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INVESTIGATION OF SURFACE FLUCTUATING PRESSURES
ON A 1/4-SCALE YC-14 UPPER SURFACE BLOWN FLAP MODEL

By Richard S. Pappa

Wyle Laboratories
Hampton, Virginia 23666

SUMMARY

Fluctuating pressures were measured at 30 positions on the surfaces of a
1/4-scale YC-14 wing and fuselage model during an outdoor static testing pro-
gram at the Langley Research Center. These data were obtained as part of a
NASA program to study the fluctuating loads imposed on STOL aircraft con-
figurations and to further the understanding of the scaling laws of unsteady
surface pressure fields.

Fluctuating pressure data were recorded at several discrete engine
thrust settings for each of 16 configurations of the model. These data were re-
duced using the techniques of random data analysis to obtain auto— and cross-
spectral density functions and coherence functions for frequencies from 0 to
10 kHz, and cross-correlation functions for time delays from 0 to 10.24 ms.

Effort was made to select formats for data presentation consistent with
those of previous investigators of surface fluctuating pressures, and several
normalizations by flow parameters are included to compare the results of
this program with those of other tests. In addition to contributing to the data
base of fluctuating pressure measurements on actual STOL vehicle designs,
results of this program provide the following items of particular interest:

° Good collapse of normalized PSD functions on the USB flap was found
using a technique applied by Lilley and Hodgson to data from a labora-
tory wall-jet apparatus.

) Results indicate that the fluctuating pressure loading on surfaces
washed by the jet exhaust flow was dominated by hydrodynamic pres-
sure variations, loading on surfaces well outside the flow region do-
minated by acoustic pressure variations, and loading near the flow

boundaries from a mixture of the two.



° Narrow-band convection velocity functions measured on the model
differed somewhat in shape from those generally reported by other
investigators for surface pressures under developed turbulent boun-
dary layers. These differences were correlated with differences

in the mean flow conditions over the model.

INTRODUCTION

The National Aeronautics and Space Administration (NASA) is currently
involved in a research program to study the fluctuating loads imposed on the
surfaces of short-takeoff-and-landing (STOL) aircraft. Both upper surface
blown (USB) flap and externally blown flap (EBF) concepts are being studied.
The overall program objective is to advance methods for predicting the fluc-
tuating loads of various STOL configurations, either by simplified analytical
technigues or by scaling experimental test data obtained from small-scale
model tests, and to use these data in estimating both the sonic fatigue life of
critical aircraft components and the levels of radiated interior cabin noise.
Highlights of investigations conducted by NASA on STOL fluctuating loads in
the past six years are contained in References 1 through 5. Several of these
investigations contain data obtained during actual aerodynamic testing of a
STOL configuration. Development and testing of STOL concepts has been the
subject of extensive work by NASA and industry for over two decades (see
References 6 through 9).

Under contract to NASA, Wyle Laboratories conducted an investigation
of the unsteady pressures at 30 positions in the vicinity of the jet exhaust on
the surfaces of a 1/4-scale YC-14 boiler plate wing and fuselage section.
The YC-14 transport, the Boeing Co.'s entry in the USAF advanced medium
STOL (AMST) competition, uses upper surface blowing technology to achieve
STOL performance. Measurements of surface fluctuating pressures were
obtained in conjunction with simultaneous measurements of the static aero-

dynamic performance of the 1/4-scale model by NASA. Sensor positions for



the fluctuating pressure measurements were chosen to correspond geometri-

cally with those selected by Boeing for a ground test of a full-scale YC-14 mo-

del; thus, 1n addition to providing basic USB research information, the results

of this test program provide a direct opportunity for further investigation of

the scaling laws of unsteady surface pressure fields and their application to

the design of STOL vehicles. Preliminary interpretations of fluctuating pres-

sure measurements obtained on the Boeing full-scale model were published in

References 10 and 11.

The goals of this report, presented in their order of importance, are:

1.

To provide statistical descriptions of the surface fluctuating pressure
field measured on a 1/4-scale aircraft section to allow future com-
parisons with similarly measured data on the full-scale aircraft, A
comparison of these data would help advance the understanding of the
scaling relationships of surface fluctuating pressures, allowing better
use of models to estimate the fluctuating loads on full-scale vehicles.
With the anticipation of large fluctuating pressure loading on some
STOL structural components, the ability to accurately predict the
characteristics of the surface fluctuating pressure field from results
of scale-model tests may likely impact on the design process of fu-

ture configurations.,

Effort will be made to provide these scale-model data in forms which
could be similarly selected for use with the full-scale data, and used
in combination with a knowledge of the structural design and vibration
characteristics of the full-scale vehicle, to estimate both the sonic
fatigue potential present and the levels of radiated interior cabin noise.
This will allow an assessment of the accuracy of scaling techniques to
directly predict these important characteristics of the full-scale air-
craft from pressure data measured on the 1/4-scale model. An in-
crease in the reliability of fluctuating pressure scaling techniques

may well increase the use of scale models to obtain these data.



2. To contribute information to the data base of surface fluctuating
pressure measurements on actual aircraft configurations.

3. To normalize these data for comparisons with similar results re-
ported by other investigators, and to discuss possible causes of de-
viations in the comparisons.

4. To use these data to gain additional insight into the sources and
generating mechanisms of surface fluctuating pressures, and to
compare these findings with those reported for other tests and from

theoretical investigations.

APPARATUS AND TECHNIQUE
Model

A photograph of the model located at an outdoor testing site at the
Langley Research Center (LaRC) is shown in figure 1. Tests were conducted
from November 1975 through August 1976. The test apparatus is a 1/4-scale
model of a full-scale YC-14 section from the left side of the aircraft near the
Jet exhaust which was tested by Boeing at their Tulalip facility in December
1975.

By the Coanda effect, the exhaust flow of an engine mounted along the
upper surface of the wing attaches itself to the surface of a curved retractable
trailing edge flap. As the flap is extended, the attached flow is deflected
downward, and the resulting change in flow momentum, along with supercir-
culation induced by the jet flap effect, results in high lift. Additionally, the
YC-14 design employs wing-mounted flow deflectors, termed 'vortex genera-
tors, ' to further augment powered life. A photograph of the model taken
during a flow-visualization test with the vortex generators in a raised posi-
tion 1s presented in figure 2. The engine exhaust flow 1s clearly seen de-
flecting downward along the blackened fuselage sidewall as it passes over
the upper surface of the curved flap, shown 1n its fully extended position,

(Note that the top of the fuselage is located at the same height as the top of the
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wing, and that a blackened screen is positioned behind the fuselage section to
aid in the flow visualization.)

The major components and fundamental dimensions of the model are de-
signated in figure 3. The model consisted of a JT15D-1 turbofan engine ex-
hausting through a D-shaped nozzle onto the upper surface of a boiler plate
1/4-scale YC-14 wing and fuselage section model. The JT15D engine had a
rated thrust of 8.9 kN (2000 1b), a bypass ratio of 3.3, and was operated over
a fan-pressure-ratio range of 1.1 to 1.4. The entire model was mounted on a
floating test rig instrumented with force gauges to obtain data on the static
flow-turning and thrust-recovery performance of the configuration. Test
variables consisted of engine thrust settings from 1dle to full power, raised
and retracted positions of wing-mounted vortex generators, three deployment
angles of the USB flap, two heights of the model above ground, and the instal-
lation or removal of a rubber seal at the junction of the USB flap and fairing.

All external surface features of the exhaust nozzle, wing, flaps, fuse-
lage, and vortex generators of the model were scaled from the YC-14. The
internal geometry of the nozzle, however, was modified slightly from that se-
lected by Boeing for use with a 222-kN (50000-1b, ) thrust CF6-50D turbofan
engine 1n the full-scale model test. The modified nozzle design provided cal-
culated agreement of fan- and core-flow velocities of the 1/4-scale and full-
scale models within 10% at operating fan pressure ratios of 1.4. Except for a
large difference in thrust, the JT15D and the CF6-50D engines have similar
operating characteristics, as discussed in Reference 12.

An exhaust nozzle side door on the model was fixed i1n the "open'' posi-
tion for all tests, corresponding to the configuration of the YC-14 during low-
speed operation. The side door was designed to increase the nozzle cutback
which helps force the exhaust stream to spread outboard, reducing the thick-
ness of the jet. This thinning of the jet results in better attachment of the
flow to the wing and flap surfaces, delaying the onset of flow separation. More

complete details of the nozzle and propulsion system characteristics of the



YC-14 are contained in References 13 and 14.

Four wing-mounted, rectangular-blade vortex generators were mounted
in either an "up'" or a '"down'' position. In addition to the basic vortex
generator geometry selected by Boeing, fluctuating pressure data were also
obtained for one run sequence with an additional set of vortex generators
having a double span and a 10° increased angle of attack on the two outside
plates. This modification was an attempt to further energize the boundary
layer to improve flow attachment.

Changes in flap angle were accomplished using three bolt-on boiler
plate units modeling the geometries of fully retracted, intermediate, and
fully extended flap settings. These flap settings corresponded to angles of
16°, 70°

the horizontal. The two-segment YC-14 flap arrangement was modeled as a

, and 86.5° between the upper surface of the flap trailing edge and

single unit designed with appropriately contoured main-flap and aft-flap re-
gions.,

Two model heights were used for testing to investigate changes i1n aero-
dynamic data with ground proximity. The two selected heights corresponded
to the YC-14 airplane at wheel-contact height (tax1 condition) and at an air-
borne upper-surface wing height of 9.16 m (30 ft). These conditions were
modeled by upper-surface wing heights of 1.45 m (4. 75 ft) and 2.29 m (7.5 ft),
respectively.

A minor test parameter, selected during the program 1n an attempt to
obtain better correlation between the NASA 1/4-scale and the Boeing full-
scale aerodynamic data, was the sealing of a gap approximately 1 cm wide lo-
cated between the inboard edge of the USB flap and the fairing structure. The
presence or removal of the seal, however, was found to have only 2 minimal

effect on the measurements of surface fluctuating pressures.



Instrumentation

Surface fluctuating pressure data were obtained at 30 positions on the
model. These positions are shown in figure 4. The measurement positions
on each of the three flap units modeled those of the Boeing sensors after both
main and aft flaps are moved into their appropriate positions. Accordingly,
no measurement positions were used on the 160 flap, while sensor positions
on the 70° and 86.5° flaps were determine by holding the main flap trailing
edge-to-sensor and aft flap trailing edge-to-sensor distances constant.

Three types of pressure transducers were used. Those selected for
positions on the wing and USB flap were miniature, strain gage units (Kulite
XCEH-1-125-5D) designed to withstand temperatures up to 260° C (500° F).
These sensors performed satisfactorily throughout the program, with maxi-
mum temperatures of approximately 215° ¢ (420o F) being measured near
the two flap locations along the engine centerline. The less severe tempera-
ture environment on the surfaces of the fuselage and fairing permitted the use
of a lower temperature-rated, piezoelectric transudcer (PCB 112A21). These
transducers also performed satisfactorily, where measured temperatures
never exceeded 60° C (140O F). A third type of pressure transducer (Kulite
CQH-125-5D), a low temperature strain gage unit, was added after results of
the first two test configurations revealed vibration-induced contamination of
the pressure data obtained from the piezoelectric sensors used in the fuselage
area. Three of these low temperature units were installed adjacent to existing
sensor position numbers 3, 9, and 12 and designated positions 103, 109, and
112, respectively. After test configuration 2, increased vibration isolation of
the piezoelectric transducers in the fuselage area was obtained for frequencies
above 60 Hz by remounting them in steel sleeve adapters which supported the
transducers by thin rubber diaphragms. Photographs of the Kulite and PCB
pressure sensors are provided in figure 5.

In addition, eleven accelerometers, mounted on the inner surfaces of



the model adjacent to fluctuating pressure transducers, were used to verify the
integrity of data obtained from the pressure sensors. These accelerometer data
were used to relate spectral peaks of the pressure data, whose frequencies did
not change with engine power settings, to structural resonance responses of the
model. Additional information on the acceleration sensitivity of the pressure
sensors 1n their installed positions was obtained by analyzing the output signals
of the pressure transducers during vibration tests of the model conducted with
the engine off. During the testing program, high levels of broadband fluctuating
pressures were found to obscure the vibration-induced effects at most measure-
ment positions and test configurations.

Coordinates of the fluctuating pressure sensor positions are given in fig-
ure 6. Note that the sensor at position 23, located 1n the inboard nozzle wall

near the exit plane, measured the pressure on the inner surface of the nozzle.

Test Procedure

Fluctuating pressure data were obtained for 16 configurations of the mo-
del. A complete listing of these test configurations is provided in Table I.
Note that two preliminary configurations were tested using a ''straight-plug"
primary nozzle. Following testing of configuration 2, a ''skewed-plug' primary
nozzle constructed to closely model the full-scale YC-14 nozzle geometry was
installed. The geometries of the two nozzle designs are shown in figure 7. At
each test configuration, data were recorded on analog magnetic tape for several
fixed, engine power levels. Thrust settings of 25%, 50%, 75%, and 100% of full
power were selected for run sequences 1 through 12. A maximum thrust of 75%
of full power was maintained throughout the remainder of the program following
an engine bearing failure after testing of configuration 12, For several confi-
gurations, data were also obtained continuously while the engine thrust was gra-

dually increased from idle to maximum thrust.



At each test condition, complete static-turning performance data and
surface static-pressure and temperature distributions were also obtained.
A summary of the static aerodynamic characteristics of the model is con-

tained in Reference 12,

Flow Measurements

To aid 1n the interpretation of surface fluctuating pressure data, infor-
mation on the flow pattern over the model obtained from reference 12 and some
additional unpublished NASA data are included here.

Velocity profiles. - Flow surveys of total pressures, static pressures and

total temperatures normal to the surface of the model were made using a 48-
cm-high rake, and these data were used to calculate the steady flow velocity
profiles at various positions on the model. Rake data were obtained at the
exit plane of the nozzle, above the USB flap pressure transducers, and at the
trailing edge of the flap, for a range of engine power settings.

Measured flow velocities normal to the surface of the model along the
engine centerline are shown in figure 8(a). These profiles are consistent with
the classical structure of a wall jet, a sketch of which is shown in Figure 8(b)
(from Reference 15). At each downstream station, the behavior of the flow
field below the velocity maximum approximates that of a boundary layer flow
while the behavior above approximates that of a free jet flow. With increased
distance downstream of the nozzle, the maximum velocity, Umax’ tends to
decrease, the height of Umax above the surface tends to increase, and the pro-
file above Umax tends to approach Umax’

Flow velocity data obtained at the exit of the nozzle with the skewed-plug
primary nozzle installed are presented in figure 9. A bulging of the central
region of the profile near the centerline at maximum thrust setting, shown in
figure 9(a), indicates an increase 1n the contribution of the inner core flow to

the combined core and secondary flow field exiting the nozzle. The vertical



location of the velocity maximum remains near the center of the profile,
however, unaffected by the thrust setting.

Figure 9(b) shows constant velocity contours measured at the nozzle-
exit plane, and illustrates the nonsymmetric nature of the flow. The velo-
city maximum is shown to occur at a higher distance above the wing at loca-
tions slightly inboard from the nozzle centerline than at locations slightly
outboard from the centerline.

Velocity profiles measured above the pressure sensor positions on the
main USB flap are provided in figure 10. As shown in figure 10(a) for data
obtained above position 39, increases i1n engine thrust setting resulted in in-
creases 1n both the magnitude of the velocity maximum and in its height above
the model. Figure 10(b) presents velocity profiles obtained at 100% thrust
setting above the other three sensors on the main flap, and shows a continuous
decrease in maximum velocity with a slight decrease 1n its height with dis-
tance outboard from the nozzle centerline. Velocity profiles similarly ob-
tained above the four sensors on the aft USB flap are provided in figure 11.

Note that for all data presented in figures 10 and 11, the flow-survey
probes were fixed 1n a vertical plane parallel to the nozzle centerline, thus
measuring only a component of the velocity when this direction was not along
the local streamline. All velocity profile data above the USB flaps were ob-
tained with the vortex generators up and with the 86. 5° flap and skewed-plug
primary nozzle installed.

Considerable information is available in the literature on the aerody-
namic characteristics of wall jets, both in still air and below moving streams.
The primary analytical work available is that of Glauert (Ref. 16). He ob-
tained a theoretical description of the turbulent wall jet by a near-similar
solution, assuming the variation of shear stress with mean velocity below
the velocity peak the same as in turbulent pipe flow and that the eddy viscosity
was constant above the velocity peak. Experiments have verified the basic

validity of the Glauert model, and additionally, provided extensive

10



measurements over a large variety of flow conditions (see References 17
through 20).

For a wall jet above a flat surface in still air, Myers, et al, (Ref. 15)
report near logarithmic changes in both the peak velocity, Umax’ and in the
height of the peak velocity above the surface with increased downstream dis-
tance. Effects of Reynolds number were negligible for both magnitude and
location of Umax' An additional observation related to the present study, re-
ported by Bradshaw and Gee (Reference 17), was that a wall jet on a curved
surface tends to grow more quickly than one on a flat surface.

Some indication of the flow pattern over the fuselage and fairing surfaces
of the 1/4-scale YC-14 model with the 86.5° flap installed was achieved
through photographs of a field of tufts. Figure 12 presents a comparison of
flow patterns obtained at 25% and 100% engine thrust settings. Three basic
situations are displayed: turbulent flow is indicated in those areas where the
tufts are moving randomly; more steady flow 1s indicated 1n those areas on
the fuselage near the bottom of the model where the tufts tend to point in a par-
ticular direction; and no flow is indicated 1n areas high on the fuselage where
the tufts are motionless. By a comparison of the two photographs, the extent
of flow activity up the fuselage is also seen to increase slightly with increased
jet flow velocity. These general indications of flow patterns help in the inter-
pretation of surface fluctuating pressure data obtained at positions on the fuse-
lage of the model.

Surface static pressures and temperatures. - Figure 13 presents static

pressure 1sobars obtained from an extensive array of static pressure taps over
the surfaces of the wing and flaps, and shows the effect of deployment of the
vortex generators on the shape of these contours. The increase in flow turning
achieved with the vortex generators raised is seen by the increased spread of
suction pressures downstream along the USB flaps. A small increase 1n la-
teral flow spreading also occurs when the vortex generators are raised. Note

that these data were obtained at a full thrust setting with the straight-plug
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primary nozzle installed.

Surface static pressure and temperature isobars at a full thrust engine
setting with the skewed-plug primary nozzle installed are presented in figure
14. Note that the point of maximum suction pressure does not correspond to
the point of maximum surface temperature. Although not shown, a significant
decrease in surface temperature resulted when the straight-plug primary noz-
zle was replaced by the skewed-plug configuration. This skewed-plug design
was selected to direct the hot core flow gases upward before leaving the outer
exhaust nozzle as a method of reducing the surface temperature environment

of the USB flaps with minimal effect on the STOL performance characteristics.
BACKGROUND DISCUSSION

The characteristics of surface fluctuating pressures and their effects on aero-
space vehicles have been studied for over 20 years. To date, however, most
experimental work has dealt with the conditions associated with high-speed
missiles and launch vehicles, with commercial aircraft during cruise, with
high-performance aircraft during maneuvering conditions, or with simple
wind tunnel models (usually flat plates)., Little experimental data exists de-
scribing the surface fluctuating pressure environment and associated loads

on STOL vehicles, particularly during the severe conditions of powered-1ift
operation. Based upon the consistency of results presented by previous inves-
tigators, however, the basic features of the fluctuating pressure field on the
1/4-scale YC-14 model may be estimated.

Two types of pressure variations having distinctly different properties
must be considered. The fluctuating pressures may result either from the
local balancing of momentum fluctuations in turbulent flow or they may be
acoustic pressure waves., For the first type, commonly termed the turbulent
(boundary layer) pressure field, the compressibility of the flow is not impor-
tant and the pressure fluctuation levels are of order puz, where p is the mean
fluid density and u 1s the local velocity fluctuation level.
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To emphasize the independence of compressibility, the turbulent pressure field
is occasionally referred to as the hydrodynamic pressure field (see Reference
2l,e.g.) For the second type, the acoustic field, the compressibility is a s1g-
nificant factor in determining both the speed and the strength of the pressure
disturbances, with the pressure fluctuation levels being of order puc, where

p and u are defined above and c 1s the local sonic velocity. Acoustic pressures
may either be of a discrete frequency nature or may be distributed over a
broad, continuous frequency spectrum.

The discrete frequency, or 'pure-tone', acoustic pressures are likely
to be either engine tones, produced at multiples and combinations of the com-
pressor- and turbine-blade-passing frequencies, or the result of regular
fluid oscillations (vortex shedding) occurring at edges, protuberances or dis-
continuities of appropriate geometry. The sources of broadband acoustic
pressures, on the other hand, are generally more difficult to diagnose--being
by-products of the turbulent flow and fluid-mixing processes and existing in
spatial '""source regions' generally having no well defined boundaries. Separa-
tion of the effects of individual broadband acoustic pressure sources is diffi-
cult, although considerable information is available associating various types
of '"source mechanisms'' with their measurable statistical properties.

At measurement positions under the exhaust flow and near its bounda-
ries, the surface fluctuating pressure field generally consists of a mixture of
hydrodynamic and acoustic pressures. The hydrodynamic pressure field is a
direct result of the existence of a fluctuating velocity field, being related in
incompressible flow by a Poisson's equation. The velocity field, in turn, may
be thought of as driven by a vorticity field and related by the Biot-Savart law.
Thus, the hydrodynamic pressure field may be thought of as the combined
result of the effects of vorticity distributed throughout the turbulent fluid mo-
tion.

The hydrodynamic pressure field, a random function of both space and

time, may be regarded as a continuous distribution of harmonic pressure
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components of various amplitudes, frequencies, and wavelengths. Accor-
dingly, all statistical properties are uniquely defined mathematically by the
wave number frequency spectrum of the pressure field, or alternatively by
its Fourier transform, the space-time correlation function. For a stationary
homogenous field, the space-time correlation is only a function of space and
time separation and is independent of the actual measurement time or posi-
tion in the field. Although stationarity 1s reasonable to assume for tests
conducted at a constant engine thrust setting, homogeneity may only be as-
sumed over spatial regions within which changes in the mean flow character-
1stics are small,

A basic model of the hydrodynamic pressure field measured at a sur-
face beneath a turbulent boundary layer regards the field as a decaying, con-
vecting pressure pattern consisting of a combination of wave number compo-
nents, each of which 1s associated with a reasonably small range of convec-
tion speeds. High-frequency pressure components are associated with small
turbulent eddies located near the surface, and convect downstream at 0.5 -
0.7 times the free stream flow velocity. The low-frequency components,
on the other hand, are associated with vorticity in the outer regions of the
boundary layer or with larger size eddies, and convect downstream at 0.8 -
0.9 times the free stream velocity. These pressure components tend to re-
main coherent 1n the direction of flow for a time proportional to the time to
be convected their wavelength, and to remain coherent over lateral distances
proportional to their wavelengths. Further discussion of several fluctuating-
pressure -field models of varying complexities is contained in Reference 22.

