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Summary

A survey of the flow field produced by the
airstream oscillator system (AOS) in the Langley
Transonic Dynamics Tunnel (TDT) is described in
this report. The magnitude of the vertical and lat-
eral gusts produced by the AOS was measured at
15 locations. The locations were selected to be in
the plane of a typical model helicopter rotor when
tested in the TDT using the aeroelastic rotor experi-
mental system (ARES) model. These measurements
were made over a range of tunnel dynamic pressures
typical of those used for an ARES test. The data
indicate that the gust field produced by the AOS is
nonuniform across the tunnel test section, but that
it should be sufficient to excite a model rotor.

Introduction

The gust response of helicopters has been the sub-
ject of study for some time. Helicopter gust response
is important because of the conditions in which these
aircraft operate. The helicopter must operate close to
the ground (nap of the Earth), where the atmosphere
may be turbulent, and make landings and takeoffs
from small areas where winds in the proximity of
trees and buildings can generate shear flows. In gen-
eral, helicopters are less sensitive to gust-induced air
loads than most fixed-wing aircraft. However, the
blades of a rotor are much more responsive to gust
loads than the aircraft as a whole. Also, if the he-
licopter is fitted with wings (e.g., compound config-
urations), additional gust loads may be generated.
The successful application of advanced hub designs,
such as hingeless and bearingless rotors, which may
be more sensitive to gusts than articulated rotors be-
cause of larger hub moments, higher dynamic stress,
and higher vibration levels, will require more research
on rotor gust response for both handling qualities and
loads.

The gust response of helicopter rotors has been
the subject of several analytical studies, ranging from
simplified analyses (refs. 1 to 3) to more sophisticated
analytical models (ref. 4). Wind-tunnel tests are
needed that provide data to validate these analytical
efforts. These wind-tunnel tests should be conducted
to evaluate the effects of a known gust field on
blade response and on rotor loads and transient
performance.

An initial effort to provide data that pertain to
the effects of gusts that are appropriate to model heli-
copter rotors was conducted in the Langley Transonic
Dynamics Tunnel (TDT). This initial effort consisted
of a calibration of the oscillating gust field that was
produced by the airstream oscillator system (AOS)
of the TDT at dynamic pressures and at tunnel loca-

tions used for typical model rotor tests conducted on
the aeroelastic rotor experimental system (ARES).
The ARES model is the primary test-bed for rotor-
craft tests conducted in the TDT. Measurements of
the TDT oscillating gust field for fixed-wing-aircraft
testing have been taken (refs. 5 to 7); however, for
the effort described herein, the measurements are
for lower dynamic pressures and were taken at more
forward test-section locations than in the previous
efforts.

Symbols

i vane frequency of airstream oscillator
system, Hz

q free-stream dynamic pressure, 1b/ft?

| %4 free-stream velocity, ft/sec

T tunnel station line, ft

Y tunnel spanwise station measured from
centerline, ft

@ vertical flow angle, deg

B lateral flow angle, deg

w circular frequency, 27 f, rad/sec

Subscripts:

1/2p-p  one-half peak-to-peak value

norm normalized

Apparatus and Procedures

The testing was conducted in the Langley Tran-
sonic Dynamics Tunnel (TDT). A schematic of the
tunnel is shown in figure 1. The TDT is a continuous-
flow tunnel with a slotted test section and is capable
of operation up to Mach 1.2 at stagnation pressures
up to 1 atm. The tunnel test section is 16 ft square
with cropped corners and has a cross-sectional area of
248 ft2. Either air or a heavy gas (R-12) may be used
as a test medium. Because of its high density and low
speed of sound relative to air, the use of R-12 aids the
matching of model-rotor-scale Reynolds number and
Mach number to full-scale values. The use of R-12 as
a test medium also allows the easing of some restric-
tions on model structural design while still maintain-
ing dynamic similarity. For example, the heavy-gas
test medium permits a simplified structural design
to obtain the required stiffness characteristics; there-
fore, the design and fabrication requirements of the
model (ref. 8) are eased. For this investigation, R-12
at a nominal density of 0.006 slug/ft3 was used as the
test medium, because these conditions are represen-
tative of the majority of model rotor tests conducted
in the TDT.



Airstream Oscillator System

The TDT is equipped with an airstream oscilla-
tor system (AOS), which uses short oscillating vanes
that protrude from the tunnel walls to produce a si-
nusoidal disturbance in the tunnel flow. Figure 2
is a sketch of the AOS. The gust field is produced
by induced flow associated with the trailing vortices
from each vane tip. The vortices alternate in rotation
direction as the vanes oscillate from positive to neg-
ative angles of attack, and the vortex system moves
downstream with a wavelength, dependent upon fre-
quency and free-stream velocity (ref. 5). The two sets
of two vanes that comprise the AOS are mounted in a
biplane configuration located at the entrance to the
tunnel test section. Each vane is a semispan wing
that utilizes a symmetrical airfoil section. The vanes
have a span of 3.5 ft, a taper ratio of 0.5 (tip chord to
root chord), and an aspect ratio of 1.2. Each set of
biplane vanes is attached to a large flywheel. The
vanes are oscillated about the quarter-chord by
means of linkages connected to a flywheel that is
driven by a hydraulic motor. This arrangement pro-
duces nearly sinusoidal oscillations about a preset
vane angle of attack. The amplitude is mechanically
adjustable from 0° to +12°. For this test, the ampli-
tude was set at 5.93° about a preset mean of 0°. The
frequency of oscillation is remotely adjustable from
0 to 18 Hz by means of an electrical control system,
which also synchronizes the motion of the two sets of
vanes. The two vane sets can be operated either in
phase or up to 180° out of phase. All data for this
investigation were obtained with the vanes operating
in phase.

Survey Device

The flow angularity of the airstream was mea-
sured with the survey device shown in figure 3.
The survey device consisted of three flow-angularity-
measurement assemblies mounted on two horizon-
tal members that spanned the tunnel test section.
The flow-angularity-measurement assemblies could
be moved on the horizontal members of the survey
device to any tunnel test-section span location de-
sired. These three assemblies each used two balsa
wood vanes, one to measure lateral 3 flow directions
and the other to measure vertical a flow directions.
The balsa vanes were rectangular, flat-plate config-
urations with aspect ratios of 0.5. Each vane was
bonded to a stainless-steel leading edge and shaft
adapter (fig. 4). An extension from the leading edge,
located inboard of each balsa vane, provides the mass
balance for each vane assembly. The vane assembly
is pinned to a steel shaft, which is free to rotate in
a hollow strut that projects from the housing. The
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outboard end of the shaft fits in a bronze sleeve bear-
ing, and the inboard end of the shaft is attached to a
low-torque potentiometer. The potentiometer is cal-
ibrated to provide the vane angular position. The
survey device could also be moved fore and aft in
the test section to cover a wide range of streamwise
measurement locations. For this investigation, mea-
surements were made within a 10-ft square (fig. 5)
and 8 ft above the tunnel floor. These dimensions
were chosen to cover the disk area of a rotor, up to
10 ft in diameter, being tested on the aeroelastic ro-
tor experimental system (ARES) model (ref. 9). The
ARES model is the test-bed most utilized for model
rotor testing in the TDT.

