UNCLASSIFIED

AD NUMBER

AD102025

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 26 JUL
1956. Other requests shall be referred to
National Aeronautics and Space
Administration, Washington, DC.

AUTHORITY

NASA TR Server website; NASA TR Server
website

THIS PAGE IS UNCLASSIFIED




W T m—— o a e L e

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, 0410

This document is the property of the United States Government. It is furnished for the du-
ration of the contract and shall be returned when no longer required, or upon recall by ASTIA
to the following address: Armed Services Technical Information Agency,
Document S8ervice Center, Knott Building, Dayton 2, Ohio.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

~ SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,

" USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

CONFIDENTIAL




copererg ) 1> o s Ak ek s e ok Ty

} } NOTICE THIS DOCUMENT CONTAINS INFORMATION AFFECTING THI.:)

) NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING |
; OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794, |

: « THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

1 { ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW N

g
¥



Sy

CONFIDENTIAL SOy em1e

NACA RMTE6E14 |

RESEARCH MEMORANDUM

FC

INVESTIGATION OF UNSTEADY FLOW PAST FOUR NACA
6-PERCENT-THICK AIRFOIL SECTIONS
By Charles L. Ladsonand Walter F. Lindsey

Langley Aeronautical Laboratory
Langley Field, Va.

CLASSIFIED DOCUMENT

This material contains information affecting the National Defense of the United States within the meaning
of the esplonage laws, Title 18, U.S.C., Secs. 793 and 784, the transmission or revelation of which In any
manner to an unauthor lzed person 1s pr oh!blled by law.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
July 26, 1956

CONFIDENTIAL gz

*{"ﬂ ‘( j‘ 73 u ,j(

1956
‘\%, J ;vS
o

27



—

A T T T R R R i R e,

NACA RM L56El4 CONF IDENTITAL
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF UNSTEADY FLOW PAST FOUR NACA
6-PEBCENT-THICK AIRFOII. SECTIONS

By Charles L. Ladson and Walter F. Lindsey
SUMMARY

An investigation of the intensity of root-mean-square pressure pul-
sations and root-mean-square normal-force-coefficient fluctuations has
been conducted on two NACA high-1ift airfoils and two NACA 6-series air-
folls. The results at Mach numbers and normal-force ccoefficients where
the fluctuations and pulsations attained significant magnitudes indicated
that the NACA high-lift airfoil sections' were inferior to the NACA
6-series airfoils with respect to both pulsating pressures and fluctu-
ating forces. It was also observed that an alrfoil section which has
low values of fluctuating normal force may, because of phase effects,
have higher values of pulsating pressures or local panel loads than an
airfoll section which has a higher value of fluctuating normal force.

INTRODUCTION

Several symmetrical 6-percent-thick airfoil sections were designed

" to have high maximum-lift coefficients at low speeds., (See refs. 1 and 2.)

The aerodynamic characteristics of these profiles indicated that two of
the new airfoil sections (NACA 2-006 and 4-006) had low-speed maximum-

1ift coefficients of about 1.2 at a Reynolds number of 9 X 106, as com-
pared with values of about 0.8 for other 6-percent-thick symmetrical
airfoil sections. No significant differences in the 1lift and moment
characteristics of these new high-1ift alrfolls as compared with the
NACA. 64-006 airfoil section were found at high subsonic Mach numbers.

(See refs. 1 and 2.)

Pressure pulsations on airfoils of this general type were restricted
to data obtained from tests on an NACA 2-008 airfoll at thé Ames
Aeronautical Laboratory. (See ref. 3.) These results indicated that
at the higher Mach numbers the airfoils had very unsteady flow charac-
teristics. This NACA 2-008 airfoil, however, was linearly scaled from
an NACA 2-006 and the method of derivation does not permit linear scaling
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2 CONF IDENTIAL NACA RM L56E1k4

of the thickness form. Also, former investigations in the Langley 4-
by 19-inch semiopen tunnel indicated that the unsteady flow about air-
foils was considerably reduced at high subsonic Mach numberi by using
thinner airfoil sections. (See ref. 4.)

