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NOMENCLATURE

c chord length

Cp pressure coefficient (p~p.)/(0.5 9,0,2)
f focal length of lens

K Gladstone-Dale constant .
L span of the airfoil

LY lens designation

M Mach number

N numt er of fringes from reference fringe
n index of refraction

4 pressure

r turbulent recovery factor

T temperature

1] flow speed

a airfoil angle of aFtack

© flap mean angle relative to wing chord plane
y = 1.4

A laser wavelength

p density

Subscripts

ad adiabatic wall

e outer edge of cﬁe boundary layer

o reference condition

t total or stagnation conditions

w wall or airfoil surface conditions

free-stream conditions




FLOW-FIELD MEASUREMENTS ON AN AIRFOIL WITH AN OSCILLATING

TKAILING~-EDGE FLAP USING HOLOGRAPHIC INTERFEROMETRY

1.0 Introduction

g o e

Unsteady loads on aircraft wings resulting from gusts and maneuvering
dictate the flutter margin and fatigue requirements of the aircraft components.
5;; The weight of the compunents affects aircraft operational costs and range.
Active control technology has been used in an effort to control these unsteady
forces and to improve the aircraft handling characteristics.

At transonic speeds, the unsteady flow field is complicated by the presence
of mixed inviscid flow regimes, shocks, and shock-induced separation. The

unsteady flows are further complicated by the strong coupling between the steady

and the unsteady flow fields. Phase lags between the flap position and the

embedded 3hock waves and the viscous flow response adds to the complexities
involved in understanding and predicting these flows.

The prediction of these unsteady flows is of increased interest. However,
flows with significant separation are difficult to predict even in the steadf'lg
flow regimes. Thus, detailed experimental investigations are required to measure
and document the inviscid flow, shock-wave behavior and the shock-wave boundary-
layer interactions for osciilating airfoils, These data must be obtained in'
sufficient detail to guide the theoretical development of the prediction
methods and provide a source of data for the evaluation of the computational
efforts.

In this report, the data obtained using holographic interferometry are
presented. Optical diagnostics have proven especially useful in transonic flow

research because of the sensitivity of these flows to perturbations produced by

material probes. As a result of the relatively continucus change of the flow-

I

%; field density, these flows are mapped in detail with the use of interferometry{. .

-3-




e

RSN RA

Fead g

ey M

YR SR INIRONAGH >4 SN
Fa s e

l{
/

In addiéion to the detailed visualization of the flow fields, the interferograms
provide an instantaneous mapping of the density field, albeit spatially integrated
ovef the span of the airfoil. If the flow can be assumed to be two~-dimensional,
the fringe patterns can be ﬁsed with the isentropic flow assﬁmption to obtain

th; instantaneous surface pressure distribution. Flow-speed profiles in the

wake were also obtained for representative conditions.
'The following section contains a description of the holographic interferometry

method, a presentation c¢f the results, and comments on application of the method

in large-scale facilities.
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2.0 Experimental Procedure

2.1 Description of the Model
The airfoil used in the investigation had a NACA 64A010 profile with a 50-cm

chord and a span of 1.37 m. The airfoil had a movable graphite-epoxy flap fi§ed
to the main airfoil section at 25% chord, figure 1. Hydraulic actuators were
used to'drive the fla$ at f;equencies from 0 to 50 Hz, The airfoil was mounted
between splitter plates that were affixed to the floor and ceiling at the NASA
Ames 11-Foot Transonic Wind Tunnel.

Optical access was provided for by windows installed in the splitter plates
as shown in figure 2. A pair of windows was used in each splitter plate with the

windows mounted flush to the inside and outside walls of the splitter plates.
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Chord = 50 cm

Span = 1.37 m

Figure 1l.- 64A010 Airfoil with Oscillating Control Surface.
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2.2 Holographic Interferometry

Interferometry which utilizes the mixing of twe coherent waves for the pur-
pose of measuring the distortion in one of the waves, has been used in small-
scale wind tunnels and is well understood. The introduction of holography as an
intermediary to store the light-wave information allows a great deal of versatility
in the use of the technique and significantly extends the possible application.!

With holography, the amplitude and phase distribution of a light wave pass-
ing through the flow field at some instant of time can be stored and later recon=-
structed for comparison to waves formed at other conditions. This allows the
storage of several test conditions for later comparison and analysis outside of
the test facility. 1In addition to the Interferometry techniques, the shadowgraph
and Schlieren flow visualization techniques are also available. The ability té
reconstruct the light %ield oﬁtside of the wind tunnel allews a much greater flex-
ibility 4in spatial filtering and photographing the images.

Transonic flows are especially suitable to the application of iﬁ:erferometry
since compressibility occurs but the density changes are net all stepwise thré#gh
shocks as in supersonic flow.2s3 1In addition, the shocks present in the tran-
sonic flow fields are weak so that the entire flow field can be assumed to be
isentropic. Thus, the interference fringes are at the same time a mapping of"f'
the constant density and the flow-speed contours. These data can be readily
reduced, with thé use of othe£ wind-tunnel conditions, to the surface static
pressure and viscous layer temperature profiles.

A Quanta Ray DCR-1 Nd:YAG laser 18 used in the Ames Portable Holographic
Interferometer as the light source.“ This laser 1is capable of préducing pulse
repetition rates between 2/sec and'20/sec at up to 80 mJ of energy in the green
line (0.532 um). Because of the high rep rate capability, a separate HéNe laser
is not required for aligning the optics as in the case of a pulsed ruby laseri .

system,

8-
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The hologram recording system is composed of a transmitting and receiving
components (figs. 3, 4, and 5), connected by two optical paths for the object and
reference beams. The Quanta Ray DCR~1l pulsed Nd:YAG laser used in the system pro-
duces a beam that has a so-called "donut" intensity distribution due to the
laser's unstable resonator configuration. Thus, the first elements in the systen
congisting of lens L1 and a spatial filter of 150-um aperture 1is used to produce
a smooth beam intensity distribution. Thé beam is then divided into two paths
with a beam splitter (B.S.), shown in figure 4.

The object beam is transmitted through the beam splitter and expanded with
lens L3 to overfill the Schlieren mirror. Because the focl of L3 and the
Schlieren mirror coincide, a collimated beam is formed and transmitted through
the test section. The object beam 1s approximately 1 meter in diameter andvis
received and refocused to the receiver stage. Lens L6 1s used to collimate the
object beam to an apprcpriate size for récording at the holographic plate {fig. S5).

The reference beam i3 directed through the beam splitter and over the wiﬁd
tunnel, Lens L2 is used to control the size of the reference beam at the receiver
stage. Lenses L4 and L5 are used to expand and collimate the reference beam to
90 mm in diameter which thén also falls on the holographic plate. :

A 4~1in, by 5-in. film holder is used to hold the hig;~rcsolution holographic
film plates for recording the information. When using the dual plate interferom-A
etr& technique, holograns are iecorded with no flow in the tunnel (reference con-
dition) and subgequent plates are recorded at the test conditions.

After processing the exposed film, the reconstruction system Is used for
viewing and photographing the aerodynamic information. The dual plate holder is
used to position the reference and test plates to produce interference betwgeq o
the two reconstructed object waves. A lens 13 used to image the test section'duﬁd
the £ilm plane of a 4~in. by 5-in. camera and produces a bezz: diameter of suitable

size for recording on 4 by 5 sheet film.

9=
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One major difficulty when utilizing the dual place technique arises when
the densicy of the entire flow field is disturbed. In this case, it is difficult
if not impossible to ascertain when the interferometer is aligned to the infinite
fringe condition, that {s, to the case wherein fringes only occur as a result of
changes in the flow density. This condition occurs in most airfoil tests,  For-
tuna;ely, a knowle@ge of'the trangonic flow characteristics and other alignﬁen:
criteria has led to reconstructed interferograms producing good agreement with

other measured data.
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2.3 Data Reduction

Obtaining quantitative results from the interferograms 1s straightforward
for two-dimensional flows. The pathlength through the wind tunnél in the present
case was 1.37 meters so the density changes at the test flow Mach numbers was
sufficient to produce ai optinmum number of interference fringes in the infinite
fringe mode. Using the infinite fringe mode has the advantage of the fringes
producing a direct mapping of the constant density contours which in turn, map
the Mach coatours.

Evaluation of the density change per friuge can be determined using the

following relationships. In an inhomogeneous density test field the phase shift

of the light wave is

9]
(%% --’lr j; (n(x,y) - nyldz

where ) 1is the laser wavelength and n 1s the index of refraction. When -the

interferometer is aligned in the infinite fringe mode, the equation of the fringes

is

91
f [n(x,y) - nO]dz = NA
Z

where N 1s an integer. Applying the Gladstone-Dale Constant relating phase

variation to density, the integrated relationship is

NA
D(X.Y) = 0o + "K-L"

The constant values in the present case are:
L=137n

A= 0,532 unm

K = 0.226 (gm/cm?)-!

0.532 x 10™3 mm
0.226 (gn/em3)=! 1370 mm

A
KL
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Combining the constants and adjusting for the wall boundary layers result in:

1bm/f£e3

- 7 " b
o ) 1.08 x 10 fringe

1

it remains to identify a particular fringe to be used as the reference with
ité corresponding density. This can be done in several ways. If there is a
region of undisturbed flow in the field of view, fhe wind-tunnel conditions can
be used. Unfortunately, this i1s not generally the case. Instead, a surface
pressure measurement can be converted tco density by using the tofal temperature,
To» and the total pressure, P,. Another independent reference can be obtained
from the inviscid flow velocity measured with the laser velocimeter, |

Manual counting of the fringe allows an estimated resolution of abnut 0.3
of a fringe width and a spatial resolution of 20,10 mm using a metric scale and
a loupe.

The viscous flow speeds can be derived using the Crocco relationship given
by

R ik

and the perfect gas law. The turbulent recovery factor r, was taken equal to
0.88, the model surface {3 assumed to be adiabatic so iw = T,4q» and Te i3 the
temperature at the outer edge of the boundary layer.

The wake coordinates were referenced to the trailing edee of the airfoil,

x/c=1,0 at the trailing edge and y/c=0, At the downstream stations, ¥/c=0 was

taken parallel to the lower window from the trailing edge.

-]15-
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2.4 Real-Time Shadowgraph and Schlieren Flow Visualization

A gréat deal of information on flow-fileld behavior, particularly the dynamic
characteristics, can be obtained from simple flow visualization techniques. The
Nd:YAG laser used in these experiments was capable of producing light pulses of
approximaceiy 20-nancseconds duration at a repetition rate of 10 pps. The flap
was oscillated at 30 Hz. Thus, the laser was fired at e.,e., °hird cycle of the
flap. 1In order to produce the illusion of a continuous oscillatory motion, the
laser was fired at a frequency slightly diffevent from 10 Hz which produced a
continuous change in the phase shift between the laser pulse and flap.

Both shadowgraph and Schlieren techniques were used to visualize the flow.
Various orientations of the Schlieren knife edge were used to observe the inviscid
and viscous flow phenomena. Because of the short duration exposures uged; the
spatially averaged features of the flow were recorded at all possible phase angles
of the oscillation.

A movie camera was interfaced to the laser such that the camera framing
rate which could be adjusted also triggered the laser. The system was cbﬁfiéured

to allow the simultaneous recording and viewing of the results.

