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configurations. A prediction methocology was developed for the
fluctuating pressure charaeteristics on surfaces exposed to the jet.
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(3) nozzlg¢ configyuration, (4) relative position between nozzle and
specimen, and (5? deflection angle at downstream edge of specimen. From
the test results, a method is devaloped for predicting the fluctuating
pressures produced during jet impingement on a flat plate. The flat
plate qata are then linked through the prediction method to the flap data
for the RMS levels.
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pressure trends. The fluctuating pressure characteristics considered in
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Engineer.
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SECTION 1
INTRODUCTION

High 1ift components are utilized on STOL vehicles to permit their
operation from short runways. The externally blown flap (EBF) concept
of STOL design uses large flaps to turn the flow, inducing additinnal
Tift. Two approaches to turning the flow are under-tne-wing blown
flap (UBF) and over-the-wing blown flap (OBF). In both of these systems,
the flaps are exposed to aeroacoustic and thermal environments determined
by the jet flew over their surfaces. This exposurs can produce signifi-
cant levels of static pressure, fluctuating pressure and temperature
on the flap surfaces.

The purpose of the test program discussed in this report was to
increase the understanding of loads caused oy jet impingement on STOL
high 1ift surfaces and\to provide a data base for defining a prediction
methodology. The intent of the test program was met with a set of tests
in which systematic changes were made in the jet and configuration
variables. An important part of the test program was the use of different
test specimens. Flat plates, curved plates and a wing-flaps model were
tested. Some of the curved plates simulated UBF confiqurations, the
others applied to OBF cenfigurations. The UBF curved plate removed the
complication of gaps occurring in the wing-flaps configurations while
the flat plate further simplied the geometry of the solid boundaries
affecting the flow. An underlying premise concerning this selection of
test specimens was that the simple plate specimens can provide useful
data for wing-flaps configurations.

A number of past siudies provide useful data on the surface loadings
produced during impingement. A basic study of a jet impinging on a flat
plate is given in Reference 1. Information is provided relevant to the
static pressure, fluctuating pressure and heat transfer conditions at
the plate's surface. The test conditions of Reference 1 for fluctuating




pressure are low exit velocity (200 ft./sec.), large separation distances
between plate and jet exit (greater than 10 diameters), and normal im-
pingement. Attention in Reference 1 is given to obtaining statistical
data (RMS values and power spectra) at the stagnation point on the plate.

The studies in Reference 2 are also performed on a flat plate at
Tow exit velocity (126 ft./sec.), but do consider oblique impingement,
smaller separation between the plate and jet exit (typically 7 diameters,
but as low as 2 diameters for normal impingement), and locations removed
from the stagnation point in the chordwise (streanwise) direction. The
inclusion of a number of chordwise locations permits Reference 2 to give
statistics at individual locations and at pairs of locations (e.gq.,
correlation and convection speed data).

The amount of informaticn on RMS levels and power spectra is
considerably expanded for flat plates in Reference 3. This reference
covers high jet exit velocities (above approximately 650 ft./sec.),
oblique impingement, and separation distances from 3 to 12 diameters
between the plate and jet exit. A large porticn of the data in Reference
3, however, pertains to spatial locations beyond practical limits of STOL
surface dimensions.

Reference 5 contains both ‘single point' and 'two point' statistics
for ncrmal impingement. For a separation distance of 5 diameters
between plate and nozzle exit, a detailed power spectra coverage is
presented for the impingemen: regiun (and continued into the wall jet
region). Also, correlation and phase information is supplied for this
region. In Reference 5, the flow ran through a length of pipe before
exiting. The enhanced mixing cauzed by this set-up introduced different
results from those previously mentioned.

Although the tests in Reference 4 were per ormed on a curved place
simulating a UBF configuration, the resuits are closely akin to those
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of a flat plate. Only slight turning of the flow occurred prior to
impingement because of the large clearance distance (2 diameters) between
the jet centerline and the leading edge of the plate. Also, a long
trailing section was used thereby placing the trailing edge considerably
downstream of the center of impingement. The results of Reference 4

show a close agreement with comparable flat plate measurerents.

