ .
|
ek
8]
rD Pl—.\,
AT . s i Lot Ll gt 8
- -i-.--oé.)-—-z
r-,;ﬁr'd’*ﬂ/
/

.09

.
57
-
~1
.
X
-
L8

l
1 2 3 4 5 & 7 8 808
§

Figure o,~ Vapiation of lift-coefficient-curve slope with test Reynolds
number ani Mach number for NACA 0012 Tectangular wing,
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Pigure 6.~ Variation of maximum 1ift cocfficient with test Reynolds
number for NACA 0012 reoctangular wing.
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