Test Procedure

The purpose of this test was to determine the
magnitude of the simulated gust field that could be
produced in the plane of a typical model helicopter
rotor being tested in the TDT with the ARES model.
Gust-induced flow angles (or simply flow angles) were
measured over a range of dynamic pressures from 10
to 50 psf. This range corresponds to a nominal range
of model advance ratios from 0.17 to 0.40, where ad-
vance ratio is defined as the ratio of tunnel veloc-
ity to rotor rotational velocity. The range of ad-
vance ratios falls within the range for most model
rotor tests conducted in the TDT. Initially, at each
value of dynamic pressure, the AOS was operated
at frequencies from 1 to 18 Hz. At AOS frequen-
cies above 10 Hz, tunnel resonance effects became
apparent. Similar observations were made in ref-
erence 5. Therefore, data presented in this report
are limited to AOS frequencies of 10 Hz and below.
At each combination of dynamic pressure and AOS
frequency, flow-direction data were obtained from
each flow-angularity-measurement assembly. These
data were obtained by using the MODCOMP Clas-
sic 32 computer at a rate of 1000 data samples
per second for 2.0 sec. The technique used to ob-
tain the one-half peak-to-peak value of the flow an-
gle was to first determine the arithmetic mean for
2000 data samples. The root-mean-square (RMS) of
the deviation of each data sample from the arith-
metic mean was then calculated and the one-half
peak-to-peak value of the flow angle was determined
by multiplying the RMS value by the square root
of 2.

Presentation of Results

During this investigation, flow-angularity mea-
surements were obtained at 15 locations in the tunnel
test section at 5 values of tunnel dynamic pressure
and a minimum of 6 values of AOS frequency. Be-
cause of the way the vertical and lateral vanes were



mounted on the measurement assembly, the lateral
measurement was always offset 8 in., both laterally
and vertically from the vertical measurement. All
data obtained in this test are contained in the appen-
dix. However, for the purpose of this report, data are
plotted at each test-section spanwise location at the
three streamwise locations but for only three values
of tunnel dynamic pressure and AOS frequency. This
approach was taken because the plotted data are rep-
resentative of the entire data set. The data consist of
the one-half peak-to-peak value of the vertical- and
lateral-flow angles as a function of test-section loca-
tion. Data are also plotted in nondimensional form as
normalized flow angle versus the wavelength param-
eter. The one-half peak-to-peak flow angle was nor-
malized by the AOS maximum vane angle of attack,
which for this test was 5.93°. The wavelength pa-
rameter is defined as the ratio of the AOS frequency
to the tunnel free-stream velocity.
The data are presented in the following order:

Figure

Spanwise variation of vertical-flow angle

at tunnel station 62 S e a5 6
Spanwise variation of lateral-flow angle

at tunnel station 62 . . . . v oo T
Longitudinal variation of vertlcal—ﬂow angle

at tunnel centerline . . . . ... 8
Longitudinal variation of lateral-ﬁow angle

8 in. from tunnel centerline . . . s a9

Variation of normalized vertical-flow angle

with wave parameter at tunnel centerline

and station 62 . . . . . .. 10
Variation of normalized lateral ﬂow angle

with wave parameter at tunnel centerline

and station62 . . . . . . . . . . . . . 11

Discussion of Results

Figure 6 shows the variation of the vertical-flow
angle across the test section at tunnel station 62
as a function of the free-stream dynamic pressure g
and AOS oscillation frequency. The cause of the
nonuniform variation in flow angle across the test
section is not known at this time. Similar spanwise
variations of the vertical-flow field were obtained
in a previous calibration effort (ref. 7). The data
show that the vertical-flow angle generally increases
by reducing the oscillation frequency of the AOS.
Limited data obtained with the AOS stationary at
0° pitch angle (not presented here but included in
the appendix) indicate that the flow angles produced
by the tunnel turbulence level with the stationary
AOS may not be any greater than that produced

at higher AOS oscillation frequencies (above 5 Hz).
Figure 7 shows the corresponding variation of the
lateral-flow component across the tunnel test section.
At the lowest value of dynamic pressure shown (¢ =
10 1b/ft2), the lateral-flow-angle amplitude shows a
spanwise trend that is opposite that of the vertical-
flow amplitude. This effect is not as significant
at higher values of dynamic pressure. As dynamic
pressure increases, the lateral-flow-angle amplitude is
reduced and generally becomes more uniform across
the test section.

Figures 8 and 9 show the streamwise variation of
the vertical- and lateral-flow angles along the tunnel
centerline. (The lateral-flow angles are measured
8 in. off the centerline.) These data are also typical of
the flow angles measured on either side of the tunnel
centerline and show no significant changes in the
measured gust field as the measurement location in
the test section is varied upstream and downstream.

Figures 10 and 11 present typical characteristics
of the normalized vertical- and lateral-low compo-
nent measured during this investigation. The data
of figure 10 are similar to results presented in refer-
ence 10. Based on the results of reference 10, the
gust that is produced by the AOS should be suffi-
cient for excitation of a model rotor over the range
of conditions shown. The data show that the vertical-
flow angle decreases as the value of the wave parame-
ter increases, but the lateral-flow component is more
constant. The wave parameter increases as wave-
length decreases; therefore, the reduction in vertical-
flow amplitude is most likely due to interaction and
cancelling between vortices generated by the oscil-
lating vanes. If the excitation of a particular model
frequency is of interest for a given test, the test pro-
gram should be planned such that the frequency of
interest falls within the range of usable excitation
shown in figure 10.

Conclusions

An investigation has been conducted in the Lang-
ley Transonic Dynamics Tunnel to measure the mag-
nitude of the gust field that could be produced for
use in the testing of model helicopter rotors. Based
on the data obtained for the test conditions investi-
gated, the following conclusions have been reached:

1. The gust field is nonuniform across the tunnel
test section. The cause of this nonuniformity is not
known at this time.

2. The magnitude of the gust field that is pro-
duced is sufficient to excite a model rotor.




Appendix

Presented in a tabular format in this appendix
are one-half peak-to-peak values of the data obtained
during the survey of the flow field produced by the
airstream oscillator system (AOS) in the Langley
Transonic Dynamics Tunnel.

There were six data runs made in the survey. In
each run, the free-stream dynamic pressure ¢ was
varied from 10 to 50 1b/ft? in increments of 10 Ib/ft2.
At each value of ¢, the AOS was varied from 0
to 10 Hz. From these data runs, flow-angularity
measurements were obtained at 15 vane locations. In
table A1, the positions of the alpha and betavanes are

specified for the six data runs, and the corresponding
data tables are identified.

Parts (a) and (b) of tables A2 to A7 present
the data for the alpha vanes and the beta vanes,
respectively. Presented in each table are the free-
stream dynamic pressure ¢, the AOS frequency, the
measured one-half peak-to-peak value of the vane
angle, the calculated wave parameter (ratio of AOS
frequency to tunnel free-stream velocity), and the
normalized gust angle (measured one-half peak-to-
peak value of the vane angle normalized by the preset
maximum AOS angle). There was a problem with
alpha vane 3, which caused some readings to be
erroneous; these points are marked with an asterisk

wk »




Table Al. Flow-Angularity-Measurement Positions

Looking downstream, west is negative and east is positive; alpha vanes are 8 ft above tunnel floor;
beta vanes are 7.333 ft above tunnel floor; see fig. 5 for clarification

Alpha vane position, ft, for—

Beta vane position, ft, for—

Data Tunnel

table station line Vane 1 Vane 2 Vane 3 Vane 1 Vane 2 Vane 3
A2(a) 57 —5.000 —2.500 0

A2(b) —5.666 —3.166 —0.666
A3(a) 0 2.500 5.000

A3(b) —.666 1.833 4.333
A4(a) 62 —5.000 —2.500 0

A4(b) —5.666 —3.166 —.666
A5(a) 0 2.500 5.000

A5(b) —.666 1.833 4.333
A6(a) 67 —5.000 —2.500 0

A6(b) —5.666 —3.166 —.666
A7(a) J 0 2.500 5.000

A7(b) —.666 1.833 4.333




There was a problem with alpha vane 3, which caused some readings to be erroneous;

Table A2. Flow-Angularity Measurement for Station 57 West

(a) Alpha (vertical) calibration rig position

these points are marked with an asterisk “*”