Attempts by previous investigators at obtaining nondimensional collapse
of hydrodynamic pressure data have consisted of efforts to select a set of flow
parameters which can be related to the distribution of turbulent levels and
scales, and which can be obtained with a reasonable number of measurements.
Good nondimensional collapse of data, for various flow conditions, has been

widely reported by using the following flow descriptions: a) a typical length
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scale of the flow such as the local boundary layer height, b) a typical velo-
city scale of the flow such as the free stream flow velocity, and c) a mea-
sure of the relative level of fluctuating velocity such as the free stream dy-
namic pressure,

Using forms consistent with those selected by previous investigators,
surface fluctuating pressure data obtained on the 1/4-scale YC-14 model will

now be presented and analyzed.
RESULTS

A Hewlett-Packard 5451B Fourier analyzer system was used for pro-
cessing the fluctuating pressure data recorded on analog magnetic tape. For
each of 16 test configurations, 96 pairs of data were processed to obtain the
following functions: a) the root-mean-square (rms) value of each input chan-
nel, b) the power spectral density (PSD) of each channel, c) the probability
density function of each channel, d) the coherence function between channels,
e ) the cross-correlation function between channels, and f) the cross spectral
function between channels. The cross spectral function was obtained in both
magnitude /phase and co/quad (normalized' to +1) forms. Data were simul-
taneously digitized on both 1nput channels at 50 000 samples per second, with
antialiasing low-pass analog filters (48 dB/octave) set to 12 500 Hz. These
settings ensured alias-free digital data at frequencies up to 10 000 Hz. All
functions were calculated by ensemble averaging of 350 records of 1024 time

samples each.
Spectra of Surface Pressures

Engine tones. - Figure 15 shows a sample method of quickly examining

the variation of surface pressure spectra at a fixed measurement position with

thrust setting, These data were obtained during run up of the engine from idle
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condition to nearly 100% thrust while the pressure signal was recorded.

Each line represents a 40-Hz-resolution, pressure spectrum over frequencies
from 0 to 14 kHz. Although the spectral magnitude information is unscaled,
increased ease 1n interpreting frequency information is provided by this tech-
nique. As shown in this data obtained at wing position 32 (for test configuration
10), several discrete-frequency engine tones which increase in regular order
with increased thrust setting are present. Each of these peaks are directly re-
lated to multiples of the compressor- and turbine-blade-passing frequencies,
and Table II provides this information for each test run., Another important
feature to note 1n figure 15 is the steadily increasing magnitude of low-fre-
quency energy at frequencies below 4 kHz with increasing thrust.

Variation of spectra with thrust setting. - More quantitative measure-

ments of pressure spectra were obtained by analyzing steady-state rather than
data obtained during run up of the engine. Power spectral density plots ob-
tained at 25%, 50%, 75%, and 100% engine thrust settings during test configura-
tion 6 are shown in figures 16 through 22. These data are arranged i1n seven
geometric groups of four measurement positions each. Generally, fluctuating
pressures increased in both level and in frequency with increasing flow velo-
city,

The following observations are noted in these data:

° Spectra obtained at most measurement positions were dominated by

a single low-frequency peak, and were generally broadband

random signals.

. The spectra at nozzle position 23 show no appreciable falloff up to
10 kHz.
. The high-frequency falloff rate was virtually independent of engine

thrust setting.
] Discrete-frequency engine tones appear in most measurements,
but dominate only 1n those spectra measured at nozzle position 23,

° Vibration contamination, characterized by spectral components
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which do not change frequency with a change 1in thrust setting, was
significantly present at flap measurement positions 36 and 40 for
this test configuration and present to a small degree at most fuse-
lage measurement positions.

The frequency resolution of 48.8 Hz used to obtain these spectra
was too large to resolve a low-frequency peak at measurement
positions on the lower fuselage.

Two distinct broadband peaks are evident in the spectra measured
at the three wing positions, with the high-frequency peak occur-
ring at approximately five times the frequency of the low-frequency
peak. Considering the sketch shown in figure 8(b), note that the
velocity profile near the nozzle exit (0 <x < xo) for this configura-
tion differs from the shape of a developed wall jet (x > xo) by the

presence of a central core region (II).

Note also the following:

1. The low-frequency spectral peak is present at nozzle posi-
tion 23 whereas the higher frequency peak is not (see figure
16).

2, The low-frequency peak corresponds to the single peak ap-
pearing at positions on the USB flap, and the high-frequency
peak has vanished (compare figures 6, 7, and 8).

3. Reference 23 suggests that the dominant contribution to the
surface fluctuating pressure field under a developed wall
jet arises from the region near and above the velocity maxi-
mum.,

4, The velocity profile at position 39 (first sensor on flap
downstream of position 43) does not show a plateau region
of nearly uniform velocity corresponding to region II (see

figure 10 (a)).
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Based upon these observations, it is believed that the presence

of two distinct spectral peaks at measurement positions on the
wing is related to the existence of the core region (II) 1n the ve-
locity profiles at these positions and further, that the low-fre-
quency peak results from sources in the core region and above
whereas the high-frequency peak results from sources in the inner
or wall layer (I). (If the frequency scale is contracted by a factor
of four, the characteristic spectral shape measured at wing posi-
tion 43 on the 1/4-scale model agrees quite closely with results

of the Boeing full-scale test, presented in Reference 11.)

Variation with test configuration. - Figures 23 through 29 present

spectra obtained at 75% engine thrust settings for all 16 test configurations

arranged in seven geometric groups of four measurement positions each.

Table III provides a listing of the test configurations plotted at each measure-

ment position.
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The following observation are noted in these data:

The effects of deployment of the vortex generators were predomai-
nant at most measurement positions over the effects of changes in
any other test parameter at fixed thrust setting.

Deployment of the vortex generators consistently increased or
maintained the spectral levels with the exception of small fre-
quency regions in the data obtained at measurement positions 41
and 43,

A consistent shift of affected spectral region upward in frequency
when the vortex generators were raised occurred with an in-
creased distance from the nozzle exit. Examination of figures

23, 24, and 25 shows the affected region limited to midfrequencies

at wing position 32, spreading out to frequencies above 10 000 Hz



at position 43, shifting to still higher frequencies at position 39,
and collapsing below 1000 Hz at position 41.

° Spectra at the two outboard flap measurement positions showed
no change with test configuration.

° Deployment of the vortex generators affected the surface pressure
PSDs at both upstream and downstream measurement positions,
including position 23 located 1n the side wall of the exhaust noz-
zle.

] Small increases 1n the PSD functions occurred at several mea-
surement positions when the standard set of vortex generators
was replaced by the modified set. Specifically, the affected po-
sitions were numbers 32, 34, and 41 on the wing and USB flaps,
and position numbers 1, 6, 7, 20, 109, and 112 on the fuselage
and fairing.

Additional, more specific observations noted in these data are included

on each of figures 23 through 29.

Spatial variation along wing and flap. - The spatial variation of pres-

sure spectra on the wing and USB flap along the engine centerline 1s pre-
sented in figure 30. Note that these data are arbitrarily aligned vertically to
illustrate the change in shape between measurements, and in fact, that over-
all level of the pressure disturbances increased at successively greater dis-
tances downstream. These data of both figures 30 (a) and 30 (b) show a gra-
dual change of spectral shape from near the engine exhaust nozzle to near the
trailing edge of the flap. To assume knowledge of the pressure spectral
shapes at all locations between measurement positions 32 and 41 due to the
continuously varying character of these spectra appears reasonable. A num-
ber of small spectral peaks, particularly in the data measured at wing posi-
tions 32 and 33, appear to be vibration-induced components by their consis-
tent frequency from one measurement to the next.

At least two spectral regions show a consistent decrease in frequency
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with increased distance downstream from the nozzle. These regular decreases
in peak frequency imply Strouhal relationships where the product of frequency
and a characteristic length, divided by a characteristic velocity, remains con-
stant. Accordingly, an increase in length scale and/or a decrease in velocity
scale of the predominate, unsteady pressure disturbances has apparently oc-
curred with downstream flow distance. This observation emphasizes that the
predominanat sources of unsteady pressure measured on the wing and flap of
the model are likely to be local in nature and that better normalization of these
data should occur by using local rather than global (such as the flow conditions
at the exit of the nozzle) flow parameters.

Normalization by flow parameters. - Similar measurements of the PSD

of pressure fluctuations beneath a turbulent wall jet were reported by Lalley
and Hodgson (Reference 23). Although their data were obtained under labora-
tory conditions and at a lower flow velocity (maximum of 32 m/sec (105 fps)),
the flow conditions were quite similar to those over the USB flap of the model.
Using the technique of Reference 23, spectral data from this test were norma-
lized using the following flow parameters to nondimensionalize both the magni-
tude and frequency scales of the PSD function:

Um, the maximum local flow velocity immediately above the measure-

ment position

Zm’ the height above the surface at which Um occurs;

ZI/Z’ the height (in the outer region, above Zm) where the flow velocity

is 1/2 Um;

p, the fluid density.

Data selected for use were obtained on the main and aft USB flaps of the
1/4-scale YC-14 model at a 100% thrust setting (Run 284). Local velocity
data were extracted from the velocity profiles presented in figures 10 and 11.
These normalized data are presented 1n figure 31 (b) and the comparison with
the measurements of Reference 23, included in figure 31(a), 1s seen to be very

good. (Note that in the low-speed experiment of Lilley and Hodgson, the fluid
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density p was constant, whereas for the current normalization, the density
selected was that occurring at Zm and was calculated from the measured pres-
sure and temperature by the ideal gas law.) Based on these results, the sim-
ple normalization approach presented here should be considered for use in
estimating surface pressure PSD functions of other wall jet configurations
using the local mean velocity profiles.

Similar normalizations were done using data at USB flap positions 39 and
41 for the four thrust settings of runs 284 through 287. As shown 1in figures
32(a) and 32(b), these spectra also demonstrate good collapse for three thrust
settings of four at each position and show reasonable agreement at all four
thrust settings with the data of Reference 23. Table IV includes a tabulation

of the flow parameters used to obtain the data shown 1n figures 31(b) and 32.
Overall Fluctuating Pressure Levels

Variation with test configuration., - The overall fluctuating pressure

level (OAFPL) of each measurement is provided in Table V. (Data are in dB
referenced to 2 x 10—5 Pa.) A cursory examination shows that OAFPLs gen-
erally increased with an increase 1n thrust setting, Note also that not only do
the levels vary among measurement positions, but that the increase in dB with
thrust setting does not remain constant from one position to the next.

A convenient method to examine the changes in OAFPLs with test con-
figuration is obtained by plotting all data obtained at a fixed engine thrust set-
ting. Plots of OAFPL data obtained at each of the 16 tests at a 75% thrust
setting are provided in figures 33(a) through 33(g).

The following observations are noted in these data:

] The highest OAFPL for all test configurations did not occur along

the nozzle centerline, but at position 34 on the main USB flap lo-
cated 24.5 cm outboard from the centerline,

] The lowest OAFPL consistently occurred at measurement position
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112 located at the downstream, inboard corner of the upper fuse-
lage.

] The OAFPLs of data obtained at wing position 43 for all configura-
tions with the vortex generators up were consistently higher than
those data obtained with the vortex generators down.

° A significantly higher OAFPL occurred at main flap position 34
with the modified set of vortex generators in a raised position
(configuration 16) than with the basic set of vortex generators
raised (configuration 15).

[ Comparison of data between configurations 4 and 5 and between 8
and 9 revealed insignificant change in OAFPLs with the installa-
tion or removal of the flap/fuselage seal except at positions in the
lower fuselage region, where levels were from 1.6 to 7.4 dB
higher when the seal was installed.

] The spread in OAFPLs among the four measurement positions of
each geometric group was significantly greater in the upper fuse-
lage and lower fuselage regions than in the other five groups.

° Effect of changes in model height were small.

Spatial variation on surface of model. - To aid in visualizing the distri-

bution of OAFPL values over the surface of the model, sketches of the model
were made with a bar shown at each of the measurement positions whose
height is proportional to the calculated mean-square value of fluctuating pres-
sure. Figure 34 presents data using this technique and shows the effect of de-
ployment of the vortex generators. These sketches illustrate that the highest
overall pressure levels generally occurred at positions on the USB flaps fol-
lowed by positions on the fairing side. Also note than an increase in OAFPL
occurs from flap position 39 to position 41 (along the nozzle centerline)
whereas the OAFPL decreases when progressing from the main flap sensor

to the aft flap sensor at any of the other three flap stations.

Additional data of this form are presented in figure 35 which shows the
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changes in OAFPL with a decrease in engine thrust setting (for test configura-
tion 6). These figures reveal a decrease at all measurement positions with a
decreased thrust setting; although, the rates of decrease are difficult to com-
pare from data in this form.

Variation with jet flow velocity. - A logical method to investigate the

rates of change of OAFPL with thrust setting 1s to plot the OAFPL versus
some measure of the jet-flow velocity. The flow velocity parameter selected
for these plots was the maximum nozzle centerline exit velocity. These velo-
city data were obtained at 25%, 50%, 75%, and 100% engine thrust settings by
extracting the peak velocity values from the four curves shown in figure 9(a).

Plots of OAFPL versus flow velocity are presented in figures 36
through 42 using data obtained from test configurations 9 and 10. These data
are arranged to additionally show the effects of deployment of the vortex
generators. The values for '"slope' shown in these figures 1s the correspon-
ding power law exponent of the velocity at which the mean square fluctuating
pressure changed. That 1s, a slope of 2.0 signifies an increase of 6 dB/dou-
bling of velocity while a slope of 4.0 is an increase of 12 dB/doubling.

The following observations are noted 1n these data:

° Excellent straight-line correlation 1s obtained for most measure-
ments when presented 1n this format.

® The slopes of best-fit lines through the four data points varied
both within each geometric group and with deployment of the vor-
tex generators.,

] The largest change 1n slope with deployment of the vortex genera-
tors was an increase of 0.98 at position 43, located on the wing in
the midst of the vortex generators.

] Slopes at measurement positions i1n the upper fuselage region were
significantly higher than those at positions in the other geometric
regions.

] The largest deviation from straight-line variation occurred at
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those measurement positions in the lower fuselage region,

Table VI provides a complete set of best-fit exponents calculated in this
manner. The linear correlation coefficient of OAFPL with maximum nozzle
centerline exit velocity (on a logarithmic basis) was found to be greater than
0.99 for nearly all measurement positions and test configurations.

To investigate these "exponent' or "'slope'' data further, the information
in Table VI is plotted by geometric groups in figures 43(a) through 43(g).
Several interesting features of the data appear from inspection of these fi-
gures. First, note the large variation in the data, both with test configura-
tion and with location on the model. Exponents ranging from less than 2.0 to
about 6.0 were measured. This wide data spread suggests substantial dif-
ferences between the characteristics of source mechanisms contributing to
the fluctuating pressure sensed at each position.

A comparison of figures 43(c) and 43(d) shows that although the calcu-
lated exponents at both aft flap and at upper fuselage positions were nearly
independent of test configuration (with the 86. 5° flap installed), the rates of
increase of OAFPL with flow velocity were considerably different for the two
locations. While overall pressure levels at the flap positions increased at
approximately the 3.5 power of the nozzle flow velocity, the levels at upper
fuselage positions increased at approximately the 5th power of the flow velo-
city. Intermediate between these two rates of increase, the data at fairing
top measurement positions appear to cluster around the value of 4.0, as
shown in figure 43(e).

As illustrated previously in the tuft photographs of figure 12, virtually
no flow extended onto the upper fuselage region of the model. In contrast,
from 1nterpretation of the surface static pressure contour plots provided in
figures 13 and 14, and from flow-survey data obtained above the positions of
the flap pressure sensors, the surfaces of the USB flaps lie largely under
the direct path of the jet exhaust flow. Relating these characteristics to the

data in figures 43(c) and 43(d) suggests the dominance of higher exponent,
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acoustic pressure sources at locations outside the flow, and of lower expo-
nent, hydrodynamic pressure sources within it, plus a mixture of these two
influences near the flow boundaries. Further examples of this relationship
are noted on figures 43(b), 43(d) and 43(g) by circled regions whose data
follow these trends.

A somewhat different effect is noted in the data of wing position 43, lo-
cated in the midst of the vortex generators. As highlighted in figure 43(a),
calculated exponents at this position fell into two consistent bands: exponents
for all test configurations with the vortex generators down fell in the range of
3.5 to 4.0, while exponents for all configurations with the vortex generators
up ranged from approximately 4.5 to 5.0. Since hydrodynamic pressure
variations are undoubtedly dominant over acoustic variations at this wing
position under the main jet-flow path for all test configurations, this change
1n exponent must be related to changes in the turbulent pressure field. It is
not surprising that the rate at which the fluctuating velocity increased (which
controls the rate at which hydrodynamic pressures increased) relative to the
mean-flow velocity was greater with the vortex generators up since the design
of the vortex generators, in fact, 1s aimed at increasing the levels of vorticity
present.

These findings of various rates of increase of fluctuating pressures
with flow velocity are in general agreement with previous investigations. In
particular, there exists theoretical and experimental evidence of aeroacoustic
source mechanisms whose strengths increase as fourth or sixth powers of
flow velocity. These results correspond with the range of exponents displayed
by the upper fuselage data presented in figure 43(d). Additional agreement
may be found with data results of a previous USB model test, presented in
Reference 3, of similarly defined Mach number exponents whose values

averaged 3.8 at surface measurement positions 1in regions beneath the jet flow.
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Correlation of Surface Pressures

Correlation characteristics of the unsteady surface pressure field were
investigated by interpretation of cross-correlation functions obtained between
selected pairs of surface pressure measurements. All data presented are de-
rived from cross-correlation functions computed for 1024 lag values, for time
delays from 0.0 to 10.24 milliseconds.

A knowledge of the space-time correlation of the surface pressure 1s ne-
cessary to assess the dynamic loads applied to the structure. Pressures cor-
related over distances comparable to the bending wavelength of the (skin)
structure at a particular frequency are more efficiently coupled to the struc-
ture than those correlated over larger or smaller distances. High values of
correlation, existing in combination with the appropriate length scales, in-
crease the potential for structural fatigue failures. In addition, a knowledge
of the pressure correlation characteristics is useful in studying the generating
mechanisms and relative importance of the fluctuating pressure sources which
exist,

Correlation function on wing and flap along nozzle centerline. - Typical

cross-correlation functions obtained between measurement positions on the
wing and flap along the nozzle centerline are presented in figures 44 and 45.
In figure 44, cross-correlation functions between the pressure measured at
the first wing position downstream from the nozzle, number 32, and each of
the other four positions along the nozzle centerline are shown for both vortex
generators up and down conditions. The functions presented in figures 44(a)
and 44(b) were computed from data obtained during runs at 100% thrust set-
ting in test configurations 7 and 8, respectively.

The pattern of data presented in figure 44(b) for a test with the vortex
generators down is typical of measurements obtained beneath ''clean'' turbu-
lent boundary layer flows and implies the existence of a decaying, convecting

pressure pattern by the uniformly decreasing values of peak correlation at
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increasing time delays. The data presented in figure 44(a), for a test with
the vortex generators up, also show decaying values of peak correlation at
successively increasing time delays; however, the rate of decay of the corre-
lation peak does not appear uniform. This is indicative of the nonuniform
flow pattern established as the presence of the vortex generators causes addi-
tional fluid to be entrained downward and to the sides by pressure gradients
along the span of the plate surfaces. As shown later, the presence of the
vortex generators systematically reduced the value of peak correlation be-
tween those positions on the model where the flow field was affected.

Figure 45 presents additional cross-correlation functions obtained be -
tween measurement positions on the wing and shows the effect of changes in
engine thrust setting. Cross-correlation functions between wing positions 32
and 33 with the vortex generators up and then down are shown in figures 45(a)
and 45(b), respectively. Cross-correlation functions for the same tests be-
tween wing positions 32 and 43 are shown in figures 45(c) and 45(d). Note that
the values of peak correlation decrease and the corresponding time delays
increase as the separation distance between measurement positions in-
creases for all four engine thrust settings. Notice in addition, however, that
the effects of changes in thrust setting from one measurement pair to the other
is not uniform, but that the peak value of correlation extends over a 2-to-1
range in figure 45(a), but only over a 1.15-to-1 range in figure 45(c). This
implies a change in the character of the fluctuating pressure disturbances on
the wing as a function of the flow velocity with the vortex generators in the up
position. On the other hand, the peak value of correlation is seen to decrease
more uniformly with the vortex generators in the down position, by a compari-
son of figures 45(b) and 45(d). Note also that generally the peak values of
correlation neither increase nor decrease monotonically as a function of en-
gine power setting,

Spatial correlation. - To provide information on the spatial correlation

characteristics of the fluctuating pressures on the surfaces of the model, the
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correlation coefficient between pairs of measurement positions at a time de-

lay of zero are compared. These data for all 64 tests and the selected anal-

ysis pairs are provided in Table VII. To allow easier investigation of trends

in these data as a function of test configuration, all values obtained during

runs at a 75% engine thrust setting are plotted in figures 46(a) through 46(i).

Examining these figures, the following observations are noted:

Spatial correlation is less than 0.2 for the majority of measure-
ment pairs selected for analysis.

The effects of the raising or lowering of the vortex generators on
the spatial correlation between wing positions 32 and 33 and be-
tween positions 33 and 43 were found to be dominant over the ef-
fects of changes in the flap angle, changes in the height of the mo-
del, or the presence of the flap/fuselage seal.

The value of correlation between wing measurement positions 32
and 33 (with the vortex generators down) changed from approxi-
mately -0.1 for all test configurations with the skewed-plug pri-
mary nozzle installed to approximately +0. 05 with the straight-
plug nozzle (see figure 46(f)). Changes in spatial correlation were
also observed with changes 1n nozzle shape between USB flap posi-
tions 39 and 34 and between positions 34 and 38.