It was therefore desirable to conduct an unsteady-flow investi-
gation at transoni¢ Mach numbers on NACA 2-006 and L4-006 airfoil sections
designed to have high maximum-1lift coefficients at low speeds and com-
pare their performances with the performances of NACA 64A006 and
654006 airfoils. The tests covered a Mach number range from 0.6 to
1.0, an angle-of-attack range from 0° to 8°, and a Reynolds number range

of 1.6 x 105 to 2.1 x 100. A concurrent investigation on the NACA

2-006 airfoil was conducted at the Ames Aeronautical Laboratory.
(See ref. 5.)

SYMBOLS
L
M free-stream Mach number
T an arbitrary period of time ’
c chord of model
Pov time-average value of Py
Py instantaneous local static pressure on airfoil surface
q free-stream dynamic pressure
t time
x distance along chord
a angle of attack
&P root-mean-square pressure-pulsation coefficient,
T ‘
1./1 2
q \[Tf (pi - Pav) dt
0
— R c —— [y
OPgy chordvwise average of AP, %h/\ AP dx
0
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§ Cpn section normal-force coefficient
{ ey root-meen-square normal-force-coefficient fluctuation

g APPARATUS, MODELS, AND TESTS

; The tests were conducted in the Langley 4- by 19-inch semiopen

! tunnel. (See fig. 1.) Dried air from the settling chamber at a stag-
nation pressure of 20 lb/sq in. abs flowed through the test section and
was discharged through the diffuser into the atmosphere. Test-section
Mach numbers were regulated by a variable-area throat located downstream
of the test section. The tunnel calibration and operation were similar
to that described in reference 6.

s S5t ), N TS Tt e

4 Jet-boundary corrections for nelther this type of test nor steady-
state tests have yet been determined at high subsonic Mach numbers;

. therefore, no correction has been applied to any of these data. The
major correction to which the steady-state data are subject is the cor-
rection to angle of attack and is given for low speeds (for thé tunnel

. configuration used) by Cprne = Ctest - 1.85¢c, (derived from ref. T).

The L4-inch-chord models investigated and their ocations of maximum
thickness are as follows:

| Adirfoil Position of maximum thickness,
! percent chord
5 NACA 2-006 1k.5
! NACA 4-006 25.5
NACA 64A0C06 "~ 39.0
NACA 65A006 k2.5

The ordinates for the NACA 2-006 and 4-006 airfoil sections are given
in references 1 and 2 and those for the NACA 65A006 and 64A006 airfoil
sections are given in references 4 and 8, respectively. Pressure orifices
were located on the upper surfaces of the models at the 3.1-, 1lk-, 25-,
37.5-, 50-, 62.5-, 75-, and 87.5-percent-chord stations. No orifices were
located on the lower surface inasmuch as previous studles had shown that
the principal contribution to the unsteady pressures is made by the upper
surface at moderate and high angles of attack. (See ref. k.)
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Miniature electrical differential-pressure gages were connected
with very short tubes to each of the elght orifices at one end of the
model (25-percent spanwise station) and connected by long, small-
diameter tubes to similarly located orifices at the other end of the
model (75-percent spanwise station). The long tubing damped out all
pulsations to provide the time-average pressure. The output of the
gages was then proportional to the difference between the instantaneous
local pressure p; and the time-average or "steady-state" pressure P,

~ The electrical outputs from each gage were fed into electronic
equipment which included vacuum thermocouples (American Thermo Electric
Company, type 17A). By means of this equipment the mean square of the

T
, : 2
pulsating pressure for each orifice (%L/n (pi - Paﬂ) dx) and the mean
0]

square of the normal-force fluctuation were simultaneously recorded on
oscillograph records. A sample of an oscillograph record, presented in

figure 2, shows that little variation occurred in the recorded values

during the approximate 5-second record duration. This information was »
easily transposed into root-mean-square pressure-pulsation coefficilent

P and root-mean-square normal-force-coefficient fluctuations ZE;.

The values presented herein are the total measured quantities from which
no deductions for tunnel-empty level were made. One high-lift and one
6-series airfoil were retested at an angle of attack of 4°. Data from
both the original tests and the repeat tests are presented and compared
in figure 3 to provide an indication of the accuracy of the measurements.
The repeatabllity 1s considered very good.

Root-mean-square pressure-pulsation and root-mean-square normal-
force-coefficient- fluctuation data were obtained for the four airfoils
at angles of attack from 0° to 8°. The Mach number ranged from 0.6 to

1.0 and the corresponding Reynolds numbers were approximately 1.6 x 106

to 2.1 X 106.