-16-
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2.5 Laser Trigger Operation
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An electronics circuit was designed to enable the firing of the laser at

preselected phase angles of the airfoil oscillation. The primary constraint on
the gystem was the need to fire the laser flash lamp at the design condition of
10 Hz. .In addition, the count to the data acquisition computer was limited at

40 per revolution. Thus, a clock frequency was used that was controlled by the
trigger logic circuit to provide a fixed number of counts per cycle of the flap
driver. The clock was then divided using a digit switch control to prodqce the

desired number of counts per cycle of the flap. For example, 360G counts pef"

ORI SR

cycle was used. This number was further divided by 9 to provide the 40 counts
per revolution to the data acquisition computer. A frame count digit switch was
used to divide the 360 counts per cycle down to produce the approximately 10 pulses
per second required by the laser. The division used here depended upon the flap
oscillation frequency. Flap frequencies that were an integer multiple of 10 were
maintained to simplify the operation of the systemn.

A phase delay digit switch was also provided to enable the firing of the -
laser at any phase angle of the flap. When the primary counter was set to produce
;l 360 counts per cycle of the flap, the phase delay selector could be set directly

to the angle in degrees after the once-per-rev signal from the flap.

The signal from the triggering circuit was connected to a pulse amplifier
that produced the required 12~volt signal level to fire the laser flash lamp.
There is a delay of ~-250 usec between the firing of the flash lamp and laser

Q-switch. At an oscillation frequency of 30 Hz this delay represented a phase

error of

250x10~6 sec
0.033 sec/revolution

x 360° = 2,7°

or less than 1% error in the phase angle. Thus, a correction for the Q-switch

delay was not made.

-]~
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flg . 3.0 Results and Discussion
-l

E ' The results represent the first quantitative interferometric data obtained
in‘any facility as large as the ll-foot transonic tunnel. Because of the optical
path lengths involved and the structural supports that resorate when the tunnel
ig running, the acquisition of holographic interferometry data can be difficult.
Alptoblem associated with the large-scale facilities is the length of the optical
path through the highly turbulent compressible flow. Light waves passing through
such flow fields are distorted and energy is deflected from the otherwise colli-
mated beam. This resulted in a minimal light intensity at the holographic film
plane.

In the present investigation, the number of windows involved also contributed
to the loss in the transmitted energy. There were eight (8) windows in the
optical path. Although these windows were of optical quality, the surfaces were
contaminated with a thin f£ilm of oil and other material which further teduce&
thelr transmission of light.

Because of an error in menufacturing, the apertures used in transforming
the laser beam to the correct profile also contributed to the loss in available
laser power.

%; Inadequate laser power proved to be the primary difficulty during the tests.
The quality of the interferograms reflects the need for eliminating this problém.
Because of the low light exposures large development times were required. This
caused background fog to occur on the_holographic plates which produced poor
reconstructions with low signal-to-noise. Because the sources of the problems
have been identified, many of the problems can be eliminated from future tests.

Results were obtained at a frgestream Mach number of M = 0.8, flap frequency
of £ = 30 Hz and chord Reynolds numbers of 6.6x10® and 12.3x10% corresponding to
gﬂ P & 2100 and 4200 psf; a = 0° and P, = 2100 unless otherwise specified. Interfero-
metric data were obtained at airfoil! angles of attack a = 0° and 4° énd mean’
flap angles, § = 0° and —6’; Data were recorded at several phase angles of

i(: the flap. ~18-
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Figures 6 through 9 are the interferograms for the full field of view. These
figures represent infinite fringe interferograms so each fringe is a constant
density line (isopycnic). As discussed earlier, the long-optical path lengths
(11 feet) through the flow around the splitter plates and the turbulent flow
field over the airfoil produced strong optical distortions. Thus, the quality
of the interferograms are not as good as those obtained in smaller facilities.
However, the interferograms do portray the flow features with reasonable relia-
bility. Flap angles and other pertinent information are given in the figures
with the pressure data.

Figures 10 through 13 are the surface pressures obtained from the static
pressure orifices aud from the interferometric results. The interferometric
pressures were obtained under the assumption of isentropic flow and the folloQing

expresaions:

Y
2. (_9_
P  \p¢

(@6 -

where M_ 1is the freestream Mach number, y = 1.4 and P, and P, are the pressure

and density at the stagnation conditions. A reference pressure was obtained from
a surface pressure tap near the forward section of the field of view. When the
shock extended out of the field of view, a second reference pressure was used .
downstrean éf the shock.

The constant density contours were used with the following relationship to

identify the Mach contours.

-19-



Figures 14 through 17 are the traces of the Mach contours for the run parameteté
" tested. The scale for the figures can be obtained from the width of the window
shown on the first figures of each series.

Enlarged views of the trailing edge are presented in figures 18 through 21.
These results primarily show the behavior of the viscous flow under the imposed
parametric flow conditions. Although cﬁe interferograms are of low quality, the
general characteristics of the turbulent boundary layers and wakes including the
thickness and the occurrence of flow separation are visible. Thege results were
used with the Crocco relationship to obtain estimates of the flow-speed profiles
in the wakes shown in figures 22 to 24. The level of confidence in the thickness
of the profiles is good. However, the velocity deficit was not as large as
anticipated or expected. This may have been caused by the three-dimensionality
iﬁ the flow including the sidewall boundary-layer interaction and a slight curva-
ture of the wake in the spanwise direction. .The effect of such spanwise nonuni-
formity would be most pronounced at the low-speed regioms of the wake.

Representative strips of the real-time Schlieren flow visualization movie
are presented in figures 25 - 27. Each sequence of photos covers one cycle of
oscillation. Although thé Schlieren technique does not produce the detail.aygil-
able with the interferometry technique, the information on the dynamic behéVior
of the flow will be useful for the qualitative comparisons to the flow prediction
methods. During these tests, a strip of tape was applied to the leading edge of
the model to protect it from erosion by particulate in the flow. At flow conditions
wherein the shock was upstream of the flap juncture, the shock showed significant
oscillation even at the steady flow conditions. Under flapping conditions, the
shock motfon and dynamic flow separation were clearly visiblie. At larger angles of

- attack, bursting of surface-generated vorticity away from the airfoil could be-seen.
The high levels of turbulence produced by the dynamic stall generated obser&agie

pressure disturbances in the otherwise inviscid flow downstream of the shock.

=20~
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4.0 Summary

Holography interferometry was used to obtain flow visualization and quanti-

tative results from a flow field generatad by a NACA 64A010 airfoil with an oscil-

-

lating control surface., The interferometric results complement. the data obtained
with dynamic pressure instrumentation, hot-wire anemometry, and laser Doppler
velocimetry. Comparisons of the surface pressure data with the interferometric
results showed guod agreement at low angles of attack but differences occurred

at the larger angles of attack. These differences yield information on the
relative two-dimensionality of the flow field at increasing flap angles and air-
foil angle of attack.

‘Enlargements of the trailing-edge region show the details of.the boundary
layer and wakes under dynamic flow conditions. The wake profiles obtained f;cm
the interferometric data did not produce the expected velocity deficits. The
discrepancy was assumed to be a result of the spénwise curvature of the wake
and sidewall effects.

Real-time shadowgraph and Schlieren flow visualization movies showed the
dynamic behavior of the flow field.

In general, the tests demonstrated the feasitility of applying advanced f}ow
visualization and interferometry techniques to large-écale wind-~-tunnel testing.
With further refinements to the methodolozy, the optical techniques can provide

an efficient means for obtaining detailed flow-field results.
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MOLOGRAPHIC DATA - 11 foot - Oscillating Flap
o117 ;
RUN: 117 SEQ: 3 -
FLAP MEAN: © ) AMPL: 2 FREQ: 39
PHASE NO.: 1 ANGLE: @ DELTA:~-.04
MARCH: .8 RLFHA: @ PRINT NO.: 1
Ptot: 2889.3 psf Pinf: . 1373 psf Ttot: 549.3 Rankine
UFPFER xs¢ N Cp LOWER x/C N Cp
SURFRCE:! ===~ - -—- SURFACE: ===~ - ——
.29 ’ ~.35
’ 3% -8 -.639
o4 -21 -. 715
" .45 -36 + =.,302
) -43 -.353
o7 -8 -.063
.8 0 -.011
« 85 1é <054
9 13 . 086
.95 22 $132 ORI =1 st - .
1 31 .192 OFU'VL" SN T,
1.05 27 J112 POOR qusp s
1.1 20 <056 !
1.13 17 . 047
1.2 12 .014
-1.59
|
-1.80
- f . -
il 3/6/
iR -0.50F
i :
> Cp |
3 u a
3
gl 0. 00 e e e R e m ey T
{ . S '
1 1 a4
L 2
T .50}
2 »
jig -
L
-17 H F
-f;; [ 1y | SR ISP P SPINOA ISP AU I RN IAPIPINE SRS VPPN INATOA
; . 0.00 8.20 8.4 0.60 a.850 1.00 .20 «.rc
P .
Figure 10.- Comparisons of the Pressures Obtained From the Surface Pressure Taps
B and the Interferometric Results. 6 = 0° t 2° g = Q°
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PRESSURE DATR ~ 11 foot - Oscillating Flap

RUN: 11?7 SEQ: 3
FLAP MEAN: @ AMPL.: FRE@.: 30
PHASE NO.: 1 ANGLE: DELTA:~.84
MRCH: .8 ALPHA: ‘
Ptot: 2089.3 psf Pinf: 1373 psf Ttot: 3549.3 Rankine
UPPER X7¢C Cp LOKER x/C Cp
SURFACE: ===- - SURFACE: ==-- -
-} 1.174 .05 -, 162
.03 -. 217 o1 ~. 237
-l s 347 .13 -.339 ‘,l
.13 -.429 2 -,393
n2 -.498 .25 e 433
23 -.331 3 -. 489
03 -.591 .33 -,494
38 ~.6353 .4 ~.,604
0‘ e ?41 045 -0665
045 -0811 .5 --‘66
- -, 84 58 -.337 ,i'
+33 -, 852 6 -, 284 .
6 -, 276 .643 -, 218 /’
.643 -.118 . 762 -.169 !
703 -.07 « 793 -.077 [
. 797 -.011 .824 -.029 ”,/
0849 .0?6 0849 e 901
95 38 «893 .883
. 946 125
-1.50
L A HOLOGRAPHY
b . .
. ORIGIIAL £, 321% /
-1.00}F OF FOOR G 77 /
r b
3 /’
4 II
-0.56}
3
Cp [ ' _
. [ “
L L T e e B R B R B ‘;'h\"“_U' ==t et
} %A A
L
8.%5a*r~
1.90 dbododedoidnnad an s b Lt FEPODUN B Lol A ) IPRFOTErE Pt P PP PSP -
0.09 8.208 9.40 8.60 @.80 1.00 1.20 x- ¢
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HOLOGRAPHIC DATA - 11 foot - Oscillating Flap
36117
RUN: 117 SEQ: 3
FLAP MEAN: O AMPL: 2 FREQ: 30
PHASE HO.: S ANGLE: 364 DELTA:~1.18
MACH: .8 ALPHA: © PRINT NO.:
Ptot: 208%.3 psf Pinf: 1373 psf Ttot: 549.3 Rankine
- UPPER xs¢ N Cp LOWER  xs¢ N Cp
£ SURFACE: -~-= -~ -—- SURFRCE: =--- -- -—-
- T ] 44 -.396
- .2 31 -.475
: .25 21 -.536
.3 11 -.5%595
.3% ] -.66
-4 -11 . -.72%
.45 -25 -.80%
.5 -39 -.834 ORIttty i o o o
.5 -49 -.152 ST e s
j .65 -29  -.982 OF POOR ¢ _. vy
.? -25 -.9%6
.73 =21 -.03
08 -14 -015
= .85 -7 .06
g .95 6 .146
e 1 15 .206
1.05 9 .166
= 1.t 4 .133
2 1.2 -3 .087
Rk
-1.50
3 -1.00F
-0.50k
Cp
G\Q-.A,_ﬁ
3. B0 ittt ettt = P NN I i
r ‘(!Re\ﬁ . >
. 0.5afF
’ 8
l-‘:"j ad i adan sl PP B 1 e | i st i ) e | [ Al
0,00 0.20 8.40 0.60 Q.80 1.od 1.20 «.-«¢
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PPESSURE DATR = 11 foot - Oscillating Flap