Larger variations generally exist between the various measure-
ment pairs than between configurations for a selected measurement
parir.

No consistent trends were noted in these data with changes in
either the model hei1ght above ground or with the installation of the

seal at the flap/fuselage function.

To estimate the area over which the surface pressures are correlated

on the wing and flaps, the correlation coefficient at zero time delay can be

plotted as a function of sensor separation distance in both a longitudinal line

down the nozzle centerline and along either of two lateral lines across the
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flaps. The '""correlation length' of the pressures is then classically taken as
either the integral of this function or as the distance to the first zero crossing,
and the correlation area is calculated by the product of the longitudinal corre-
lation length and the lateral correlation length.

Longitudinal and lateral space correlation functions over the wing and
flap surfaces of the model are presented in figures 47(a) through 47(d) for lon-
gitudinal separation down the nozzle centerline from position 32, and in fi-
gures 48(a) through 48(d) for lateral separation across the main USB flap from
position 39. As suggested by the curves sketched through the available data
points, the longitudinal correlation function first crosses zero at a separation
distance of less than 10 cm and tends to oscillate about the zero line. On the
other hand, the lateral correlation appears to decay more slowly and
approaches zero at higher separation distances. Similar results have been
almost universally measured by other investigators. Results obtained by
Bull (Reference 24) are included 1in figure 49 where the abscissa is the separa-
tion distance, §, divided by the boundary layer displacement thickness, &%,
(Note the discrepancy of data in figure 48(a) obtained for configurations 1 and
2 with the straight-plug primary nozzle. This may be attributed to the dif-
ference in the flow field over the USB flap between the straight-plug and
skewed-plug configurations.)

Although spatial correlation functions are shown for the pressure field
on the surfaces of the wing and flaps, some indication of the spatial corre-
lation characteristics on the surface of the fuselage is also available. Spe-
cifically, data shown in figure 46(b) illustrate that the spatial correlation be-
tween measurement positions 6 and 4 (separation distance = 14 cm) in the
lower fuselage region remained approximately +0. 5 for all test configurations.
Comparing this value with the space correlation functions at wing position 32
shown in figure 47 (separation distance from 32 to 33 = 12,5 c¢m) implies a
larger pressure correlation length on the lower fuselage surface than on the

wing surface.
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This observation is consistent with the results of previous investigators
who report the measurement of longitudinal pressure correlation lengths
nearly proportional to the convection velocity of the pressure disturbances.
Although the flow-velocity profile was not measured adjacent to the lower
fuselage surface, the average velocity is undoubtedly lower 1in this region
than above the surface of the wing near the nozzle ext.

Peak correlation coefficients. - The coupling between surface fluctuating

pressures and the vibration of a structure is dependent upon the spatial corre-
lation lengths of the pressures and also upon the strength of the correlation as
a function of time delay. The degree of correlation between the pressures
sensed at two measurement positions on the model at a time delay of strongest
correlation is designated as the value of '"peak correlation coefficient''. Table
VIII provides a compilation of peak correlation coefficient data for all 64

tests and the selected analysis pairs. These data were obtained for each

pair by extracting the maximum value that the cross-correlation function ob-
tained for time delays of the pressure sensed at the first measurement posi-
tion from 0.0 to 10.24 ms. Again, to allow investigation of trends in these
data, all values obtained during runs at a 75% thrust setting are plotted as a
function of test configuration number in figures 50(a) through 50(i).

Several of the trends noted previously to occur in plots of correlation
coefficient at zero time delay versus configuration number (presented in
figures 46(a) through 46(i)) also appear in these plots of peak correlation co-
efficient versus configuration. Specifically, the following observations are
noted in these data:

° Correlation between measurement positions 3 and 103, located on

the fairing sidewall and separated by 2.5 cm, was greater than
0.8.

® Peak correlation coefficients with the 86. 5° flap installed were

consistently higher between fuselage measurement positions 6 and

4 with the flap/fuselage junction gap open than with the gap sealed.
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Increases in peak correlation from 0,50 to 0.60 and from 0. 38 to
0.55 between test configurations 4 and 5 and between 9 and 8, re-
spectively, were noted with the removal of the flap/fuselage seal
(see figure 50(b)).

() Larger values of peak correlation were observed between mea-
surements at side fairing positions 7 and 3 and between lower
fuselage positions 6 and 15 with the 16° USB flap installed than
with either the 70° or 86.5° flap.

] Trends showing an increase 1n correlation with lowering of the
vortex generators were noted 1n data obtained between measure-
ment positions 32 and 33, 33 and 43, and 39 and 34. Also noted
1n the data obtained between positions 32 and 33 was a significantly
smaller correlation with the straight-plug primary nozzle in-
stalled than with the skewed-plug primary nozzle.

° Correlation between upper fuselage measurement positions 109
and 112 was consistently lower with the 16° flap installed than
with either the 86.5° or 70° flaps installed.

Broadband convection velocities, - Additional information characterizing

the surface pressure field which may be extracted from the cross-correlation
functions is the time delay at which the correlation function obtains its peak
value. This time delay may be considered the average time required for the
pressure disturbances (in general, a combination of small, large, slow, and
fast turbulent sources and acoustic sources) to travel from the first measure-
ment position to the second.

Table IX provides velocities calculated by dividing these time delay data
into the corresponding physical separation distances between measurement
positions, for all 16 test configurations and the selected analysis pairs. Data
from measurement pairs oriented along directions significantly different
from the estimated direction of travel of the pressure disturbances are not in-

cluded. The data are designated '"broadband convection velocities' to denote
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that they are average values over frequency and that a convective pressure pro-
cess is likely to dominate over most surfaces of the model.

Examination of these data indeed show the classical characteristics of a
convecting pressure field at most measurement positions, with the velocities
measured along the nozzle centerline on the order of 0.6 to 0.8 times the flow
velocity at the peak of the velocity profile. Data obtained between upper fuse-
lage measurement positions 109 and 112, on the other hand, show values re-
maining near 350 m/sec for all thrust settings, indicating the dominance of
acoustic pressure disturbances in this region. Small changes in velocity
which do occur in these data obtained between positions 109 and 112 are attri-
buted to changes in the sonic velocity with changes in the local fluid tempera-
ture.

To investigate changés in these broadband convection velocity data as a
function of test configuration, all data obtained for runs at 75% engine thrust
setting are plotted in figures 51(a) through 51(h). The ''sonic region' desig-
nated 1n these figures marks the upper and lower velocities of the speed of
sound in still air at 230° C (440o F) and 0° ¢ (32o F'), respectively. The fol-
lowing observations are noted on examination of these data:

] A significant decrease in convection velocity between lower fuse-
lage measurement positions 4 and 15 with the 16° flap occurs when
the vortex generators are lowered. This implies a change in the
basic characteristics of the pressure field in this region from a
domination of acoustic disturbances when the vortex generators
are up to a lower speed convective process when the vortex gener-
ators are down,

. Broadband convection velocities calculated between wing and
main flap positions 32 and 29 were significantly higher for test
configurations with the straight-plug primary nozzle installed and
with the modified vortex generators in the raised position than for

test configurations 5 through 10 (skewed-plug primary nozzle and
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runs with standard vortex generators both up and down).

] The variation in calculated broadband convection velocity with
test configuration between wing positions 32 and 33 was small for
the 12 configurations for which data were available, ranging from
248 to 270 m/sec.

° Contrasting effects were noted between data from positions 34 and
35 and from positions 39 and 41 when the vortex generators were
raised. An increase in broadband convection velocity was noted
from flap positions 39 to 41, located along the nozzle centerline,
while a decrease was noted from flap positions 34 to 35, located
along a parallel line 24.5 cm outboard from the nozzle centerline.
This is indicative of a flow acceleration from 39 to 41 and a flow
deceleration from 34 to 35 with deployment of the vortex genera-
tors.

° Data measured between upper fuselage positions 109 and 112 con-
sistently fell in the ''sonic region'" for all test configurations for
which data were available.

Narrowband convection velocities. - The phase angle portion of a cross-

spectral function obtained between two fluctuating pressure signals is the
average phase difference occurring between the two signals at each frequency.
For the situation of a pressure disturbance traveling from one measurement
position to another, the calculated phase angle at each frequency can be asso-
ciated with the time required by a vector revolving at that frequency to rotate
through the corresponding phase angle. By dividing this time into the distance
between the measurement positions, a measure of the '"narrowband' velocity
can be obtained. For those regions of the model where a convective process
dominates, this plot of velocity versus frequency may be appropriately termed
a ""narrowband convection velocity' plot.

Cross-spectral phase data obtained between three pairs of adjacent posi-

tions on the wing and flap along the nozzle centerline for four engine thrust
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settings with the vortex generators down are presented in figure 52, and simu-
lar data with the vortex generators up are presented in figure 53. These data
all start at zero phase angle at zero frequency and typically proceed as a
series of sloping lines of decreasing values of phase angle at increasing values
of frequency. These phase angle data were obtained by computing the arctan-
gent of the imaginary (quad) and real (co) portions of the cross-spectral func-
tions. Cross-spectral functions in co- and quad-spectral forms corresponding
to those phase data of figures 52 and 53 are included in figures 54 and 55, re-
spectively. Note that although these data are generally quite small at high
frequencies, their ratio is often still deterministic, as indicated by definable
visual trends in most of the phase angle plots up to 10 000 Hz. The anomalous
behavior above 5000 Hz of the co/quad-spectral functions calculated between
measurement positions 43 and 39 at 50% engine thrust setting is not understood,
but is believed to be a spurious effect introduced by the data-reduction process.
Because of the random character of portions of the phase angle data pre-
sented in figures 52 and 53, difficulty would arise in using these functions to
calculate the corresponding narrowband convection velocities, To obtain a
more useful phase data for this intended purpose, the cross-spectral func-
tions between wing measurement positions 32 and 33 for configuration 9 were
recomputed using a 97. 6-Hz frequency resolution and 1200 ensemble time
averages, rather than a 48. 8 Hz resolution and 350 averages. (These two
values were used for the complete bulk data reduction program including the
data presented in figures 52 and 53.) By decreasing the resolution and 1n-
creasing the statistical confidence with which the cross-spectral functions
were calculated, the data presented in the first column of figure 52 were
found to form considerably smoother varying functions of frequency, with
better defined breakpoint frequencies and irregular jumps 1n phase angle only
at those points corresponding to discrete frequency acoustic tones.
Narrowband convection velocities between measurement positions 32 and

33 using these recomputed phase angle data were obtained for configuration 9
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tests at 25%, 50%, 75%, and 100% engine thrust settings and are provided in
the left-hand plot of figure 56. Of particular interest to note in this plot is
the significant change in these functions at frequencies ranging from 2400 Hz
at a 25% engine thrust setting to 3800 Hz at a 100% engine thrust setting.
Below these frequencies, the narrowband velocity plots indicate relatively
constant velocity as a function of frequency.

Data 1n these low-frequency regions are indicative of pressure con-
vective processes by magnitudes approximately 0.8 times the maximum
of the local velocity profile above the measurement positions. Also note that
the broadband convection velocities calculated from the delay times of maxi-

mum correlation (designated V 1n figure 56) correspond to the narrowband

convection velocities in these lgvlj-frequency regions, (The large peaks at
approximately 200 Hz in the narrowband velocity data of figure 56 are believed
to be vibration-induced components.)

The monotonically increasing trend of all four functions presented in
figure 56 at high frequencies is difficult to understand. This behavior may be
related to increased contributions of acoustic pressure disturbances (which
travel in the range of 325 to 375 m/sec near these measurement positions) to
the high-frequency portion of the fluctuating pressure field at these positions.
The average velocity of the pressure disturbances at each frequency may be
considered to be the weighted average of the hydrodynamic pressures moving
at their convection velocity and of the acoustic pressures moving at the sonic
velocity. Note that although the perturbations on the data of figure 56 may
likely be random 1rregularities, the trends indicated, i.e., a plateau region,
a sharp drop and then a steadily increasing function, are the result of defini-
tive cross-spectral phase angle data over these frequencies.

It 1s worth reemphasizing at this point that the cross-spectral function
of a turbulent pressure field is a function of both frequency and wave number.
This contrasts with the simpler form of the cross-spectral function for longi-

tudinal acoustic pressure waves, where the spectrum contains energy only at a
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particular wave number for each frequency. Each component of the wave num-
ber frequency spectrum of a turbulent pressure field is associated with a ratio
of the speed of a turbulent eddy divided by the size of the eddy, i.e., large
eddies moving quickly contribute energy to the spectrum at the same frequency
as small eddies moving slowly.

Complete wave number frequency spectra are formidable to obtain exper-
imentally because of the requirement for an extensive array of measurement
positions. An assumption usually made by previous experimenters was that
the complete spectrum (or equivalently the space-time correlation function)
could be estimated from a combination of measurements made in both longi-
tudinal and in lateral directions to the flow.

Estimation of wave number spectra on the wing and flaps could be ob-
tained by Fourier transformation of the space correlation functions presented
1n figures 47 and 48. Obviously, the accuracy of the results depends upon the
accuracy with which these space correlation functions are known. This was
rather poor for this test as only five sensors were used in the longitudinal
direction and four in the lateral direction. In addition, it is reasonable to ex-
pect spatial nonhomogeneities in the fluctuating pressure field over these dis-
tances because of the significant changes noted in the velocity profiles both
down the engine centerline and along the USB flaps.

A method which may be used to provide some information on the wave
number (or wavelength) distribution of fluctuating pressures is to plot mea-
surements of narrowband convection velocity versus the angular frequency di-
vided by the narrowband convection velocity (equal to wave number for a pure
convective process). This method was used on those narrowband convection
velocity data of figure 56, measured between wing positions 32 and 33 for test
configuration 9. Following the method used by Bull (Reference 25), convection
velocity and wave number are both made nondimensional by dividing by the
free stream velocity Uo’ and by multiplying by the boundary layer displace-

ment thickness, §% respectively. Values selected for Uo and §* to perform
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these normalizations were estimated from the velocity profiles measured at
the exit plane of the nozzle and at main flap position 39 located along the
nozzle centerline (because no velocity measurements were made above the
wing sensor positions). The velocity at the peak of the local vertical profile
was considered for this wall jet flow configuration to be analogous to the free
stream velocity for the normal boundary layer flow configuration. The dis-
placement thickness was then estimated as 0. 35 times the height of the local
velocity maximum.,

These plots of nondimensional narrowband convection velocity versus
nondimensional wave number are shown in figure 57(a). The previous re-
sults of Bull, calculated from data under a conventional turbulent boundary
layer, are included in figure 57(b). Consistent with Bull's data, and those
of other investigators, these data measured on the 1/4-scale YC-14 model
wing fell in the range 0. 6-0.85. However, a significant difference noted be-
tween the data of figures 57(a) and 57(b) is that while Bull's data appear as
concave-up curves, the present data collapse as a concave-down trend.

Bull noted that his data suggest that the larger eddies (i.e., low wave
number components) tend to move at 0. 8 times the free stream velocity and
all move at nearly the same speed, while the smaller eddies move at approxi-
mately 0. 6 times the free stream velocity and display a wider spread in aver-
age velocity (depending upon the sensor separation distance), Most investiga-
tors believe that pressure disturbances displaying a particular convection
velocity are related to sources in that portion of the boundary layer of equal
flow velocity. By this assumption, the peak in the data of figure 57(a) may
well be related to sources located near the peak in the characteristic wall jet
velocity profile measured above the wing and flaps.

In the region from the surface of the model to the velocity peak, the
velocity profile of a wall jet flow may be readily compared with a conventional
boundary layer profile. Accordingly, it is reasonable to also assume that the

high wave number components of figure 57(a) are associated with the flow
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region below the velocity maximum (following Bull's interpretation of figure
57(b)). A further assumption would be an association of the low wave number
components of figure 57(a) with sources in the flow region above the velocity
maximum. Although not supported by measurements on this model, this third
assumption would be consistent 1f the scale of the turbulence was significantly
larger above the velocity maximum than below, such that if an increasing scale
of turbulence existed with increasing distance above the wing surface. This
characteristic has, 1n fact, been measured experimentally by Kacker and
Whitelaw on a wall jet under a moving stream (Reference 19, figure 9), in
their investigation of the effectiveness of wall jets for film cooling.

Phase angle data from three additional pairs of measurement positions
which displayed interesting trends are presented in figure 58. Measurement
positions 1, 8, and 2 are located in a row along the top of the fuselage fairing
and positions 9 and 112 are located in the upper fuselage region. Data for
each of the three measurement pairs are shown for four engine thrust settings
of configuration 9.

Data presented in figures 58(a) and 58(b) for measurement positions 1-8
and 8-2, respectively, are similar, and show an interesting behavior with
changes 1n engine thrust setting. Systematic decreases 1n phase angle with
increasing frequency from 0 to 10 kHz are seen to be most predominant at a
75% thrust setting, particularly in figure 58(a). On the other hand, data at
50% and 25% engine thrust settings show a phase angle of approximately zero at
most frequencies. This implies the presence of a pressure disturbance tra-
veling at nearly 90o to the direction of the line passing between the measure-
ment positions.

As shown previously in figure 12, the photographs of tufts attached to the
fuselage and fairing indicated that the flow boundary extended progressively
farther up the fuselage with increases in engine thrust setting. From the
data of figure 58, the flow boundary appears to be located slightly outboard of

measurement positions 1, 8, and 2 during the 50% and 25% thrust settings of
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test configuration 9, and that the high-frequency portions of the bottom two
phase angle plots of both figures 58(a) and 58(b) are the result of a broadband
acoustic pressure disturbance propagating from a downstream station located
1n the vicinity of the flap trailing edge. (See figure 6 for locations of positions
1, 8, and 2.) In fact, the shght positive increase 1n phase angle measured with
increasing frequency implies that the disturbance traveled 1n a slightly up-
stream direction. The sharpchange in phase angle at approximately 400 Hz

in all four plots of figure 58(a) is believed to be a vibration-induced component.

Examination of phase angle data presented in figure 58(c), calculated be-
tween upper fuselage positions 109 and 112, shows a strikingly constant char-
acter both with frequency and with thrust setting. These data indicate unequi-
vocally the domination of a fluctuating pressure disturbance propagating be-
tween these sensors, with the negative slope implying that the disturbance was
sensed at upstream position 109 first. The narrowband convection velocities
which may be calculated from these data are found to be independent of fre-
quency and are equal to those broadband velocities calculated from the time
delays of maximum correlation.

A small change 1n convection velocity noted with changes in thrust set-
ting in the data of figure 58(c) may be related to either a change in fluid tem-
perature or to a small change in the effective source location. Fluid tem-
peratures approximately ambient near these measurement positions in combi-
nation with calculated '"convection' velocities from 325 to 365 m/sec for these
tests imply that an acoustic disturbance traveled in a direction nearly along
the line connecting positions 109 and 112. Figure 6 shows this line points

very closely to the center of the nozzle-exit plane.
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Coherence of Surface Pressures

The coherence function calculated between two fluctuating pressure sig-
nals provides a measure of the similarity of the pressure components mea-
sured at one position with those measured at the other as a function of fre-
quency. It is defined as the magnitude of the cross-spectral density function
squared, divided by the product of the autospectral densities of the individual
signals, and will always fall in the range of 0.0 to 1. 0.

Coherence functions for the same data whose phase angle functions were
shown in figure 58 are provided in figure 59. Generally, an increase in co-
herence is noted with a decrease 1n engine thrust setting except between the
100% and 75% thrust setting data of columns (a) and (b), where a slight de-
crease is noted. Of particular interest to note i1n these data are: 1) the ap-
pearance of two large dips in the data of column (a) at 25% thrust, 2) the fact
that coherence was significantly more constant versus thrust setting in column
(c) than in either column (2) or (b), and 3) that coherence at 25% thrust was
significantly higher than at 75% or 100% thrust between positions 1 and 8 and
positions 8 and 2.

Spatial variation along wing and flap. - To provide additional information

on the coherence of the surface fluctuating pressure field, figures 60 through
63 provide coherence functions calculated from measurements taken on the
wing and USB flaps along the nozzle centerline. Examining figures 60 and 61
first, the changes in the coherence function with both the raising of the vortex
generators and with changes in sensor separation distance are seen. Figure
60 provides the effect of increase in separation from wing position 32 while
figure 61 presents data from adjacent pairs of sensors along the centerline.

Examination of these data provides the following observations:

» The coherence function for measurements with the vortex genera-

tors down displayed two broad frequency regions whereas those

with the vortex generators up consistently showed more and nar-
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rower frequency peaks.

® Coherence of the fluctuating pressure field between measurement
pairs along the nozzle centerline at 100% thrust setting was insig-
nificant above 3000 Hz except at discrete frequencies correspon-
ding to those of known acoustic engine tones. This characteristic
is particularly interesting to note in combination with the phase
angle data and the high-frequency, narrowband convection velocity
data shown in figure 56 -- the coherence of the pressure distur-
bances sensed at positions 32 and 33 (with the vortex generators
down) 1s seen to drop to values < 0. 05 above frequencies corres-
ponding to the '"break points'' of the velocity data in figure 56.

Variation with thrust level and deployment of vortex generators. - Fi-

gures 62 and 63 show changes of the coherence function with both the raising

of the vortex generators and with changes in engine thrust setting. Figure 62
provides data obtained between measurement positions 32 and 33 while figure
63 provides data between positions 32 and 43.

Examination of these data provides the following observations:

° Raising of the vortex generators affected the coherence function
calculated between measurement positions 32 and 33, both located
upstream from the vortex generators. This impact was not as si1g-
nificant, however, as that on the coherence between measurement
positions 32 and 43 (position 43 is located on the wing among the
vortex generators),

. The significant drop in coherence noted between two broad fre-
quency peaks with the vortex generators down became significantly
smaller at lower thrust settings between measurement positions
32 and 33 but remained approximately constant between positions
32 and 43.

° Coherence of the pressure field for these measurement positions

was generally greater at low thrust settings than at high thrust

41



settings.

L The high-frequency point above which the coherence was insigni-
ficantly small generally decreases in frequency with a decrease 1n
engine thrust setting. In fact, distinguishably similar regions of
the coherence function generally decreased in frequency with a de-
crease in engine thrust setting.

Maximum values of coherence functions. - The maximum value of the

coherence function for each analysis pair for all 16 test configurations are
provided in Table X. Although the entire coherence function 1s needed for a
knowledge of the distribution of coherence with frequency, these data do pro-
vide an indication of the maximum coherence attained at any frequency (from
0 to 10 kHz) for each measurement pair and configuration tested. Thus, they
are particularly useful to indicate those analysis pairs where the coherence
was small; for those pairs of high maximum coherence a more detailed de-
scription of the function may be desired.