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

b/ ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 0 0.215 0.439 0.031 0.000 0.036 0.074 0.005
10 il .255 1.143 .o84 k) .043 193 .098
10 2 .218 .504 .240 22l .037 .085 .040
10 3 231 .429 .050 331 .039 .072 .008
10 4 .104 .188 .130 442 .018 .032 .022
10 4 .233 175 .094 .442 .039 .030 .016
10 5 210 .145 .052 .552 .035 .024 .009
10 10 .014 185 .032 1.110 .002 .031 .005
20 0 .256 .257 274 .000 .043 .043 .046
20 0 .293 .246 .323 .000 .049 .041 .054
20 1 .584 1.143 .931 .078 .098 .193 157
20 i 631 1.000 .945 077 .090 .169 .159
20 2 .401 .630 573 .156 .068 .106 .097
20 2 .455 .852 .659 157 077 .144 111
20 3 .405 471 .396 .235 .068 .079 .067
20 3 379 .383 .384 234 .064 .065 .065
20 4 .459 373 .306 .314 077 .063 .052
20 4 .380 .250 .322 311 .064 .042 .054
20 5 420 .294 .292 . .390 071 .050 .049
20 5 .364 .250 273 .390 .061 .042 .046
20 10 .330 .251 310 782 .056 .042 .052
20 10 .286 .278 * .782 .048 .047 *
30 0 .250 .596 .247 .000 .042 101 .042
30 I .083 1.236 .796 .064 .098 .208 134
30 2 404 1.197 * 127 .068 .202 *
30 3 .369 741 378 191 .062 125 .064
30 4 367 .807 315 .255 .062 136 .053
30 5 .366 .870 .255 .318 .062 147 .043
30 10 .269 1.896 .295 637 .045 .320 .050
40 0 .259 953 .244 .000 .044 161 .041
40 it .644 1.640 * .055 .109 200 *
40 1 .503 2.311 .782 .055 .085 .390 132
40 2 .369 1.166 .666 110 .062 197 112
40 2 .382 2.400 .660 110 .064 405 AL
40 3 .269 .922 .547 .165 .045 .155 .092
40 4 319 .848 .364 .220 .054 .143 .061
40 4 333 .698 * .220 .056 118 *
40 4 .326 1.604 411 .220 .055 270 .069
40 5 .328 1.268 370 275 .055 214 .062
40 5 .333 .656 .288 275 .056 AU .049
40 10 .288 .813 .247 .551 .049 137 .042
40 10 .284 .718 .265 .551 .048 121 .045
50 0 .184 1.127 .230 .000 .031 .190 .039
50 1 .627 1.889 1.018 .049 .106 319 172
50 2 .541 1.233 .803 .098 .091 .208 135
50 3 343 875 433 .148 .058 .148 .073
50 4 .307 .809 416 .196 .052 .136 .070
50 5 .349 1.028 .242 .245 .059 173 .041
50 10 419 .896 .236 491 .071 .151 .040




(b) Beta (lateral) calibration rig position

Table A2. Concluded

1/2p-p flow angle, deg, for—

Normalized flow angle, deg, for—

q, AOS Wave

lb/ft2 frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 0 0.706 0.111 0.259 0.000 0.119 0.019 0.044
10 1 1.312 .267 .298 .110 221 .045 .050
10 2 1.206 .164 318 221 203 .028 .054
10 3 1.874 .148 224 331 .316 .025 .038
10 4 1.039 .186 .258 442 175 .031 .044
10 4 1.097 141 215 .442 .185 .024 .036
10 5 .944 175 .253 .552 .159 .030 .043
10 10 412 .145 .207 1.110 .069 .024 .035
20 0 1.132 231 .252 .000 191 .039 .043
20 0 2.282 .158 .268 .000 .385 .027 .045
20 1 1.838 .189 .280 .078 310 .032 .047
20 1 1.452 214 341 077 .245 .036 .057
20 2 1.284 198 .269 .156 217 .033 .045
20 2 1.713 .160 219 157 .289 .027 .037
20 3 1.444 161 .283 .235 .244 .027 .048
20 3 1.132 .198 257 234 191 .033 .043
20 4 .997 222 .290 314 .168 .037 .049
20 4 .927 .169 .269 311 .156 .028 .045
20 5 .857 197 .260 .390 .145 .033 .044
20 5 .705 .184 .266 .390 119 .031 .045
20 10 449 .154 .252 782 .076 .026 .043
20 10 438 .156 261 .782 .074 .026 .044
30 0 1.728 .190 .262 .000 .291 .032 .044
30 1 1.578 180 .258 .064 .266 .030 .043
30 2 1.657 .200 .255 127 279 .034 .043
30 3 1.271 .154 .238 191 214 .026 .040
30 4 .989 187 .209 .255 167 .032 .035
30 5 .888 184 .223 318 .150 .031 .038
30 10 488 193 .189 637 .082 .032 .032
40 0 1.963 111 .259 .000 331 .019 .044
40 1 1.895 .158 273 .055 .320 .027 .046
40 1 1.493 145 221 .055 .252 .025 .037
40 2 1.388 139 .203 110 234 .023 .034
40 2 1.589 144 .249 110 .268 .024 .042
40 3 1.182 .160 .258 165 .199 .027 .043
40 4 1.049 175 197 220 177 .029 .033
40 4 957 241 .240 220 161 .041 .040
40 4 910 433 .247 .220 153 .073 .042
40 5 .756 216 .261 275 127 .036 .044
40 5 .780 213 .255 275 131 .036 .043
40 10 420 181 222 .651 .071 .031 .038
40 10 .435 .190 .256 551 .073 .032 .043
50 0 2.534 .139 .286 .000 427 .023 .048
50 1 1.656 222 234 .049 .279 .037 .040
50 2 1.638 170 .259 .098 .276 .029 .044
50 3 1.450 .169 .263 .148 244 .029 .044
50 4 1.089 .201 251 .196 .184 .034 .042
50 5 .793 .200 .280 .245 134 .034 .047
50 10 .529 .198 .254 491 .089 .033 .043




Table A3. Flow-Angularity Measurement for Station 57 East

(a) Alpha (vertical) calibration rig position

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—
q, AOS Wave
Ib/ft? | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 0 0.255 0.349 0.226 0.000 0.043 0.059 0.038
10 1 745 .897 .332 .109 126 151 .056
10 1 .649 .839 .381 .109 .109 141 .064
10 2 .302 .481 .358 .219 .051 .081 .060
10 2 200 .556 .366 .220 .046 .094 .062
10 3 .246 .513 .264 .328 .041 .087 .045
10 3 .294 .341 .289 .330 .050 .058 .049
10 4 214 .356 .294 .442 .036 .060 .050
10 4 138 312 .308 .440 .023 .063 .052
10 5 .233 .337 .330 .550 .039 .057 .056
10 5 195 .430 317 .553 .033 .073 .053
10 10 237 .400 .264 1.100 .040 .067 .045
10 10 217 .323 .247 1.106 .037 .054 .042
20 0 .244 .298 175 .000 .041 .050 .030
20 0 .332 415 215 .000 .056 .070 .036
20 1 919 .960 .373 .078 .155 162 .063
20 1 .999 1.027 405 .078 .168 173 .068
20 1 971 1.000 .403 .078 .164 .169 .068
20 1 1.000 1.207 .326 077 .169 .204 .055
‘ 20 2 .605 .579 .366 155 .102 .098 .062
20 2 .647 .694 .269 .155 .109 117 .045
| 20 2 .580 .621 327 .156 .098 .105 .055
‘ 20 2 .510 719 .295 155 .086 121 .050
20 3 .362 27 .359 1233 .061 123 .061
20 3 .319 .628 .322 .233 .054 .106 .054
20 3 .386 .574 267 .233 .065 .097 .045
20 3 312 .505 .390 234 .053 .085 .066
20 4 .598 1.016 .304 .310 101 171 .051
20 4 .289 .647 .322 311 .049 .109 .054
20 4 271 .545 .296 .310 .046 .092 .050
20 4 .328 783 .347 311 .055 132 .059
20 5 .357 .790 .264 .388 .060 133 .045
20 5 .266 761 .308 .387 .045 128 .052
20 5 353 .861 .294 .387 .060 .145 .050
20 5 292 .656 .322 .388 .049 Skl .054
20 10 .264 770 .226 T .045 .130 .038
20 10 210 .835 .205 779 .047 141 .035
20 10 .399 .759 .296 779 .067 128 .050
20 10 .368 .862 .237 0T .062 .145 .040
30 0 212 911 211 .000 .036 .154 .036
30 0 .240 .902 215 .000 .040 152 .036
30 1 1.019 1.248 .332 .064 A72 210 .056
30 1 1.010 1.210 .307 .064 170 .204 .052
30 2 .704 .956 .204 128 119 161 .034
30 2 .692 914 .180 128 sl Gy 154 .030
30 3 .335 791 275 191 .056 .133 .046
30 3 .405 .858 171 191 .068 145 .029
30 4 .333 .955 .293 .255 .056 161 .049
30 4 287 .947 212 .256 .048 .160 .036