A comparison of the range of RMS values measured on flat plates
with the range found on the flaps in UBF wing-flaps configurations is
shown in Reference 6. Test data for a UBF wing-fiaps design containing
3 flaps are given in Reference 7. This full scale configuration is
subjected to the jet exhaust from a 6:1 by-pass ratio engine with
internal mixing in a short duct prior to the rcund exit. A small scale
model of the 3-flaps configuration was tested using a round nozzle and
the results are reported in Reference 8. Reasonably close comparisons
of RMS values on the aft flap of the model and full scale configuration
were cbtained for both takeoff and landing flap settings. Also, close
results for the approach setting were found for the middle flap, but
significant discrepancies occurred for the landing setting.

Test rcata for a curved piate simulating an OBF configuration are
also reported in Reference 7. This full size confiquration is subjected
to the flow from an actual engine. Overall RMS levels and temperatures
on the surface are reported. Static pressure distributions for the
same configuration are found in Reference 22.

The above discussion provides a brief review of the published data
relevant to the program discussed in this report. Without the avail-
ability of the flat plate data, a larger test program involving the flat
plate would have been necessary. Existing data for tne other types of
test specimens were typically too meager to affect the scope of the
testing. In reviewing the available flat plate data, further testing
of this specimer: .as needed due to certain deficiencies. These includad:
(1) no testing other than with round nozzles, (2) no statistical informa-
tion in the spanwise direction for oblique impingement, except for RMS
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levels, (3) no data taken at elevated temperatures, (4) no information
about edge effects, except for that derived from the curved plate test
of Reference 4, and (5) no two-point statistical data as a function of
frequency in the case of oblique impingement, except for the few results
in Reference 6.

The test program described in Sections II and III involves an exten-
sive number of cases of different combinations of parameter levels.
The fluctuating pressure data derived from this program are intended to
serve the needs of STOL vehicle design including, in particular, those
of structural integrity under vibratory conditions.

The extent to which a structure responds to an external stimulus
depends upon two things: (1) the intensity of the stimulus, and (2)
how vie11 the stimulus relates to the structure's natural modes of
vibretion. The intensity of the fluctuating pressure as a stimulus
is described by the overall RMS level. Since structural responses can be
magnified by excitations at natural frequencies, concern must be aiven
to the character of the stimulus in the frequency domain. Because the
fluctuating pressures vary randomly in time, power spectra and <ross
spectra are appropriate for defining their character. The task of
descriting these frequency dependent functions is considerably reduced
by only viewing certain discrete features of the spectra. For character-
izing the shape of the power spectra, four quantities were given attention.
These are: (1) freguency at the peak, (2) the half-power frequency
(where the spectrum is 3 dB down from the peak), (3) the rolloff rate of
the spectrum at the half-power frequency, and (4) a measure defining the
'peakedness' of the spectrum. With knowledge of these quantities, a
reasoncble construction of the full power spectrum shape can be made.

From the cross spectra, correlation length spectra (or associated
coherence spectra) and convection speed spectra were derived. Only the
maximum value of a correlation length spectrum, the frequency at which
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it occurs, and the convection speed at this frequency were considered
within the scope of this study. This of course is not sufficient to
describe the frequency dependent functions comprising a cross spectrum.
This Timited description of the cross spectral characteristics would
typically cause some over-estimation when applied in vibration analyses.

The indicated characteristics of the power and cross spectra have
been extracted from a large portion of the measured fluctuating pressures
and are tabulated in Appendix J. Plots showing the trends of these
characteristics for different parametric variations are given in Appendix

1. A discussion of the more pronounced trends and some possible reasons
for them are given in Section IV,

The trends for the fluctuating pressures are plotted in Appendix I.

Non-dimensionalization for these plots was done usii.g the properties of

the flow at the jet exit. From these trends predictions concerning the

fluctuating pressure characteristics can be made for cases in which the
parameters have levels within or slightly beyond the limits considered
in the test program. To make predictions for situations considerably
beyond the range covered in the test program, more fundamental quantities
are required for performing non-dimensionalizations. Some progress in
this direction is made in Section V, even though the study was conduc.ed
within the limits prescribed by the test program. Conclusions drawn
from the results of the program are given in Section VI.
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SECTION II
TEST PROGRAM DESCRIPTION

The tests conducted for this study involve a group of test cases cover-
ing UBF and OBF configurations., Each test case is defined by a particular
set of values for the jet and geometric parameters. In separate cases, a
parameter may assume different levels., The levels used were selected from
prescribed ranges. From each test case, measurements of the local surface
pressures on the test specimens are obtained and analyzed for specific fea-
tures. The various parts of the test program indicated above are discussed
in the succeeding subsections.