To examine changes 1n the maximum value of the coherence function
with changes in test configuration, the data in Table X obtained for runs at
75% thrust setting are plotted versus test configuration number in figures
64(a) through 64(i). The following observations are noted in these data:

° The maximum coherence along the nozzle centerline between

measurement position 32 and between successive positions 33, 43,
39, and 41 was approximately 0.8, 0.55, 0.25, and 0. 05, re-
spectively. These values varied little as a function of test con-
figuration.

) Trends of a decrease in maximum coherence with raising of the
vortex generators were observed in the data obtained between
measurement pairs 39 and 34 and between 43 and 39, all located
in the 1mmediate vicinity of the vortex generators. No trends
were noted between other analysis pairs when the vortex genera-

tors were raised.
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. A wide data spread is noted for most analysis pairs with changes

1n test configuration.
Cross-Spectral Magnitude Functions

For a stationary, homogeneous pressure field, the properties of the
field are completely defined by the space-time, cross-correlation function
R(E, 7, where Eis the separation in space and T1s the separation in time.

By taking Fourier transforms of R(E, T) with respect to for T and holding
the other variable constant, one obtains either the frequency spectrum, de-
fined by

©
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A third form, the combined wave number frequency spectrum, may be

obtained by taking either the wave number Fourier transform of S(-§>, f) or the

frequency Fourier transform of S(—I:, T). Alternately, the wave number fre-

gquency spectrum, sﬁ?, f), may be obtained by

sie. n-( (@, r)e 2T S+ ET) 42 4p (3)
(

Note that the space-time correlation function and the three forms of the
spectrum function presented in Equations (1) through (3) all contain the same
information viewed 1n different ways, and that the particular form selected for
use depends upon the requirements of the desired application.

To examine the properties of the fluctuating pressure field over the
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wall jet flow is_q_uimligf}_xf—_to the nearly universal use of free
stream velocity, full stream dynamic pressure and boundary layer
_1:1_e,i/gbt to obtain good collapse of pressure data under developed
turbulent boundary layer flows. Although good agreement of non-
dimensionalized spectra from measurements on the USB flap of
the 1/4-scale YC-14 model was found with the data of Lilley and
Hodgson, additional work is needed to make this a viable predic-
tion technique for STOL pressure spectra using a knowledge of
the local mean velocity profiles. In particular, the effects of
changes in the shape of the local velocity profile (holding Um’ P,
Z1/2 and Zm constant) on the corresponding surface PSD must be
investigated.

Excellent straight-line correlation was found to exist between
overall fluctuating pressure levels in the region washed by the jet
exhaust flow and a single value of flow velocity (plotted on a
logarithmic basis) which was measured at the peak of the velocity
profile in the center of the nozzle exit plane. The rate of increase
of OAFPL with the velocity, however, varied substantially both
with measurement position and with model configuration. In par-
ticular, significantly lower rates of increase were noted in re-
gions known to be dominated by hydrodynamic pressures than in
regions dominated by acoustic pressures. A more thorough
understanding of the wide spread found in these data is needed be-
fore this information may be used to predict the changes i1n surface
OAFPLs on STOL configurations using a knowledge of the mean
flow boundaries.

It should be emphasized, in closing, that although the character-
istics of the surface fluctuating pressures measured on the 1/4-
scale YC-14 model were related throughout the report to the char-
acteristics of the mean flow field, the fluctuating properties of the



flow undoubtedly bear a more intimate relationship to the resulting
pressures. However, because the mean flow properties are gen-
erally more easy to obtain, their use in investigating the fluctuating
pressures are nearly universally reported by investigators in this
field. The relationship of the mean flow conditions to the distri-
bution of the fluctuating fluid properties deserves additional atten-
tion at this point 1n the study of USB dynamic loads, particularly
for the configuration of a wall jet flow over a curved surface, with

arbitrary pressure gradient.
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TABLE I
e LRIFTION ub CUW Do et "0 10 4En

ZTPATGHT FLUS PPLIAF HI_ e

THFIW Te  ORTL S FLHF DEFLz.T o b [TV U B I L1 | AN B N LY
LEHEFATHT DEGFEF MEVET = R T
1nd UF EL 1 37 LR . I
<t
]
100 TOUN gt 1 4 JEr_el
75
Sa
25

[ ST RN
Wwoumo

—

L R an]
(4 &) Jwt)

—

foc=yr

.\
o@D

IDLE
23
5@
7S

IDLE
23

#*Signifies data

SHEWED PLUG PRIMAF, HZ2LE

DOKH 36 S 1 45 ZERLED
up 25 5 145 CALET ~
UE 2 149 HEEH
DOMH 55 S 145 WE
uF e b e

THILH i [ t-t -
DOKH a5 9 [ Skl
LF 35 5 . “bkHRLCD
UF e o P UFEH
Lp 15 135 QOF CH
DOUN 15w 1 as UFEH
DOKH 780N 1 49 ERLED
up Ta 1 43 _EACET
JP  MODIFIED 70y 1 45 SERLED

also recorded during run up of engine
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TABLE 11

RUN-BY-RUH TRBULATION OF PRINHCIFAL
ENGINE PURE-TOME FREQUEHCIE: +HI)

R ONORONONONO,

FAH COMPRESSOR SRF SRF FAN  COMP Lol Lt FAn Lang
RUN  RPH RFM 1 2 (23B) (16E+ TUFBIHE THFBIHNE + (32B

Ni N2 G5B, elED CutiF
133 15037 21044 251 Si7 vo41 8278 13854 15322 15219 14557
134 13664 2£700 21¢e 4re 6097  7AS3 11979 1,052 1295a 19287
1315 1@vea 26372 139 446 5831 7833 ages 10968 12063 {14u0s
146 8191 23183 137 86 3822 6132 T5e3 S323 1penS 10I:S4
142 15102 30000+ 252 560 70423 8000 12344 13394 15043 1endn
142 13143 2r200+« 214 483 6133 TH1D  1.04: 172262 13547 14227
144 10931 26400% 182 448 5101 vO48 108240 11113 12141 tduin
1453 88536 22350% 134 Ered v99  59¢8 7385 190 IV 1192a
2re 14126 29983 235 588 6592 7335 12949 14361 14838 1939
271 12649 28@51 211 468 533 7420 11595 12360 12383 14301
22 10644 25870 177 431 4957 6899 757 18821 11388 {1737
273 78SV 21747 131 362 3567 5739 raal veca 456 11540
275 14165 30043 238 S@1 6518 2011 12985 14401 14522 1eal’
276 12859 28360 214 473 6001 ?563 11737 13673 12583 19109
281 1esez 26232 180 437 S84t £9935 2982 Tw3s2 12636 12939
282 8364 22695 139 378 3983 6832  TRET 3583 9997 10184
284 13991 29944 233 499 6529 7935 12825 14224 11514 154970
285 12794 28393 213 473 5971 7371 11723 12087 17542 19143
286 1@922 26357 182 439  S@97 7829 1901 11154 12125 14057
287 8273 22597 128 377 3861 6625 7364 3411 9837 12052
289 13982 29385 233 498 6525  797S 12817 14215 14580 {5349
298 12684 28222 211 4v8 5919 7526 11627 12335 123445 150352
291 18885 26181 188 436 S042 €382 905 10955 12024 13953
292  83%¢ 22769 14@ 379 3918 6@r2 7596 333¢ 2953 12143
301 13782 29592 230 493 6432 7391 12634 14812 14203 19732
3682 122938 27699 285 462 5739 7334 11273 12587 12123 14788
303 18441 25785 iv4 428 4372 8355 9571 lasls 11727 15709
304 8062 22168 133 26 3734 5911 7335 3135 Y646 118203
We 13761 29545 229 492 6422 7379 12614 13933 14284 {5757
387 123358 27677 286 451 5763 7331 11321 12336 13144 14771
383 18445 25634 174 427 4374 €335 9573 10619 11718 1367y
309 7934 21975 132 366 3703 S868 7272 ense %83 11via
326 13793 29537 229 492 6418 7877 12667 13922 14295 15753
327 12248 27568 284 459 9715 7351 11226 12458 13066 14760z
328 1407 25592 172 427 4857 68295 9540 18588 11681 1249
329 7913 21946 132 366 3693 5852 7254 2845 9945 11785
331 13793 29593 230 493 6437 7891 12644 14923 14323 157233
332 12271 27625 205 450 S726 7367 11243 1247 13093 147723
333 190486 25706 175 428 4891 6855 9607 1AESS 11746 13710
334 7932 21998 132 367 372 ©86s  7avi 3064 3568 11732
491 14038 29829 234 497 6560 7954 12887 142372 14515 15909
492 12495 27805 208 463 3831 7415 11454 12783 13246 14829
493 10789 25938 180 432 5831 6915 9882 10968 11943 13829
494 8220 22410 137 374 3836 5975 7535 3357 3812 11952
499 14045 29915 234 439 6554 7977 12875 1427 14532 15955
508 12538 27993 299 467 5851 7465 11493 12747 13316 14938
501 10728 26029 1?3 434 5086 6941 9834 16967 11947 13882
502 8858 22269 134 371 3760 5938 7387 8192 %699 11877

At

* RPM estimated from spectral peaks. (N2 tachometer malfunction)

*% Shaft rotation frequency
Data not available for runs 556 - 581
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TABLE IV

Data used for spectral normalizations shown 1n figures 31 and 32

. At U Z Z A
Position 1/2 m pPpProX.
U P(Pa) r(°C d f
number m(m/s) (Pa) (°C) {(cm) (cm) ﬂeo%'%?f'egtcig
36 192 3110 35 12.7 1.52 45
38 204 3590 38 47.0 1.78 30
Main
flap 34 252 5740 135 15.0 1.78 15
39 383 6940 338 24.0 4.57 0
37 152 3590 40 21.0 1.52 40
1 383 . .
Aft 40 56 830 60 14.5 1.52 25
flap 35 220 6940 121 21.0 1.78 10
41 319 5020 266 46.0 5.84 0]
39
Run 284 (100% thrust)383 6940 338 24.0 4,57 0
Run 285 (75% thrust) 343 5740 335 24.0 4,06 0
Run 286 (50% thrust) 295 4780 332 22.0 2.79 0
Run 287 (25% thrust) 219 2630 313 21.0 1.78 0
41
Run 284 (100% thrust) 319 5020 266 46.0 5.84 0
Run 285 (75% thrust) 293 5020 260 43.0 5.33 0
Run 286 (50% thrust) 252 4300 257 37.0 4,32 0
Run 287 (25% thrust) 179 2150 235 37.0 2.54 0
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TABLE V

OVERALL FLUCTUATING PRESSURE LEVELS

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 133 134 135 136 142 143 144 145 278 271 272 273 275 276 281 282
1 152 8% 149 1% 144 9x 1368 9% | 151 1% 148 4% 144 tx 137 7% [138 3Ix 138 (% 138 3x 135 3x |156 1x 151 6% 148 9 144 B
2 154 4x 151 7% 146 9% 148 8% | 154 5% 151 {x 146 Ix 137 6% |137 Sx 134 6% 134 Bx 129 1x 2+ B+ a8+ 8+
3 163 9% 160 8% 155 4k 149 2% | 169 1% 165 8% 168 2% 152 8% 1137 4% 135 Bx 133,5% 129 S« 159 9 157 8 1548 151 9
4 155 9% 1S53 Bk 158 S5 146 2x | 158 3% 156 2% 152 3k 147 3% | 159 Ik 157 9% 154 8% 149 4% [156 @ 154 9 152 4 148 1
6 153 @% [S1 1% 147 9% 143 9% | 153 1x {51 2% 147 6% 143 B* |156 8% 155 1% 152 5% 147 0% |153 8 153 2 1519 149 @
7 157 B% 155 {x 152 6% 148 7% | 158 4% 156 8% 153 S5k 147 8% [136 4k 134 4% 133 8% 128 9% {159 2 157 7 1558 153 8
8 152 3% 152 7% 147 6% 139 5% | 157 9% 154 9% 143 9% 137 6% |136 8% 135 4x 134 6% 129 6% | 159 7% 157 2% 152 8% 145 9
9 162 3% 158 4% 152 6% 145 0% [ 161 6% 157 6% 159 3k 148 3% (142 7% 139 Ix 136 4 128 S 1439 1416 1368 1295
18 152 S% 149 1% 144 1% 139 8x | 151 B% 147 9% 143 Sk 137 B% | 137 8% 135 7% 136 B% 135 1% [151 7 149 4 148 | 144 0%
11 B+ o+ 0+ 2+ B+ B+ B8+ B+ B+ B+ B+ B+ 2+ B+ e+ B+
12 140 2% 136 Ix 130 4% 128 4% | 139 Sx 136 1% 138 7% 125 3% 2+ 2+ B+ B+ | 144 7% 142 3x a+ o+
13 161 2% 158 2% 154 6% 149 5% | 162 6% 168 5% 156 8% 15@ 3x |138 3k 135 4% (31 4k 125 @% 158 6 157 B 9+ 156 7
14 159 4% 155 Sx 159 1% 145 0% | 161 4% 1589 3k 153 7% 147 1% ]158 2% 155 3% 152 @% 147 3% J 157 3 155 2 B+ 147 2
15 168 2% 156 6% 152 2% 149 8% | 168 7% 157 1% 151 7% 144 9% [155 &% 153 4% 158 3% 145 Ix [152 3 151 3 B+ 147 4
29 146 8% 103 4% 185 Bx 129 3x | 126 4% 188 4% 93 Ox 129 7% B+ 2+ o+ B+ 11517 1484 1444 133 7
23 156 6% 152 B% 149 B% 146 3x | 156 6% 153 3% 149 4% 146 2% {153 1 149 3 1456 148 3 153 S 150 5 130 4% 124 8%
32 154 8 1589 1456 140 S 1534 1S58 2 1459 1397 1528 1495 1458 140 3 154 4 151 7 158 4x 141 6
33 133 2% 119 2% 143 9 138 6 152 3 1486 1439 137 8 153 4 1SB 4 146 3 140 2 155 5 151 7 148 6% 141 9
34 164 4 162 1 158 8 154 9 1648 1628 1593 153 8 1638 161 4 158 6 153 6 1647 1631 1681 1556
35 142 4% 159 6 155 6 1508 4 162 4 168 2 156 3 1S58 3 168 9 158 2 1548 149 1 161 8 168 1 157 2 152 3
26 1598 156 8 1527 147 7 159 3 157 @8 153 @ 147 1 1618 1598 154 4 147 2 1625 1683 1568 158 S
37 168 2% 157 3% 153 @% 147 6% | 159 9% 157 6% 153 1% 146 8% |157 3 155 1 151 S 145 9 1576 1555 1546 147 8
38 1611 158 4 1558 158 @ 1615 159 1 1555 150 8@ 161 B 1598 156 1 158 8 1617 1537 156 9 152 2
39 1685 158 7 155 @ 159 9 1596 157 6 1543 149 3 1S9 8% 157 8% 155 2% 151 Sx | 164 6% 160 7% 170 7% 166 dx
49 158 7 157 1 1531 1481 {68 6 1588 1543 147 9 158 5 156 3 1S3 2 147 2 1619 15891 1554 1516
41 161 2 1591 1551 158 3 162t 1596 156 4 159 9 168 2 157 8 1545 149 8 1617 159 7 1557 1518
43 2+ B8+ 189 9% 0+ 2+ B+ 2+ 9+ | 1S4 4 1516 1486 11428 1588 1553 1512 145 1
103 o+ B+ B+ o+ B+ 2+ 2+ B+ |162 8 1682 3 157 4 151 6 1681 158 1 155 4 ‘50 6
103 B+ B+ B+ 2+ B+ 2+ 2+ B+ 1436 1397 1345 127 4 1455 1422 137 3 133 S
112 B+ o+ 2+ g+ B+ e+ B+ B+ 1139 3 1343 1288 1229 1391 1357 1388 1247
( + DESIGNATES DATA WAS NOT OBTRINED, % DESIGNATES QUESTIONABLE DRTR )
OVERALL FLUCTUATING PRESSURE LEVELS
1/4-SCALE YC-14 TEST
POSITION RUN NUMBER
NOS 284 285 286 287 289 299 291 292 301 382 3e3 384 386 387 3es 399
1 1521 1511 1478 1425 152 6 1588 147 4 142 3 1533 150 4 1488 142 7 1S2 6 1437 146 5 141 6
2 1555 1S3 1 1489 1435 1551 1526 1487 1428 155 4 1526 1488 1432 1546 1519 147 7 141 9
3 1596 1588 1549 149 6 161 6 1682 158 @ 1S3 2 o+ B+ 2+ 2+ B+ 2+ 8+ e+
4 154 4 1533 1515 147 3 1S3 6 1511 148 3 143 S 1545 152 7 1588 147 1 151 8 1489 1493 142 6
6 152 6 1S13 1505 147 7 143 S 147 8 1442 1389 152 2 1513 1437 147 8 1490 1468 1496 1387
I 158 S 157 2 155 4 1517 160 6 138 8% 155 S 151 1 157 8 156 2 154 § 151 2 159 1 156 8 1546 149 8
8 161 4% 157 4% 158 5 144 1 1586 1538 1439 4 1440 1559 1529 1497 1441 1548 1525 1485 142 8
9 1439 1421 1355 128 8 1413 1381 1336 1127 2 1438 148 @ 1352 128 4 141 7 1378 1399 126 5
10 2+ o+ 2+ 2+ 2+ B+ o2+ 2+ o+ B+ 2+ B+ 2+ 2+ 2+ 2+
11 B+ 0+ 2+ 2+ B+ 0+ 2+ 0+ o+ B+ B+ 2+ B+ 2+ B+ o+
12 B+ B+ B+ 2+ o+ 2+ B+ 8+ 2+ o+ 2+ a2+ 2+ B+ 2+ 2+
13 1579 1568 154 1 143 2 o+ a2+ B+ B+ 2+ 2+ 8+ B+ o+ o+ B+ B+
14 1553 1536 1513 148 @ 1579 1557 1531 148 9 155 9 1532 1S1 1 147 1 {56 6 1546 1516 148 2
15 159 8 1492 1469 143 6 147 6 1457 1446 148 1 151 6 1439 147 9 144 4 146 7 144 1 141 7 149 2
20 1589 1487 1445 1381 1595 147 9 1438 136 6 151 4 147 9 1430 137 3 158 5 147 2 143 9 137 2
23 156 Bx 153 1% 147 3 148 6 156 5% 149 Sx 1458 143 S 152 5 1439 14562 1417 151 5 149 8 142 1% 141 6
32 154 5 1528 147 9 141 3 1528 1S 4 (a7 1 1417 1551 152 @ 147 3 141 3 153 8 159 2 146 4 140 8
33 1548 151 S 147 6 141 3 152 6 1488 1452 141 3 1553 1514 1471 1415 152 9 1582 146 5 141 1
34 1641 1629 168 4 155 4 1628 1613 158 9 154 4 1646 162 6 159 8 1551 1626 1689 1586 153 9
35 1615 1681 1574 1517 |168 4 158 1 1551 150.1 |161 7 1597 1567 1518 |[1593 1578 1547 1497
36 1623 160 4 156 2 158 4 1628 159 6 1556 1493 168 7% 158,8% 154 3% 149 6% {168 B8 157 1 1S3 5 147 8
37 157 3 1S5 7 1529 147 8 1S7 @8 1S5t 1528 147 1 8+ 2+ B+ o+ 2+ o+ 2+ o+
28 1615 1596 156 6 1515 161 3 1594 156 4 151 9 1621 1595 156 S 1517 161 7 1538 156 4 1515
39 168 4 1587 1558 (518 158 6 1568 1539 143 2 160 9 1587 1557 15t 1 158 6 1565 1535 149 @
49 168 7 144 8% 155 8 158 9 159 3 1S6 5 1543 149 1 161 2 158 9 1557 1St 2 159 5 157 2 1547 149 1
41 1616 1596 1568 1517 161 6 1596 156 7 152 1 1618 1592 156 @ 151 0 162 1 1599 156 7 (51 4
43 15?7 S 1558 1512 144 8 1538 1514 1487 143 7 158 @ 1558 1SB 7 1446 153 7 151 4 148 4 143 3
103 159 4 1581 1551 149 6 {618 1596 157 2 1525 1S9 6 157 4 1545 149 8 161 8 159 3 156 6 151 7
189 1448 1416 1371 1321 1439 1397 1352 1292 145 2 1414 1365 138 3 1438 1333 1348 12807
112 1383 1352 1386 1241 137 2 1339 1292 123 6 1386 1347 1297 1248 137 4 1335 1283 1228

¢ + DESIGNATES DATA WAS NOT CBTAINED. * DESIGNATES QUESTIONABLE DATA )
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56

TABLE V (concluded)