RESULTS AND DISCUSSION

Factors Affecting Comparison of Data From
Various Test Facilities

The root-mean-square normal-force-coefficient-fluctuation data in
this report may be compared with previous data from the same facility on
9-percent-thick airfoils (ref. 9), but the root-mean-square pressure-
pulsation data presented herein are not numerically comparable with the
double-amplitude pressure-pulsation results of references 4, 8, and 9. .

CONFIDENT IAL
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Comparisons of data from various facilities are subject to many
differences. For the steady-state aerodynamic characteristics, a care-
ful comparison of a multitude of avallable data from various sources has
shown differences to exist in numerical values. However, the trends due
to changes in airfoil-shape factors are in general agreement. Differ-
ences in the numerical values were sttributable to differences in
Reynolds number, model surface conditions, tunnel turbulence, and, more
significantly, Jet-boundary effects.

Data from unsteady flow 1nvestigations would be affected not only
by the aforementioned factors but also by wide differences which do exist
in the testing techniques and in the transcription and reduction of data.
Data trends due to profile changes and other variables should be estab-
lished even though the numerical values are not comparable.

In some cases, conclusions from different unsteady flow investi-
gations can be in disagreement; for example, the beneficial effects of
camber at moderate Mach numbers and high-lift coefficilents were estab-
lished by reference 8. Reference 5, however, concluded that camber is
ineffective but neglected to restrict that conclusion to values of lift
coefficient below 0.6. At higher 1ift coefficients the data of refer-
ence 5 substantiate those of reference 8. Similar results are observed
in the effects of maximum-thickness location as presented by references k4
and 5, and on thickness effects (refs. 3, 4, and 5).

Root-Mean-Square Pressure Pulsations

The chordwise variations of pulsating pressures are indicative of
local panel loads. These data are presented in figure 4 to show the
change in unsteady load distributions with Mach number for several con-
stant values of normal-force coefficient for each of the four airfolls.

At low normal-force coefficients (0.2 and below) the pressure-
pulsation level was low and no one airfoil can be chosen as having the
lowest values throughout the Mach number range. However, for normal-
force coefficients of 0.6 and 0.675, the NACA 2- and 4-series high-lift
airfoils show significantly higher values of ZAP than do the NACA
6-series airfoils.

Of the NACA 6-series airfoils, the NACA 6LAOO6 airfoil not only
encounters higher pressure pulsations near the leading edge at Mach num-
bers of 0.6 and 0.7 and normal-force coefficients of 0.4 and higher, but
also has constantly higher values of root-mean-square pressure pulsations
along the chord than the NACA 65A006. This result is in agreement with
the conclusion of reference 8, although the magnitude of the differences
in the present investigation is not as great .as previously indicated.
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Differences in relative magnitudes between the two investigations may
be partially attributable to refinements in instrumentation and to a
Reynolds number that was 25 percent higher for the present investigation.

Root-Mean-Square Force Fluctuations

The variations in the root-mean-square normal-force fluctuation

ZE; with Mach number for the four 6-percent-thick airfoils at several

constant values of normal-force coefficlent are shown in figure 5.

For values of normal-force coefficient of 0.2 and 0.4, the force
fluctuations throughout the Mach number range are small and so nearly
equal for the four airfolls that no one can be selected as best. At
normal-force coefficients of 0.6 and 0.675, the NACA 64A0O6 and
65A006 airfoils have lower values of force fluctuations than the
NACA 2-006 and 4-006 up to a Mach number of about 0.9. For Mach numbers
from 0.9 to 1.0 the airfolls have low values of 7Ac, and the relatively

small incremental differences are considered insignificant. These
results are in general agreement with the results of reference 9 on
9-percent-thick alrfoils. Reference 9 indicated that shape had little
effect on &¢,; for values of 1lift coefficient up to about 0.6. At

higher values of 1ift coefficient, however, alrfoils from reference 9
with the more rearward position of maximum thickness had lower levels
of A¢,. However, the changes in section from 64A006 to 65A006 did not

produce the reduction in force fluctuations on the 6-percent-thick air-
foils of this investigation as was observed on the 9-percent-thick air-
foils (ref. 9). A reduction in effect of shape may be attributed to the
fact that as the maximum thickness on alrfoils is reduced, the shape
becomes less significant.

Phase effects.- The pulsating pressures AP at varilous chordwise
stations differ in their time histories because of the finite velocity
of propagation of pressure disturbances, and thus produce phase effects
in the comparisons of pressure pulsations with normal-force fluctuations.
(See ref. 4.)