There was a problem with alpha vane 3, which caused some readings to be erroneous;

Table A3. Continued

(a) Concluded

these points are marked with an asterisk “*”

1/2p-p flow angle, deg, for—

Normalized flow angle, deg, for—

q, AOS Wave
Ib/ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3

30 5 0.287 0.916 0.216 0.320 0.048 0.154 0.036
30 5 195 .906 .268 319 .033 153 .045
30 10 222 .589 .248 .640 .037 .099 .042
30 10 .246 611 .248 .640 .041 103 042
40 0 .259 .638 135 .000 .044 .108 .023
40 0 .255 975 124 .000 .043 .164 .021
40 0 .278 692 233 .000 .047 .100 .039
40 0 .249 .468 * .000 .042 .079 *
40 1 985 1.243 .284 .055 .166 210 .048
40 1 1.070 1.360 .304 .055 .180 .229 .051
40 1 .925 1.230 .300 .055 .156 .207 .051
40 1 1.055 1.239 .266 .055 178 .209 .045
40 2 .764 .906 213 .110 129 .153 .036
40 2 751 .858 189 .110 127 .145 .032
40 2 725 921 .153 110 122 155 .026
40 2 .651 .996 .176 .110 .110 .168 .030
40 3 498 .669 211 .165 .084 J113 .036
40 3 .602 .656 .205 .165 102 11 .035
40 3 .501 611 .188 .165 .084 .103 .032
40 3 .549 .647 134 .165 .093 .109 .023
40 4 .355 .584 .189 .220 .060 .098 .032
40 4 .400 511 .189 .220 .067 .086 .032
40 4 411 .482 179 .220 .069 .081 .030
40 4 .369 .481 .186 .220 .062 .081 .031
40 5 .309 .546 215 275 .052 .092 .036
40 5 412 .570 178 .275 .069 .096 .030
40 5 .260 518 .195 275 .044 .087 .033
40 5 .281 .578 .198 276 .047 .097 .033
40 10 .333 .505 * .552 .056 .085 *
40 10 .262 472 .078 552 .044 .080 .013
40 10 .300 .626 .148 .552 .051 .106 .025
40 10 .309 .664 S 1 .551 .052 112 .019
50 0 .235 .649 .200 .000 .040 .109 .034
50 0 .287 .638 * .000 .048 .108 *
50 1 979 1.208 .355 .049 .165 .204 .060
50 1 1.047 1.338 .368 .049 AT .226 .062
50 2 .899 .982 .210 .098 .152 .166 .035
50 2 .846 931 .193 .098 .143 157 .033
50 3 674 .750 183 .147 114 126 .031
50 3 .595 .739 .109 .147 .100 125 .018
50 1 .463 .646 .146 .196 .078 .109 .025
50 4 .409 671 .166 196 .069 113 .028
50 5 .341 .765 .200 .245 .058 129 .034
50 5 .368 .736 .195 .246 .062 124 .033
50 10 .250 .780 125 491 .042 132 .021
50 10 .238 877 .072 .492 .040 .148 .012




(b) Beta (lateral) calibration rig position

Table A3. Continued

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

Ib/ft? | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 0 0.495 0.016 0.253 0.000 0.084 0.003 0.043
10 1 .624 133 .621 .109 .105 .022 .105
10 1 .438 .044 .599 .109 .074 .007 101
10 2 472 .084 .387 219 .080 .014 .065
10 2 .644 135 .442 .220 .109 .023 .074
10 3 .614 172 .310 .328 104 .029 .052
10 3 715 171 .361 .330 121 .029 .061
10 4 .658 191 312 442 Al .032 .053
10 4 .920 .160 .304 440 155 .027 .051
10 5 .550 .206 318 .550 .093 .035 .054
10 5 .601 .196 .243 .553 .101 .033 .041
10 10 .582 .204 211 1.100 .098 .034 .036
10 10 .632 .200 174 1.106 107 .034 .029
20 0 .267 179 .236 .000 .045 .030 .040
20 0 .255 .095 267 .000 .043 .016 .045
20 1 271 71 512 .078 .046 .029 .086
20 1 .257 191 .539 .078 .043 .032 .091
20 1 .283 193 .607 078 .048 .033 .102
20 1 .259 178 511 077 .044 .030 .086
20 2 279 .170 .445 155 .047 .029 .075
20 2 .251 .243 379 .155 .042 .041 .064
20 2 .262 135 .394 .156 .044 .023 .066
20 2 271 .208 .425 .155 .046 .035 .072
20 3 .258 .189 378 .233 .043 .032 .064
20 3 217 .326 .349 -233 .037 .055 .059
20 3 273 131 .343 .233 .046 .022 .058
20 3 .289 .156 .336 .234 .049 .026 .057
20 4 .245 .168 317 .310 .041 .028 .053
20 4 .263 .228 .376 311 .044 .039 .063
20 4 .255 .201 .316 .310 .043 .034 .053
20 4 .268 199 261 311 .045 .033 .044
20 5 .269 .156 .300 .388 .045 .026 .051
20 5 235 .162 317 .387 .040 .027 .053
20 5 .246 .188 .298 .387 .041 .032 .050
20 5 .255 154 .295 .388 .043 .026 .050
20 10 .159 .301 .301 7T .027 .051 .051
20 10 .200 .188 .252 779 .034 .032 .042
20 10 .238 .292 .256 779 .040 .049 .043
20 10 221 .440 277 Ny .037 .074 .047
30 0 .249 .783 .283 .000 .042 132 .048
30 0 .253 132 271 .000 .043 .022 .046
30 1 .245 412 .559 .064 .041 .069 .094
30 1 .236 715 .553 .064 .040 121 .093
30 2 .259 .438 470 128 .044 .074 .079
30 2 241 877 .460 128 .041 .148 078
30 3 .288 .176 .405 191 .049 .030 .068
30 3 .248 .526 .390 191 .042 .089 .066
30 4 274 154 .392 .255 .046 .026 .066
30 4 .256 .090 391 .256 .043 .015 .066
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Table A3. Concluded