1. JET AND GEOMETRIC PARAMETERS

There are many parameters influencing the loadings on the flap sur-
faces of EBF STOL systems. A discussion of these parameters follows for
both the UBF and 0BF concepts.

a. UBF Design

The majcr parameters for the UBF system include (a) flow proper-
ties at the nozzle exit (e.g., Mach No., total temperature, velocity), (b)
nozzle geometry (e.g., round, lobed), (c) nozzle size, (d) nozzle exit
plane position, (e) wing and flap chord dimensions, (f) flap deflection
position and (e) geometry of slots. Some of the geometric features of the
UBF configuration are illustrated in Figure 1.

The size of a rcund nozzle is designated by its diameter, Dj.
The size of a lobed nozzle containing a centerbody around which the flow
passes, however, is designated by the equivalent diameter, the diameter of
a round nozzle having the same open area as the lobed nozzle. The position
of the jet exit upstream from th= leading edge of the wing is given by
XLE' The quantity XF denotes the distance from the jet exit to the impinge-
ment point on the flaps. The minimum clearance distance between the jet
centerline and the wing is designated by Z,. The flap deflection is given
by g¢ and Bas both angles relative to the wing reference plane (WRP in
Figure 1.). The flap chord lengths, cf and cy, are indicated in the sketch,
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but not shown is the wing chord length cy. The wing chord length is mea-

sured from the wing leading edge to the aft flap trailing edge for the 0°,
or fully retracted, flap setting.

WRP
—

Figure 1. Geometry of UBF Configuration
b. 0BF Design

The parameters for the OBF system include (a) properties of the
flow at the nozzle exit, (b) nozzle geometry, (c) nozzle size, (d) posi-
tion of the nozzle exit, (e) curvature of the wing and flap surfaces and
(f) trailing edge deflection angle. The following sketch illustrates some
of the geometric features of the OBF configuration:

—t
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Ficure 2. Geometry of OBF Configuration
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The nozzle exit may be rectangular or D-shaped as shown in
Figure 2. The width, w, and height, h, provide the nozzle exit aspect
ratio, w/h. The flap chord lengths, cf and c4, are indicated in Figure 2.
The flaps have continuousiy varying curvature.

2.  PARAMETER RANGES

The data upon which parameter ranges are based come from full-scale
designs, either actual or only conceived. This information was then
applied to model scale configurations. Some of the ranges required modi-
fication as a result of certain limitations which will be subsequently
discussed. For scaling purposes, it is appropriate to express the para-
meters as ratios or nondimensional quantities.

a. UBF System

The ranges selected for UBF system parameters are summarized
in the following table:

TABLE 1.
SELECTED PARAMETER RANGES FOR UBF CONFIGURATION

O DARAVETER. RANGE
2/ 0.5 - 1.0
He/Ds 0- 1.5
e /05 510

Ba 25° - 50°
Cf/Cy 0.42
Ca/Cw 0.26
Dj/ w 0.2

; .35 - .74
T3/Ts 1.0 - 1.7

(4]
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A consideration in the range selection for Xp is the avoidance
of acoustic resonance when using the round nozzle (see Appendix F). This
condition will not occur or at least will not be of significance for con-
figurations having Xg/Dj >6.5 or jet Mach Nos. Mj<0.5 (Reference 9 ).
This resonance is therefore only possible at the low end of the XF/Dj
range in combination with the high end of the Mj range. This combination
was avoided for the round nozzle, but not for the lobed nozzle. No reso-
nance was found for the lobed nozzle within the specified ranges.

The upper limit for Mj is associated with a landing approach
power setting. Higher Mach Nos. would be applicable to takeoff conditions.
Outside the resonance range, extensive study for Mj near its upper limit
is unnecessary because of the available knowledge of Mach No. scaling
effects (e.g., References 3, 7.)