OVERALL FLUCTUATING PRESSURE LEVELS

174-SCRLE YC-14 TEST

POSITION RUN NUMBER
NOS 326 327 328 329 331 332 333 334 491 452 433 494 499 509 sel 582
1 1529 1495 1467 1416 1532 1384 1475 1433 [1538 1585 147 S 1427 (1531 1503 147 5 142 4
2 1558 1521 1472 1412 [1554 1538 1495 1439 [155 1 1525 1493 144 6 B+ 182 B 184 3x 15, 7%
3 2+ 2+ 2+ o+ B+ 2+ B+ 8+ |1S6 9 1554 1534 1498 {156 7 155 1 153 5% 148 6
4 1581 1553 1546 1581 |1S49 1541 1523 1484 (1485 1448 141 ! 1349 ({147 7 144 4 142 4 134 3
6 1552 1528 15t 8 148 3 152 7% 152 7% 152 9% 149 9% |146 7 142 9 1389 132 1 146 3 1427 1382 1322
7 1S6 1 155 1 156 ?% 152 3 159 1 157 3 1552 151 6 1519 1434 1468 142 3 1518 1495 1467 1ul 3
8 1557 1526 1438 1438 |1557 1528 1497 1443 (1552 1525 1493 1443 |1549 1522 1499 143 8
9 1419 1389 1338 1271 |1439 1481 1357 1285 [1439 1397 1352 1281 (1430 1392 1345 1.8 5
1o B+ 2+ B+ B+ | 153 2% 158 6% 147 2% 142 6% |146 B 145 7% 144 5% 143 8% |154 2 152 2 148 8 142 8
1 2+ B+ B8+ B+ B+ 2+ 2+ B+ B+ B+ B+ e+ 2+ 2+ B+ P+
12 P+ P+ 2+ B+ 2+ 2+ 2+ B+ [141 8 1389 1364 1339 149 4 136 8 1332 127 1
13 a2+ B+ 2+ B+ |159 6 157 3 154 5 143 6 169 D% 163 6% 154 8 150 6 166 7% 164 2% 154 Sx 119 3
14 153 7 157 1 1S54 2 1520 4 157 7 1553 1527 1491 158 8 147 6 1465 141 7 1495 147 @ 1447 14p 3
15 1548 1515 1Stt1 1478 1531 152 2 151 @ 146 8 1438 1385 1337 1261 1439 1388 1338 126 ¢
20 1438 146 4 140 6 133 S 8+ 2+ B+ B+ |152 8 158 S 146 9 141 B 1523 14958 1468 1487
23 1516 1486 1454 1417 1528 1439 1466 1419 (1544 1518 147 7 1421 |1528 158 4 147 8 147 @
32 1532 158 1 1467 1418 [1547 1516 147 4 141 2 (1546 1517 1476 1415 [1S4S 151 8B 147 1 149 7
33 1532 1439 1464 1418 [1S5 1 151 3 147 3 141 2 [1558 1519 1488 142 1 [1552 151 7 147 4 141 3
34 1627 1611 1587 1541 [1646 1627 168 1 155 3 2+ B+ 8+ B+ o+ 2+ o+ o+
35 1606 1585 1555 1598 [1615 1539 157 3 152 @ o+ 2+ o+ B+ B+ a+ o+ o+
36 1683 157 4 153 9 148 3 168 6 1582 1546 143 8 2+ 2+ B+ 2+ B+ B+ 0+ o+
37 B+ B+ 2+ 2+ 2+ B+ 2+ 2+ 2+ B+ 8+ 2+ B+ B+ 0+ D+
38 1619 1596 1567 151 6 |1618 1595 156 9 151 6 2+ B+ B+ B+ o+ o+ 04 o+
33 1592 1566 1543 149 3 161 8 1587 1568 1511 2+ 2+ B+ + B+ a+ B+ 0+
40 159 4 157 1 154 9 149 3 161 4 1598 1558 151 4 2+ B+ B+ o+ B+ o+ 9+ 0+
41 1607 1587 155 2 158 2 1628 1594 1568 1521 2+ B+ B+ B+ 2+ e+ Te re
43 1533 1513 143 4 143 4 158 8 1549 15108 1447 158 2 1549 151 2 145 3 157 6 1545 IS0 G 141 4
183 618 1S9 9 1576 1532 8+ 2+ a2+ 8+ 157 1 1568 1541 1439 4 |157 2 1553 1835 a5 ,
189 143 5 1395 13580 1285 1452 141 4 1368 1297 1448 1497 136 2 129 9 1443 1405 13586 1.9 "
112 1379 1336 12883 1227 133 4 1348 1382 1240 1384 1339 1292 1237 137 3 1334 1200 1/r 9
( + DESIGNRTES DATA WAS NOT OBTA'NED., * DESIGNATES QUESTIONABLE DATA )
OVERALL FLUCTUATING PRESSURE LEVELS
174~SCALE YC-14 TEST
PCSITION RUN NUMBER
NOS 556 558 S€9 562 567 S69 571 573 S74 575 576 Se7 S78 579 589 581
1 137 2 1415 1458 1487 137 4% 145 9% 146 0% 148 6% |137 2 1428 147 1 150 1 136 3 1427 1475 1511
2 1357 1422 147 6 {519 1346 1392 1449 143 6 136 1 1415 147 1 150 6 1343 141 4 1467 159 3
3 142 2% 146 4k 151 8% 157 1% | 145 2% 151 6% 157 8% 161 7% [142 9% 148 9% 155 Sx 168 1k | 147 7% 150 7x 156 8% 11,0 Bx%
4 1386 1349 140 4 143 8 137 Bx 148 Sx 152 6% 154 8% |146 4 150 3 153 8 154 8 146 4 143 6 153 6 164 7%
6 1382 1335 1383 142 2 1395 1436 147 4 14810 143 1 147 2 143 S 151 3 146 6 158 S 154 7 1uv7 2
7 1322 1385 1436 146 8 143 4 158 2 1552 157 4 146 4 151 4 1545 156 3 1499 153 2 157 5 169 2
8 136 4% 158 8% 167 2% 171 4% | 141 8% 146 1% 163 4% 167 Sk | 139 1% 155 (% 175 8% 178 Sk | 135 7% 163 Sk 179 S5k 181 3
9 185 6% 85 5% B85 6% B+ 2+ 2+ B+ 2+ B+ 2+ B+ 2+ 2+ B+ P+ 2+
18 151 4% 169 B@% 184 Bx 184 7x 2+ 2+ 2+ B+ o+ B+ B+ B+ 2+ B+ 2+ 2+
11 2+ B+ B+ 174 4% B+ B+ B+ 2+ 2+ B+ B+ B+ 2+ B+ B+ 2+
12 132 4% 131 Bx 132 Sx 8+ 8+ B+ B+ 2+ B+ B+ B+ B+ 2+ o+ 0+ 2+
13 143 4% 149 1 1548 156 5 1435 1581 1S54 158 2 142 4 1489 1543 157 1 141 3 1477 1S3 1 156 S
14 121 6% 126 2% 133 7% 132 9% {126 1% 132 6% 138 DX 138 ix | 124 3% 125 2% 12?7 6% 133 9% [ 127 @x 127 Sk 122 7x 134 7%
1S 1318 1333 1358 1397 148 2% 144 2% 147 4% 147 Bx |1452 1485 (51 1 153 @ 1438 147 4 152 8 155 o¥
29 1345 148 4 1455 14989 132 Sx 150 9% 149 1% 159 4% [134 7 137 1 1417 1459 149 3% 136 1 142 8 146 2
23 144 7% 148 7% 151 6% 155 9% | 143 6% 133 1% 136 8% 142 4% | 144 Sk 148 7% 152 7% 157 2% | 125 7% 149 1% 153 1% 157 7x
32 1342 149 4 146 2 150 1 134 3 154 6% 160 3% 164 2% |134 3 140 8 147 2 151 8 146 8 1408 147 5 15° 4
3 1333 1491 146 2 158 2 133 5 154 4% 168 4% 164 2% |133 5 148 7 147 8 151 8B 145 7% 142 8 147 S 152 3
34 B+ 2+ 2+ B+ | 145 Bx 1448 1528 155 @ 147 6 1546 156 S 161 6 1511 1S8 6 1637 1666
35 2+ B+ 2+ B+ | 1448 151 9 157 3 160 3 1453 152 4 157 8 168 4 1439 1518 156 3 153 2
36 2+ B+ o+ B+ 1141 9 1481 153 S 156 8 142 9 1488 153 4 156 9 1411 148 B 1S3 4 1567
kid 2+ B+ a+ 8+ | 183 6% 183 dx 183 6% 183 7% | 1B3 Sx 103 Sx 183 S% 183 7% | 183 2% 183 2% 183 3% 123 6%
38 2+ 8+ B+ B+ |144 4 151 7 156 4 159 8 1443 1518 156 4 159 3 143 1 158 8 155 4 1°¢ 4
39 2+ B+ B+ B+ 1339 1466 151 6 1543 1412 1485 1541 158 1 1422 1432 1558 178 4
49 2+ B+ 2+ B+ 1443 1589 156 ! 159 | 146 7 152 3 157 3 168 8 1499 1539 157 7 wa s
41 o+ B+ 2+ B+ | 155 6% 157 4% 160 6% 163 7% | 157 2% 159 1% 168 4% 162 Sk | 157 2 159 € 121 64« 163 3
43 1353 1423 147 8 151 4 1359 1427 148 2 1512 1356 14324 1586 1551 1428 1439 1S58 7 1,52
183 o+ B+ B+ o+ B+ e+ B+ 2+ o+ o+ B+ B+ B+ B+ D+ B+
183 1206 1278 1336 1383 120 8 156 2% 160 9% 167 5% [121 9 129 3 136 7 141 4 155 8% 129 9 138 1 143 2
112 1147 1133 126 6 1319 115 1 135 4% 136 8% 134 1% [115 7 1226 138 4 1356 135 9% 123 4 1328 137 3

( + DESIGNATES DATA

WAS NOT OBTARINED. % DESIGNATES QUESTIONABLE DRTA »




LS

POSITION
NO.

- OWo-~N NH N -

—

[\ A
QUAWLN

N
Nw

33
34
35

36
37
38
33
48

41
43
183
189
112

where

1

3.46%
3.62%
3.82%
2.97%
2.42%

2.18%
3.67%
4,56%
3.54%

.88+

3.83%
3.85%
3.76%
3.16%

2

3.56%
4.48%
4,33%
2.94%
2.78%

2.77%
5.58x%
5.69%
3.69%

.00+

3.74x%
3.29%
3.78%
4.17%

1.83% -2.89%

2.68x%
3.73
-2.02%
2.74
-, 70%

3.17
3.32
2.91
2.57
3.86

2.91
.80+
.80+
.08+
.80+

2.67%
3.60
3.79
2.78
3.23

3.25
3.51
3.84
2.74
3.36

3.19
.88+
.00+
.88+
.08+

3

1.91%
2.78x%
2.61%
3.46%
3.10

2.46%
2.41%
4.,78%
.50%
.80+

.00+
4,56%
3.68
3.44%

.08+

4,38
4.23
4.52
3.26
4.83

5.97
3.94
3.82

4

3.78%
.00+
3.85
2.76
1.67

1.84
4.78%
5.87
2,54%
.00+

.00+
.80+
.00+
.80+
4.08

18.66%
4,208%
4,54%
3.16
3.29

4.18
3.26
3.26

2.83% -1,43%

3.88

3.84
3.893
3.68
5.54
5.27

3.28

3.46
4.44
3.25
5.16
4.94

TABLE VI

iy
Best-fit exponent N, where P = cv®

174-SCALE YC-14 TEST
CONF IGURATION NO.

S 6 7 8 S 18 1 12
3.42 3.48 3.55 3.72 3.77 3.34 3.72 3.61
4.16 4.24 4.18 4.38 4.77 3.95 3.58 .08+
3.48 2.99 .88+ .08+ .08+ .00+ 2.43 2,75
2.45 3.43 2.51 2,93 2.57 2.27 4.58 4.56
1.63 3.68 1.53 3.e8 2.14 .96% 4.93 4.80
2.33 .68% 2.23 3.14 1.15% 2,55 3.24 3.58
5.98% 4.77 3.39 4,16 4.3t  3.86 3.71 3.77
5.48 4.83 S5.25 4.84 5.1 5.23 5,34 4.93

.80+ .88+ .80+ .00+ .8+ 3.62% 1.,87% 3,95

.08+ .00+ .00+ .08+ .88+ .28+ .80+ .00+

.08+ .80+ .pB+ .08+ .88+ .20+ 2.33 4.48

3.85 .08+ .PO+ .00+ .08+ 3.41 6.35% 6.29%
2.58 3.86 2.93 2.89 3.15 2.81 2.73 3.e9
2.47 2.49 2.45 2,15 2.24 2.16 5.71 5.57
4.45 4.80 4.83 4.54 5.64 .68+ 3.79 3,95
5.37% S.14x% 3.70 3.56% 3.34 3.69 4.14 3.70
4.56 3.88 4.75 4.18 4.13 4.62 4.483 4.78
4.59 3.67 4.66 4.84 4.12 4.69 4.61 4.73
3.83 2.98 3.26 2,98 2.96 3.19 .08+ .00+
3.41 3.52 3.41 3,51 3.64 3.28 .80+ .08+
4.17 4.39 3.80% 4.16 4.88 3.71 .88+ .08+
3.57 3.42 .89+ .00+ .00+ .00+ .80+ .@B+
3.45 3.24 3.53 3.54 3.52 3.47 .80+ .08+
3.25 3.25 3.36 3.29 3.32  3.37 .08+ .98+
1.56% 3.41 343 3.53 3.41  3.42 .80+ .88+
3.4 3.26 3.68 3.68 3.64 3.34 .08+ .90+
4.37 3.43 460 3.55 3.56 4.54 4.37 4.58
3.43 294 3.35 3.21 2.93 .08+ 2.67 2.73
5.84 4.72 5.9 4.86 5.88 5.28 S5.84 5.14
4,88 4.66 4.98 4,99 S5.14 5.18 4.95 4.9

13

3.15
3.86
4.60
3.90
3.7¢7

3.64

9.29%
.88+

7.26%
.80+

.88+
3.27%
3. 18%
2.78
3.75

3.85%

4.24

4.42
.88+
.80+

.08+
.08+
.98+
.00+
.00+

.08+
3.98

.00+
4.83
5.49

14

3

1
4
4
2.
2
3
9

&/2%

*
1

N o

8

67%
.68+
.08+
.00+

.00+
3.57
2.56%
1.65%
3.22%

3.93%
4.19%
4,29%
6.54%
3.70

3.82
< 13%
3.53
3.39
3.68

2.71
3.74
.00+
4,79%
-.41%

P = mean-square pressure, C = constant, V = maximum nozzle centerline exit velocaty
¢ + DESIGNATES DATA WAS NOT DBTAINED: * DESIGNATES QUESTIONABLE DATA )

15

3.18
3.99
4.89
2.82
1.78

2.15
18.71x
.08+
.00+
.80+

.00+
3.62
3.68%
1.96
3.680

3.64%
4.79
4.83
2.88
3.54

3.98
.BB%
3.66
4.19
3.71

1.43%
5.13
.00+
5.30
5.68

16

3.65
3.88
4.42
6.24%
2.94

3.87

8.36%
.89+
.00+
.88+

.00+
.86
. 49%
.33
. 4B%

.68%
.85
LBi%
52
.61

WUt W DN W

3.82
L 17%
3.78
4.04
2.87

=1.26%
4.94
.80+
5.83x%
6.89%
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TABLE VII

CORRELATION COEFFICIENT AT ZERQ TIME DELAY

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 133 134 135 136 142 143 144 145 278 271 272 273 275 276 281 282
i- 8 8BSk B1x @Ok - B2« 83x  83x B9k @I« 3B% B4x - 19% - 45% |- BB - 1@k - B7x - B3
3- 6 89+ 8o+ B8O+ oa+ 20+ 8+ ea+ 20+ 09+ ee+ 2B+ 09+ 26 25 20 11
6- 4 48% 47% 47% 43% 29% 26% 32% 29% Jx 26% 22% 21% 48 44 43 33
7- 3 |- 12% = 1Dk = 13k = 22% |-~ 14k = 16% = 25% =~ 33x 34x 29% 25% 17% |- 12 - 11 =1l - 86
8- 2 22% B5% 2% 23x 1 Bax 12% 16% 77% 83x 1 P2x 47% 20+ 20+ ep+ 2o+
S- 2 alx Blx = 92% B7x 82x B3x 82x 28% eg+ eg+ ea+ eg+ 28+ 20+ ea+ e+
9- 3 po+ 08+ 28+ 80+ 09+ 8o+ 29+ P8+ |- 96% - 95k - @9k =~ 1lx |- BS - 07 - 28 - 11
iB- 1 - 1tx = 15k = 17% = 32% |- B9k - 15k - 15k - [Bx 85x% 68% 86x% 20% |- 87%x - @8x -~ 1} - b6x
18- 2 |- @3%x -B83x B3k  12x |- B6x - B6x - B7x ~- B9 B4x - 14x  15% - 19% og+ @9+ 20+ o+
18- 8 16% = 13%x = 17% = 19% |- 12% = 18%x - 14x = |{9% 21% - P8x - 1B%x = LIx |- 18% = 12% - [1% = 22x
13- 14 egx B7x egx 8o+ a3 B2x - 83x - 06% |- B2% B2x 95x% a7 13 24 BP0+ - 1}
13- 28 |- p6x* BB+ B1%x - 15% |- B5% - @S« 2% Bax 2o+ 88+ QO+ 20+ e+ g8+ 0o+ 29+
14- 13 g+  @e+ ga+  Blx 88+  PB+ @B+ 0B+ 88+ @8+ 90+ DB+ Be+ PP+  BY+ DO+
14~ 15 aex a2x Blx BEX |- B2%x -~ @2% - @3% - B4k |- B7x - B2 B6x Blx g7 - 83 B+ - 12
29- 12 25x% 84x B4x - 2% - 93 BS% Bax 12% aa+ 28+ 99+ Ba+ Bix 2% eg+ 28+
32- 33 |~ B4k a2x a3 23 24 85 26 85 -18 ~-13 =-99 =-0p6 - 21 - 13 - 1ilr -w?
32- 37 09+ 8o+ 2o+ 20+ 08+ Be+ Bo+ Bo+ |- 82 20 29 81 1] 88 - tix - @3
32- 39 a1 =~-83 -85 - 06 -93 -84 -85 - 82 = 83% - P4x - §Sk - P2x |- @2x B2%x = 1l% 92x%
32- 41 |- 92 ea - 82 28 -92 -8 -8 0] L] g0 - 92 -8 08 al - 1% 4]
32~ 43 28+ en+ epx 20+ 20+ e+ e+ 00+ 0o+ 08+ 09+ BB+ a0+ 20+ 09+ 28+
34- 35 |- 18%x ~983 -897 -99 -1 -12 -1 - 14 -8 -14 -12 =-15 - 086 -85 eg+ - 35
34~ 38 8s 12 12 18 14 19 18 18 -]} 86 s -3 - 82 -82 02+ 21
35- 49 11 -k 12 t4 83 04 -3 26 -8 -85 -8 -85 -1 -1l -88 -69
36- 37 |- 89% = 12% = @7k - @87% |- @Bk - 11k = 96% - Q7% 2D+ 29+ BO+ 80+ 2o+ oo+ 29+ e+
38- 36 e+ e+ 00+ a3+ 8B+ 8o+ 29+ 90+ 2 -85 -p4 - 10 -2 -82 -85 -10
33- 48 B -82 -85 -02 -87 -85 =~06 -104 29+ e+ 8o+ o+ 9+ 08+ 0o+ e+
39-34 |-12 =-15 -21 =22 -33 -3 -43 -4} = 26% = 29% <~ 3@x = 17% |- @2% - P2k 06 10%
39~ 4t - 82 82 85 5] 24 Bs 86 [:}3 02x 01x Box 21x Bax Blx = 11x Bdx
48~ 37 |- 15% - 13x - 19 = 17% |- 1S%x - 16%x - 1gx - (5% 20+ @2+ BP+ @B+ 09+ BB+ 8@+ BB+
43~ 35 8o+ 89+ B8R+ 08+ 20+ BB+ o+ eg+ [-82 =-903 - 83 =[] pa -983 -84 -2
199-112 09+ 08+ 0o+ oo+ P8+ 88+ 08+ e+ 83 8 18 335 83"~ [ rd:] 26
( + DESIGNATES DATA WAS NOT OBTRINED., x DESIGNATES QUESTIONRBLE DATA )
CORRELATION COEFFICIENT AT ZERQ TIME DELAY
174-SCALE YC-14 TEST
POSITION RUN NUMBER
NOS 284 285 286 287 289 2390 291 292 381 302 393 394 3v6 397 3es 323
1- 2 88+ oo+ es+ 28+ 89+ 08+ 20+ e3+ |-19 =23 -20 - 14 -18 =-19 -24 =17
1- 7 BO+ 28+ 28+ 28+ e+ 28+ e8+ 99+ |- 19 -23 -28 -21 -1 =-22 -28 =-24
1- 8 |-982x - 18%x =~ (@ -84 -1 -18 -8 -129 -12 -87 -298 o8 -89 -8 -8B - 97
6- 4 62 56 42 36 59 1] 59 76 63 63 43 48 61 52 63 76
- 3 ez - 83 - 83 11 28 -B2x - 11 - 85 29+ 2a+ 28+ ee+ B+ 29+ a2+ oo+
8- 2 |-98% -@3%x -85S -85 -P6 -89 -84 -84 -8 -85 ~-83 8s -84 - 11 et - 82
9~ 2 28 .89 1 2] 14 17 22 19 13 12 13 89 15 16 oe 18
13- 14 13 11 19 23 29+ 08+ 8o+ 2o+ e+ 20+ ee+ 09+ eg+ 298+ 0o+ 0D+
13- 20 13 a9 es 04 89+ BA+ B89+ 08+ 20+ 20+ 0B+ eg+ e+ 20+ 8+ ee+
14- 15 87 al a1 - 12 - B2 19 -85 - @7 14 11 82 -28 16 :I'4 10 89
29- 15 |~87 -89 -18 =~ 03 - 09 es =-82 -16 -85 =-87 -87 -84 -06 -88 -85 -8B8
32-33 |-19 ~-19 -11 =-98 -12 -93 =-97 -85 -17 =28 -180 -2@06 -11 -83 -85 ~-@6
32- 37 09 28 ga - 02 ea - 982 8 - B2 29+ 88+ 29+ 2R+ 2+ 02+ oe+ 20+
32- 39 4] 8t B2 83 a1 83 B2 02 - a3 al ez a2 a2 82 82 82
32- a1 -} 8o 28 88 - 82 [[:] 81 82 ar -82 -2 -] e -] es - 82
32- 43 29+ aa+ 28+ e+ 28+ ea+ e+ 28+ at -85 - B2 - B85 -p2 -85 -85 - 98
33- 37 1] e1 - 82 82 29 a8t - 82 -84 80+ 88+ ea+ Ba+ b+ 80+ 20+ 89+
33- 43 08+ e+ 80+ ea+ aB+ 28+ 28+ 28+ 2] 8l -84 -85 -97 -8 -18 -~ I3
34~ 35 - 83 -B6 -87 -89 -1 =-12 -83 =12 -87 =-B7? ~-95 -96 - 19 -1 -11 -09
34- 38 |- 82 B3 28 83 85 84 85 25 L] -] e2 83 a3 BS a4 o7
35- 42 (- 1) -11%x -18 ~-16 -88 -89 -84 -84 - 11 11 -89 - 11 -9 - 87 ed - 82
38-36 |-02 -82 -84 - 08 a1 82 ga - 83 - B4x - @6% - 11k - B3%x |- B6 =~ 0OS -88 -11
39~ 49 5 7% es 4 25 -2} a7 84 es 25 84 83 e6 es 83 B2
39- 34 09+ e+ 28+ 28+ eg+ 29+ 03+ 20+ 16 18 28 20 33 34 4?2 45
39~ 41 82 84 82 e4 es 85 a7 04 - 82 83 a3 s a7 23 87 89
43- 35 28+ 23+ 28+ eg+ |- @3 28 - 83 - 84 89+ 00+ e+ e+ 29+ 20+ a8+ 28+
43- 39 28+ 89+ aa+ 8o+ 28+ 28+ 20+ 28+ Bs al -06 - 14 -22 =27 -32 =32
43- 48 ea+ ea+ eg+ 8o+ 81 Bt - 82 1] ea+ 89+ e+ e+ 28+ ag+ 28+ ed+
43- 41 |-82 - B2 81 - 83 - 82 et L] 1] 02+ ea+ 80+ 8B+ 28+ e+ B3+ 00+
189-112 82 18 17 39 a4 11 23 44 a4 87 1?7 33 97 12 21 47