RUM: 117 SEQ: 3

}% FLRP MEAN: O AMPL.: 2 FREQ.: 30
% PHASE NO.: S ANGLE: 36 DELTR:~-1.12
R MACH: .8 RLPHA: 3
;% Ptot: 2089.3 psf Pinf: 1373 psf Ttot: 549.3 Rankine
2 UPPER X/€ Cp LOKER x7¢ Cp
SURFRCE: =-==- -——— SURFRCE: ==-~- -———
o 1.174 .09 -. 148
005 -0233 01 * -'246
.1 : -.36 1S -.33
.15 -0439 .2 ‘0389
92 - 496 025 - 433
29 -.547 3 ~.489
' .3 -0599 135 --523
.38 -.661 .4 -.633
) - 749 45 -.784
.45 -.813 - -.74
05 --841 055 -.38?
055 -.44l 06 -.299
06 -0138 -643 -0243
«643 -.846 «762 ~.23
. 708 -.029 . 793 -.127
797 . «024 . .824 -.858
«849 + 092 . 849 - =.02
<95 «149 «895 044
946 <123
-1 L] SB

A HOLGGRAPHY

1
’

E -1.00

-8.30
Cp
9. @9. ’i“ v—¢_=-4 :1'4—;1
! ’.’5.‘ 4 ORIG"":" :‘ oM oars
N T . T o
,-" ;3 9.58. OF POCR GuUrLivi
%' l.aa PR | P AP U 1 AP PN IO IO Al TR SRR U N

8.0 8.20 0.40 €.60 0.80 1.80 1.286 «-c
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HOLOGRAPHIC DRTR - 1! foot = Oscillating Flap
54328

RUN:
FLAP MERN: O
PHASE
MACH:
Ptot:

UPPER
SURFRACE:

128 SEQ: 11!
AMPL?: 2
ANGLE:

ALPHA: ©

Pinf:

NO.: 7
.8
2087.9 psf

/¢ N
S 8
.3 0
« 35

~ed
» 45

Cp

1 17

S4

1370 psf

FREQ: 33
DELTA:-1.62
PRINT NO.: 3
Trtot:

LOKER
SURFRCE:

xX7/¢

=352
-.599
-.653
-. 723
~. 792
-.134
~.889
-. 264
-.025
833
.873 c
. 106
. 152
.218
. 183
. 138
119
. «106

Fp

e .
C.’(-\..‘:. ' Y.
i

$50.1% Rankine

N

Cp

-1.50

-1.80

.00 e ottt { T e
. sy
s . kah

0.58¢F

b

S

RO B S |

1.08

g.ea 8.20

-50-



PRESSURE DATA ~ t1 foor - Oscillating Flap

RUN: 128 sE@: 11

FLAP MERN: B AMPL.: Z FREQ.: 39
PHASE NO.: 7 ANGLE: 34 DELTAR:~1.54
MACH: .8 ALPHA: O
Ptot: 2087.9 psf Pinf! 1370 psf Ttot: $S0.15 Pankine
UPPER x/¢C Cp LOMER %x/¢ Cp
SURFACE: ==-=- —— SURFRCE: ==-- —-—
0 1.178 .85 -. 152
.05 -e239% ol -, 247
.1 -.362 .15 - -.349
- .13 -.44 2 -.419
.2 - -.496 .25 ~.4%5
29 -.361 3 ’ -.352
P -,608 .33 -.547
.35 -.668 o4 ~. 635
) -. 73 43 -. 723
.43 -.812 .S -.794
-] -, 851 -1 -.393
-1 -.241 .6 -.324
16 --113 0643 --239
.643 . 007 . 762 -.243
. 705 -.008 . 793 -.134
. 797 . 027 . 824 -.86
. 849 . 897 «8473 -.013
.93 . 148 . 895 . 046
. 946 <126
-1.59

i ORIGiM e Srow -

OF POOR QUnLITY

-1.00

-8.50

Cp

\
&
&

1,00 b s i b b b
0.co n.20 8.40 .60 3.80 1.00 1.:
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HOLOGRRPHIC DATH
2117
RUN: 117
FLRP MERM: o
FHASE NO.: 9
MACH: .8
Ptot: 208%.3 psf
UPFER %/ ¢
SURFACE: ==--
ST
2
.25
3
- .35
.4
.45
.53

SEQ: 3

AMPL: 2

ANGLE: 72
ALPHA: O

Pinf: 1373 psf

N Cp

io -.437

%} -. 497
-9 -.5%2
-1? -.9399
-28 ., =-.£64
-49 -.734
-36 -.711
-14 -.122

-9 -.99
o -.032
S %)

i .032
19 891
28 .151
32 -1727
37 21

46 .27

40 . 137
34 .098
32 .0835
29 + 063

11 foot - Oscillating Flap

FREQ:

30

DELTA:-1.88
PRINT NO.: |

Ttot s

LOHER
SURFACE:

$549.3 Rankine

x/e N Cp

0",’27 Y A N T
UG

OF PCGI GU. oy

-1.00F

-8.50F

@.80

b

I ISPV BPRT BPSPW TN B

Q0
[ax] )
]

i.00 .29

P~



PRESTURE DRATR = 11 foot = Oscillating Flap
RUH: 11? - SEO: 3
FLRP MEAN: O AMPL.: 2 FREQ.: 30
FHRSE NO.: 9 ARNGLE: T2 DELTR:~-1.88
MACH: .38 ALPHR: 0
Ptot: 2089.3 psf Pinf? 1373 psf Ttot: 549.3 Raniine
. UPPER <s¢ Cp LOKER x’¢c Cp
L SURFACE: === - SURFACE: === -~-
9 1.172 .05 -. 192
.09 -~n238 ol -ea%e
of - 382 «13 -. 34
+19 -, 441 02 -."0:
- - . -, 497 - “o 432
025 -.546 03 -05‘6
.3 bt 19? 035 --5‘5
.33 -,658 o ~. 032
i | =741 43 -, 723
045 . -0806 03 -.?79
] -. 684 -3 -
/ -1 ~. 166 .6 -, 329
.5 -.096 «543 -, a68
06"3 -'032 I'- 2 -02“
.?03 -, 926 0793 -, 14
797 022 .« 824 -.9%9
08‘9 .089 03"9 -0824
.99 «143 « 899 « 042
. Qdg 1a2
-1.%0
o gglggvéu. PAGZ 13
-1.00F R QUALITY
-0.50

™
T

0.50

l OD . | | | IR 1 amd N Lo ol 1 i
.

0.00 g.20 g.40 0.50 0.80 1.00 1.20 . 7¢

LR o LI SN AR SR S gt 5L
i i A i R AR




TR ¥ -
RUN: 11?7 SEQ: 3

FLAP MERN: © AMPL: 2 ‘ FREQ: 30
PHASE NO.: 13 ANGLE: 108 DELTR:~1.9
MACH: .8 RLPHA: © PRINT NO,: |
Ptot: 2089.3 psf Pinf: 1373 psf Ttot: $49.3 Rankine
UPPER x/¢ N Cp LOHNER x/¢ N Cp
SURFARCE: ==== - - SURFACE: =w=-- -- ———
) «13 9 -1427
|2 -9 -'482
- -1? -.%31
. j. 03 -2‘ -1572
.33 -28 -,%968
Toed -38 -. 6959
I 3 -33 -.626 . .
-1 0 -.136 ORIGINAL 3 e
.8 ? -, 142 OF POOR GQUALITY
.6S 13 -.091
i 19 -, 0693
- 23 ~.039
.8 30 . 006
.85 41 .a78
.9 47 11?7
-1 $3 15?7
1 63 22
1.99 S? .183
1.1 83 . 157
1.1S 49 13
1.2 46 111
-1.59
I
|
s
-1.00}F
-0.50} T
5
Cp

0.00]

l .D‘j | SN U 1 Ja | ISP | ados | PR | U U BTN

0. 00 0.20 9.40 0.60 0.80 1.00 1.20 . ¢

=54
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PRESSURE DATA = 11 foot - QOscillating Flap

L 3
£ RUN: 117 SEG: 3 )
Y FLRP MEAN: © AMPL.: 2 FREQ.: 30
i, PHASE NO.: 13 ANGLE: 108 DELTA:=1.9
M MACH: .8 ALPHA: ©
‘i\ Ptot: 2089.3 psf Pinf: 1373 psf Ttot: S49.3 Rankine
?‘: UFPER X/¢ Cp LOKER x/¢ Cp
i SURFACE: ==~-- ~-- SURFALE: ==== -—-
i B 1.171 .05 -, 169 .
H .05 -.223 .1 -.269
s o1 -, 349 1% -, 38
iw .19 -.427 - -.421
rﬁ ‘ 2 -.482 .25 -.471
‘. .25 -.827 .3 -.53%
1 .3 -.8577 .38 -.502
23 .35 -, 634 o3 -.666
.‘\: .4 -.7 .45 - 747
5. .45 - 73 -] -, 793
t .S -.273 .55 -.788
3 1 -.186 .6 -.439
A .6 -.14 <643 -.267
é .643 -. 067 762 -.209
::#{" . 703 -, 064 .?&3 -.11
': N 0?9? -.98? 0824 i 049
’-é -8‘9 0866 0849 ‘.905
i .95 <138 .899 .051
:,:‘ <946 .126
5 [
4 ’
3 f ORIGINAL PACE (39
1 -1.00F . OF POOR QUALITY
B £a 4
Z

2.00

0.50

l.QD i P N VRN N PO 1. 1 PP BN | ST B
0 0.20 8.40 0.608 0.80 1.00 1.29 <-¢
-55-
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HdLOGRRPH!C DATA = 1§ foot - Osciltlating Flap