The upper limit for the ratio of jet total temperature to am-
bient temperature, Tj (°R)/T4(°R), is dictated by the 450°F limitation on
the fluctuating pressure transducers (see Section III-3). Even though there
are only a few test cases in which the temperature of any pickup approaches
the stagnation temperature of the hot jet, the Timited temperature range

imposed on the jet is a safeguard in preventing loss or degradation of
pickups.

The chord ratios, cf/cy, and cy/cy, are fixed by the dimensions
of the wing-~flaps model in the test program. Only one round nozzle, the
two-inch diameter, and the lobed nozzle (same equivalent diameter) were
used in tests involving the wing-flap configuration. The range of the
aft flap deflection angle, Ba, reflects the variation from takeoff to Tand-
ing approach settings. The angle between the forward and aft flaps was set
permanently to 20° so the forward flap deflection Bf was always (B3-20°).

b. OBF System

The geometry of the OBF system for these experiments is a
simplification of an actual system in that a polished curved plate was
used instead of a special wing and flaps. Use of the curved plate does,
however, preserve the essential characteristic of an 0BF system: There




are no spaces between the flaps. In addition the D-shaped nozzle used for
this study was fitted with a removable upper 1lip extension. The 1ip exten-
sion tends to spread the flow laterally, wetting more of the wing surface
so the flow is turned more effectively.

Figure 3. Geometry of OBF Configuration with and without Lip Extension

The value for each parameter shown in Figure 3 is constrained
by the test configuration to one level except for the trailing edge angle,
BTe. A range is used for the parameter reflecting the variation between
takeoff and landing approach. The ranges for jet Mach No. and tempera-
ture are the same as imposed on the UBF tests.

TABLE 2
SELECTED PARAMETER RANGES FOR OBF CONFIGURATION
NONDIMENS TONAL
PARAMETER RANGE
w/h 2.4
Xg/h 5.0
Ry/h 2.2
BLIP 25°
BEX 30°
TE 40° - 70°
M3 .35 - .74
T5/T, C1.0-17
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3. TEST CONFTGURATIONS

The most realistic UBF geometry is the wing-flaps configuration
shown in Figure 1. The model used in the test is of the same design and
is approximately 6% of full-scale. Some details of the mudel are des-
cribed in the previous section. Considerably more detail is given in
Section I1I-lc.

In order to remove the complication of the gaps in the wing-flaps
configuration, a model without gaps was included in the test program.
This model is a continuous curved plate as shown in Figure 4.

X
— -
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Ficure 4. Geometry of UBF Curved Plate Configuration

The details of the UBF curved plates used in the program are given
in Section III-1b, Some of the key parameters for this configuration are
shown in Figure 4. The chord lengths of the two UBF curved plates used

in the test program are nearly the same and for the subsequent discussion
will be denoted by ¢,.

The simplest model in the test program is a flat plate as sketched
in Figure 5. The flat plate test eliminates complexities arising from the
turning of the jet flow. Indicative of its simplicity is the relatively
few parameters required to define a wide range of conditions. The flat
plate details are described in Section 11I-1b.

Both round and lobed nozzles are used with the above test configura-
tions. The details of the nozzles are given in Section 1ll-la.

N
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Figure 5. Geometry of Flat Plate Test Configuration

The OBF test configuration is shown in Figure 3 and some of its
properties have been described in Section II-2. Considerably more detail
is provided in Section IiI-1b. The details of the nn2le used with the
OBF configuration a~e given in Section IIi-la.

4, TEST CASES

The parameters involved in the UBF and OBF configurations are defined
in Section II-1. The ranges used in the test program for these parameters
are given in Section 1I-2. The parameters can be subdivided into those
for which one, two or three levels are used in the testing. Exceptions to
this are the parameter Xp/Dj for the wing-flaps and Xs/Dj for the UBF
curved plates. These parameters as can be seen from Figures 1 and 4 are
affected by the parameter Xig/Dj and are very dependent upon the detailed
geometry of the configuration The specific values of these parameters
used in the test program are provided in Appendix E.