¢ + DESIGNATES DATA WAS NOT OBTAINED, * DESIGNATES QUESTIONABLE DATA )




TABLE VII (concluded)

CORRELATION COEFFICIENT AT ZEFD TIME DELRY

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 326 327 329 329 331 332 333 334 431 492 493 494 439 509 501 502
1- 2 -14 =16 -1t - 98 -28 - 26 -22 -28 -7 - 26 ~26 =25 2+ 00+ 29+ 20+
1- 7 -17 =-28 -26% -23 - 17 -23 -~-28 - 27 8+ eo+ eo+ es+ 0+ oa+ 0D+ op+
1- 8 -89 -89 e3 89 -1 -18 - 09 - 02 -12 =-1S - 16 - 14 13 1o 15 - 13
1- 20 08+ 00+ 28+ 80+ B9+ e+ 08+ eg+ |- 84 - 865 - 83 - 892 8s Bt 83 - e
2- 20 20+ e+ 08+ 09+ og+ e+ 20+ oa+ a2 a1 08 - 82 08+ 80+ 80+ RO+
3- 13 eg+ ea+ 8o+ 28+ e+ 2o+ 20+ o+ (- B3x - B@9% - 12 - 11 7% esx 14k - 18
3-103 09+ 80+ 08+ pa+ es+ 20+ 00+ 28+ 86 82 79 73 83 87 Co% 24
4- 14 20+ 28+ 09+ ea+ 2+ aa+ 80+ 89+ 32 31 27 22 24 34 33 24
4- 15 e+ 28+ eg+ aa+ 00+ a9+ eg+ e+ Qe+ 29+ 80+ 89+ 87 09 10 26
6- 4 49 36 23 29 S6x% 4D% 34x 27% 47 o3 S8 62 51 56 63 <6
6- 14 8o+ 08+ 20+ 20+ 09+ 20+ 20+ 00+ 26 B2 -984 -4 es 83 2 B2
6= 15 00+ a9+ 0o+ 00+ e+ e+ 20+ ee+ |- 96 - 83 s - b6 85 - 8s at 22
- 3 20+ 20+ pa+ 00+ 09+ B+ pa+ oA+ a7 83 - 83 - 18 10 a3 02% - g6
7- 13 oa+ 29+ 28+ e+ 08+ ag+ oa+ ga+ |- B9% - l4x - 33 - 31 - 2Bk - 13% 23% - 33
7-183 08+ 89+ 89+ e+ 28+ 09+ 00+ a8+ [:E] - 82 - 88 - 18 85 - 82 6 - 11
8- 2 |-86 -82 22 16 - 87 -85 - 86 - a3 - 06 - 19 - 14 =11 BB+ - B4x a@S% - pEx
8- 298 28+ B0+ BB+ 20+ 09+ 29+ 20+ 09+ 09+ 20+ 2o+ g+ 26 oe+ 20+ 00+
9- 2 13 14 17 11 @9 13 12 o8 08+ 28+ en+ 20+ e+ 00+ Bo+ 00+
9- 12 89+ 02+ 00+ 00+ ep+ 20+ 88+ 08+ |-984 - B2 - 89 29 [2k] - 04 B9 31
19- 1 29+ eg+ g+ e+ 02% B3k - PEX - 17x% 0B+ pa+ 20+ 80+ e8 -89 18 - 23
10- 20 20+ 29+ oa+ 2P+ 0+ 20+ o+ B0+ |- D4k - B3k - @2%x - D% et 03 08 [
13- 15 pe+ 29+ ea+ poa+ -85 -84 - 97 - 23 &0+ 24 pA+ pa+ 0B+ 08+ 09+ oo+
14- 15 es a7 a2 86 18 e -92 - 10 18 20 22 23 18 - 84 23 24
20- 15 -95 -@g8 =-~084 -,05 BB+ en+ 29+ 89+ 80+ 8a+ 8o+ ea+ 29+ e+ 80+ B+
23- 32 80+ 89+ 20+ 6o+ a0+ 0B+ 20+ 20+ 85 =-92 ~-982 -85 a3 - 83 03 -83
23- 33 ea+ B2+ e+ 20+ ea+ 8+ 28+ e+ a1 88 - B2 - 97 85 eg a2 - 02
23- 43 00+ 2p+ 08+ 20+ 88+ 83+ 08+ aa+ B1 ] el 82 21 oa 92 03
32-33 |-11 -98 =-87 -96 -18 -280 -12 -86 -18 -19 -18 -096 -18 -18 182 -85
32- 339 al a3 a1 82 - 82 al 84 a3 ea+ 20+ e+ ea+ ae+ eg+ 8o+ BR+
32~ 41 20 ee 89 a1 a1 [:L:] - 82 08 83+ 20+ eg+ eg+ 08+ e+ 08+ 32+
32-43 |-93 -85 -80S -89 eg - 83 - 03 - 06 - 83 -94 - @3 - 85 02 - 94 84 - Bs
33-43 [-07 -87 -18 =12 - 23 81 21 -85 20 84 a1 - 83 al 83 80 - 85
34-35 j-989 -11 =~83 ~-11 ~093 -85 -@7 -08 09+ 08+ 22+ 20+ 08+ Bo+ 00+ eo+
34- 33 e3 23 as 1e o8 el 83 84 B3+ 02+ 89+ 20+ 0p+ 0g+ 29+ 03+
35- 48 |-087 -97 -84 -B4 -9 -89 -89 -11 9+ 09+ g+ 9+ 29+ 0a+ a0+ 39+
38-36 |-©5 -p6 -07 -@3 -85 -984 -83 - o7 0o+ €9+ eg+ 08+ o8+ agr Oa+ a8+
38- 49 25 85 25 es 86 28 et 25 00+ ep+ 29+ 08+ Bo+ 0g+ 29+ B9+
39- 24 3t 34 34 39 29 19 18 18 02+ B0+ BD+ 89+ 02+ g+ B2+ 20+
39- 41 26 a4 - 82 - 04 - 82 82 ot 22 00+ 00+ ep+ 29+ 0B+ 89+ s+ 60+
43-39 |-25 -27 -33 -32 a7 e =-97 - 12 08+ ea+ ep+ 00+ 02+ 69+ ee+ 8o+
193-112 es 12 19 36 23 8z 14 27 - 82 o1 B6 29 29 a1 es 22
¢ + DESIGNATES DATA WAS NOT OBTAINED, * DESIGNATES QUESTIONABLE DATA )
CORRELATION COEFFICIENT AT ZERC TIME DELAY
174-SCALE YC-14 TEST
POSITION RUN NUMBER
NOS 556 558 568 $62 567 569 571 573 574 575 S§76 577 578 579 589 S81
1- 2 |-839 -25 =34 =37 - 13k - B@9% =~ 15k -22% |-14 -18 -27 -28 -18 -1 -23 =23
- 8 86% - B6x 19% 3% B9x% 93x% 29% - 03% B7% - B6% - PE% - B?k {- @4%x - llx - B9%x - @Px
t-20 |-83 -83 -9883 - 09 es+ ee+ 29+ 09+ 8o+ e+ e+ 28+ 8+ 29+ 28+ 08+
2- 29 83 83 84 88 ga+ 08+ 99+ 90+ 98+ @8+ @9+  Pa+ 89+ @8+ 08+ 93+
3-13 |- 21x - ld4x - B2% 8% |- lix = 12% <~ (2% = 11x |- @89% < 16%x =~ 19% - @3 99% B4x% 83% 2%
4- 14 7% 24% 19% 36% 26% 24x% 22% 25% 29% 17% 15% 19% 21% 18% 5% B2%
4-15 |-23 -33 -26 -23 9+ ep+ 80+ ee+ 00+ 8+ e+ e+ 08+ es+ 0D+ 0o+
6- 4 |- 29 e3 17 33 25% 34% 41% 45% 39 41 41 43 38 35 29 16%
6- 14 |- B5% - 16% Blx @Sk |- 8BSk - 7% BBk - B4x |- P4k - Bk - l4x - 12% |- B7% 29% - B4x - BSx
6- 15 48 38 22 13 - 13% = 13x -@I%x - 15x |- 18 =-14 -1 =22 83 26 es B5%
7- 3 |- 87x - 83x 10% 21% |- 3@% - 25% - l4x - B4k |- B2%x - BEX B83x B3x% 14x% 17% 26% B5x
7-13 |-24x -28 -39 =27 83 82 Bt - 97 g -87 -85 - 06 -189 -7 8t - g3
8- 2 19% POx - 94x B82% 17% 89% = B4x Bix 89% 00% 21x aax /7 09x aex Bix
9- 12 25% B4x B83x 29+ en+ 20+ 28+ o0+ 80+ 2B+ 08+ o+ 20+ 00+ Be+ e+
10- 1 B5% = BS% ~ B4k - B5% 29+ 80+ 89+ BB+ B3+ ea+ 00+ ea+ 20+ e+ e+ 20+
18- 28 02x a1x 83% BIx 28+ e+ ep+ es+ eg+ 29+ e+ 20+ 20+ 20+ ep+ 80+
11-183 oo+ 29+ 08+ - 2% 28+ 00+ 92+ 08+ 00+ B+ e+ 28+ e+ 28+ ea+ D+
14~ 15 - B3% - 23x - 13%x - B3 B4k - B3x 82x B6x |- B3% alx B3x% B4x B4x - B6% 83x [2]2E3
23- 32 |- 6% - 92x B83x Bix |- B4k - PEx = B2% Bk |- 94% = B2% - P2% 91k |- PS5k - @3k - B3Ik f0%
23- 33 Bl - 2% 8ox - B3x 09+ a9+ ee+ 28+ 89+ 20+ ea+ ea+ 88+ 20+ ea+ oo+
23- 43 20% Pix 83x - 94x 8a+ 2D+ 29+ 80+ BB+ B+ 20+ 82+ 28+ ea+ 89+ g+
32- 33 a1 - 93 -86 -1t 84 - B4x - @5% - 19% at -85 -83 ~-18 B4x - 04 -12 - 18
32- 33 82+ 8a+ 29+ ae+ B2 B4x B3x 20% 81 82 L] ea - B2 at -92 =183
32- 41 89+  @a+ 08+ B9+ BBx  @8x 9Bk PO BO%  @8%  Bix = P2k 00 22 28x 0@
32-43 |[-85 -18 -88 - @6 -85 -89% -89 -BSkx [-PS -B7 -@5 - @3 -5 =-88 -83 - 03
33-43 [-12 -14 -12 -9@7 ea+ @8+ 89+ 8B+ @8+ 92+ @+ BB+ 09+ 80+ 89+ Q@+
39- 34 e+ 28+ e+ 20+ 33x% 26 24 25 15 16 11 es a5 82 a1 - 23
33- 36 89+ 28+ 80+ fe+ |- 04 - 82 - 83 - 83 e -83 -p@2 29 29 eg - 82 [312]
39- 38 20+ ea+ 89+ oa+ 23 a7 23 a1 - Bs -84 -97 -85 - B2 -83 -85 -85
41~ 35 28+ e+ 29+ 08+ |- B3% - @6% =~ I{x = 13k |- BSx - B4k - 1gx - @Bx |- B7 - @7 - B6x - 19
41- 37 ea+ 89+ 28+ 2o+ Bix - B7% = @6k -~ B2% - g7% - B86%x - B3x = P3x /3% B1x 092% - Bp3x
41- 49 P8+ 08+ PB+ O+ B4x - B2x  @2% - B2% g2%x  83% eex Blx |- 8BS 81 - 95% - @3
189- 20 @8+ @9+ 09+ 89+ Bax 1% 23x  22% 2s 11 13 14 B6% e 13 13
183-112 23 1 8s 22 39 38% 19% 12% 39 27 14 8?7 29% 13 1 8s

¢ + DESIGNATES DATA WAS NOT OBYAINED, x DESIGNATES QUESTIONABLE DATA )
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TABLE VIII

PEAK CORRELATION COEFFICIENTS

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 133 134 135 136 142 143 144 145 27e 271 272 273 275 276 281 282
1- 8 23% 19% 28% 19% 19% 1% 28% 43% 34% 19% [21:E3 13 20% 29% 3k 33
3- 6 89+ 20+ 2e+ BB+ 8o+ 20+ 20+ 20+ 80+ 09+ 2n+ 20+ 28 26 22 13
6~ 4 53% 60% Bix 60% 31X 3ox 34x 32x 33x 29% 23% 22% Sl S8 52 a7
- 3 20% 21x 23% 14x% 18% 11% 89% B5% 37x 34x 3% 23x% 24 25 19 1
8- 2 21x 16% 21% 3% a39x 1% 26% 38% 80x 87% 1 g9x% S5x 0a+ 29+ 0o+ O+
9- 2 Bax Bax 87x 11% 95% B4x a6x 18x% 20+ eg+ o0+ bR+ 02+ 28+ ea+ BA+
9- 3 22+ aa+ eg+ 28+ 08+ g+ o+ 08+ B5% 85% 83x eex 08 10 10 26
10- 1 25% 33% 39% 42% 38% 35% 36% 46% 9a* 74% 93% 27 25% 35% 19 30«
18- 2 B4¥ B5% BS* 17% B5% a7x 87x 85% 8% 28% 23x% 8% 29+ 20+ B0+ 02+
18- 8 1ex t1% 28x 16% B5x% 06 12% 13% 25% aex 29x 89x% 13x 14x 19« 85x%
13- 14 09% B9x 1% 8o+ 24x% 82x B3x /7% 28x 83x% 86x% 89% 16 29 co+ 19
13- 20 2% 08+ B3x B5x% Bix B1x B4x B5% 8p+ ep+ en+ 20+ Bo+ 20+ 00+ BB+
14- 13 pa+ B0+ 20+ B3x% pa+ 28+ a8+ 08+ po+ 80+ 20+ 20+ 0o+ PO+ PO+ 2o+
14~ 15 17% 15% 16% 14% 13% 12% B89% 86x 28% 18x% 12% B7x 19 12 pe+« [2[:]
208- 12 13% B4 B4x 21% B6x 85% Q4x 23% ag+ 0O+ 09+ P04+ 29% B« o3+ 09+
32~ 33 21 13x 28 28 41 36 38 31 St sS4 S8 5S4 32 42 19% St
32- 37 20+ 89+ 29+ 29+ 00+ Bo+ 20+ 20+ a1 a1 a1 21 21 21 19% 2rd
32- 39 B6 es 26 23 85 a7 85 85 88x% a7x 26% B3x 5% BEx 19% B3x%
32- 41 82 21 a1 22 82 82 82 92 22 82 22 B2 02 21 19% B1
32- 43 08+ ea+ alx 2e+ 89+ [:[:2 4 89+ Ba+ ea+ o0+ 20+ BB+ 28+ Bo+ 80+ 20+
34~ 35 14% 15 14 10 23 23 29 12 1?7 15 15 13 14 12 20+ 10
34- 38 19 22 21 25 19 23 22 20 14 15 20 17 12 18 092+ 28
35- 48 17% 15 1?7 18 k] 18 11 12 B4 a3 23 20 a7 2] 83 91
36~ 37 08x 1B 133 BS% B7x B9x B4x B4x 20+ 20+ 23+ 0B+ e+ 0o+ BB+ B2+
38- 36 29+ 09+ a9+ ee+ 09+ 80+ 09+ 29+ 83 Bs Bs 2] 22 2] 84 64
38- 40 o7 26 a7 83 1 27 23 25 8B+ 0o+ B9+ oo+ 62+ .9+ BB+ 0o+
39~ 34 2] 13 12 12 16 19 23 18 13x 16% 15% 15% 82x% Blx 67k 11
33- 41 :r4 B3 06 06 18 17 20 15 18% 88k 11% 18x% 12% 1% 13% [52N
49~ 37 B3x B2x B4x B4x 1% 82% Bix B5% e+ 2o+ B8O+ 20+ 09+ en+ 28+ e+
43- 35 88+ eo+ 8o+ e+ o+ 28+ 3+ 08+ 92 82 02 82 22 82 22 a2
199-112 ea+ 22+ 00+ 8o+ 09+ 89+ 8o+ 00+ S0 48 Se 52 S0 53 S7 <o
¢ + DESIGNATES DATA WAS NOT OBTAINED. x DESIGNATES QUESTIONABLE DATA 3
PEAK CORRELATION COEFFICIENTS
174-5CALE YC-14 TEST
POSITION RUN NUMBER
NOS 284 285 286 287 289 2% 291 292 281 392 383 384 386 387 388 329
1- 2 20+ eg+ o8+ 09+ 28+ 88+ 00+ 00+ 15 16 17 11 14 14 17 11
- 7 eg+ a9+ e+ 89+ a8+ 88+ 29+ 80+ 20 29 3t 22 28 3 30 23
1- 8 22x 28x% 41 46 31 42 48 35 42 44 39 43 44 44 39 a2
6- 4 66 60 se 47 62 64 €2 79 68 67 SS a7 65 S5 66 78
- 3 26 23 23 28 34 39% 35 36 29+ 80+ 82+ oe+ 00+ 20+ 20+ a0+
8- 2 21% 20% 37 3S 21 37 35 35 37 42 35 37 35S 38 38 39
9- 2 12 15 28 22 16 28 2? 29 17 18 22 28 18 22 a4 392
13- 14 18 17 13 p8 20+ e+ 09+ B2+ e+ eg+ 28+ B89+ 08+ 80+ 29+ 28+
13- 29 14 89 a9 B6 20+ e+ 20+ 2o+ 00+ eg+ 28+ 20+ 20+ 2o+ 08+ 20+
14- 15 22 14 11 87 3 18 1t 89 28 22 14 o)} 38 19 13 21
20- 15 24 e3 B4 [:5] 82 24 86 ] 85 8s B85 B85 25] 82 B2 a3
32- 33 3t 48 49 S1 43 52 S6 $3 2?7 49 45 43 46 St S3 S3
32- 37 82 81 a1 a1 al a1 82 a1 8o+ 29+ 8o+ 28+ 20+ 20+ 83+ 02+
32- 33 85 es 86 [25] a7 a7 [:[3 e4 06 8s 19 B8s 8s 86 85 04
32- 41 82 81 82 92 82 282 a1 82 B2 82 02 81 82 a2 82 o1
32- 43 09+ 29+ B8R+ ea+ 28+ pe+ 29+ 8o+ 21 23 24 21 24 26 25 22
33- 37 92 83 02 B4 82 82 2 82 [:[:R.4 2B+ 20+ 8o+ 09+ 80+ 20+ 20+
33- 43 o0+ €9+ e+ 8g+ Ba+ e+ 09+ 2a+ 34 38 42 41 44 41 42 48
34~ 35 12 14 13 89 16 16 1S 12 14 15 13 14 19 16 12 14
34~ 38 14 13 18 19 16 15 19 15 13 13 18 18 15 16 17 20
35- 49 27 a6x B8s ee B4 24 a3 B84 B85 87 [-] 83 02 -3 23 20
38- 36 04 024 83 B4 24 85 25 05 B4x 26% 134 BS% 25 23 85 23
38- 48 23 1% 10 10 06 85 -k} 23 89 29 1n 86 87 27 86 84
33~ 34 29+ e+ 89+ 0R+ 88+ 88+ ea+ 28+ 18 21 24 24 34 24 43 a6
39~ 41 12 it 18 [i:] 18 10 eg 26 11 es -] 87 18 19 o8 18
43- 35 89+ 89+ ea+ 20+ B2 82 82 84 o0+ 20+ ce+ 8o+ 09+ oo+ 09+ B2+
43- 39 22+ 83+ 20+ 20+ 08+ 28+ 20+ 03+ 12 15 16 22 27 33 37 32
43- 49 20+ 20+ 28+ 20+ B2 82 82 a2 20+ ea+ 28+ 89+ en+ 89+ e+ 89+
43- 41 82 22 e3 a1 R4 83 a3 83 02+ 28+ oD+ 8o+ 28+ 89+ a2+ 28+
189-112 St 54 55 S5 52 52 SS 59 43 53 56 68 5S4 S0 S6 52

¢ + DESIGNATES DATA WAS NOT OBTRINED., * DESIGNATES QUESTIONABLE DRTR )




-

TABLE VII (concluded)