144217
RUM: 117 SEQ: 3
FLRP MEAN: O AMPL: 2 FREQ: 30
PHRSE MHO.: 17 ANGLE: 144 DELTA:-1,22
MACH: .8 RLPHR: ¢ FRINT NO.: 2
Ptot: 208%.3 psf Pinfi 1373 psf Trot: S549.3 Rankine
UPFER /¢ N Cp LOWER x7¢ N Cp
SURFACE: ---- - - . SURFACE: «==~- - -——
. 15 0 “~. “01
-2 -3 -, 43
] -1? -.50%
. 3 -24 - 5"?
- ¢33 =31 -.%589
.:S '39 ‘fgg ORIGINAL PAGE IS
R bl R4
e 6 - 231 OF POOR QUALITY
+63 20 -. 142
o7 24 -. 117
g 23 -.11
& 7 -,0833
! .85 49 . 043
.9 S? . 097
.95 66 . 157
1 79 . 243
1.03 71 «19
1.1 64 .143
1.19 59 .11
1.2 S35 . 084
-~1.50
|
-1.080F
-0.50F} 0/9/9,9,6”0
f
Cp _ M
0. 00 it e Ramas aa e GAREARaae
r "\9\9\ e/‘*’e’e‘)
0- SQ =
1.00 Al. 1 1 | . 1 | P | SO P | " 1 A
0.00 9.20 9.40 Q.60 Q.80 1.00 1.
~56-
) R PP
o I A N A A L LI R Rt ”Jg»kmﬁyrw SoEy Smeermon




PRESSURE DRTA - 1! foot - Oscillating Flap

RuM: 11?7 ' SEQ: 3

FLAP MEAN: © AMPL.: 2 FREQ.: 30
PHASE NG.: 17 ANGLE: 144 DELTAR:~-1.22
MACH: .8 ALPHA: ©
Prot: 20289.3 psf Pinf: 1373 psf Ttot: S49.3 Rankine
UPPER xre cp LOWER x/¢ cp
SUPFRCE: =~=-= -—- SURFACE: ==== ———
) 1.171 .0S -.189
.05 -0198 ol -0288
, .1 -.325% .15 -.381
f I &1 -.401 2 -,439
=t : .2 -, 4358 025 -n492
i‘;. .25 - 502 a3 “a 552
3;4'. 3 -.339 39 -.604
& » 35 -.339 4 ~-. 634
3 .4 -.656 .45 - 757
% ’ .45 -.524 S -.817
Lr‘:;l 05 --359 055 -081
sl .55 -.268 .6 -.554
i .6 -.202 «643 -, 254
i3 .542 -.12 T2 -.128
B .70s -.12? .793 -.946
B 797 -. 065 .824 )
#! .849 .036 . 8473 .025%
£ .95 <129 .89% .07
[ .+ 946 133
g -~-1.50
™ L
L !
i | ORIGINAL FAGE I3
& ' OF POOR QUALITY
-1.00F
¥ 3
£
5
1
i1 -0.50
N
ol
.
3
X7
) 0.00
‘B .50
I.CJD 1 at PR | L.L4'14L ) Y " B | aaal o oL A N N

0.080 g.20 .40 Q.50 0.30 1.08 .20 =-¢

-57~
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HOLOGRRAPHIC DATA - 11 foot = Oscillating Flap
180217
RUN: 117 SEQ@: 3
FLAP MERN: © AMPL: 2 FREQ: 30
PHASE NO.: 21 ANGLE: 1850 JELTR: 0 )
MACH: .8 ALPHA: © PRINT NO,: 2
Ptot: 2089.3 psf Pinf: 1373 psf Ttot: 549.3 Rankine
UPPER x/¢ N Cpe LOUER PN N Cp
SURFACE: ---- -- --- SURFACE: ==-- -- ---
.15 14 -, 346
02 0 -0432
« 23 -10 -.493
.3 -18 -.341
» 33 -26 T -,589
o -36 -.648
.45 -45 -.701 ORIGINAL PAcE (3
06 "s "121 OF P ’-i .
.65 8 -.178 00R QuiALTy
¥4 3 -, 159
re-] 4 -. 153
.8 16 ~. 076
.83 29 . 008
9 37 .06
.93 4? 123
1 60 212
1.03 51 .118
1.1 45 .079
1.13 41 033
1.2 39 .04
-1.50
-1.880F
|
-0.590+ /B/QA?AkaQ
[ 0
Cp ! -
0.00 ’ ] L ! 'Y fhﬁa~fkfaxﬁ£ | ! 1
[] 9 - M MR A l: I T 7LLI :4"_'L'75 =+ TL'L*:";l ‘ALfAl_L"":—‘\g -4 .4:! + + I'A_A-A ni
= S &
[ 2>y 0"&*’.
i N4
. Q.50r
L
l.OD MNIPAPEPE IR DU I Uerers | ol wdeas o b oo a b i ool i s o baaa ol a.
0.00 Q.29 0.40 a.50 0.80 1.00 1.

g
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PRESSURE DATA - 11 foot - Oscillating Flap

RUN: 317 SEQ@: 3
FLRP MEAN: @ AMPL,: 2 FREQ.: 38
PHRSE HO.: 21 AHGLE: 180 DELTA: ©
MACH: .8 ALPKAR: 0
Ptot: 2089,.3 psr Pinf: 1373 ps¢ Ttot: 549.3 Rankine
UFPER X € Cp LOWER x/¢ Cp
SURFACE: w==-- —— SURFACE: ==== ——-
0 1.12¢ .05 -.213
0% -. 1€8 S | ~, 31
o1 -.299 13 =409
13 - 376 .2 - 457
.2 -.432 « 28 -.513
.23 ~ed? 3 ~.364
3 -.508 « 35 ~.623
«33 -.3563 X -7
.4 ~.639 45 =763
‘ .45 -.675 .S -.326
! S ~.484 «S5S -.813
.55 -0341 .6 -0352
6 -0263 c643 -.13%
+643 -.178 762 -.004
«70S -.201 . 793 .021
. 797 -.128 . 824 . 0438
« 849 «004 « 849 .06
+ 95 . 126 + 898 «293
«938 « 139
-1.5@
9 (S,'u,‘,,r--\\ LRI, 4 A
LN, W, telie bad
-1.80 OF pPOCR <AL
~ -zrugjak
',: VIS Wil PP

wﬂ"

0.40

BT S

8.60

~59-

x/C
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HOLOGRAPHIC DATA - 11 foot = Oscillating Flap OR"G"'-'QL Bres i
216217 : ' 0 oy RS
RUN: 117 SEQ: 3 F POUR QuALITY
k FLAP MEAN: © AMPL: 2 FREG: 38
FPHASE NO.: 25 ANGLE: 216 DELTA: 1.19
. MACH: .8 RLPHA: O PRINT NO.: 2
Ptot: 2089.3 psf Pinf: 1373 psf Ttot: 543,33 Rankine
7 ) UPPER  xv¢ N cp LOWER xr¢ N Cp
SURFACE: ===~= - -—- SURFACE: ~=-- -- -
= : 02 ) -.428
H ; .25 -18 -.489
& .3 -18 -.538
3 .35 -27 -.591
[‘%’.f '\ «4 -38 -.6%6
A : .45 -52 -.738
5 .5 -56 -.761
3 .55 -34 -.633
iy .? ) -.246
iy, .73 S -.213
3 .8 19 -. 126
by .85 39 .003
.9 51 .081
i .95 2 .153
3. 1 76 .246
5 1.05 e .186
] 1.1 62 .153
xS 1.15 59 .134
i ! 1.2 13 .114
T
E -1.50
i :
&
e i
. by -1. 1 b=
13 1.00 .
% .
} ] Q*b\
5 I 3]
-0.50F
¥ r -
. { -P ‘-*-@\_.
% ] &
5 0 . 08 [ttt ittt bbbttt et
4 ‘1:"-.‘_ . )
! Y - S
M'_t,_c.-—*
.50} /
3 /': 'Il
/.
1.00 ‘-“ [ PN T U | P PPN I DU R N | i /“,_
0. 90 Q.20 Q.40 8.60 Q.80 .29 1.20 « -«
-60-




PRESSURE DATA - 11 foot - Oscillating Flap

RUN: 117 SEQ: 3

FLAP MERN: © AMPL.: 2 FREQ.: 30
PHASE HO.: 29 ANGLE: 216 DELTA: 1.15

" MACH: .8 ' ALPHR: @ ,
, Ptot: 2089,.3 psf Pinf: 1373 psf Ttot: %49.3 Rankine
n UFPER x/¢ Cp LOMER xsc Co
&q SURFACE: ~=-- -——- SURFACE: ===~ -—-
D ) 1.17 .85 ' -, 229 :
%8 -1 -.152 ol -.324
54 .1 =.287 © W15 -.421
£ .15 -.363 2 ~.469
0 2 -.428 .25 ' -.529
53 .25 -.471 .3 ~.576
£ .3 -.516 .35 -.631
3 .35 -.579 o4 -.707
2 .4 -.667 .45 ~-.784
i .45 -.732 .S -.832
% .5 -.75 .55 ~.627
L .85 -.421 .8 -.172
c8 .6 -.289 .643 -.111
3 .643 -.207 762 .078
. 705 -.246 .793 .06?
.97 -.171 .824 .983
B .849 -.019 . 849 .08%

’ .95 124 .895 .105
5 - 946 J134
g
‘»3; -1 -sg

ST R

ORIGINAL PAGZ 19
OF POOR QUALITY

! B

-1.00

L

O e g s

T

-0.50

Cp | o Bhg
{ a.00f T ST T
£ ; M‘“\AMC
B | |
K 0.50}
1.00 PPN BT IPEPETE TS ANUUES DAPrW ISR AU AUl SO | el as o

0.00 8.20 0.40 0.60 B8.80 1.00 1.20 .x-¢

-bl=-



: HOLOGRAPHIC DATR - 11 foot = Oscillating Flap
b 270128

% RUMN: 128 SEQ: 11
] FLAP MEAN: © AMPL: 2 FREGQ: 30
S PHASE MO.: 31 ANGLE: 270 DELTA: 2.02
= MACH: .8 ALPHA: @ PRINT NO.:
% Ptot: 2087.9 psf Pinf: 1370 psf Ttot: $59.15 Rankine
S U UPPER x/¢ "N Cp LOWCR x/¢ N Cp
& SURFACE: =-=--- -- -—- SURFACE: ==== -- ---
J: -2 0 --“49
T .-:'3 -ll -0516
i I .3 -19 -. 564
% .35 -29 -.624
i .4 -40 ~.538
i .45 -57 -.787 o
.S -69 -.85% ORIGINA P
A J .55 -64 -.827 OF PO(?LPMLLS
= : .7 0 -. 245 : R QUALITY
5 .75 -2 -.258

.8 12 -7

.85 26 -.08

.9 39 . 004

.95 53 .09S

1 63 <161

1.0% 5S .108

1.1 50 .07%

1.19 47 .956

1.2 44 .936

g ® -1.59
-1.09F
e
-0.50F 6,9’

Cp [ =8

0.%0F
‘ 1.00 [P PR U sl ol aat it TIPS ISP EPUPIPUE IO
9. a0 B.z2n 0.40 D.60 a.30 1,00 1.