(b) Concluded

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

b/ ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
30 5 0.231 0.140 0.342 0.320 0.039 0.024 0.058
30 5 .267 154 .393 319 .045 .026 .066
30 10 .223 .148 .268 .640 .038 .025 .045
30 10 221 .164 .270 .640 .037 .028 .046
40 0 .291 120 .252 .000 .049 .020 .042
40 0 221 .182 261 .000 .037 .031 .044
40 0 .258 119 .266 .000 .044 .020 .045
40 0 .203 .163 .259 .000 .034 .027 .044
40 1 .258 .340 .601 .055 .044 .057 101
40 it .209 .102 .622 .055 .035 .017 .105
40 1 .184 157 .606 .055 .031 .026 .102
40 1 221 .541 .665 .055 .037 .091 I B
40 2 .195 AT .584 110 .033 .020 .098
40 2 277 133 .563 .110 .047 .022 .095
40 2 .186 .226 .530 .110 .031 .038 .089
40 2 .218 142 .504 .110 .037 .024 .085
40 3 242 2123 478 .165 .041 .021 .081
40 3 197 128 .367 .165 .033 .022 .062
40 3 .236 .153 .399 .165 .040 .026 .067
40 3 .239 .159 .469 165 .040 .027 .079
40 4 252 .140 374 .220 .042 .024 .063
40 4 .220 .147 371 .220 .037 .025 .063
40 4 244 139 .358 220 .041 .023 .060
40 4 .263 .152 .402 .220 .044 .026 .068
40 5 .220 .151 .347 275 .037 .026 .059
40 5 .204 163 .338 .275 .034 .028 .057
40 5 190 .160 317 275 .032 .027 .053
40 5 .229 .156 .339 .276 .039 .026 .057
40 10 .246 195 373 .552 .041 .033 .063
40 10 .205 .183 207 .552 .035 .031 .047
40 10 .226 .198 321 .552 .038 .033 .054
40 10 .236 187 .336 551 .040 .032 .057
50 0 .206 .194 .298 .000 .035 .033 .050
50 0 275 .204 .269 .000 .046 .034 .045
50 1 .294 .180 .502 .049 .050 .030 .085
50 1 .247 .188 .625 .049 .042 .032 105
50 2 .253 .203 522 .098 .043 .034 .088
50 2 1231 .165 .583 .098 .039 .028 .098
50 3 .228 .148 512 147 .038 .025 .086
50 3 219 .183 479 147 .037 .031 .081
50 4 .245 178 .402 .196 .041 .030 .068
50 4 .222 .160 .387 .196 .038 .027 .065
50 5 .248 123 .347 .245 .042 .021 .058
50 5 .253 124 .393 .246 .043 .021 .066
50 10 .243 .168 .283 491 .041 .028 .048
50 10 227 163 .292 .492 .038 .028 .049
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| Table A4. Flow-Angularity Measurement for Station 62 West

(a) Alpha (vertical) calibration rig position

these points are marked with an asterisk “*”

There was a problem with alpha vane 3, which caused some readings to be erroneous;

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

b/ ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 1 0.097 0.952 0.462 0.111 0.016 0.161 0.078
10 2 224 .785 .240 .223 .038 132 .040
10 3 82311 .878 .238 .336 .039 .148 .040
10 4 174 1.051 .220 .445 .029 177 .037
10 5 .045 1.026 .153 .554 .008 173 .026
10 10 .225 1.231 .204 1.118 .038 .208 .034
20 1 .510 1.038 .718 .078 .086 175 121
20 1 .580 1.051 .703 077 .098 e 119
20 2 .354 .695 .396 .155 .060 Sl .067
20 2 .370 .780 ATT .155 .062 131 .080
20 3 .366 .531 2211 233 .062 .090 .038
20 3 .320 414 .253 232 .054 .070 .043
20 4 401 .298 175 .310 .068 .050 .030
20 4 .339 441 .209 .310 .057 .074 .035
20 5 331 411 .220 .388 .056 .069 .037
20 5 375 .535 219 .388 .063 .090 .037
20 10 .253 423 .185 778 .043 .071 .031
20 10 223 .328 219 178 .038 .055 .037
30 1 .543 1.264 .808 .064 .092 213 .136
30 2 .282 1.088 .456 127 .048 .183 077
30 3 .286 .823 .322 191 .048 .139 .054
30 4 .365 716 .261 .256 .062 21 .044
30 5 .381 .681 .249 .319 .064 115 .042
30 10 .237 .833 .283 .640 .040 .140 .048
40 1 .578 1.183 .754 .055 .097 .199 127
40 1 497 1.378 811 .055 .084 232 137
40 2 .297 941 .536 .110 .050 .159 .090
40 2 .297 1.113 617 110 .050 .188 .104
40 3 .292 .962 .357 .165 .049 .162 .060
40 3 .290 1.251 .336 .165 .049 211 .057
40 4 .341 1.096 .305 .220 .058 .185 .051
40 4 .360 775 .247 .220 .061 131 .042
40 5 312 .804 .302 275 .053 136 .051
40 5 375 .887 .287 275 .063 .150 .048
40 10 .310 .839 .291 .551 .052 141 .049
40 10 .288 .836 .240 .551 .049 141 .040
50 1 .588 1.360 .826 .049 .099 .229 .139
50 2 .334 1.404 .689 .098 .056 .237 116
50 3 .333 .695 .399 .147 .056 117 .067
50 4 .334 .661 .299 .196 .056 bl .050
50 5 o411 .625 .263 .246 .069 .105 .044
50 10 .364 .503 * .492 .061 .085 *
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(b) Beta (lateral) calibration rig position

Table A4. Concluded

1/2p-p flow angle, deg, for—

Normalized flow angle, deg, for—

q, AOS Wave

b/ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 il 1.646 0.180 0.267 0.111 0.278 0.030 0.045
10 2 1.732 141 .254 223 292 .024 .043
10 3 1.415 .146 .251 .336 .239 .025 .042
10 4 1.054 167 .256 .445 178 .028 .043
10 5 .836 169 .260 .554 141 .028 .044
10 10 .399 .138 .255 1.118 .067 .023 .043
20 1 1.869 .267 234 .078 315 .045 .039
20 1 1777 .266 .222 .077 .300 .045 .037
20 2 1.966 .246 .283 .155 .332 .041 .048
20 2 1.700 .780 294 155 287 131 .050
20 3 1.465 228 .245 233 .247 .038 .041
20 3 1.450 217 .269 .232 244 .037 .045
20 4 1.322 .202 .254 310 223 .034 .043
20 4 1.195 .223 314 310 .201 .038 .053
20 5 1.003 215 .283 .388 .169 .036 .048
20 5 1.094 .192 279 .388 184 .032 .047
20 10 514 .186 215 .T78 .087 .031 .036
20 10 .382 277 .266 778 .064 .047 .045
30 1 1.458 .290 .240 .064 .246 .049 .041
30 2 1.711 .208 275 127 .289 .035 .046
30 3 1.397 .225 .208 191 .236 .038 .035
30 4 1.091 .198 274 .256 .184 .033 .046
30 5 1.081 219 .288 319 .182 .037 .049
30 10 .503 .187 .254 .640 .085 .032 .043
40 1 1.764 181 .252 .055 .298 .031 .043
40 1l 1.734 .245 .254 .055 .292 .041 .043
40 2 1.626 195 .245 110 274 .033 .041
40 2 1.664 .237 .226 110 .281 .040 .038
40 3 1.312 174 .264 165 221 .029 .044
40 3 1.245 329 .262 165 .210 .056 .044
40 4 1.170 .223 .260 .220 197 .038 .044
40 4 1.079 197 .261 .220 .182 .033 .044
40 5 1.002 .263 .236 275 .169 .044 .040
40 5 .950 .286 .305 275 .160 .048 .051
40 10 474 .148 215 551 .080 .025 .036
40 10 .495 627 191 .551 .084 .106 .032
50 1 1.686 204 241 .049 .284 .034 .041
50 2 1.495 .259 232 .098 .252 .044 .039
50 3 1.529 193 277 .147 .258 .033 047
50 4 1.124 .331 .289 .196 .189 .056 .049
50 5 .908 .694 .247 .246 .153 il .042
50 10 .509 .790 .228 .492 .086 .133 .038
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[ There was a problem with alpha vane 3, which caused some readings to be erroneous;

