ek

Q(..

p "

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
November 1GL45 as

Advance Confidential Report L3G1O
EFFECTS OF COMPRESSIBILITY ON THE MAXIMUM LIFT
CHARACTERISTICS AND SPANWISE _Li@ DISTRIBUTION

OF A 12-FOOT-SPAN FIGHTER-TYPE WING OF

NACA 230-SERIES AIRFOIL SECTIONS

By E. 0. Pearson, Jr., A. J. Evans

and F. E. West, Jr.

Langley Memorisal Aeronautical Laboratory
Langley Field, Va.

NACA

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L -5k




NACA ACR No. L5G10

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDE¥TIAL REPOCRT

E"PECTS OF COMPRESSIBILITY ON THE MAXIMUM LIPFT
CHARACTERISTICS AND SPANWISE LOAD DISTRIBUTION
OF A4 12-F00T-SPAN FIGHTER-TYPE WING OF
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-
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SUMTARY

Force and pressure-distribution measurements were
made on a fighter-type wing model of conventional
NACA 230-series airfolil sections 1n the Langley 1l€-foot
high~speed tunnel to determine the effects of compressi-
bility on the maximum 1lift characteristics and the span-
wise load distribution. The range of engle of attack
investigated was from -10° to 24°. The Mach number range
wag from 0.20 to 0.70 at small and medium angles of attack
and from 0.15 to 0.625 at very large angles of attack.

In the Mach number range from 0.15 to 0,55, the
maximum 1ift coefficient first increased with increasing
Macn number and then decreased rapidly after having
reached a peak vealue at a Mach number of 03505 A% Mach
numbers- higher then 0.85, the raté - of aecrease of maximum
1ift coefrficient with Kach rumber was considerably reduced.
At these higher speeds the 1lift coefficlient continued to
increase with angle of attack well beyond the angle at
which marked flow separation or stalling occurred, and
the mazimum 1ift coefficient was reached at angles 10°
to 12° beyond the stalling angle.

No significant changes in the span load distribution
were found to occur below the stall at any of the test
speeds., Vhen the wing stalled at high speeds, the
resultant load underwent a moderate outboard shift, whlch
resulted in increases in root bending moment up to about
10 perecenta




2 CONFIDENTIAL NACA ACR No. L5G1O
INTRODUCTION

”ind-tunnel tests §f a rectangular qu} of NACA 0012
airfoll section (referencs 1) showed that the maximum 1ift
coefficient reached a peak value at the low Mach number of
C.19 anc decreased rapldly as the Mach number M was
increased from this value up to the highest Mach number
of the tests (M ® 0.35). AltH01th these tests were

1ecessarily limited in scope, they indicated the importance
of a knowleage of the effect of compressibility on the
maximum 1ift coefficient both in the estimation of the
maneuvering performance and loads of high-speed aircraft
and in the-inte erpretation of wind-tunnel maximum 1ift

datea as applied to the-prediction of airplene character-
istics at low speeds.

linre- recent two-dimensinnal wind-tunnel tests of a
number of propeller-type airfolls over a relatively large
Mach number range (reference-2) showed effects for the
thicker airfoils similarto those af reference 1 and in
addition showed large increases in the maximum 1lift coef- .
ficient starting at Mach numbers of about 0.5. Flight
tests of fighter airplanes reported in references 3 and 4
showed large decreases. in the 1ift coefficient corre- .
sponding te the stall .up to Mach numbers of about 0.6.

A high-speed wind-tunnel investigation of a number
of three-dimensional wings of different airfoil sections
has been undertaken to provide more detailed information
on the high-speed stalling phenomena., Measurements to
determine the effect of compressibllity on the spanwise
load distribution were included in the program because cf
the related importance of the load distribution as a ,
determining factor of the strength reguirements of wings.
The present report gives the preliminary results of force

.and pressure measurements in the Langley 16-foot high-

speed tunnel on the first of a series of wings. The

moGel tested was a fighter-type wing having an aspect :

ratio of 6, a taper ratio of 2:1, and conventional

NACA 230-series airfoil sections.
\
|
|
|
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NACA ACR No. L5G10 CONTIDEWNTTAL 3

v true airspeed, feet per second
a speed of sound 1n alr, leet pen secord
M Mach number (V/a)
o alr density, slugs per cublec foot
! . : 1°FF
a dynamic pressure, pounds per square foot EpV
. cV
R Reynolds number (E_j)
\ i
) coefficient of viscosity of air, slugs per

foot-second

The foregeing symbols represent the undisturbed
stream values.