-62~
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PRESSURE DATA =~ 11l foot ~ Oscillating Flap

RUN:

128 SEQ

FLAP MEAN: ©
PHASE MNO.: 31
MACH: .8

Cp

: 11

2/ 0

FREG@.: 30
DELTAR: 2.04

Ptot: 2087,9 psf 1370 psf Ttot: 530.(5 Rankine
UPPER xX7¢ Cp LOKER X7¢c Cp
SURFRCE: ===-= -——- SURFACE: ==--= —-——
i Q 1.174 .05 -.2
% .05 -.163 o1 -.325
o3 -, 302 .15 -.43
015 "0385 -2 °n4?4
o2 ~.449 &S -, 544
23 -.511 3 -.582
.3 -, 537 . 3¢ -.638
.33 -. 621 .4 -.702
4 -.708 .43 - 773
.49 -. 773 .3 ~-.71
15 ‘.815 .55 "0114
« 39 -.8 .6 -.134
6 -.437 .643 -.047
«643 -.193 . 762 . 088
. 705 -.232 « 793 .076
. 797 -, 165 . 824 .087
849 -.0082 849 .083
.98 .133 -1-1.4 <192
946 .148
-1.59
L
| ORIGINAL PAﬁtlg
-1.00} OF POOR QUALTET.
9 ‘s
-0.50
L =
) 1 f( N
8.00 NP TP TFUUN SRS POV I N .. SW B -._4\\.. I I
8.50
1.00 Camstann T BT N I IR P N | — atauin
0.0 8.20 Q.40 B.60 9.80 .08 I.

63~



HOLOGRAPHIC DATR - 11 foot - Oscillating Flap

18241
RUN: 141 SEQ: 8
5 FLAP MEAN:-4 AMPL: 2 FREQ: 30
L PHASE NO.: 3 ANGLE: 18 DELTA:-4,37
Y MACH: .8 ALPHA: © PRINT NO.: 2
ST Ptot: 2128.2 psf Pinf: 1395.2 psf Ttot: 550.34 Rankine
NI UPPER x/¢ N Cp LOKER x/¢ N ce :
’;‘{' SURFACE: =--- -- -——- SURFACE: ==== -- ——-
oY .15 19 -.348 .
o .2 8" <.415
i .25 e -.482
2 .3 -8 ~.51
N .35 -14 -.545
Soall .S e -.238
s .55 7 -.195
53 .6 19 -.121
& .65 30 -.051
.? 37 -.807
: .75 43 .831
B .3 42 .02% .
=8 -53 e "o’ ORIGINAL PAGE +3
& .95 47 .957 OF POOR QUALITY.
= 1 so .076
A N 1.09 45 .044
. 1.1 39 . 806
1.15 33 --932
-1.50

A WP s S AL LY
raged ettt SR
*
22

-1.00F

AR

T
[

-B.50

FO T

13
3

\

£
f)

Cp

é 0.00 ‘.f{{:¢¢;}:¢;:{ TS S

R \m;‘n'mg;;ﬁ-e‘-wc

—————

WK " i 1 Ak PEFOVE IFEPRIrTS BTN IR Ere S NI PP
1.’,-";' i ] 1 l | 1 | Y i 1

5,00 g.20 B.40 8.60 B.28 i.00 1.20 «.c

FTigure 11.- Comparisons of the Pressures Obtainéd From the Surface Taps and the
Interferometric Results., § = -4°, a = Q°
—64~
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PRESSURE DATA - 11 foot =~ Oscillating Flap

RUN: 141 SEQ: 8

FLAP MEAMN:-4 AMPL.: 2 FREQ.: 30
PHRSE NQ.: 3 ANGLE: 18 DELTA:-4.57
MACH: .8 ALPHA: ©O
Ptot: 21238.2 psf Pinf: 139%5.2 psf Trot: $5%0.34 Rankine
UPPER %7€ Cp LOKWER X/€ Cp
SURFACES === —— SURFRCE: ===~ —~——
8 1.1?3 .05 -.268
.85 -. 129 ol -.35
ul -0268 -15 -.44?
.15 -.348 o2 -.503
2 -.408 23 -.562
.25 ~.462 .3 -.614
i .3 ~.493 « 35 -.6399
«35 -.339 .4 ~-.748
.4 ~.481 .45 -.821
« 43 -.38%5 .S -.882
.5 ~-.238 55 ~.999
-1 -. 149 «6 -.933
.6 -.873 «643 -. 7?74
.643 .048 . 762 -.334
. 705 .093 793 -.27
. 797 . 147 .824 -.198
« 849 162 « 849 -.182
.95 1314 .895 -.055
. 946 .048
-1.508
3 ORIGINAL P/II %
-1.80F OF POCR QUALITY
-0.50 \
Cp
_ N
.80 O R a o .‘_,,A\zi“&“‘i+4.4‘* ;{“:-A-

l.gg PSP EPEPUPIU IPUrUP Ul ST B TSP IDUPIrE IS e | .

PP B

2.0 a.20 0.48 8.60 a.80

-65=-
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HOLOGRAPHIC DATAR - 11 foot - Oscillating Flap

£4240
RUN: 140 SEQ: 8
FLAP MERN:-4 AMPL: 2 FREQ: 30
PHRSE NO,: 7 ANGLE: 54 DELTA:-5.65
MACH: .8 ALPHA: © PRINT NO.: 2
Ptot: 2123.2 psf Pinf: 1397.2 psf Ttot: 551.2% Rankine
UPPER x-c N Cp LOWER x/¢ N cp
SURFACE: —--=-- - -——- SURFACE: ===- - -
.2 o -.371
.25 -2 -.384
.55 3 -.124
.6 16 -.023
.65 34 .092
.7 47 L1785
.75 s8 .248
.8 64 .283
.35 65 .295
.9 67 .308
.95 68 .315
1 73 .348
1.05 78 .381
1.1 75 .361 ORIGINAL Aoz g
1.15 74 .354 OF FO=ut .oty
1.2 73 .348
-1.50
5
-1.00F
|
-8.50¢
b 0’0
Cp i

9.00 W%—%

O |
GOt aod

8.s50r-
]

1."_:"3 PSS T A SPSUENE EPUPEPE EAPUVNE UM SPUPI BN IR ST SN | NV
3.00 .20 9.60 g.80 1.08 1.20

8.40

-66~
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PRESSURE DATA =~ 1t foot - Oscillating Flap

RUN: 140 SEQ: 9
FLAP MEAN:-4 AMPL.: 2 FREQ.: 30
PHASE NO,: 7 ANGLE: S4 DELTR:-S,63
MACH: .8 ALPHA: O
Prot: J128.2 psf Pinf: 139?7.2 psf Ttot: 3%1.23 Panktne
UPPER /¢ Cp LOUER xre Cp
SURFACE?: === - SURFRCE: ===~ -
o 1.176 ' 03 -.a8%
.03 -.12 o1 -. 343
o1 ~.293 o135 -.44%
.13 -.322 2 =-.3%03%
>y -.371 a3 ~.363
23 -.491 «3 -.613
.3 -.372 33 -.638
« 33 ~.399 4 -. 743
X e 393 « 43 -.R21
«43 " 328 3 ~. 882
«3 -, 217 +33 -. 908
, .53 -.124 .8 -.931
! 6 ~. 044 «643 ’.791
643 «876 82 -. 397
« 703 «123 « 733 -. 276
79?7 .164 «823 -. 258
« 849 «161 « 849 -.233
095 .195 «89% -.171
<945 -.102
-1.50
b
4
1 e -
-1.00F AR
L
3 N
-0.50}
Cp .
0.00 -4 t f-os = T
0.50
1.00 . | P | ol | PR ol ia amd I 1
Q.00 a.20 8.40 8.580 0.80 1.00 |

-67=
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ORIGINAL PiGE (o
HOLOGRAPHIC DATA = 1 foot = Oscillating Flap PAGE fg

162241 OF POOR QuALITY
RUN: 141 SEQ: 8 :
FLAP MEAN: =4 AMPL: 2 FREQ: 30
PHARSE NO.: 19 ANGLE: 162 DELTA:=4,74
MACH: .8 ALPHA: © PRINT NG.: 2
Ptot: Q128.2 psf Pinf: 1395.2 psf Ttot: $350.34 Rankine
UFPEP e H Cp LOWER x¢ H Cp
SURFRCE: ==-= - —-—— SURFRCE: ===~ - ——-
: 2 ) -.331
; e -10 ~. 392
i .3 -17 -, 434
; * 35 -24 bt} 476
f ) -28 -. 499
3 2} -.3
-1 14 -, 219
'6 26 s 14
« 6% 49 -.0%52
o? 45 e 02‘
-] S2 .024
.3 ? . 036
.88 60 N s -
9 60 078
«93 62 . 088
1} 66 .114
1.08 68 . 12?7
1.1 64 . 101¢
1.1 S9 .069
-1.%0
[
-1.00}

-0.50}

0+ 00 |ttt et

0.50F

loOO' P i 3 S IPEPUPOres B | SN | | L T TN
0.00 a.2 8.40 2.60 0.80 1.20 1.20

-(8~




PRESSURE DATAR = 11 foot =~ Oscillating Flap

gesie o I

T
[

Nm-"f pr LI R

e RUM: 141 ~SEQ: 8
it FLAP MEAN: -4 AMPL,.: 2 FREOQ.: 30
Y PHASE NO.: 19 ANGLE: 162 DELTA: -4, 74
MACH: .8 ALPHA: @
! Ptot: 2128.2 psf Pinf: 139%5.2 psf Ttot: 550.34 Rankine
UPPER xs¢ Cp LOKER x/¢ (o)
SURFACE: ==== --- SURFACE: ===~ -—-
0 1.176 .08 -, 239
005 ‘0061 oi e 375
X .l -.198 .15 -.477
E .19 -, 27% .2 -. %2
» 02 -033‘ 025 -0592
g 025 -~e 374 13 -0633
1 .3 -.40? .35 -.677
- . 3% -.446 o4 -, 763
, .4 ~.469 .48 -.842
9 .45 -. 413 .3 -.90%
i o 03 -.3 .55 -0936
, .35 -.20% .6 -, 962
3 .6 -.133 .643 -.814
1 .643 -.018 762 -.275
;- .70s .062 . 793 -, 274
A . 797 .039 .824 -,251
.8‘9 0063 0849 -0239
4 .93 .034 .89% -.184
?: . 946 -.12
1
» —I 150
e b
3 ORIGIHAL kA 1%
1 -1.80F OF POOR QUALITY
R -0.50
7 Cp
4 8.00 et}
-
v
- b
, 0.50}
r b
;, >
E‘ )
f"—; 1.00 FEPEPS PP 1. P BN ST IPUPUPR IPUrE SN ) SPPEPEPON SRR S | 1
; g.00 g0.20 0.40 0.60 a.80 1.00 1.20
1
»
i -69~




" HULUGRAPHIC DRTA = 11 foot = Oscillating Flap

34241 ORIGINAL £ n~,
: RUN: 141 SEQ: 8 F POORL F'rm-; '3
;e FLAP MERMH: -4 ANPL: 2 FREO: 30 QuaLITy
Z PHASE NO.: 27 ANGLE: 2234 DELTA:-2.39
i 2N HACH: .8 ALPHA: 8 PRINT NO.: 2
-k Ptot: 2128.2 psf Pinf: 132%.,2 psf Ttot: 559.34 Rankine
< . UPPER  x.c N Cp LOMER xre N o
L SURFACES ==-= - --- SURFACES ==== - -—-
LI 18 ) -, 308 .
B o2 -13 -.2%4
B . .S -2 - 52
”,g .3 -34 -.%a9
d . 3% -42 - %57
o o4 -43 -.621
k| 4% -47 -.5%86
’ 06 0 "-!91
.65 11 -.123
.7 15 -.098
.75 21 -.96
.8 30 -.003
; .85 3s .02
.9 39 .0%4
.95 44 .086
A 1 s4 . 151
5 1.0% 49 .118
{ 1.1 4s .893
1] 1.15% 39 .054
1S 1.2 37 .041
I
g
B -1.50
e |
1 -
a : b
C -1.00}
? I
’:' b
; -8.50F
3 - : e/?’/
é - | G\G-a\\ |
: 0+ 00 [ttt ittt ettt
| TR
ke : OOSD..
1.ol:‘h4 . Lrsesad 1 P H e | ol | . L " sl 1
0.0 6.20 g.40 0.60 0.80 1.Q0 .20 «<-¢
-70-
i 3 :'—-b‘h:"ga’;j. eI