Those parameters for which only one level was used are apparent from
Tables 1 and 2. The temperature ratio (Tj/Ta) was applied at one level
for the wing-flaps configuration (see Table 3). Included in the two level
parameters were the temperature ratio for the flat and curved plate tests
(Tj/Ta), the trailing edge deflection of the wing flaps (Ba), the trailing
edge deflections of both the UBF and 0BF curved plates (Syp), the distance
of the jet centerline from the leading edge surface for the UBF curved

12




plates (ZLE/Dj) and the distance cf the jet exit upstream nf the leading
edge for the UBF curved plates and wing-flaps configurations (XLE/Dj)-
The levels used for these parameters are those given at the extremes of
the ranges in Tables 1 and 2. The levels applied to the parameter Z)g/Dj
were 0.7 and 1.0.

The parameters for which three levels have been prescribed include
the Mach No. (Mj), inclination angle for the flat plate (8), distance from
nozzle exit toc jet centerline intercept on flat plate (XI/Dj) and clear-
ance distance of jet centerline from wing surface (Zw/Dj). The values
used for Mj are 0.35, 0.5 and 0.74 with most testing done at 0.5. A few
tests had a slight deviation from 0.5. some fiat plate hot tests actually
being 0.46. The three angles for B were 25°, 50° and 90°, first two of
these conforming to the trailing edge deflections in the UBF configura-
tions. For XI/Dj, the levels of 5, 7 and 10 were used. It is to be noted
that these levels are in the range shown in Table 1 for XF/Dj~ For the
wing-flaps model, the levels for Zw/Dj were 0.5, 0.7 and 1.0.

Table 3. summarizes the specific values applied to the parameters in
the test program 1 ~ the four test configurations.

A test case for a specific configuration is fo: ed from a combina-
tion of the values given in Tahle 3. In the test program, 53 cases were
conducted for static and fluctuating pressure data and 7 cases for temper-
ature data. The pressure cases are grouped into 12 categories with a
distinction being made in some categories concerning the nozzle type.
These categories are as follows:

1. Flat Plate--Round Nozzle (Dj 1")--Cold Jet

Flat Plate--Round Nozzle (Dj 1")--Hot Jet

Flat Plate Edge--Round Nozzle (Dj = 2")

+ W ™~
. . .

Flat Plate--Daisy Nozzle (Deq = 2")

5. a. UBF Curved Plate--gy¢ = 50°--Daisy Nozzle (Dgq = 2")
b.  UBF Curved Plate--6yp = 50°--Round Nozzle (D; = 2")

6. UBF Curved Plate--8yp = 25°--Round Nozzle (Dj = 2")

13
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TABIE 3

SPECIFIC VALUES USED FOR PARAMETERS IN TEST PROGRAM

NONDIMENS IONAL

PARAMETER CONFIGURATION VALUES
Mj A1l 0.35, 0.5, 0.74
TJ-/Ta A11, Except Wing-Flaps 1.0, 1.7
T3/Ta Wing-Flaps 1.0
XI/Dj Flat Plate 5, 7, 10
B Flat Plate 25°, 50°, 90°
BTE UPF Curved Plates 25°, 50°
ZLE/Dj UBF Curved Plates 0.7, 1.0
XLE/Dj UBF Curved Plates 0, 1.5
Dj/cy UBF Curved Plates 7
Ba Wing-Flaps 25°, 50°
B Wing-Flaps 5°, 30°
Zy/D; Wing-Flaps 0.5, 0.7, 1.0
XLE/Dj Wina-Flaps 0, 1.5
Dj/cw Wing-Flaps 0.2
Cf/Cy Wing-Fiaps 0.42
Ca/Cw Wing-Flaps 0.26
BT 0BF Curved Plates 40°, 70°
0BF Curved Plates 25°
OBF Curved Flates 20°
OBF Curved Plates 2.4

14
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7. Wing-Flaps Mcdel--g¢/B, = 5°/25°--Round Nozzle (Dj = 2")

8. a. Wing-Flaps Model--ge/g, = 30°/50°--Round Nozzle (Dj = 2")

30°/50°~-Daisy Nozzle (Deq = 2")

i

b.  Wing-Fleps Mode]--sf/ga
9. OBF Curved Plate-- Byg = 70°--With Lip Extension

10.  OBF Curved Plate-~ B7p = 70°--No Lip Extension

1. 0BF Curved Plate-- Byp = 40°--With Lip Extension

12.  OBF Curved Plate-- Byg

40°~--No Lip Extension

A flat plate test was typically conducted with the jet centerline
intercepting the plate at or near its center. Category 3 refers to cases
in which the jet centerline intercepts the flat plate near its downs:ream
edge. (See further description in Section 11I1-2.)