Table A5. Flow-Angularity Measurement for Station 62 East

(a) Alpha (vertical) calibration rig position

these points are marked with an asterisk “*”

|

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

b/ ft2 frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 0 0.227 0.587 0.239 0.000 0.038 0.099 0.040
10 0 .199 791 190 .000 .034 133 .032
10 1 .709 961 .248 110 120 162 .042
10 1 .664 .963 .295 110 112 162 .050
10 2 252 .836 .301 .220 .042 141 .051
10 2 .283 .765 * .220 .048 129 *
10 3 .248 .631 273 .330 .042 .106 .046
10 3 218 .484 231 .330 .037 .082 .039
10 4 .241 .520 .296 .440 .041 .088 .050
10 4 .238 .572 .263 .438 .040 .096 .044
10 5 .252 .540 .249 .550 .042 .091 .042
10 5 211 .580 .262 .547 .036 .098 .044
10 10 .092 .576 .164 1.105 .016 .097 .028
10 10 .238 .652 .048 1.105 .040 110 .008
20 0 .295 .546 .261 .000 .050 .092 .044
20 0 .269 .562 .268 .000 .045 .095 .045
20 0 .234 .353 272 .000 .039 .060 .046
20 0 .238 .450 .328 .000 .040 .076 .055
20 1 1.027 1.229 370 .078 4173 .207 .062
20 1 918 1.186 .296 077 .155 .200 .050
20 1 974 1.153 .305 .078 .164 .194 .051
20 1 917 1.100 .352 .078 155 185 .059
20 2 .622 .809 311 157 105 136 .052
20 2 487 735 .293 .155 .082 124 .049
20 2 607 .679 312 .156 102 115 .053
20 2 .634 776 267 .156 107 131 .045
20 3 .344 459 314 234 .058 077 .053
20 3 .384 .526 .316 .234 .065 .089 .053
20 3 .320 484 325 .235 .054 .082 .055
20 3 .283 .519 .332 234 .048 .088 .056
20 4 .248 .392 .307 313 .042 .066 .052
20 4 .262 421 .369 314 .044 .071 .062
20 4 20T .492 .398 :312 .047 .083 .067
20 4 .266 427 .329 311 .045 .072 .055
20 5 253 .456 324 .391 .043 077 .055
20 5 .310 .403 344 .392 .052 .068 .058
20 5 .300 .480 .338 .391 .051 .081 .057
20 5 276 .420 .293 391 .047 .071 .049
20 10 .263 .393 .298 .781 .044 .066 .050
20 10 .248 415 .249 .784 .042 .070 .042
20 10 .255 463 .282 .786 .043 .078 .048
20 10 .282 .382 275 .784 .048 .064 .046
30 0 .242 191 .205 .000 .041 .032 .035
30 0 .245 ATT ATT .000 .041 .030 .030
30 1 1.026 1.226 .233 .064 173 .207 .039
30 1 .959 1.151 .364 .064 162 .194 .061
30 2 .587 737 .306 128 .099 124 .052
30 2 .604 792 .302 127 102 134 .051
30 3 .388 .481 .258 192 .065 .081 .044




[There was a problem with alpha vane 3, which caused some readings to be erroneous;

Table A5. Continued

(a) Concluded

these points are marked with an asterisk

Uy "
*

)

1/2p-p flow angle, deg, for—

Normalized flow angle, deg, for—

q, AOS Wave

b/t | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
30 3 0.385 0.500 * 0.192 0.065 0.084 *
30 4 332 .303 .285 .255 .056 .051 .048
30 4 .280 313 .254 .256 .047 .053 .043
30 5 .248 .301 .213 .320 .042 .051 .036
30 5 .262 272 241 .320 .044 .046 .041
30 10 .252 .216 2211 .638 .042 .036 .037
30 10 .255 .203 * .641 .043 .034 *
40 0 .245 .314 .209 .000 .041 .053 .035
40 0 .255 .549 221 .000 .043 .093 .037
40 0 .162 470 Al .000 .027 .079 .019
40 0 .283 .379 .189 .000 .048 .064 .032
40 il .949 1.296 * .055 .160 219 *
40 1 .920 1.231 .248 .055 .155 .208 .042
40 1 .956 1.246 .305 .055 .161 .210 .051
40 1 1.019 1.259 .269 .055 172 212 .045
40 2 .718 1.011 241 110 A21 170 .041
40 2 .783 1.097 .225 110 132 .185 .038
40 2 il 1.019 .192 .110 120 172 .032
40 2 .632 981 .238 110 107 .165 .040
40 3 412 .836 .256 .165 .069 .141 .043
40 3 463 7135 .362 .165 .078 124 .061
40 3 .492 .739 .232 .165 .083 125 .039
40 3 .484 .815 241 .165 .082 A37 .041
40 4 .294 .523 311 .220 .050 .088 .052
40 4 .333 BTT .240 .220 .056 .097 .040
40 4 .289 .534 231 219 .049 .090 .039
40 4 .390 .535 .230 .220 .066 .090 .039
40 5 .265 .555 .396 274 .045 .094 .067
40 5 .254 427 .400 275 .043 .072 .067
40 5 252 .559 .359 274 .042 .094 .061
40 5 319 495 321 274 .054 .083 .054
40 10 221 .486 427 .550 .037 .082 .072
40 10 .218 444 .343 .550 .037 .075 .058
40 10 217 432 333 .550 .037 .073 .056
40 10 .259 .458 .291 .550 .044 077 .049
50 0 .287 £3 73l * .000 .048 .063 *
50 0 .310 .458 .250 .000 .052 077 .042
50 1 1.041 1.286 .276 .049 .176 217 .047
50 1 .969 1.351 .239 .049 .163 .228 .040
50 2 .846 1:127 * .098 .143 190 *
50 2 .750 1.215 .208 .098 126 .205 .035
50 3 575 .969 2312 .148 .097 .163 .053
50 3 .634 .806 .310 .148 107 .136 .052
50 4 497 .766 .283 197 .084 129 .048
50 4 467 .688 419 .196 .079 116 .071
50 5 .388 .586 .514 .245 065 .099 .087
50 5 .408 .523 387 .245 .069 .088 .065
50 10 .293 .466 .468 491 .049 .079 .079
50 10 .344 .480 444 491 .058 .081 .075
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(b) Beta (lateral) calibration rig position

Table A5. Continued

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

b/ ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
20 0 0.265 0.199 0.256 0.000 0.045 0.034 0.043
20 0 .283 .072 .269 .000 .0048 .012 .045
20 0 .254 .252 .233 .000 .043 .043 .039
20 0 273 A7 .269 .000 .046 .029 .045
20 1 273 157 571 .078 .046 .026 .096
20 I .283 179 .568 077 .048 .030 .096
20 1 .285 .098 .624 .078 .048 .017 .105
20 I .259 175 .565 .078 .044 .029 .095
20 2 .265 272 367 157 .045 .046 .062
20 2 .251 185 420 .155 .042 .031 .071
20 2 .276 192 .361 .156 .047 .032 .061
20 2 .262 .247 410 .156 .044 .042 .069
20 3 .292 .269 .316 .234 .049 .045 .053
20 3 .249 191 .295 .234 .042 .032 .050
20 3 278 .295 .336 .235 .047 .050 .057
20 3 .300 .203 .294 .234 .051 .034 .050
20 4 237 331 327 313 .040 .056 .055
20 4 .292 214 .307 314 .049 .036 .052
20 4 .258 234 291 312 .043 .039 .049
20 4 271 212 .310 =311 .046 .036 .052
20 5 .236 275 313 .391 .040 .046 .053
20 5 .248 .223 .294 .392 .042 .038 .050
20 5 .260 201 .304 .391 .044 .034 .051
20 5 .289 .285 275 .391 .049 .048 .046
20 10 .250 .243 .200 .781 .042 .041 .034
20 10 .287 .226 211 .784 .048 .038 .036
20 10 .259 271 311 .786 .044 .046 .052
20 10 .255 .247 241 .784 .043 .042 .041
30 0 .289 132 .289 .000 .049 .022 .049
30 0 244 242 .226 .000 .041 .041 .038
30 1 .292 .553 .602 .064 .049 .093 101
30 1 .259 .537 .548 .064 .044 .091 .092
30 2 .209 .860 474 128 .035 .145 .080
30 2 .276 219 .502 127 .047 .037 .085
30 3 .264 .330 419 192 .044 .056 .071
30 3 .236 482 .342 .192 .040 .081 .058