PRESSURE DRTA - 11 foot ~ Oscillating Flap

RUN: 141 SEQ: 8

FLAP MERM: -4 RMPL.: 2 FREQ,: 30
PHARSE NO.: 27 RANGLE: 234 DELTA:-2.39
MACH: .8 ALPHA: ©
Ptot: 2129.2 psf  Pinf: 1395.2 psf Ttot: %%9,34 Rankine
UPPER x7¢ Cp LOUER x/¢ Cp
SURFRACE? dadaded - SURFRCE: ne= -
, ) 1.169 .05 -.31
; .03 -,08 ol -, 382 .
.1 -,223 19 -.498
! 19 -.30% 02 -.%33
2 -.368 .23 - 397
«29 -, 421 3 -.649
«3 -0461 -35 -0695
« 39 -0519 .4 -8
) -.358 43 -, 839
«45 -.494 -] -,916
-] -.343 «SS -, 933
055 ‘0262 «6 --983
16 -.191 0643 --836
«643 -. 87?7 e 762 -~ 245
. 705 -,074 793 -. 191
« 797 -, 004 «824 -.118
«849 +«064 + 849 -.082
+ 93 .121 «89S .016
« 946 <896
-1.50
-1.00}F ORIGINAL £:7.3 73
b OF POOR GUALITY
S
-0.50
Cp I
i N\
] P AN TUUOTUUUESVOI VU VORI i v W DVOOT SOUO IO
| ey
3
0.50F
1.00 ad il 1 aad ol [N | [IUNINE SO I A

0.0 8.:20 2.40 9.60 Q.80 .64 1.20 x-c
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g T
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3

T

‘tﬁl

R
wd

H

RN
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HOLOGRAPHIC DATA = i1 foot - QOscillating Flap

270140
RUN: 140 SEQ: 8
‘FLAP MERN: -4 AMPL: 2 FREQ: 30
PHASE HO.: 31 ‘ANGLE: 270 DELTR:~2.07
MACH: .8 ALPHA: © PRINT NO.: 1
Prot: 2128,.2 psf Pinf: 1397.2 psf Ttot: 551.29 Rankine
UFPER x/e N Cp LOKER x/¢ ] Cp
SURFRLE: ====- —- —— SURFRCE: ,me—— == ———
.2 9 -.382
.25 -5 -. 419
.3 -9 -.437
.35 -16  =.479
o4 -29 -.532
.6 ) -. 181
31 14 -. 034
or g -.04 . " e
i 2 st ORIGINAL Phil .3
.8 43 .091 OF POCR CQUALITY
89 s2 .13
9 ‘39 .« 199
« 95 69 + 261
1 ?9 327
1.0 76 . 307
1.1 rd 301
1.1S ?3 . 287
1.2 re . 281
-1.50
~-1.09}
-0.50F
. r . -
Cp |
8. 00 ittt trd ‘.lm.c,:?:’?\,}\:aw ot
[ bkwax.
r (;(\'.
s £ CNBWL S =5
0.50+
1.00 TSRS I I i TENPPIN ST | N SR WS T 1
J.00 a.20 a.40 8.60 0.20 1.00 1.20
72~
v-_-:.a-:":;—‘ .a;‘..za- P N




PRESSURE DARTA - 11 foot - Oscillating Flap

A~

e A R e x - .

o« RUN: 140 SEQ: 8
-~ FLAP MERAH:-4 AMPL.: 2 FREQ.: 30
0 PHASE HO.: 31 AHGLE: 270 DELTA: -2.07
i - MACH: .38 ALPHA: O
. Ptot: 2128.2 psf Pinf: 1397.2 psf Ttot: $51.25 Rankine
. UPPER x/€ Cp LOKER ¥4 Cp
SURFACE: =---- -—- SURFACE: -=-== -—-
3 " 1.166 . 0% -.31
.0% -, 099 .1 -.39
ot -.242 .19 -.497
.15 e 2 '2 --535
.2 -.382 .29 -.503
025 -|438 .3 '.655
.3 ~.472 .35 -.702
.3% -.531 .4 -.783
od -.604 .45 -. 957
.45 -.581 .5 -.916
! .5 -.3%9 1] -.951
.55 -.26 .6 -~.979
06 ’.191 .643 -0854
.643 -.064 .762 -. 226
. 705 -.0%5% . 793 -.122
< . 797 .01% .824 -, 048
5, .849 .882 .849 -.00%
# .95 .153 .89% .077
(8 . 346 .147
A
(g
5 -1.50
23 S
i
g.
5
| ool ORIGINAL PA2Z [
| OF PCOR QUALITY
-0.50
Cp
0.060
0.50F
5
'i’% l.gg bk S PSP | I3 1 al Lo L P 1 A 5 A
;‘ 0.9 8.20 8.40 8.50 0.80 1.00 1.20
a
A
N :;, -73-
&)
i
) — . o
| ~ rnamie L M i e i & e a .



,/'

HOLOGRAPHIC DATA = 11 foov ~ Oscillating Flap

ORIGINAL Pagz g
OF POOR QJAG#

305341 :
RUN: 141 SEQ: 8
FLAP MERN:~-4 AMPL: 2 FREQ:
PHRSE HO.: 395 ANGLE: 306 DELTAR:=-2.3
MACH: .8 ALPHA: © PRINT NO.: 3
Ptot: 2128.2 psf Pinf: 1395.2 psf Ttot: 530.34 Rankine
UPPER CxeC N Cp LOWER x/¢ N Cp
SURFRCE: -~~~ - - SURFACE; =e-- - ——
. -4 Q -. 402
i .29 -9 -, 4%6
_3 -17  -.504
« 39 -23 -. 9951
.4 -3? ‘.62!
35 ] -.229
.6 12 ~. 158
«69 26 -. 067
7 31 -.036
-] 36 -.004
.8 435 . 053
.83 S50 . 083
9 54 o111
« 93 39 . 143
1 635 182
1.05 58 <137
1.1 33 . 103
1.15 49 ,079
1.2 46 .06
-1.50
-1.00F
-0.50} M
Cp 0\9\
[ O
T e o T e 3
s - e‘fkezé’e <
0.50F
I.DD aal adasaal PPN SrUPEPUTE EPETUr al ko aa b al i A . .
0.00 9.20 ©.40 0.60  0.ED 1.00 1,20 < ¢
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. ! é
!
I
/
:,§ PRESSURE DATA - 1i foot - Oscillating Flap
e
iy RUN: 141 SEQ: 8
E. FLAP MEAN:-4 AMPL.: 2 FREQ.: 30
;‘,-.'r PHASE NO.: 35  ANGLE: 306 DELTA:-2.3
i, MACH: .8 ALPHR: 9
3 Ptot: 2128.2 psf Pinf: 1395.2 psf Ttot: 5%50.34 Rankine
5N
B UPPER x/¢ Cp LOWER x4 Cp
B SURFACE: =--- - SURFACE: =~--=- ==
3 2] 1.171 .09 -, 298
= .05 -.11 .1 -.378
ul . -.0253 ’ .15 . 48
T -.337 .2 -.524
.2 ~.402 .25 -.583
.2 -.461 .3 -.642
.3 -.%501 .35 -.687
.35 -.555 od -T2
.4 -.594 .45 -.847
.45 -.514 .S -. 996
‘ .S -.322 .55 ~. 941
1] -.229 .6 -.971
; .6 ~.15% .643 -.808
i .643 -.089 762 -, 236
- .705 -.022 .793 -.139%
DE .?797 .253 .824 -.0873
i .849% At .849 -.031
S .95 .162 .89% .051
i . 946 .126
1.
i3
gu ~-1.50
»:3:’
A :
52 ;
b -1.00}F RIPIT
;g: t.00 L CRICINAL LD IS
b : OF POOR QUALITY
i L
£
3

‘.Gnd.ALAI | SN BRI PPN R | PIPH SPIFET IFOErI PP LU PR

0.00 0.20 0.40 Q.60 0.80 1.00 1.20 x./¢
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HOLOGRAPHIC DATR - 11 foot ~ Oscillating Flap

1.29 x.-«c

342140
RUN: 140 SEQ: 8 ORIGtNAL PAGS iq
FLAP MEAN:-4 AMPL: 2 FREG: 30 OF POCR qQuag,
PHASE NO.: 39 ANGLE: 342 DELTA:-3.3 LITY
MACH: .8 ALPHA: @ PRINT NO.: 1
Ptot: 2128.2 psv Pinf: 1397.2 psf Ttot: 551.2% Rankine
UPPER x’e N cp LOWER x7¢ N
SURFACE: ==== -- --- SURFACE: ==-- -- _—
.25 0 -.454 .
03 -5 -.494
035 -9 '.518
o4 18 -.%71
. .55 Q -.187
.6 1?7 -.981
.65 33 .021
.7 42 .979
.75 53 .15
.8 64 .22
.85 69 .255
.9 74 .288
.95 8@ .327
1 88 .381
1.05 84 .354
1.1 82 .341
1.15 80 .327
1.2 30 .327
-1.50
-1.00¢t
-0.50F -
Cp i
3 %
Q.00 - ia\
: ﬁkwahe‘tu
C gy
0.501
I.QD.AJ ol PR | PP EPEPEDUE ARG PN AP | S 1. | I
0.a0 .29 9.40 .60 2.808 1.8
76~
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PRESSURE DATA =~ 11 foot - Oscillating Flap

RUN:S 140 SEQ: 8
FLAFP MEAN: -4 AMPL.: 2 FREQ.: 3@
PHASE HO.: 39 RANGLE: 342 ° DELTA: -3.3
MACH: .38 ALPHA: ©
Ptot: 2123.2 psf Pinf: 1397.2 psf Ttot: 551.2% Rankine
UFPER x/€ Cp LOUER x/C Cp
SURFRCE: ==== —— SURFACE: ===~ -——
; ] 1.168 .03 -.a88
! .05 -.127 o -.369
1 -.268 1 §-} ~. 4?7
- -.346 2 -.32e
4 -.407 .25 -.383
.23 -.464 3 -.5636
.3 -.495 «33 -.5681
.33 ~.55¢ .4 -. 7695
4 -,618 45 -.838
« 45 -.399 -3 -.897
.- -, 266 «35 -, 929
59 -.187 .6 ~. 955
6 -.109 .643 -. 807
.643 . 009 . 752 -,3689
« 7089 .044 . 793 -.201
797 .104 . 824 -.129
849 . 142 . 849 -, 068
« 935 . 166 « 395 .029
. 946 . 121
-1.50
" .
ORIGINAL Fr’.GE'--’S
-1.00}
-8.590rp
Cp Z 7/
0. DO sttt ettt -+ -+
Q.50
3
|
I.DD aaats Laaad ool P I EPEPES I PP ST TTe | PN i PN
0.060 a.20 B.40 a.60 ©.80 1.00 l.
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HOLOGRAFHIC DATA -~ 11 foot - Oacillating Flap
54144