Figure 5 indicates that the NACA 64AOO6 airfoil has somewhat lower
. values of 7AC, than the NACA 65A006. The NACA 65A006 airfoil, however,

had the lowest values of pulsating pressure or panel loads. (See
fig. 4.)

Since fluctuating panel loads 2P and fluctuating normal forces
ZE; were measured simultaneously, these data indicate that large differ-
ences exist in the effects of phase on the two ailrfoils. This result,
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although not observed in the date for the two high-1lift airfoils, does

indicate that large panel loads might occur without being accompanied
by large fluctuating normal forces.

Additional information on phase effects is shown in figure 6, which
presents a comparison of the chordwise average of the pulsating pressures
OPg,, with the normal-force-coefficient fluctuation Ac, for the NACA

65A006 airfoil. The general convergence of the curves in figure 6 and

a reduction in the effects of unsteady flow as the Mach number approaches
1.0 is a direct result of the motion of the shock or separation point

or both the shock and the separation point rearward along the airfoll
surface and toward the trailing edge of the model, as indicated by fig-
ure 4. The magnification of differences between &P, and Ac, with
increase in angle of attack is produced by an increase in phase effects
and is a result of the growth of shock strength and increased extent of
separation, as again indicated in figure 4. (See also ref. 4.) The
comparison in figure 6 shows that the value of ZPav is approximately

twice that for A at angles of attack of 0° and 4°, while at 8° it

averages about three times the value. These differences are attributed
to the chordwise phase variations in the pulsating pressure. The pul-
sating pressures were noted in reference 9 to be nearly in phase at low
angles of attack and were as much as 180° out of phase at angles of

attack above 6°. The ratios of APav to Acn are lower in the present

investigation of 6-percent-thick airfoils (ref. 9) since &P, 1s based

on root-mean-square values. However, the change in ratio with angle of
attack 1s generally proportional to that observed in reference 9.

Effect of airfoil thickness.- In order to extend information on
the effects of thickness, the b-percent-thick airfoils of the NACA 6UA-
and 65A-series from the present investigation are compared wlth 9-percent-
thick airfoils of the same series from reference 8. Figures 7(a) and
(b) compare the root-mean-square normal-force fluctuations from these
two investigations. For Mach numbers below 0.8 and values of c, below

0.4, the fluctuating forces are about the same for the two thicknesses.
However, for values of ¢, &bove O.t and Mach numbers below 0.8, the

6-percent-thick airfoils show rapid increase in fluctuating force at
lower values of ¢, than do the 9-percent-thick airfoils. This is due

to the fact that the attitude or angle of attack for leading-edge flow
separation on 6-percent-thick airfoils is less than that for the
9-percent-thick airfoils. (See refs. 4 and 6.) At Mach numbers from
0.9 to 1.0, the 6-percent-thick airfoils exhibit much lower levels of
fluctuating force than the 9-percent-§hick airfoils up to a normal-force
coefficient of approximately 0.7 and thus confirm earlier investigations
(refs. 3 and 9) in that thicker airfoils are inferior in the high sub-
sonic speed range.

CONFIDENT IAL
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CONCLUSIONS

A two-dimensional wind-tunnel investigation of the intensities of
root-mean-square pressure pulsations and root-mean-square normal-force
- fluctuations on two NACA high-1lift airfoil sections and two NACA 6-series
| airfoils indicated that

1. At low normal-force coefficients, the levels of both root-mean-
square fluctuating forces and pressures were low and about equal for
the four airfoil sections. For normal-force coefficients of 0.6 and
above, the conventional NACA 6«series airfoil sections had considerably
lower values of pulsating pressures or panel loads. The maximum values
of fluctuating normal-force coefficlents were encountered on the high-
1ift airfoils.

2. Because of phase effects, it may be possible for an airfoll sec-
tion which has a low value of fluctuating force to have higher local
panel loads than an airfoll section which has a higher value of fluctu-
ating forces.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 27, 1956.
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Figure 1.- Langley 4- by 19-inch semlopen tunnel. L=83293 ol
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Figure 3.- Comparison of AP end Ac_n for original run and repeat run.
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Figure 4.- Chordwlse variation of panel loading.
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Figure 7.- Change in fluctuating normal-force coefficient with thickness.
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