PEAK CORRELATION COEFFICIENTS

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 326 32?7 328 329 331 332 333 334 431 492 433 434 439 508 Set 592
- 2 13 11 13 a7 13 15 15 a8 13 22 17 17 22+ a0+ 0R+ BB+
1- 7 32 33 2% 28 20 3?7 34 14 o8+ 28+ 28+ 09+ R+ pa+ o8+ a0+
1- 8 41 40 33 33 a2 43 42 35 492 45 43 42 46 L] 42 49
{- 29 0o+ 00+ 09+ ea+ e+ oo+ 8o+ oe+ 23 es er 85 a6 12 10 04
2- 20 08+ B8R+ 89+ 88+ 09+ 0+ 20+ 88+ 36 37 37 37 08+ 09+ 0o+ nd+
3- 13 00+ DO+ ep+ e+ e+ 00+ 00+ ge+ 15% 22% a4 38 33x 15% 240% 35
3-103 eg+ e+ 0B+ DB+ 20+ ep+ 0o+ ee+ 86 83 79 73 83 88 8lx 74
4- 14 oo+ 03+ ag+ o+ 0B+ 20+ 08+ eg+ 47 44 42 38 48 46 45 45
4- 15 20+ 09+ 88+ 0a+ 0+ 20+ 83+ 89+ 88+ e+ 89+ 03+ 33 37 32 24
6- 4 42 2 25 22 6% 44x 41% 34k €6 68 €9 69 68 71 o 51
6- 14 08+ 09+ Do+ 20+ 08+ 09+ 20+ oo+ 27 27 26 21 25 kisd 31 2?
6~ 15 88+ 08+ e+ 20+ 8o+ 20+ 20+ 0g+ 36 33 25 22 3D 29 z4 29
?- 3 02+ 00+ 0a+ 00+ 20+ B8O+ 00+ 09+ 49 5a 43 48 51 S6 55«% 46
7- 13 00+ 00+ B8O+ e+ 0o+ B+ 00+ 09+ 08x 14% 24 20 16% 11% 25¥ 13
7-183 00+ 08+ B3+ Ba+ pa+ 2B+ e+ B89+ 49 52 46 S4 43 52 S7 52
8- 2 35 32 34 34 36 42 34 33 49 41 43 37 B+ B3% B2% 154
8~ 20 20+ 09+ oo+ 08+ 0a+ 292+ 0g+ 8o+ aa+ 20+ o+ 09+ 21 20+ e+ ea+
g- 2 13 14 18 17 14 18 19 19 2e+ ee+ oR+ 28+ 09+ 08+ 8B+ co+
9~ 12 o+ 89+ eo+ 8o+ 0g+ 00+ e+ 28+ 22 2e 19 es 24 24 21 12
12- 1 20+ 08+ e+ 2o+ 26% 32% 36% 35% ea+ e+ 20+ 29+ 33 34 36 24
18- 20 88+ Ba+ 20+ 20+ ep+ 08+ e+ 0O+ 83x atx 82x B2% a3 B4 81 0s
13- 15 28+ pa+ 2+ 08+ 85 24 212} B4 B+ 0o+ 20+ ea+ ag+ g+ 09+ 20+
14~ 15 23 19 13 10 18 12 ag ea 42 36 34 33 39 24 33 o)
29- 15 23 el a1 5] 80+ 20+ 08+ ’a+ Ba+ 20+ B2+ ea+ BB+ 0B+ B8O+ 20+
23- 32 28+ 29+ a0+ 08+ 00+ 20+ ea+ 82+ 89 24 4 2] 24 84 as 04
23- 33 08+ 08+ 89+ ee+ oe+ 8+ eg+ 29+ .14 83 83 85 a4 23 B4 B4
23- 43 e+ o8+ 00+ 29+ 09+ eg+ 09+ 08+ 23 B4 83 B3 a3 8s 83 23
32- 33 45 S1 54 49 27 39 44 47 31 41 46 48 32 40 47 43
32~ 38 7 [i14 85 35] 05 5] as Bs 08+ 20+ 20+ 00+ 20+ eg+ 20+ 80+
32- 41 82 22 a2 et B2 82 a2 a1 88+ pa+ 08+ 00+ R+ 28+ 2+ a0+
32- 43 24 24 24 28 21 23 25 21 21 208 22 20 21 22 23 21
33- 43 42 43 43 39 32 3?7 42 38 30 37 36 49 33 37 42 38
34- 35 18 1S 12 12 13 12 13 10 00+ 20+ 29+ op+ en+ 0B+ eR+ €2+
34- 38 13 16 18 13 12 13 17 18 ag+ 20+ 2e+ 00+ 29+ a0+ 0o+ oG+
35~ 48 B2 81 B4 at 026 B3 a2 3 Ba+ 29+ 29+ 0B+ 20+ 0g+ 0P+ €0+
33- 36 24 24 87 03 24 24 o7 24 08+ pa+ 83+ 00+ 20+ 08+ oo+ 20+
38- 49 213 a7 06 03 29 11 23 19 29+ 22+ e+ 20+ oe+ 6o+ 69+ 03+
33- 34 31 3S 35 49 21 21 22 23 00+ 09+ BO+ £9+ e+ BD+ 20+ 09+
39- 41 23 12 14 13 12 10 o7 s 0o+ ea+ 09+ B0+ 00+ B8R+ e+ 03+
43~ 33 30 32 34 32 12 15 17 2t 29+ 20+ 22+ BO+ 29+ 20+ 00+ 20+
129-112 S S1 5S4 54 az S2 53 33 43 44 44 42 42 44 43 41
¢ + DESIGNATES DATA WAS NOT OBTAINED x DESIGNARTES QUESTIONABLE DATA )
PEAK CORRELATION CCEFFICIENTS
1/4-SCALE YC-14 TEST
POSITION RUN NUMBER
NOS 5356 558 568 S62 S67 S69 571 573 sS4 575 576 577 78 $79 $80 531
1- 2 5] 21 25 29 3% Bex 09x% 15% 8o 12 17 21 et 13 14 14
1- 8 26% B4x 11x BSx 17x% 1o 7% 28% 26% 14x 6% BE* 35k 11% B7x 83x
1- 28 022 82 18 16 e+ 28+ 08+ 0o+ 8+ g+ 29+ 00+ 20+ o+ eg+ 20+
2- 28 i) 37 43 44 20+ e+ 08+ B2+ 29+ ee+ Ba+ e+ 2R+ ae+ 29+ 00+
3- 13 36% 41% 4% 31X 18% 26% 19% 16% 15% 2ex 17% 19% 13% 13% 18% ™
4- 14 16% 35% 27% 47% 32% 34% 36% 43 15% 31x 32% 39x 24x% 21% 1Bx B5%
4- 15 29 84 [:E] 12 aB+ 80+ 28+ 29+ 28+ 20+ a0+ e+ 09+ PR+ 09+ 8g+
6- 4 3?7 33 20 35 27 4ix a6% S59% 43 43 53 61 41 39 38 21x
6~ 14 [eax 15% 19% 29% 29% 15x% 23% 25% 18% 19% 19% 23 a2x 82x 2gr Bdx
6~ 15 43 39 23 29 11x% egx Bex 16% 28 09 1 18 86 08 18 17%
7- 3 44x% 53x% 44% 39% 15% 16% 14x 18% 14x 23x% 12% 1S% 17% 19% 11% 13x
7- 13 11% 22 34 32 23] 83 eg 89 B4 ;14 84 86 20 82 23 =}
8- 2 36% 12% 86% B6%x 21k 22% B6x B83% 21% 11% B5% 85% 3I2% 85% D2 24%
9- 12 B5% a5x B4x% 20+ 80+ 08+ 09+ 28+ 88+ 22+ O+ B8R+ ee+ 08+ 83+ 80+
19- 1 1% k{3 a3x B4x 20+ 29+ 20+ 20+ e+ 8o+ 09+ PO+ 89+ 0o+ 89+ eg+
19~ 20 23% B2% Bax B4% 08+ ea+ 00+ 20+ 20+ bR+ 00+ BB+ ea+ o+ 08+ eg+
11-103 20+ Po+ 20+ 383 0g+ 20+ a0+ 00+ 20+ ae+ 2o+ 89+ 2p+ 09+ ag+ 22+
14- 15 7% 16% 89x% 11 13% 16% 28% 24% 28% LIx 15% 18% B6% [4:] 1% :EE]
23- 32 85x 83%x B4x B2% 08x a4x 93x 23x 87x 84x 83x B5% B6x 23% B3% B5x%
23- 33 B4ax B4x B84x B4x aa+ 80+ e+ 28+ 89+ e+ 09+ B+ 20+ oo+ 09+ 29+
23- 43 23x% B2% a3x% 23x% 29+ 20+ 20+ 20+ 28+ 28+ BB+ ea+ o8+ 08+ ea+ 20+
32- 33 48 46 45 46 42 46%  48x  4P% 48 43 42 33 35 42 a7 28
32- 39 20+ 8B+ 289+ 20+ 282 a6x 28% 5% 83 25 26 24 24 06 85 85
32- 41 BB+ 08+ /n+ 20+ Bix 1% Bix Blx B1x Bix 82x% Blx a1 82 B1x -3}
32- 43 16 19 23 25 16 18% 23% 24x 1€ 20 25 22 14 20 22 29
33- 43 36 40 44 42 ep+ ea+ 08+ 08+ 00+ e+ 20+ 08+ 20+ o+ O+ ea+
39- 34 BR+ @9+ B0+ DA+ 3ax 26 24 25 17 20 12 12 87 25 06 85
39- 36 20+ 20+ 20+ 8o+ 22 82 22 o3 81 82 23 82 82 82 82 81
39- 33 08+ 20+ a9+ 0g+ 14 12 11 11 06 28 8 a7 23 21 o7 a7
41- 35 e+ 20+ 2o+ 08+ p2x 84% 20% 1% B1x B2x 2% 82x% 09 02 a1x B2
41- 37 89+ ea+ 80+ 88+ Bdu [:1:23 2% f2% e8x BSx Bix alx arx B5% B5% a3x
41~ 48 £0+ 89+ 00+ 8o+ B6% 1% Bax B4x fax 05%x B4ax B3x 89 a3 Blw (]
189- 20 29+ 89+ e+ 20+ a7x 15% 26% 26% 8?7 13 15 18 13% 16 18 28
189-112 44 49 41 42 57 59% 58% Se% 62 56 54 52 SEx (] 61 57

¢ + DESIGNATES DATA WRS NOT DBTRINED. * DESIGNATES QUESTIONARBLE DATA )

61
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TABLE IX

BROADBAND CONVECTION VELOCITIES. m/s

174-SCALE YC~14 TEST

POSITION RUN NUMBER

NOS 133 134 135 136 142 143 144 143 278 Fis) 272 273 273 276 281 282

- 8 183x 144« 116%  116% 1?75%  161x  139% 6ex 8> 8> o ex 118%  11Bx  198% BS

6- 4 279x 248  (79%  131ix 8> 367x 418%x  199% 8> 367 8> 8> 2> 199 162 118

-~ 3 197x  189%  184x 98x 99% 99x 92% 17% 8> 2> 8> 8> 94 a7 87 €8

8- 2 392%  382% 94x 62% 324x  324x  282% 94u 8> 2> 8> 8> a+ 2+ B+ B+
19- 1 176%  132%  125%  115% 173%  179x  13B% a7x 8> .24 e8> 2> 143% 132 91 84x%
32- 33 202%  2%6x 183 141 296 248 29?7 138 311 259 214 144 296 259 62% 151
32- 33 337 282 222 178 341 287 227 156 262%  239x  1B4x  129¢ 173 144 330% 37<
32- 41 2> 11e< 184< 19 164¢< 144¢ 136¢  281< 164 143¢  247¢ 8> 195¢ B> 8> 2y
32- 43 Bt 2+ 285¢< 2+ 8+ 8+ 2+ o+ B+ 2+ 2+ 2+ o+ o+ o+ B+
34- 35 153% 120 103 72 135 120 35 68 181 139 1t 82 114 7 o+ w2
38- 48 108 93 76 62¢ 126 95 82 68 2+ o+ B+ 8+ o+ B+ B+ C+
39- 41 41< 2> 8> 3> 107 98 Ied 59 180% 93x 75% S59% 235 375 178x 7L
199-112 2+ B+ o+ B+ 2+ 2+ B+ 2+ 358 373 381 325 351 351 38 RER
--- DATA CALCULATED BY DIVIDING TIME DELAY OF MAX CORRELATION INTO SENSOR SEPARATION DISTANCE ---

¢ + DESIGNATES DATA WAS NOT OBTAINED. * DESIGNATES OUESTIUNQBLE DATA. < DESIGNATES MAX CORRELATION COEFFICIENT < 0 35 )

( > DESIGNATES QUESTIONABLE DATA CALCULATED VALUE > S88 MPS

( - DESIGNATES CORRELATION COEFF REMAINED <@ FOR TIME DELRYS FROM B @ TO 18 24 MS )

BROADBAND CONVECTION VELOCITIES. m/s
1-4-SCALE YC-14 TEST

POSITION RUN NUMBER

NOS 284 285 286 287 289 299 291 292 321 382 383 384 386 3e7 308 389

1- 2 2+ 8+ e+ 8+ B+ B+ e+ B+ 115 111 186 71 a7 108 94 78

1- 8 48< 118% 103 83 197 118 184 44 116 118 197 86 116 183 107 7

6- 4 2> 2> 199 136 8> 2> a> 8> 2> 8> 199 148 8> 8> 8> 2>

7~ 3 116 94 98 83 184 98 76 [+] e+ B+ e+ o+ e+ 8+ 2+ 8+

8- 2 123 116% 185 78 128 1es 99 74 123 113 185 74 188 g8 99 76
32- 33 296 259 214 155 296 259 214 153 282 248 287 159 282 259 28?7 155
32~ 39 178 147 134 98 156 137 116 9K 176 153 131 89 157 134 128 B4<
32- 41 8> 8> 2> 2> 278¢ 238 2> 8> 198¢< 165¢ 158¢ e> 2138¢< 194¢ 157¢ 22«
32- 43 o+ a* e+ B+ B+ 8+ 2+ 2+ 283 252 288 153 252 255 2e8 151
33- 43 B+ 2+ a+ 2+ B+ 8+ 2+ B8+ 284 243 285 157 231 248 285 151
34~ 35 1t 98 92 79 176 143 118 a3 107 86 82 66 178 158 1e3 82
38~ 40 8> 375x 328 171 2> 8> 452 8> 2> 299 248 196 2> 8> 271 320<
39- 41 235 418 346 288 38 98 2> 62 215 207 289 271 96 8> c> 2>
43- 39 2+ 2+ o+ B+ e+ 2+ B+ B+ 137 132 113 54 169 142 126 24
189-112 351 35t 3s8 337 351 337 373 325 351 351 358 331 35t 331 331 325
--- DATA CALCULATED BY DIVIDING TIME DELAY OF MAX CORRELATION INTD SENSOR SEPARATION DISTANCE ---

¢ + DESIGNATES DATA WAS NOT OBTAINED. * DESIGNATES QUESTIONARBLE DATA. < DESIGNATES MAX CORRELATION COEFFICIENT < 8 85 )

¢ > DESIGNATES QUESTIONABLE DATA CALCULATED VALUE > 588 IPS )
( - DESIGNATES CORRELATION COEFF REMAINED <8 FOR TIME DELAYS FROM 8 8 7O 18 24 MS )



TABLE IX (concluded)

BROADBAKD CONVECTION VELOCITIES. m/s

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 326 327 328 329 331 332 333 334 491 432 493 434 493 Sea Set 582
1- 2 94 82 83 81 1e9 188 97 73 129 124 97 71 o+ 8+ o+ e+
i- 8 118 187 181 73 116 111 183 8S 114 113 98 71 114 e 180 ?5
1- 28 2+ B+ 8+ e+ 2+ 2+ e+ B8+ 122 112 97 79 118 119 191 75¢<
2- 20 2+ e+ 8+ o+ B+ 2+ 2+ 2+ 127 187 sS4 €9 2+ a+ B+ 2+
3-13 e+ B+ ar 8+ 9+ e+ e+ o+ 186% 98 81 66 186% 94 B1 68
4- 14 B+ 8+ B+ o+ 2+ B+ o+ 8+ 2> e> 183 85 2> 8> 103 71
4- 15 8+ 2+ B+ a+ -8+ o+ e+ a+ B+ 2+ e+ B+ 369 369 363 361
6~ 4 8> 8> 8> 8> 2> 199%  162%  119x 2> 2> 8> 8> 8> 8> 2> 8>
€~ 14 B+ 2+ o+ a+ 8+ 2+ 8+ B+ 2> 141 108 B2 2> 142 108 81
6~ 15 e+ 2+ e+ 2+ 2+ 2+ e+ 2+ 397 387 399 381 395 482 482 155
- 3 e+ B+ 2+ o+ o+ 8+ e+ B+ 134 115 91 €6 132 129 sS4 69
™~ 13 2+ o+ a+ 2+ B+ 2+ 8+ a+ 197% 1081 87 €4 1e7% 108 84 63
7-183 B+ 8+ B+ a+ 2+ B+ B+ 2+ 134 110 99 67 13e 118 99 €3
8- 2 119 118 S6 64 128 183 129 73 127 116 92 72 B+ 52¢ 48¢ 65%
8- 20 2+ B+ 2+ 2+ e+ 2+ 2+ 2+ B+ 2+ B+ o+ 123 e+ 2+ 2+
9- 12 2+ 2+ -24 8+ 2+ 8+ 8+ 2+ 381 381 358 36 381 381 365 337
18- 1 2+ B+ e+ 8+ 152%  143x  115% 87% B+ 2+ 8+ B+ 134 127 186 79
18- 28 B+ o+ 2+ B+ 8+ 8+ 2+ e+ 96< 182¢ 420¢< 128¢ 124 8> 101« 2>
32- 33 282 248 287 155 282 248 207 151 296 253 214 172 296 259 214 155
32- 39 1S4 135 114 85 178 158 127 L] 2+ o+ B+ 2+ B+ 2+ 2+ 2+
32- 41 113 a> 182¢ 2> 178< 164 8> 128€ o+ 2+ e+ 8+ B+ e+ 2+ 2+
32- 43 297 255 2e8e 151 283 2352 2g8 152 282 255 216 159 292 263 213 1S5
33- 43 291 248 289 151 284 243 283 159 284 248 217 161 284 254 289 159
34~ 35 178 135 117 73 195 94 78 69 2+ B+ 2+ 2+ 8+ 2+ B+ o+
38~ 42 8> 412 452 202 2> 2> 255 171 B+ o+ c+ a+ 2+ 2+ B+ -
39- 41 186 95 78 64 223 205 418 248 2+ 0+ 8+ 2+ 2+ o+ B+ L+
43- 33 171 143 123 94 132 129 168 94 B+ 2+ 2+ 2+ o+ o+ e+ 04
183-112 351 365 325 325 344 351 351 325 365 365 358 325 369 363 365 31
BROADBAND CONVECTION VELOCITIES. m/s
174-SCALE YC-14 TEST
POSITION RUN NUMBER
NOS 856 558 568 562 567 569 571 573 574 575 576 577 S78 579 see S8l
1- 2 34 77 184 121 ax 92% 83x  113x 0- 88 185 134 68¢< 71 108 127
1- 8 S7x < 2> 175% 36% 75x% 99% g4 63% B2x 74x% S3x Blx 66% 6% S6<
1- 28 8- 87< 110 127 a+ 8+ o+ 8+ o+ B+ e+ B+ 8+ e+ o+ e+
2- 29 67 78 ies 125 B8+ e+ e+ o+ 8+ o+ e+ 8+ o+ 2+ 2+ 2+
3- 13 39« 58 81 84 47 66 g1 92 47 52 72 91 84 73 111 188
4- 14 S4x 78%  127%  429% 198%  188%  128%  134x 66% 84x% 9ix  120% 8> 128%  1@6%x  257%
4- 15 188 87< 41 38 a+ 2+ a+ 2+ 2+ 8+ 2+ B+ B+ o+ e+ 2+
6~ 4 13 17 8> 8> 179% 11k 199%  179x L) 127 155 199 0> 127 127 148%
6= 14 ox 3% 144% 186% [ 90% 126% 118% 66X 78% S5% 118x 31< 8> 3K 152¢€
6- 15 42 8> 8> 453 41% Six 79% 87% e- e- 79 103 8> 8> 91 1e8
7- 3 52 72 189 221 37 60 83 123 45 5? 47 221 184 146 41t 45
7- 13 44 62 o8 187 2> 2> 79 a3 46< 1] 82¢ 94 - 34¢ 38¢ 83¢<
8- 2 55% 63x 78x  186% 92% 66% 81x BE* 56% 58%  186% 0% S9%x  195% 25¢ 35¢
9- 12 2> 8> 8> 2+ B+ 2+ 8+ B8+ e+ B+ 2+ B+ 8+ B+ B+ B+
1B~ 1 66% 72¢ 22¢< 18< a+ e+ e+ 2+ B+ B+ B+ B+ a8+ o+ B+ o+
1e- 28 2> 463¢ 2> B> B8+ 2+ 8+ 2+ o+ e+ 2+ o+ o+ 2+ e+ 8+
32- 33 111 163 222 278 95 159%  222%x  278% g5 159 222 278 95% 159 222 259
32- 39 o+ B+ 8+ o+ [1:14 93 122% 155% 61< 99 132 281< 65¢ 23 189 281
32- 4l 8+ o+ B+ B+ 94¢  143¢ 8> 223 112¢ 8> 8> 192¢ 195¢  155¢ 237 91¢<
32- 43 184 157 227 27S 124 168% 224k 275% 1p4 163 221 267 104 156 221 267
33- 43 182 159 221 271 o+ 2+ 2+ 2+ B+ o+ B+ 2+ B+ o+ o+ a2+
189-112 337 337 344 383 337 337w 397k 389% 337 344 365 365 337x 35t 358 358

DATA CALCULATED BY DIVIDING TIME DELAY OF MAX CORRELATION INTO SENSOR SEPARATION DISTANCE ---

¢ + DESIGNATES DATA WAS NOT OBTAINED. * DESIGNATES QUESTIONRBLE DATA, < DESIGNATES MAX CORRELATION COEFFICIENT < @ 85 )
¢ > DESIGNATES QUESTIGNABLE DATA. CALCULATED VALUE > 588 IMPS )
( - DESIGNATES CORRELATION COEFF REMRINED <@ FOR TIME DELAYS FROM 8 2 TO 18 24 MS )

63
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TABLE X

MAXIMUM VALUE OF COMERENCE FCT.