RUN: 144

FLAP HMEAN: @
PHASE HO.: 7
MACH: .3

Ptot: 4238 psf

Cp

SEQ: 33
AMPL: 2

ANGLE:
ALFHA:

Pinf: 2783.8 psf

54-
)

FREQ: 39
DELTA:-1.58
PRINT HO.: |

Ttot: S80 Rankine

~

.-t

UFPPER x’¢ N Cp LOKER xX/c H
SURFACE: ~m==- - ——— SURFACE: - - -
.15 42 ~-.421
2 22 -.484
.29 %] ~.5%3
13 "l4 “-59?
« 35 -39 -. 546
e ~46 | ~-.699
.45 -61 -.731 —————. -
.6 0 -.127? ORIGEM W o
.65 17 -.071 OF POCX Qorn-1
A 29 -.03
79 40 .907
] >} -.08%
.85 17 .052
«9 27 .086
.93 42 . 138
1 62 . 207
1.95 83 .176
1.1 495 . 148
1.19 38 .124
1.2 33 . 107
-1.50
1
-1.00F
}
-0.50F
[ e
0.90 T‘ ' [P | s ..I.fan-ﬂ , VNIUNE IFUFPUON TP IR
. MM M| i ] M) T ML LI 6‘.’.:“-&.' ¥
3 hd o & rA—-e’E’-*
g.50F
9
1 Glj —_— 1 1., IS DU BAPUrIrS ruerare | | I ST | A Add
0.00 p.z2v .40 0.60 0.0 1.00 1.

e e e 4

Figure 12.- Comparisons of the Pressures Obtained From the Surface Pressure Taws
= 0°, PT = 4238 psf

and the Interferometric Results.
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PRESSURE DATAH - 11 foot = Oscillating Flap

RUN: 144 SE@: 33

FLAP MERN: © AMPL.: 2 FRER.: 30

; PHASE NO.: 7 ANGLE: S4 DELTA:~-1.59

= MACH: .8 ALPHA: @ :

£ Ptot: 4238 psf Pinf: 2788.8 psf Ttot: 580 Rankine

v4

& UPPER x’C cp LOMER x/€ cp

£ SURFACE: ==-= - SURFACE: ==== -——

Y e 1.175 .08 -. 134

.05 -.243 .1 -.224

F .1 -.3%3 W15 -,318

- W15 -.429 .2 -.379

: .2 -.483 .25 -.429

¢ .25 -,553 .3 -.48%

B .3 ~.588 .35 -.524

g .35 -.647 .4 -.623

3 i .4 ~-.?727 .45 -.697

.45 -, 765 .5 -.717

g .5 -, 759 .55 -.35%
-55 -016 n6 --305
.6 -.127 .643 -.236
.643 -.0%3 762 -.085
.705 -.041 .793 -.129
.797 -.00% .824 -.0857

.849 .087 _ .849 -.089

.95 . 146 . 895 .053

i .946 .13

-1.50

omswmzi4;:;f
OF POOR Gt/

-1.00

-0.50
Cp
3 0.00
2 0.50}
E;h 1.00 ke N IPUPINPE ORI NN EEP PUAPE TP UG SN VPP | Lt
¥ .00 ©.20 ©8.40 B8.68 ©.80 1.00 . 1.20 x7c
:
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HOLOGRAPHIC DATA - 11 foot

126144
RUN: 144 SEQ: 33
FLAP MEAN: © AMPL: 2 - FRE@: 30
PHASE NO.: 1% ANGLE: 126 DELTA:-1.7
MACH: .8 ALPHA: © PRINT NO.: I
Ptot: 42338 psf Pinf: 2783.8 psf Ttot: 580 Rankine
UPPER X7C H Cp LOUER x7¢ N Cp
SURFACE: =-~- - -—- SURFACE: ===-- - -——
.1 36 -.404
‘: u2 13 "a“?g
.29 ] -.518
03 -9 ".541"
.35 -20 -.581
od -31 -.615%
.55 0 "'21?
.35 19 -.15%
.65 39 -.088
o7 47 -.061 ORI
.75 58 -.024 MONAY oy s
.8 ? .037 WPOR@WZ&
.85 97 .198 VALTY
.9 10S .136
.95 124 .201
1 134 .236
1.05 126 .208
1.1 120 .187
1.1% 114 .16?7
1.2 111 .156
-1.50
-1.080F
L o)
-0.50} f@f«v”*
9
Ce % 9\9\
i e
0. BB ittt et bbb
1 8‘-{;_- . .
% e sl
|
0.50
|
!
I.DL-" N Pl BPIPES I AU BT AU AP RS IPUTSPIT ) i IS T NP | PP
0.09 B.20 3.40 3.60 ©.89 1.00 1.
_80_

!
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FREDDUKE UMIM = 11 Foot - Oscillating Flap

RUN: 144 SEQ: 35
FLRP MEAN: O AMPL.: 2 FREQ.: 30
PHASE HO.: 1S ANGLE: 126 DELTA:-1.7
MACH: .8 ALPHA: ©
Ptot: 4239 psf Pinf: 2788.8 psf Trot: S30 Rankine
UPPER xX/¢C Cp LOKER xX’¢ Cp
SURFRCE: ==-=~ - SURFRCE: ===~ -—-
0 1.172 .05 -.167
.93 -.213 . - a3
ol -.324 19 -1_352
13 -0399 02 -. 413
.2 ~. 454 .23 -, 464
4] -.318 «3 -. 3528
3 -.542 .33 -, 339
.39 -.39 4 -, 654
o4 -.659 .‘5 --736
.43 -, 449 3 - 7?
05 -.313 .55 ‘073?
35 ~. 217 +6 -, 324
6 -. 199 «643 - 227
! .643 ~, 108 762 -, 084
. 708 -. 101 «793 -, 079
797 -.0833 824 -.018
«849 «047 «849 016
93 .132 « 898 «067
. 946 «138
-l 'SG
3
-l . 00 o ! ."—‘:."'ln’.. r, '«: .‘3
CF POLR QUALTY
-0.59
Cp
0.00 ettt -t
8.50
3
l 00 P | PR W S N | BN PO | | B | W PN S
0.0Q0 8.209 8.40Q 0.60 0.80 1.00 1.20 x-¢
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HOLOGRAPHIC DATA = 11 foot = Osciliating Flap

186249 i
RUN: 149 ; SEQ: 7
FLAP MEAN: -4 AMPL: 2 FREQ: 30
PHASE NO.: 21 ANGLE: 180 DELTA: -4.09
MACH: .8 ALPHA: 4 PRINT NO.: 2
Ptot: 2127.5 psf Pinf: 1394.9 psf Tiot: S847.34 Rankine
- UPPER  xrc N Cp LOWER x’e N Ccp
SURFRCE: ===~ - - SURFACE: ==== == -
1% 0 -.389
o b2 -8 -.933
P2 -16  =.37
C 3 23 -1.014
L .38 =29 -1,04%
.4 -36 -1.082 _ -
45 48 -1.129 g""ef-"fﬁ'; S JOT
.58 -18 -, 22 _ F oy s~ D
.? -4 -.133 ety
.7 e -.108
.8 198 -,046
. 3% 22 .03
.9 23 .036
. 9% 30 . 081
1 33 .1
1.0% 32 .094
1.1 32 .094
1.1% 30 . 081
1.2 27 .862
~-1.90
b 'ﬁ/o
-1.00F ) =
i {
; -0.50f
1 Cp Z 0\%
! 2
L e aas e
- RRRORRARaRRce
j 0.50r
I.OlJALLA.lA_...!.. adaaaal, A 1 P e N N | N 1 Jd A 1

0.00 8.20 0.40 0.80 Q.80 1.00 1.20 ¢

Figure 13.- Comparisons of the Pressures Obtained From the Surface Pressure Taps
and the Interferometric Results, & = L%, a = 4°
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f PRESSURE DRTA = 11 foot =~ Oscillating Flap
- RUN: 149 SEQ: 7

T

v FLAP MERN: -4 AMPL.: 2 FREQ.: 30
" PhWASE NO.: 21 ANGLE: 180 DELTA:-4,0%
MACH: .8 ALPHA: 4 .
] Ptot: 2127.5 psf Pinf: 1394.9 psf Ttot: %47.34 Rankine
UPPER X7¢ Cp LONER x/¢ Cp
SURFRCE?: ~=== - SURFRCE! =we= , me-
o 988 .08 242
T .05 -, 84 o‘ .064
: o} -.846 .15 -, 964
: .15 -.389 2 “.144 L
2 -.919 -4 -.22%
h 23S -.99% 3 -.302
h 3 C ma?p .35 -.38
{: + 33 -§{.017 o4 ~.492
, o4 -1.07% 43 -. 562
g .45 -1.08% -1 -. 584
4 - -.645 1 -.437
; 055 -0554 .6 "0341
« .6 -. 507 643 -.28%
: 06‘3 -, 484 0762 e 409
:1 0705 -02‘9 0793 -.286
[ g b 082 .824 -. 111
. 849 082 « 849 ~-.363
93 « 146 «89% .019%
«946 .084
-1.50

-1.00

-0.50

PR ™

0.00

e = ——————————— e 1 -

0.50} ORIGHSL £ 00 T
OF POOR Qurr.
l.00| PP S | I BN SN Y S PR I | aal

0.00 8.20 0.480 ©.50 0.80  1.00  1.20 < c
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HOLOGRRPHIC DRTA = 11 foot = Osciliating Flap » RIS A .
22%449 CF prop o Foal ]
RUN: 149 SEQ: 7 ¢ QUalijy
FLAP MERH: -4 ’ AMPL: 2 FREOQ: 30
PHRASE NO,: 26 ANGLE: 229 DELTA:-2,63
MACH: .8 ALPHA: 4 PRINT NO,: 4 :
Ptot: 2127.9 psf Pinf: 13%4.9 psf Ttot: 547.34 Rankine
. UFFPEP x7¢ N Cp LOWER x/¢ 7] Cp
SURFACE: ===- -- - SURFRCE: ==w-= - ——-
.1 29 -.826 .
.13 11 ~-.876
.2 ] -.908
&3 ] -.%3%
-3 -3 -.962
<39 -11 -.395
ot -20 -1.042
i 3-3 -31 1.1
-] -32 -1.109%
«85 -a7 -. 24
) -11 -, 243
00‘ 9 -01?5
! .8 10 -.113
.83 18 -.063
.9 26 -.013
<99 33 .931
1 36 .03
1.09 36 .08
1.1 32 .02%
1.13 e . 806
1.2 23 -.019
-1.50
-1.00¢F
!
5
-0.50}
¢ \\
01+ B0 [t e e
p
0.50}
|
R l.UD i | EPPEr ) 1. al Pl | ] | PN . 1 } ISP |