C crogs--cectional area of the tumnel at the throat,
(ereNicel
D eguivalent cdiameter of the tunnel test section,
74 SO
[ j4C }
feet =,¢——
\V
S wing area, square feet
b wing sran, feet
y spenwise distance measured from the plane of
syrmctry, fect
Cgq airfoil chord at plane of symmetry, feet
c mean chord, feet (S/b)
g airfoil chord at sny spanwice location, feet
t meximur thickness of eirfoil section corresponding
to the mean chord, fest
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4 CONFIDENTIAL NACA ACK No. L5G10 .

L wing 1ift, pounds .
c wing 11ft coefficilent (-Z.

i qS
n sectlion normal force (force per unit span), pounds

DELNTOOE

Gy section normal-force coefficient (2 )
\dey
c. L. 1load coefficient
n e
s // b b
5
C, % :
G wing normeal-force coefficient 2 —= / Cyp, — Ay
N B = ~ C
e S
a correctved angle of attack of tlie root section
(secticn at the plane of symmetry), degree
AGLL angle-of-attack correcticn due to the jet
boundery-induced upwash &t the lifting line, .
= . N\
degrees (02.5 o] ; Cr )
E \ o _7
o a function of the ratio cf wing span to tur nnel
. 1T z Iy d S
diameter !%Il +.2 BV e 8 (BN L
8 T6\D/ B \D _
Aaap angle-of-attack correction due to the jet
boundary-induced stresmline “wriatare
3 o= =
degrees (—12:09 __ & Aarp
< “...4_—.....—~ :“) .l_a..._J)
= e
V.L - ;\. /
APPARATYUS AND METHODS
A disgraxmetic sketch of the Wlhg model used in the
tests 1g glven in ilgure 1. The AﬁClpxl dimensions
given 1n the figure and other jertinant information are i
given in the following list:
-
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RARERELE 4 & 5 % % s b oe 8 W4 bt R R e i
cope il e N % R IR I T L T s T 24
W i s G T R VO P T O T 6
B G e d e e e 6 e e s ety Bl AR RS RN R
Gecmetric and aerodynamic twist (washout), Geg + « ¢ 4de2
L ce I8N 5 v s v s e e il e NACA 23016
N CETI0n W v v v ox s s e w e h NACA 23009
Dihedral (along the 1/4 chord line), A ol e 5. % 0
Sweepback (along the 1/4 chord 1ige) , 28@l & o = = 3,18

The wing was of built-up steel construction and was
mechined in such a manner that surface elements connecting
equal percentage-chord points of the root and tip sections
were straight lines.

Thirty-three pressare orifices were distributed over
each of six wing sections, the spanwise locations of which
are given in firure 7 The chordwise distribution of
pressure orifices ior & typical section is also shown in
figure 1. The pressure tubes were brought out of the wing
to multiple-tube manometers in the test charnber by meeans
of L*e boom and movable strut arrangement shown in fig-
ure 2. For the force tests the boom and str were

removed and the boom replaced with a short ialﬁlna, which
is shown in figure 1.