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 133 134 135 136 142 143 144 145 279 271 272 273 275 276 281 282
1- 8 53% 39x 58% 16% 33% 29% 48% 68% 7ix 65%  ,65%  ,56% 34x 43% 43% 39
3- 6 po+ 28+ 8o+ 20+ 28+ 88+ 28+ 28+ 89+ .88+ .88+ ,B0+ .18 18 21 11
6- 4 77x  ,Blx 53%  ,S51x 37 7% 34x 25% 41% 28 28x L, 13x 51 59 46 42
- 3 45% 37x 3I7x 27% S55% 39% 32% 23x% 64 63x 62% S7% 41 31 28 16
8- 2 45% 43% 48% 45x% S6x 66% 74x g1 B9 B6%x 82x 2% 80+ 80+ g+ 2o+
9- 2 18% 14x 22% B5x 13% 17% 17% 65% Bo+ [-1- 2 e+ 80+ 08+ 29+ 8o+ ea+
9- 3 20+ B+ 00+ 3+ 2+ 29+ 2%+ a8+ +15% 88x 25x B4x 17 19 16 13
18- 1 59% 6% 59% 73% 42% 58% Six 56x% 83x% 91x% 60% 49% 43% 39% 28 47%
19- 2 86X B3x% BE* 82x% B6x [:[:E3 [2:2] 65% 66 55% 42% 34x% 290+ 29+ BB+ 2o+
18- 8 14% 15% 18% 46% 28% 15% 14x% 73x ?ix 64x% 14% B83x 13% 14% 20% 19%
13- 14 14% 12x% 18% 20+ 92% 83x 22% 5% 12% 14x 17% 19% 16 s bR+ 20
13- 20 26% Bo+ 83x 3ix 25x B4x% B5% 35% 20+ BO+ 08+ [:[:23 PO+ 20+ PR+ P+
14- 13 28+ go+ 0o+ 30x% oe+ 20+ Ba+ a8+ o+ B2+ eg+ 29+ pa+ o+ 28+ PR+
14- 15 48% 33% 28% 23% 53 3I3x 15% 1ix 19% 16% BB 85% 18 18 20+ [:]:]
28- 12 28% B8x% B86% 42% 8% 15% 7% 54x% e+ 2B+ 8o+ 29+ 1% 18% 20+ 28+
32- 33 62% 67% 2] ?S 2 68 3 73 3 a3 84 2] 7t 79 28% B2
32- 37 08+ 8B+ 8o+ 20+ 29+ BB+ 20+ 28+ 82 @82 85 [-X] 21 et 29% 83
32- 39 24 28 28 12 23 26 25 kid 24x 17% 20% 25% 22% 28% 28% 18%
32- 41 83 a3 et 23 85 1t e? 29 a3 e9 26 13 B4 24 29% B2
32- 43 208+ 28+ a1x B0+ BB+ o+ 20+ BO+ 20+ 20+ po+ ea+ Ba+ 28+ Bo+ 8D+
34- 35 20% 21 15 B8 28 26 22 13 15 18 13 1 17 13 8B+ es
34- 28 19 23 21 15 15 18 19 15 12 24 14 12 18 17 ae+ 13
35- 49 14% 12 13 15 8s 14 a3 85 83 02 84 23 ea 2s 26 05
36- 37 29% 43% 21k 1% 23% 37x 20% BSx% B89+ 00+ e+ BB+ 88+ ae+ 09+ 28+
38- 26 Ba+ ep+ 20+ Ba+ 20+ B8R+ 00+ o+ 86 a7 1] 11 :I'4 k] 10 12
38- 48 84 85 82 84 26 Bs a3 82 - Ba+ 20+ 28+ BO+ 20+ B8O+ 20+ 00+
39- 24 k] 18 19 17 25 26 31 28 20% 29% 31 26% Blx a1x 12% 14x%
39- 4) e3 28 B4 85 28 26 3 24 12% 12% 13% 88x B9x% 28% 20% BSx
40- 37 11% BEX 87x a7 a9x 89% B8x B4x 20+ e+ BB+ o+ 8o+ 20+ 0o+ ea+
43- 35 20+ 8o+ 20+ 29+ 28+ 20+ go+ 02+ 83 ol el -1 B3 22 82 -
129-112 29+ BO+ 20+ 08+ o+ 29+ 29+ g+ 59 62 61 (14 68 72 68 68
¢ + DESIGNATES DATA WAS NOT OBTAINED, % DESIGNATES QUESTIONRBLE DATA )
MAXIMUM VALUE OF COHERENCE FCT
174-SCALE YC-14 TEST
POSITION RUN NUMBER
NOS 284 283 286 287 289 299 291 292 381 382 303 384 306 397 Jes 3e9
1- 2 88+ ea+ 28+ 28+ 08+ 8+ 28+ 09+ 15 .20 37 53 17 17 12 21
- 7 BA+ es+ 8o+ 28+ 89+ 28+ eR+ 28+ 31 32 +35 44 29 33 26 23
i~ 8 BEX 42% 43 48 38 43 42 40 55 52 44 S2 52 53 45 42
6- 4 69 68 45 a3 68 54 45 48 76 68 56 a2 59 52 S54 37
- 3 35 26 24 18 45 46% 36 3 e+ 28+ 88+ 20+ 28+ BB+ 20+ 20+
8- 2 49% 34x 483 34 35 48 46 41 49 46 .48 68 47 .43 46 45
9- 2 22 28 38 26 30 24 39 .34 4 32 35 32 30 34 14 35
13- 14 16 18 ;] 82 20+ 8o+ 09+ es+ e+ pa+ 28+ 8B+ 20+ 0R+ BA+ B3+
13- 28 13 es 14 11 20+ 8B+ pa+ ep+ 8e+ Bo+ 8o+ 28+ 20+ BB+ BB+ Ba+
14- 1S 27 17 14 86 21 13 1) 23 39 19 26 e? 29 22 14 o7
20~ 15 86 84 [:&) 02 86 :14 o6 84 88 5] :I'd a3 11 11 19 84
32- 33 75 83 84 -3 84 .79 83 83 74 89 ?9 89 74 77 83 83
32- 3?7 Bt 81 a2 B2 82 82 o1 e85 2B+ 29+ 28+ 20+ BA+ 80+ eg+ BR+
32- 39 29 24 28 17 18 25 28 .16 28 24 18 13 15 16 22 13
32- 41 84 04 23 a3 26 82 2 18 e3 a7 82 a1 84 82 28 12
32- 43 0e+ ag+ B2+ ea+ 20+ 20+ 20+ Ba+ 55 S5 s7 a5 S3 S1 Sa 47
33- 37 85 e7 83 a3 81 82 82 82 20+ B+ .08+ ea+ 20+ o8+ oo+ o+
33- 43 Ba+ es+ a8+ BA+ en+ o+ A+ 28+ 78 66 69 7t 66 64 65 61
34- 35 15 18 19 13 1 15 13 14 14 16 12 B8 13 1?7 12 14
34- 28 12 15 1S 16 17 11 11 12 .18 12 11 12 16 15 18 10
35- 49 [-H] [ 1] 14 o7 24 82 o1 03 26 84 [-4] 85 23 22 22 -]
38- 36 [-F4 s 86 88 214 12 o7 es 23% 87x asx asx 88 BS B85 11
38- 49 12 11%x 11 e? 86 85 86 84 14 12 .10 B85 10 8?7 25 a7
39- 34 B+ 28+ 28+ ee+ 20+ 20+ BO+ 98+ 22 20 26 26 20 36 37 42
39- 41 a8 86 85 24 13 89 14 18 e8 -] 24 85 26 11 a9 i@
43~ 35 28+ BB+ ea+ Ba+ 82 e4 a1 24 Ba+ B+ 28+ e+ e+ ea+ 20+ 09+
43- 39 00+ BA+ ea+ BA+ 89+ ap+ 28+ en+ 45 33 44 36 64 67 67 57
43- 48 00+ Ba+ e+ 08+ B4 82 a3 e4 B3+ BB+ 20+ .00+ 8o+ 28+ Ba+ 6o+
43- 41 a2 83 83 ot 8S 86 e3 ed B2+ 8o+ a0+ 80+ 09+ 20+ 28+ B9+
199-112 66 69 74 73 [X] 68 65 a3 78 67 67 65 61 61 63 62

¢ + DESIGNATES DATA WRS NOT OBTAINED: = DESIGNATES QUESTIOMABLE DATA )




TABLE X (concluded)

' MAXIMUM VRLUE OF COHERENCE FCT

174-SCALE YC-14 TEST

POSITION RUN NUMBER
NOS 326 327 328 329 331 332 333 334 491 492 493 494 499 588 se1 sa2
- 2 15 17 S8 84 17 28 14 L] 25 27 22 24 29+ 28+ e+ 20+
- 7 33 33 29% 35 34 36 37 28 08+ BA+ .99+ B0+ B+ 00+ a0+ oo+
- 8 48 L] 59 84 sS4 S6 S8 41 54 68 S3 54 63 S6 52 72
1- 28 20+ o+ 8o+ 28+ 8+ BB+ 20+ B89+ 10 19 86 16 a9 08 L] 22
2- 20 29+ BB+ o+ 28+ 82+ 02+ 0a+ oa+ 45 47 36 32 ep+ BB+ eg+ 09+
3- 13 BB+ 80+ 2o+ 20+ 20+ BB+ 0e+ 82+ kxid 46% S? S6 64x% 35% 95% 54
3-1@3 82+ 28+ 20+ a0+ 28+ 08+ 89+ a8+ 94 93 92 88 94 94 93% 83
4- 14 02+ 20+ 28+ A+ 20+ o8+ eo+ os+ 92 e? 81 7 98 87 84 44
4- 1S 20+ 29+ 09+ BO+ 20+ 20+ 00+ e+ BB+ 09+ eo+ A+ 71 €9 62 46
6~ 4 43 4?7 28 13 63% 54% S2x 39x% 95 93 92 g7 95 82 88 Bl
6- 14 P+ o+ 29+ 08+ 82+ e+ 20+ B+ 71 65 55 ki 721 67 69 44
6- 15 B9+ 2o+ 28+ 20+ B8R+ 80+ 89+ BB+ 71 68 61 s7 72 69 61 53
7~ 3 eg+ 20+ 20+ B+ 28+ 8+ 88+ og+ 70 14 63 68 78 66 69% 58
7- 13 08+ BB+ 0o+ B+ pa+ 26+ 8o+ eg+ 20% 21% 35 31 32% 23% 33x 35
7-183 20+ pa+ 89+ en+ 29+ B8O+ 09+ 28+ 1] 69 €6 €4 68 66 64 61
8- 2 L] St 68 83 a5 50 42 40 95 53 42 45 B3+ 86% 12% 39
8- 20 oo+ 09+ e+ o2+ BO+ a0+ 20+ 020+ 08+ B9+ e+ o+ 22 oo+ 20+ eg+
9- 2 27 25 22 16 32 38 27 17 28+ 28+ 89+ 82+ BB+ 20+ B8+ 28+
9- 12 a8+ e9+ 29+ 08+ nB+ 89+ a8+ 20+ 43 37 58 46 45 37 S4 45
13- 1 09+ g+ B+ 28+ 40% 47% 42% 44% 28+ 8+ B+ B9+ 53 55 1] se
19- 20 B2+ en+ e+ oo+ eo+ Be+ 0o+ 89+ B3x% 02% a2x 12x% B3 a3 as 32
13- 15 20+ B8O+ 20+ 29+ 24 23 82 85 20+ 28+ 8o+ B0+ 20+ P9+ 9+ PR+
14- 15 22 17 23 B4 23 15 16 [:14 1 62 Y] 62 65 37 65 79
20- 1S 26 282 02 B2 es+ 20+ 29+ Bo+ 08+ 29+ ea+ 28+ 28+ 00+ e+ e+
23- 32 00+ 20+ 20+ 09+ 28+ 20+ a9+ 0o+ 7o 37 34 63 39 38 32 23
23- 33 28+ pe+ 2o+ 032+ 20+ 28+ B8O+ 0o+ 4 24 26 78 33 28 33 S5
23- 43 03+ ao+ 02+ 82+ 20+ 28+ 88+ 28+ 28 50 21 1?7 39 44 22 a6
32- 33 73 8 81 82 €9 7 80 79 67 78 81 81 63 80 79 79
32- 33 29 18 24 17 38 28 38 14 88+ BR+ 09+ e+ o+ e+ 08+ 2o+
32- 41 83 a2 o7 08 83 B2 22 a2 28+ 20+ Bo+ o+ e+ a9+ 20+ BB+
32- 43 58 49 S4 S50 56 58 99 58 St 47 53 44 54 S2 St 46
33- 43 78 €7 €6 65 €3 72 70 67 68 64 €6 68 &9 66 68 67
34- 35 21 14 17 1S 14 16 14 55 29+ 22+ 28+ 20+ 20+ B8R+ ap+ pa+
34- 38 10 15 14 13 12 28 1S 16 0+ o+ 29+ 08+ pa+ ep+ o+ ne+
35- 42 24 e4 a1 24 85 a5 86 97 B+ 8o+ 89+ 28+ o+ 20+ en+ e+
338- 36 B3 e3 [-E] 04 86 a9 12 es 09+ 02+ g+ 09+ 0+ 28+ BO+ €9+
33- 49 03 84 24 as 13 15 o7 es 20+ eR+ B+ 00+ e+ 00+ ep+ o+
39- 34 27 28 32 34 18 28 23 18 B8+ og+ oo+ Bo+ 28+ 09+ 00+ 0o+
39- 41 18 14 29 19 [:Ig 12 a4 83 0o+ 28+ 20+ 20+ 20+ 29+ BO+ 892+
43- 39 67 66 67 55 44 42 42 35 2+ 20+ 0o+ 00+ 28+ 82+ aa+ 20+
183-112 63 63 66 65 67 &7 63 €9 7a 71 64 €3 64 66 69 53
( + DESIGNATES DATA WAS NOT OBTAINED. * DESIGNATES QUESTIONABLE DATA )
MAXIMUM VALUE OF COHERENCE FCT
174-SCALE YC-14 TEST
POSTTION RUN NUMBER
NOS 556 558 568 S62 S67 569 57t 573 574 575 576 144 578 579 588 S8t
1- 2 62 18 28 31 23% 59% 11k 13% 28 33 16 20 56 28 24 24
1- 8 79% BE* 89% B4% 66% 44% 23% 11% 25% 14x 23x% 28x% 74x 1% 84x B2x
1- 28 28 86 18 14 o+ a9+ 20+ 00+ 0B+ 0o+ 20+ 28+ e+ 8B+ a8+ B9+
2- 28 65 48 43 54 B8R+ 2+ 20+ 8O+ e+ 09+ 20+ 28+ 20+ 80+ 09+ 09+
3- 13 41% 49% S8% 60x% 21% 20% 28% 26% 24% 21% 28% 33x 60X 86% B9% 11x
4~ 14 17% 49% 3B% S57% 21% 36% 34x 45% 25x% 24% 3% 39% a7 x 26% B3% B2%
4- 15 78 45 45 45 pa+ 20+ 29+ 09+ B9+ 20+ 00+ ee+ 2R+ Ba+ 20+ 20+
6- 4 84 66 64 €5 29% 47% S7% Sox 29 48 S4 71 18 25 29 10%
6- 14 16% 26% 24% 38% 13% 14x 16% 30% BEX 19% 33x 25% (383 B2x% 82% 26%
6- 15 €8 45 33 35 BSx B87x a7x 19% er 28 20 32 a2 1] 15 98x%
?- 3 63% 62% B6S% 59% 28% 26% 27% 36% 37k 30% 29% 31x q1% 13% 14x% 17%
7- 13 15% 25 32 39 14 11 a9 09 29 86 10 29 32 58 83 23
8- 2 75% B7% 10% B2% 35% 23% B4x BEx 17% 12% B3 B4x 74x% 86x B3x B2x
9- 12 83% B4x B85x 0R+ 20+ 20+ B+ 0g+ o+ ea+ ep+ ea+ 0o+ 20+ BB+ B3+
19- 1 B6% B9x B9x B4x 20+ 20+ e+ 08+ e+ 28+ Bo+ B8O+ BR+ 28+ BB+ e+
19- 28 25% B2% B82% aix a9+ pa+ 29+ 08+ o+ 20+ en+ B+ e+ 20+ B8R+ 09+
11-109 20+ 8B+ 8B+ Bix ag+ 0o+ e+ 09+ 8o+ BO+ 08+ 8p+ ea+ 20+ 28+ 09+
14- 15 24% 21% 24% S5% BSx 14% 89% 16% B83x% 14% 20% 16% Bix 82x% B7x% B9x%
23- 32 82 46% ris.d 18% Bax 7ix 33% 20% B2% 44% 27% 41 79% 24% 22% 24%
23- 33 79% 14% 3% 41% P9+ 20+ 0B+ 08+ a0+ 89+ 0o+ ea+ BA+ 28+ en+ e+
23- 43 58% 19% 86% 26% Ba+ 29+ 00+ 08+ g+ 89+ 0o+ ag+ 88+ 28+ 0a+ 89+
32- 33 83 83 89 75 88 7% 80% 7% sa 88 86 ?9 82% 83 a7 82
32~ 39 20+ 28+ 20+ 8o+ 53 52x 23% 22% 46 20 24 23 57 22 28 32
12~ 41 o+ 29+ 20+ B8O+ 89x%x 17% 86% BEX 12% B3x 27x 83x 24 82 atx a1
32- 43 89 47 58 53 84 72% 48% 49% 74 42 €8 S8 80 56 53 sS4
33- 43 9t 59 64 67 20+ B2+ 89+ 6o+ 20+ eg+ 83+ 20+ B+ ep+ 09+ 208+
39~ 34 88+ ea+ B8R+ 09+ 33x 32 26 23 18 20 29 15 29 84 ez k3]
39- 35 8g+ e+ BB+ B8R+ 22 25 B2 a2 23 82 82 B2 06 el B2 a2
39- 38 88+ BB+ B8O+ 28+ 29 14 [:5] [25] 84 22 2] 82 41 =] 85 02
41- 35 8g+ ep+ B8R+ 02+ 1ax 83% B9x 17% 82x B2x% 6% 18% 24 82 B5% 10
41- 37 oo+ e+ o+ 09+ 1% 88 a3% 83x a5% BSx% B2x% 2ix 11 B4x B2% alx
41~ 43 o8+ 8o+ Bp+ 2+ 26% a3x B4% a5x* Q% 82x B2x% 84x% B3 49 82x 24
189~ 28 eg+ es+ 8O+ 28+ 3% 28% 34% 3% 29 27 30 38 41% 38 39 50
189-112 79 65 63 61 72 67% 65% 61% 84 73 68 67 Blx a3 ?5 74

( + DESIGNATES DATA WARS NOT OBTAINED, * DESIGNATES QUESTIONABLE DATA )
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JT15D-~1 Engine

NOZZLE

Nozzle Side Door =

102 cm

7
Vortex Generators r

Figure 3. - Nomenclatures used in describing model
and fundamental dimensions.



0L

Transducer model no.
O Kulite XCEH-1-125-5D (K1)
® Kulite CQH-125-5D (K2)
0O PCB 112A21 (P)

Position Numbers

Run Nos. 36 37 39 40 41

133-145 P P P KI
270-273 P KI P P
275-334 P K! K1 P P
567-581 K2 P KI P P

Figure 4. - Schematic of surface fluctuating pressure measurement positions
and transducer assignments.,



(a) Kulite sensor showing elements of low-frequency,
high-pass filtering technique.

(b) PCB sensor showing elements of vibration-isolation technique.

Figure 5, - Kulite and PCB fluctuating pressure sensors.
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Fuselage Station
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(b) End view of fuselage
and fairing
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Figure 6. - Locations of measurement positions.
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,@%

Straight-Plug
Design

Skewed-Plug
Design

Figure 7. - Geometrics of primary exhaust nozzles.
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86.5° flap
Vortex generators UP

N\

~

375 m/sec \\1\
(1230 ft/sec) \Q
) ) >
’/
/’/
-’

/-5
outer
Iv layer
| ,u = u Q)
F 111 | %
7811 v inner
L U II um layer
TrrrTYT I l u- ump(n)
MAEARALAASERESatS GARERS T T T T T T T T ey
| I
T T
Xq X
I, V- Inner or wall layer -- assumed to behave
like a flat plate boundary layer
pas Uniform core -- region where u = U vhich
ends at x = x
o
111, IV Free jJet region or outer layer -- assumed to

berave like free Jet mixing

(b) Wall jet nomenclature.

251 m/sec __J

(825 ft/sec)

(a) Measurements on YC-14 model.

Figure 8. - Velocity profiles at nozzle centerline.
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Distance above bottom of nozzle, cm

35.61-

30.5 4

20.3 1

100%
thrust

15.2 ¢

25%
thrust

10.2 4

5.1 ¢

N &
30 61 91 122 152 183 213 244 274 305 335 366
Velocity, m/s

(a) Velocity profiles for four thrust levels

VELOCITY, m/s _ 366
NOZZLE EXIT SURVEY

(b) Constant velocity countours (from Ref. 12)

Figure 9. - Velocity surveys at nozzle exit plane.
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40,6
35.6 1
30.5 4
25.4 1
20.31
15.2 1

10.2 1

Distance normal to local surface, cm

5.14

0 T T T T L4 T T T T T T T
30 61 91 122 152 183 213 244 274 305 335 366

Velocity, m/s

(a) Velocity profiles for four thrust levels

Position 36

Position 38

Position 34

Distance normal to local surface, cm

30 61 91 122 152 183 213 244 274
Velocity, m/s

(b) Velocity profiles for three flap positions at 100% thrust

Figure 10. - Velocity profiles above main flap sensors (from Ref, 12).
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Distance normal to local surface, em

Distance normal to local surface, cm

40.6 1

w

wm

o
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w
(=]
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n

NN
A

™~
o
.

w

75%

25%
1 50% 100%
] thrust

30 61 91 122 152 183 213 244 274 305 335
Velocity, cm

(a) Velocity profiles immediately above transducer no. 41

40.61
35.64
30.51
25,4
20.31
15,21

10.21

Position 37
5.14
Position 35

0 7 Y v T T N Y v
30 61 91 122 152 183 213 244
Velocity, cm

(b) Velocity profiles immediately above transducers at 100% thrust

Figure 11, - Velocity profiles above aft flap sensors (from Ref. 12).
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Figure 12

(2) 25% Thrust setting.

(b) 100% Thrust setting.

- Tuft flow patterns on fuselage.




(b) Vortex generators down (test configuration 2)

Figure 13. - Static pressure 1sobars on wing and flap at 100% thrust
with straight-plug primary nozzle.
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).

(2) Surface pressure ratio contours (values in P /P
s amb

(b) Surface temperature contours, °C.

Figure 14. - Static pressure and temperature 1sobars on wing and flap
at 100% thrust with skewed-plug primary nozzle.
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Engine tones (see Table II)

® OGHD

Idle §
J ik
Increasing
rpm
= =
= %
=
100%
Thrust
| ] I 1 ] 1
0 4000 8000 12 000 16 000 20 000

Frequency (Hz)

Figure-15. - Successive frequency spectra at wing position 32
during run up of engine from idle to full thrust.
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POWER SPECTRAL DENSITY

POWER SPECTRAL DENSITY
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Figure 16. - Effect of thrust setting on surface pressure spectra
at nozzle and wing positions.
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Figure 18. - Effect of thrust setting on surface pressure spectra

at aft flap positions.
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Figure 25. - Comparison of surface pressure PSDs at aft flap
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Figure 27. - Comparison of surface pressure PSDs at fairing top
positions for runs at 75% thrust setting.
(See Table III for listing of data presented)
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Figure 28. - Comparison of surface pressure PSDs at fairing side
positions for runs at 75% thrust setting.
(See Table III for listing of data presented)
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Figure 29. - Comparison of surface pressure PSDs at lower
fuselage positions for runs at 75% thrust setting.
(See Table III for listing of data presented)
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