RUN: 149 SEQ: 7

FLAP MERN:~4 AMPL.. ¢ 2 FREQ.: 30
PHRSE NO.: 26 ANGLE: 223 DELTR:-2.63
MRCH: .8 ALPHA: 4
Prot: 21d7.5 psf Pinf: 1394,9 psf Ttot: 547.34 Pankine
UPPER %7€ Cp LGWER x7/¢€ Cp
SURFACE: ===- -—- SURFACE: ==~- -
. ‘ Q9 992 . . «03 «23S
i .03 -.821 o1 0359
! o1 -.829 . 15 -,07
i .19 -,874 2 . =.1d8
B i 2 -.9 c:s ~.acb
: .23 -.938 .3 -.302
f 3 --963 i 135 -, 377
« 35 '1.093 ) . -, 484
4 -1.062 45 ~.333
43 -1.251 3 -.438
-1 -.911 .33 -.321
39S -.383 .6 -.271
.6 -.339 «643 -. 228
«643 ~.498 762 -, 291
« 703 -.317 « 793 -. 103
« 297 -.033 . 824 -,03
. 849 068 . 849 -.024
+ 93 .14 + 39S »033
. 946 . 091
-1.50

-l .OB [~ [N !’(.V,",“, .‘l T

-0.50

0.50

-85~
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HOLOGRAPHIC DATA = 1§ foot = Oscillating Flap

e e v

ORICINAL PAGT (2

270149
RUN: 149 SEQ: ? OF POOR QUALITY
FLAP MEAN:~4 AMPL: 2 FREQ: 30 :
PHASE NO.: 31 ANGLE: 27O DELTA:~1.9?7
MACH: .8 RLPHA: 4 PRINT NO.: 1
Ptot: 2127.S ps3f Pinf: 1394.9 psf Ttot: 547.34 Rankine
UPPER xX/¢ N Cp LOUER X7¢ H Cp
SURFACE: ===- - ——- SURFACE: ==== - ——-
.13 12 ~-.36%
2 S -. 993
.23 Q -.23
3 -4 -.9%2
.35 -9 -.979.
.4 -17 ~-1.022
31 -28 -1,.08
-] -39 -1.11¢
-1} -25 -1.064
o7 ~-14 -.374
-1 0 ~.289
8 16 -, 192
.83 e -. 148
.9 35 -,073
« 95 43 -.023
1 48 .008
1.5 48 .008
1.1 43 -.023
1.1$ 39 -.048
1.2 38 -.0388
-1.50
-l.DBf - 2
{ G
|
L
-0.50}F d
[ N
Cp B ﬁ\n\w\
0+ 00 et e e
1
1
[
0.50F
l -00 i [N 1 ol | U SR | adviaad oo aal P S
Q.au 8. 0.40 .60 0.30 1,00 1.20 «

I 5
T Apperan F‘ﬂ(m{biﬂ'\xw:)ff“%ﬁgnw!\!“r R S0 e 3 A
R IR e ST ST T S e a2 %
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PRESSURE DATA - 11 foot -~ Oscillating Flap

RUN: 149 SEQ: ?
FLAP MERN:-4 AMPL.: 2 FREQ.: 30
PHARSE NO.: 3t ANGLE: 270 DELTR:~1.97
MACH: .8 ALPHAR: 4
Ptot: 2127.9% psf Pinf: 1394.9 psf Ttot: %47.34 Rankine
UPPER x/¢ Cp LOMKER T x/¢ Cp
SURFACE! =<==~- —-——- SURFACE: ==-=- ——
"] « 993 .03 843
.09 -, 817 o1 .07
o1 -.824 o139 -.0839
015 "-868 .2 -tl3
02 ".395 '25 -1203
125 -,93 -3 -02?5
3 -.9%8 + 33 -.343
3 .33 -.999 ) - 39?7
AGE | .4 -1.058 45 ~.35%
ORIGINAL PUALlT‘f .45 -1.248 .5 -.34
OF POOR Q .S -1.182 .55 -.318
35 -,608 .6 -.268
16 '.549 0643 --213
«643 -, 522 . 762 -, 293
« 705 -.428 793 -.107
« 797 -. 151 . 824 ~-. 054
. 849 . 8062 . 849 -.031
99 . 141 « 895 . 0829
« 946 .988
-1.50Q
~-1.80F
-0.50¢F
s
Cp I
8.0
3
0.50H
I.Dg'-n.. P I e | PP SFEPEPEN VP PR S [P & aall e | N
0,00 8.20 Q.40 Q.60 0.80 1.8 1.
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1.050
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HHCH CONTOURS - 311 foaotr -

fFUNT 117 SEQ: 3

FLHF MEAN: © AMNPL. 2
PHRSE HO.: 1 ANGLE
MACH: .8 ALFHAZ

Frot: 2089.3 psf  Pinds

100 mm 0.750
Oscillataing Flap
& FREQ.: 3o
5] DELTA - 04
0
3ITE psf Ttar: S49.3 Fand one

M=0.90 0.95 1.00 1.05 0.825 0.800 0.775 0.75C
0.750
0.725
. O
3
Q
0.700 =
o e
i~
B
HALH CONTOLFS - §11 foot - Ozcillating Flap -E‘
RUNS 117 SEQ: 3 i
FLAP HMEANH: © HPPL.: 2 FREQ,: b Ej
FHARSE HiJ.: S ANGLE: 32 DELTAZ-1.183
HACH: .3 HLFHA: O
Prot: 2089,3 pat FPinf: 373 pat Ttot: S44.3 Fanlins

Figure 1b.- Mach Contours Obtained From the Interferograms.

§ = 0% a=0°



= 1.00 0.875 0.850 0.825 0.800

0.775

0.750

7

i

100 mm

FRED.: 30

DELTR:-1.82

Trot: SSo.

15 Rarlaine

0.725

FREG.: 30
DELTA:-1.88

Ttotd 549,2

\

0.700

0.675

Fant

1"ne

! H

! MACH CONTOURS - 11 foot - Oscillating Flap

? RUN: 122 SEG: 11

FLAF MEAH: © AMPL.: 2
FHRSE HO.: 7 ANGLE: S4

' MACH: .8 . ALPHAZ O
l Plot? 2087.9 pif Pinf: 1370 ps=¢r
H _
. n

i} 1

R @
\i ? = 0.90 0.95 0.850 0.825 0.800 0.775 0.750
*y
\ !
b
v
i
,
'

MACH CONTOURS - 11 footr - Oscrilating Flap
RUN: 117  SEu: 3

: FLEF MEAN: © ANFL.: 2

A PHHSE HO.: 9 RNGLE: 72
{;a MRCH: .3 ALPHA: U
C FProt: 2939.3 psf Finf: 1373 pzd
: ' - o .
y.

0.725

. wmeen IMNINEM

ALIWVND ¥00d 40



M=0.85 0.9 0.95 0.850 0.825 0.800 0.775 0.750 0.725

0.875

HACH COMTOURS - 11 foot - Oscillating Flap
RUTHEEES § f=d SEq: 3

FLAF MEARN: © AMFL.: 2 FREQ.: 30

PHARSE HO.: 13 AHGLE: 193 LELTAHI=-1.9

MACH: .8 RLPHA: ©

Prav: 2039.3 ps¢t Pinf: 1373 pz¢ Ttot: S4%.3 Fanl ine

M=0.8 0.90 0.9 0.875 0.850 0.825 0.800 0.775 0.750 0.750

-06-

e e et e .

5
/ . 0.900 \
1.00 |
1.05 \\
0.925
/) \ 0.725
‘ 0.700
o >

MACH COMTOURS - 11 foot - Dicillating Flap
R 117 BEQT 3

FLAF MERAN: © AMPL.: 2 FRED, 3 30»ﬂ

FHASE W, 17 AHGLE: 144 DELTR:-1.2&

MACH: .3 HLFHAR: © X .
Fror: Z0&%.3 paf Finfs 1373 pzf - T!qt: 5493.3 Rankine

ALITYND ¥00d 40
S! 39vd TYNIDIHO
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M=0.85 0.90° 0.95

0.750

0.825 0.800 0.775

—

MACH COHTOURS - 11 foot -
RUM: 137 SEQ: 3
FLAP MERNM: O

ANPL,: 2 FEED.: 30
FHASE HOD.: 2% RIUGLE: 159 DELTA: ©
HACH: .¢& ALPHA:

Ptot: 20353,.3 psf Pinf: 1373 psr

Trot: S43.3 Fant ine

= 0.85 0.90 0.95 .0 0.825 0.800 0.775 0.750

~0.750

/2

HACH CONTUURS -~ 11 foot = Qzcyllating Flap
STTTEN 1 SEQY 3
FLAP MEARN: ©

HMPL. S 2 FRED.: 203
FHARZE HO.: &5 . AHGLE: 21e - DELTA: 1.195
MACH: .8 ALFHA: © .

Fraov: Z089,3 paf Pinf: 1373 pzf

0.725

Ttot: S549.23 Ranl yne

O
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= 0.85 0.90 0.900 0.875 0.850 0.825 0.825

N 1)

HACH CONTOURS - 11 foot -~ Decallating Flap -
RUH: 141 SEQ: 8 ’

FLAF MEAN: -4 AMFL.: 2 FREG.: 30
PHASE HO.: 3 ANGLE: 18 DELTH: =4, 37 oc
MACH: .8 ALFHR: @ » il
Ftorv: 2128.2 psf‘ Pinf: 1395.2 pzf Trot: 550,39 Rani tne -gg
33
\,:‘g ‘M= 0.85 0.85 0.825 0.800 0.775 0.750 0.725 0.675 0.650 0.625 @ ';‘
0.700 3z

HACH COHTOURS - 11 foot - Dzcrllating Flap
EUl: 140 SEQ: 8

FLAFP MEAN: -9 AMPL.: 2 ‘ FREQ.: 30
FHAZE HO.: 7 HHGLE: S4 DELTAR:I-5.65
HACH: .8 ALPHA: ©

Ptot: 2129,2 paf Pinf: 13987.2 patf Trat: 551.25 Rankine

. . e
Figure 15.- Mach Contours Obtained From the Interferograms. & = -4%, a =20
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M= 0.85

0.9 0.875

0.850 0.825

0

MHCH

COHTOURS - 11 foot = Qzcillating Flap
RUNI 141 3

SEG: 8
FLAP MEAN: -4

AMPL.: 2
FHASE HO.: 19 AHGLE: 16Z
HACH: .3 RLFHA: ©
Ptot:

2128.2 pzf

M=0.8 0,90 0.95

Piny: 1395,2

0.95 0.925 0.900 0.875

FREQ.: 30

DELTA:=4.74

(1]
-,

Ttot: 5%0.39 Ranl ine

0,850

0,850

1.00
1.05
0.825

MACH CONTOURS -
RUM: 141
FLAF MEAN: -4

11 faort -
SEQ: &

AMPL.: 2
FHAZE HO,: 2?7 ANGLE: 234
MHUHS .8 ALPHA: @
Ptotv:

2128.2 psf Pinft:

Uzcillating Flap

P 1395,2 paf

N

FREQ.: 30
DELTA:-2.39%

Trot: S5Si, 34 Rard 1ne

WHIDIMO

1vnd E¥00d 40
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HALE PROFILES - 11 foot - Oscillating Flap
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Figure 25,=- Schlieren Flow Visualization lovie Strip.
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