The wi
shielded mt
The thickne:

no was mounted et the tunnel center line on
ruts havi ng a thickness-chord ratio of 0.15.
S= chord PdEiO of the shields was 0.124. Fig-
hotograph of the wing mounted upright in the
he force tests.
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Most of the teat runs were made with the angle of
attack helcd constant while the tunnel speed wes varied
from about 180 mile~ per hour to the maximum speed
obtainable, which for wing angles of attack between O
and 4° was any ruyl*ctel' E20 miles per hour. The corre-
sponding Mach number range was from C.20 to 0.70, and
the corr ‘€ rponding range of average Reynolds number was
from 3.0 x 10% to R.l x 108, Figure 4 shows the varia-
tion of °veraﬁe Reyrolds number with Mack number. TFor
very larg wiﬂg angles of Qttac the maximum obtainable
tunnel sreed as about 460 miles per hour, which corre-
sponds to a Mach number cf about 0.625. In the deter-
mination of marimum 1ift coeifficients additional tests
were made with the tunnel speed held constant while the
angle of attack was varied in the region near maximum
11f%€. The ﬁ»omeu lC angle-of-attack range of the tests
was from -10° to 24°

O
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6 CONFIDENTTIAL NACA ACR No. LBG1O

In the load=-distribution tests the static pressures
over the six wing sections, as indicated by several
muiltiple-tube manometers,wple recorded photographically.
The chordwige pressure distributions determined from
these photographic records were integrated mechanically
to find the <ection normal-force coefficients.

Farce data.- The force data nave been corrected for
strut tares, air-stream misalinement, and tunnel-wall
effects.

The strut tare forces were determined from tests
with the wing inverted with and i t image support
struts installed. A photograph inverted wing with
the image struts installied is gi figure . " ile
largest increments of 1lift coeff due to the support
struts were between 0.03 and OC.

TheNeffective misalinvwent ancgle of the air stream
was determined from tests of the wing upright and 3“nevuod
with the image struts installed and was found to be constant
at 0.15° throughout the speed range of the tests,
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tunnel walls were sccounted for
ences &, 6, and 7 as follows:
e

ancgle-oi'-attack correction

This equation is strictly valid only for the case of an
elliptical spunu¢se load digtribution. A check calculation




JACA ACR No. LEGIO CONFIDERTTAL i}
by a more exact but more detailed procedure based on the
experimentally determined span loadiqﬂ revealed that the
error incurred by the use of the simpler Torm was neglie=
gible. AL 2 wing 1ift coefficient of 1.@ the conrection
was 0,939,

An additional correcti to the angle of attack

due to an induced cufvmture of the flow was calculated
from the equation

Aagg =

This eguation is based on the original incompressible-
flow derivation of reference €. The modification

n in reference 5
P

ive « This correction
amounted to 0.16° at a 1ift coefficient of 1

V1l - 1M ig g

Mach number of 0.6.

Corrections to the stream veloclty, dynamic pressure,
and Mach nurlez and to the wing 1ift coefrficient cdue to
constriction effecL“ were calculated by the method of
reference 7. The correction to the veloecity is

— Onr N
AV _ 0.6be i
——
v

\' + 7 s
BH)”jrﬁ Vl - M )5 43(;/1 . Mz)d

where AV 1s the effective incremental velccity due to
constriction, B and H are the breadth and helght of

a rectangular turnel, and Cpy 1s the wing profile-drag
coefficient. The two terms on the “i’kt of the equation
give the velocity increments due, respectively, to "solid"
constriction and “wake" constriction. Since the magnitude

of the walke constriction effect is = f-lct*,n of" the- velecity

loss in the wake ana the size 31 the. wake, the correcGion
rag

N~
18 expressed in terms of tne profile-drag coefficient,
which is also a function of those quantities.

No theoretical treatment of the problem of constric-
tion effects for a finite wing in a circular tunnel exists
at the present time, ard the foregoing relation was thought
to represent the best available saspproximation. As modified
for the case of the circulasr tunnel, the equation became

AV 0.6b3% Cpge

AR L V/l : M2)5 4?‘&/& =) ®
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NACA ACR No. L5G10 CONFIDENTIAL %)

of attack and Mach number are shown in figures 6 and 7.
Figure € 1s presented to indicate by the scatter of the
test points the precision with which the data were
obtained. The same data with the test-point symbols
removed and with the horizontal lines drawn for constant
and even values of angle of attack are given in figure 7.