The collection of temperature data was only taken with a flat plate
configuration. The group of cases serving this purpose is placed in the
following category:

13. a. Flat Plate--Daisy Nozzle (Deq = 2")--Hot Jet

b. Flat Plate--Round Nozzle (Dj = 2")-=Hut Jet

The category number and the associated number of cases in the cate-
gory are as follows: 1. (15), 2. (3), 3. (4), 4. (9), 5. (1G), 6. (4),
7. (2), 8. (7), 9. (3), 10. (1), 11. (4), 12. (1), 13. (7). The specific
values used for the parameters in the cases included in the 13 categories
of the lest program are given in Appendix A.

5, TEST DATA

The test data piroduced by the test program consists of fluctuating
pressures, static pressures and temperatures, ali measured on the flap or
plate sur/aces in the previously definad configurations. Appendices G, H,
I and J show the locations at which data are obtained. The fluctuating
pressure at any location is a randomiy varying quantity in time having
stationary statistics (i.e., statistics which are not dependent upon the

time origin selection within the duration of the recording). Each static
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pressure is a single value acquired under equilibrium conditions. Tem-
perature data was taken only with the flat plate and is obtained in a

transient manner (see Section III-2). A temperature result at any loca-

tion is an increasing curve with time approaching evertually toward an
equilibrium level.

a. Temperature Data

A typical temperature result for a surface location is illus-
trated by Figure 6.

Temperature
-d
1

T

tr Time

Figure 6. Typicai Temperature Time History from Heat Transfer Test Procedure

The curve in the figure occurs from a sudden exposure of the
pickup to the hot jet flow. The initial ambient temperature prior to
this exposure is Ta and the eventual equilibrium temperature is Te' This
temperature result serves to define a heat transfer coefficient for the
Tocation where the temperature was measured. Useful for this purpose is
the time t,. at which the temperature rises to a level T,. = T, + .63 X
(Te - Ta). The time t, will be referred to as the “rise" time.

b. Fluctuating Pressure Data

The random fluctuating pressure at a specific surface location
is described by an overall RMS (root-mean-square) level and a power spec-

trum shape. The latter is a frequency dependent function whose ordinates
give the MS (mean-square) contribution of each 1 Hz band. A typical
power spectrum is depicted in Figure 7,
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Figure 7. Typical Power Spectrum for Surface Fluctuatino Pressures

There are many ways of presenting a power spectrum and the log-
log form is chesen in Figure 7 to show some important features. The
frequency at which the spectrum peaks is fp. The crigin in the figure can
be considered as bring very near zero such that its ordinate is well
represented by log ¢ (0). The "peakedness" or a "peak amplification" of
the spectrum is denoted in Figure 7 by P. Specifically, P = ¢ (fp)/d)(o).
At the half power freaurncy fy,, the ordinate of the power spectrum is
one-half of its value ut the peak; i.e., ¢ (f]/z)/¢ (fp) = 1/2. On a
Yog-log scale, a linear .011loff of the power spectrum beyond the half-
power frequency indicates that 1a this part of the spectrum ¢ is propor-
tional to f™". The quantity "n" will be called the "rolloff exponent".

The overall RMS level and the quantities f]/z, fp, P and n give
definition to the fluctuatiny pressure statistics at individual points on
thr expoced surfaces. Characterization of the fluctuating pressures
suitable for flap loads applications also requires information on the
statistics batween any two surface points. For this purpose, correlations
and phase spectra .2 useful.

Two random functions of time mav be shifted in time with respect
to each other and the similarity of the two shifted functions evaluated.
How well chese functions match for an arbitrary shift in time can be
expressed by a number, the correlation coefficient, whose absolute value
falls between 0 and 1. This range indicates a gradation from no correla-
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tion (coefficient equal zero) to complete correlation (:-oefficient equal
unity). The two random quantities can be shifted in time with respect to
each other to produce a "best matching" of their magnitudes. For this

situation, the largest value of the correlation coefficient, not necessarily
unity, will be attained.