Table A5. Concluded

(b) Concluded

1/2p-p flow angle, deg, for—

Normalized flow angle, deg, for—

q, AOS Wave

Ib/ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1l Vane 2 Vane 3
30 4 0.202 0.230 0.389 0.255 0.034 0.039 0.066
30 4 .220 .189 311 .256 .037 .032 .052
30 5 .256 229 287 .320 .043 .039 .048
30 5 .223 .242 .334 .320 .038 .041 .056
30 10 .204 .248 278 .638 .034 .042 .047
30 10 170 .257 .216 .641 .029 .043 .036
40 0 .160 167 .273 .000 .027 .028 .046
40 0 274 .285 257 .000 .046 .048 .043
40 0 .256 .263 .281 .000 .043 .044 .047
40 0 217 155 .206 .000 .037 .026 035
40 1 .248 .253 527 .055 .042 .043 .089
40 1 .263 .183 .565 .055 .044 .031 .095
40 1 .230 .185 .636 .055 .039 .031 107
40 1 192 .319 677 .055 .032 .054 114
40 2 191 .305 .560 .110 .032 .051 .094
40 2 .240 .237 .493 110 .040 .040 .083
40 2 .257 211 .528 .110 .043 .036 .089
40 2 225 222 .449 110 .038 .038 .076
40 3 .128 271 487 .165 .022 .046 .082
40 3 .222 .298 .469 .165 .037 .050 .079
40 3 2211 .220 .456 .165 .037 .037 077
40 3 .203 .235 .450 .165 .034 .040 .076
40 4 .230 .261 394 .220 .039 .044 .066
40 4 227 224 .393 .220 .038 .038 .066
40 4 211 215 377 219 .036 .036 .064
40 4 .225 .252 .398 .220 .038 .043 .067
40 5 .263 .222 276 274 .044 .037 .047
40 5 .200 .260 .309 275 .034 .044 .052
40 5 .218 .228 .265 274 .037 .039 .045
40 5 .212 .294 .306 274 .036 .050 .052
40 10 .216 189 .300 .550 036 .032 .051
40 10 107 217 .266 .550 .018 .037 .045
40 10 .269 .204 .262 .550 .045 .034 .044
40 10 .257 .257 .300 .550 .043 .043 .051
50 0 .283 .071 .254 .000 .048 .012 .043
50 0 .253 .068 .259 .000 .043 .011 .044
50 1 .239 110 594 .049 .040 .019 .100
50 1 .240 117 .616 .049 .040 .020 .104
50 2 171 .159 .567 .098 .029 .027 .096
50 2 .237 124 .601 .098 .040 .021 101
50 3 195 119 .533 .148 .033 .020 .090
50 3 .236 .136 .531 .148 .040 .023 .090
50 4 .201 141 418 197 .034 .024 .071
50 4 .250 .109 .450 .196 .042 .018 .076
50 5 .187 129 407 .245 .032 .022 .069
50 5 .228 .183 .393 .245 .039 .031 .066
50 10 .183 .190 .288 491 .031 .032 .049
50 10 197 .191 .287 .491 .033 .032 .048
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There was a problem with alpha vane 3, which caused some readings to be erroneous;

Table A6. Flow-Angularity Measurement for Station 67 West

(a) Alpha (vertical) calibration rig position

these points are marked with an asterisk “*”

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

Ib/ft? | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 1 0.374 1.187 0.479 0.110 0.063 0.200 0.081
10 2 .143 1.075 .378 221 .024 181 .064
10 3 177 .965 .260 .331 .030 163 .044
10 4 133 1.052 217 441 .022 ATT .037
10 5 .148 1.228 .360 .551 .025 .207 .061
10 6 170 1.214 * .658 .029 .205 *
10 10 .240 .316 .262 1.108 .040 .053 .044
20 1 491 1.031 .838 .078 .083 174 141
20 1 .484 1.102 .837 .078 .082 .186 141
20 1 .567 .931 .848 .077 .096 157 143
20 2 .342 .790 .548 155 .058 .133 .092
20 2 275 1.010 .578 .155 .046 .170 .097
20 3 .387 .579 .382 .233 .065 .098 .064
20 3 .394 .608 .318 .234 .066 .103 .054
20 3 .378 .655 .366 .232 .064 .110 .062
20 4 .420 467 .302 311 .071 .079 .051
20 4 .404 .743 .296 .309 .068 125 .050
20 4 .402 .330 .283 .313 .068 .056 .048
20 5 .374 431 .296 .387 .063 .073 .050
20 5 .392 411 .344 .387 .066 .069 .058
20 5 .397 .463 .270 .391 .067 .078 .046
20 10 .282 .519 .280 N .048 .088 .047
20 10 .326 .350 .299 .784 .055 .059 .050
20 10 273 677 .257 g .046 114 .043
30 1 .458 1.417 .882 .064 077 .239 .149
30 2 .328 1.188 .466 127 .055 .200 .079
30 3 375 2.239 372 191 .063 .378 .063
30 4 372 1.748 276 .254 .063 .295 .047
30 5 .409 2.266 .285 318 .069 .382 .048
30 10 317 1.180 272 .637 .053 .199 .046
40 1 .299 3.211 867 .055 .050 .541 .146
40 1l .523 2.590 .892 .055 .088 437 .150
40 2 .245 3.832 * .109 .041 .646 *
40 2 311 4.641 .580 .109 .052 783 .098
40 3 .253 3.149 .442 164 .043 531 .075
40 3 .279 3.055 424 .164 .047 .515 .072
40 4 .339 2.573 .306 .219 .057 434 .052
40 4 334 2.217 * 219 .056 374 *
40 5 .325 2.078 .279 274 .055 .350 .047
40 5 .351 1.431 .321 274 .059 241 .054
40 10 .340 4.714 .295 .549 .057 .795 - .050
40 10 .304 3.274 .283 .549 .051 .552 .048
50 1 .501 1.631 .890 .049 .084 .275 .150
50 2 .391 1.708 .614 .098 .066 .288 104
50 3 .301 .829 .486 .147 .051 .140 .082
50 4 .336 .802 .369 .196 .057 135 .062
50 5 412 1.152 * .244 .069 .194 *
50 10 .364 1.161 .256 491 .061 .196 .043