The variation of maximum 1ift coefficient CLmay

with Mach number is shown in figure 8. The maximum 1ift
coefricient increases with increasing Mach number until

a Mach number of about 0.30 is reached., This increase can
probably be attributed to a combination of Reynolds number
end “fach number effects; however, the Revnolds numbher effect
probably predominates in this region. As the lfach number

is Increased above 0.30, the maximum 1ift coefficient
cdecreases at an increasingly repid rete until a Mach number
of about 0.55 is reached. In the region between M = 0.55
and I = 8 the rate of decrcase of maximum 1ift coef-
fieient w numher le¢ consicderably reduced.

o,
N

The lift-coefficient curves of figure 7 are presented
agaln in rigure 9, plotted to a common angle-of-attack
scale to illustrate more clearly the changing character
of the stall as the I'ach number is ircreacsed. As the
Hach number increases above 0.30 the ancle of attack at
which the wing stalls progressively decreases; also, at
iMach nwiers below 0.55 the stalling angle and the angle
for maximum 1ift are approximately the same. At iMach
numbers above 0.55, however, the maximum 1ift coefficient
cccurs at an angle of astack 10° te 12° higher than that
at which pronounced separetion of the flow begins.

These data indicate that for airplanes with wings
eimilar to the test wing there exints at high speeds a range
of maximum obtainable 1ift coefficient. This ranze extends
from the 1ift coefficient correspondine to the initial

stall (such as shown by the lower dashed curve of fipure 8)
to that corresponiing to the actual maximum 1ift ccefficient
of the wing. At the lower value of 1ift coefficient
corresponding to the change in slope of the 1ift curves of
figure 9, increases in stability duve primarily to decreases
in downwash angle are likely to occur. It might be expected
therefore that at high speeds the amount of elevator control
available would be an important factor in determining the
maximun 1ift coefficient obtainable (reference 4). Thus,

an airplene with a limited amount of elevator control

might be capable of reaching sn angle of attack only a few

n
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10 CONFIDENTIAL HACA ACR Ho. LSG1O

Aegrees above the stall, and the mazimum 1ift coefiil
obtainable might be only slightly greater than thoce
nresented by the lower dashed curve of figure 8. Tall
puffeting 1is also 1likely to occur when the Ilow 3
fron the wing, go that piloting ecbn*que cannot be ovcr—
lookred as a possible determini r~ factor. Finally, at very
! it is roe'ole that actual instability

n which case 1if“ anglcs of attack
obtained egardlesgs
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The agreement shown is typical of that existing in the
unstalled part of the 1ift curves.

CONCIUDING REMARKS

sts of a tapered wing of NACA 230-series

Wind-tunnel te
at ¥Mach numbers ranging from 0.15 to 0.70

P

airfoil sections
have 3“"v"” thats

l. The maxirnum
increasing

the ilach number w8 S &
mum 1ift coefficient decrea

1ft coefficient firat increased with
a liaeh number of 0,3. Ag
ve this value the maxi-

2. A large recucti
mum 1ift coefficient
Mach number range o
of 0.62%5 was the hi

P
the large angles of

3e At Mach numbers below 0.55 the angles of attack
at which the maximum 1ift coefficient was reached and at
which stallinc occurred were approximately the same. At
Mach numbers above 0,55 the anrle of attack at which the
maximum 1ift coefficient was reached was 10° to 12° beyond

the angle at which the wing initially stalled.

4. Yo gignificant changes in the span load distribution
occurred below the stall at any of the specds tested.

S. loderate chanres in the span load distribution
occurred when the wing stalled at high speed, the center
of load being shifted outbcard. The larcest corresponding
increase in bending moment at the wing root for constant
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Figure 2.- Rear view of wing showing boom and strut assembly used to conduct
pressure tubes to manometers,
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Figure 3, -
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Rear view of wing mounted upright in the tunnel for force
measurements.,
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Figure 5.- Front view of inverted wing with image support .struts installed
for determination of strut tare forces. CONFIDENTIAL
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