(b) Beta (lateral) calibration rig position

Table A6. Concluded

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

Ib/ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 1 1.780 0.458 0.218 0.110 0.300 0.077 0.037
10 2 1.784 .228 181 221 .301 .038 031
10 3 1.532 194 .258 .331 .258 .033 .044
10 4 1.010 216 .213 441 .170 .036 .036
10 5 734 .102 .244 .551 124 .017 .041
10 6 .565 .169 .196 .658 .095 .029 .033
10 10 312 .159 241 1.108 .053 .027 .041
20 1 1.931 .224 .294 .078 .326 .038 .050
20 1 1.947 .209 .198 .078 .328 .035 .033
20 1 1.927 214 .244 077 .325 .036 .041
20 2 1.486 .221 .160 155 .251 .037 .027
20 2 1.626 .230 .220 .155 274 .039 .037
20 3 1.283 .200 .263 .233 .216 .034 .044
20 3 1.186 .155 .246 .234 .200 .026 .041
20 3 1.401 .258 .265 232 .236 .043 .045
20 4 1.182 223 .201 311 .199 .038 .034
20 4 .935 203 .226 .309 .158 .034 .038
20 4 .963 194 .290 .313 .162 .033 .049
20 5 .901 .238 .261 .387 .152 .040 .044
20 5 794 195 213 .387 134 .033 .036
20 5 .820 .195 .252 .391 .138 .033 .043
20 10 .484 152 7T S .082 .026 .030
20 10 407 .209 .200 784 .069 .035 .034
20 10 .398 132 .210 77 .067 .022 .035
30 1 2.046 .234 .250 .064 .345 .039 .042
30 2 1.831 234 195 127 .309 .040 .033
30 3 1.347 .227 .156 .191 227 .038 .026
30 4 1.455 .225 154 .254 .245 .038 .026
30 5 .987 .198 212 .318 .166 .033 .036
30 10 .997 .170 .183 .637 .168 .029 .031
40 1 2.170 192 .229 .055 .366 .032 .039
40 1 2.077 .229 :222 .055 .350 .039 .037
40 2 1.668 213 .235 .109 .281 .036 .040
40 2 1.684 .237 .241 .109 .284 .040 .041
40 3 1.094 219 .227 .164 .184 .037 .038
40 3 1.094 .202 237 .164 .185 .034 .040
40 4 951 205 201 219 .160 .034 .034
40 4 .929 .235 270 219 157 .040 .045
40 5 .839 199 .254 274 141 .034 .043
40 5 .827 174 .186 274 139 .029 .031
40 10 .416 131 .184 .549 .070 .022 .031
40 10 742 116 .262 .549 125 .020 .044
50 1 2.062 .208 227 .049 .348 .035 .038
50 2 1.510 .185 272 .098 .255 .031 .046
50 3 1.180 .207 .254 147 .199 .035 .043
50 4 1.012 187 .235 .196 17 .032 .040
50 5 .907 219 .229 .244 .153 .037 .039
50 10 414 .163 .231 .491 .070 .027 .039
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There was a problem with alpha vane 3, which caused some readings to be erroneous;

Table A7. Flow-Angularity Measurement for Station 67 East

(a) Alpha (vertical) calibration rig position

these points are marked with an asterisk “x”

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—

q, AOS Wave

Ib/ft2 | frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
10 1 0.376 0.879 0.317 0.110 0.063 0.148 0.053
10 2 314 .366 27T .220 .053 .062 .047

i 10 3 .560 .514 .346 .332 .094 .087 .058

10 4 .234 .088 .235 .446 .039 .015 .040
10 5 .043 .189 197 .552 .007 .032 .033
10 6 .397 .045 221 .665 .067 .008 .037
10 8 .253 424 .225 .883 .043 .072 .038
10 10 .256 .207 .190 1.115 .043 .035 .032
20 1 776 1.010 274 078 131 170 .046
20 1 .696 .791 318 .078 il 133 .054
20 2 319 .583 * 187 .054 .098 *
20 2 421 .562 .335 .156 .071 .095 .056
20 3 .257 .160 .359 234 .043 .027 .061
20 3 454 .283 .365 235 077 .048 .062
20 4 .784 462 .345 312 132 .078 .058
20 4 .334 .209 .351 312 .056 .035 .059
20 5 .644 .385 .362 .389 .109 .065 .061
20 5 .332 .245 411 .390 .056 .041 .069
20 10 .342 .354 .285 .781 .058 .060 .048
20 10 407 313 .294 779 .069 .053 .050
30 1 797 1.045 310 .064 134 176 .052
30 2 .409 675 .223 127 .069 114 .038
30 3 324 .644 .282 191 .055 .109 .048
30 4 .236 .582 .192 .254 .040 .098 .032
30 5 223 .639 .264 319 .038 .108 .045
30 10 .228 .669 .203 .637 .038 113 .034
40 1 .818 .988 .285 .055 138 167 .048
40 1l .698 1.097 .259 .055 118 185 .044
40 2 479 .796 223 110 .081 134 .038
40 2 578 778 .169 110 .097 131 .028
40 3 .362 492 212 .165 .061 .083 .036
40 3 .358 479 231 .165 .060 .081 .039
40 4 .285 .466 .266 219 .048 .079 .045
40 4 .294 .675 .260 219 .050 114 .044
40 5 .247 .688 .206 274 .042 .116 .035
40 5 .246 415 232 275 .041 .070 .039
40 10 218 .319 215 .550 .037 .054 .036
40 10 .203 457 227 .550 .034 077 .038
50 Il .835 1.095 312 .049 141 185 .053
50 2 .708 1.004 .230 .098 119 .169 .039
50 3 431 719 .230 147 .073 121 .039
50 4 317 .389 .219 .196 .053 .066 .037
50 5 172 .686 .294 .245 .029 116 .050
50 6 .256 .555 .236 .294 .043 .094 .040
50 8 222 173 .252 .392 .037 130 .042
50 10 .242 815 .238 491 .041 .087 .040
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Table A7. Concluded

(b) Beta (lateral) calibration rig position

1/2p-p flow angle, deg, for— Normalized flow angle, deg, for—
AOS Wave
frequency, Hz Vane 1 Vane 2 Vane 3 |parameter| Vane 1 Vane 2 Vane 3
1 0.625 0.102 0.382 0.110 0.105 0.017 0.064
2 .593 .083 376 .220 .100 .014 .063
3 .583 .081 .308 .332 .098 .014 .052
4 .548 .079 327 .446 .092 .013 .055
5 .509 175 .289 .552 .086 .030 .049
6 .488 .007 .288 .665 .082 .001 .049
8 .586 .043 .243 .883 .099 .007 .041
10 .528 .074 .246 1.115 .089 .013 .042
1 .283 138 517 .078 .048 .023 .087
1 .504 185 .584 .078 .085 .031 .098
2 .259 .158 .363 157 .044 .027 .061
2 .488 .126 .399 .156 .082 .021 .067
3 .500 .181 .288 234 .084 .031 .049
3 .390 .154 272 .235 .066 .026 .046
4 374 121 .328 312 .063 .020 .055
4 438 165 .339 312 .074 .028 .057
5 .450 176 .295 .389 .076 .030 .050
5 .395 .186 .316 .390 .067 .031 .053
10 .A87 .201 .268 781 .082 .034 .045
10 .409 .198 .258 .79 .069 .033 .044
1 .489 .158 .639 .064 .082 .027 .108
2 .516 128 .557 127 .087 .022 .094
3 .439 .084 il 191 .074 .014 .063
4 .400 .168 313 .254 067 .028 .053
5 .394 153 .346 319 .066 .026 .058
10 .362 .194 .260 .637 .061 .033 .044
1 .638 .166 .639 .055 .108 .028 .108
1 .301 .194 .552 .055 .051 .033 .093
2 463 176 .549 110 078 .030 .093
2 .366 .188 .490 .110 .062 .032 .083
3 .369 .147 .403 .165 .062 .025 .068
3 .631 183 .399 .165 .106 .031 .067
4 .439 .199 312 219 .074 .033 .053
4 377 .148 .343 219 .064 025 058
5 .357 185 .384 274 .060 .031 .065
5 416 .181 .353 .275 .070 .031 .060
10 .392 .199 315 .550 .066 .034 .053
10 439 .189 .296 .550 .074 .032 .050
1 .633 -123 597 .049 107 .021 101
2 421 .110 .498 .098 .071 .019 .084
3 .707 .021 .433 .147 119 .004 .073
4 .285 .072 .405 .196 .048 .012 .068
5 .516 .082 .356 .245 .087 .014 .060
6 611 .065 .347 294 .103 .011 .059
8 .781 .072 .326 .392 132 .012 .055
10 .692 .108 .283 491 17 .018 .048
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Figure 1. General arrangement of Langley Transonic Dynamics Tunnel.

L-71-30

Figure 2. Sketch of airstream oscillator vanes with cutaway schematic of mechanism.
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Figure 3. Airstream calibration rig mounted in Langley Transonic Dynamics Tunnel.
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Figure 7. Spanwise variation of lateral-flow angle at tunnel station 62.
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