The random pressures occurring at twoe surface locations may be
compared without performing any filtering of their frequency content. The
correlations found under this circumstance are termed "broadband". However,
“narrowband" correlations are generally desired for applications concerned
with flap loads. For this purpose, corresponding narrowbands throughout
the full frequency range are filtered or extracted from the two random
signals. A correlation coefficient associated with the "best matching"
can be attributed to each pair of random quantities produced from common
bands. A plot depicting these peak correlation coefficients as a function
of frequency is given in Figure 8.

1.0+

P(f)

Pm-7- p(f;4)

f., Frequency f

Figure 8. Illustration of Narrowband Correlation Spectrum

The narrowband correlation spectrum in Figyure 8 depicts a form
which quite often is obtained for a pair of locations separated by a distance

a. The peak magnitude of this spectrum is designated by oy and occurs at
the frequency fy.

Another way of exhibiting narrowvand correlation data is by means
of "correlation lengths". A coarse relationship between the correlation
levels, p, and correlation lengths, L, is p = exp {~a/L). Therefore,

L = a/fn(1/p) and in particular Ly = 8/4n(1/py,). The length Ly is
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associated with the frequency fp and is grcater than the length, L, found at
any other frequency. Because of this, Lp will be referred to as the "maximum
correlation length", indicating that it is the maximum magnitude of the
correlation length spectrum.

Figure 8 imparts no information concerning the amount of time
shift required in any narrowband in order that the two random quantities
produced in the band have a "best matching" in magnitudes. The time shift
is usually different for each band and for discussion purposes will be de-
noted by t*. Visualizing the content in each band as harmonics, rather than
random quantities, the time shift, t*, associated with a narrowband can be
converted to a phase difference between the harmonics. This is done with the
relation 8° = 360 t*f, where 0° is the phase difference in degrees and f is
the center frequency of the band. In this way a phase difference spectrum

or, in fewer words, a phase spectrum can be plotted to cover the full fre-
quency range.

The jet flow provides a transport process for the fluctuating
pressure pattern. The time shift t* can be looked upon as being the conse-
quence of this process. In this view, t* can be related to the transport or
convection speed Ve by t* = A/Vc. From the previous discussion, it follows
that 6° = 360 fa/Vc or, inversely, V¢ = 360 fa/e°. The convection speed may
be different for each narrowband and therefore varies as a function of
frequency.

19
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SECTION III
EXPERIMENTAL DETAILS

The program testing was all performed in the Jet Noise Labcratery at
the University of Southern California. The laboratory is built around a
compressed air jet fed from five large storage vessels. The jet's stag-
nation pressure is regulated by a valve to within 3% gauge pressure. A
heater downstream of the valve and prior to the settling chamber may be
used to raise the air temperature. The settling or stagnation chamber
has materials and screens to provide low turbulence conditions in the flow
upstream of the nozzle exit. A smooth contraction leads from the settling
chamber to the nozzle exit.

The jet exhausts into a 3800 cu. ft. anechoic chamber. Reference 12
gives the properties of the free jet in this chamber.

The test specimens described in the previous section were mounted in
the path of the jet. A fixture on which the specimens are attached had
the capability to move in any of six degrees-of-freedom and therefore to
place a specimen in proper orientation relative to the jet.

The specimens had a specific number and arrangement of holes for
inserting transducers to measure surface fluctuating pressures. Only a
small number of holes were used at any time because of a limited number of
pickups. Performing a sequence of tests in which the specimen was
successively shifted Taterally relative tc the jet permitted adequate
surface coverage with the use of a few pickups.

A number of static taps were also built into the specimens to obtain
tre surface static pressures. The shifting accomplished for the fluctuating

pressures simultaneously provided the surface coverage necessary for the
static pressures.

Surface temperature measurements for heat transfer purposes were
taken over a flet plate by using small copper disks inserted in holes with
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one face flush with the surface and insulated from the plate. A thermo-
couple junction was formed on the unexposed face of the disk. The number

of disks placed in the nlate was sufficient to obtain the necessary sur-
face coverage without shifting.

The data from the static pressure and temperature measurements were
FM recorded on magnetic tapes and subsequently read onto strip charts.
The fluctuating pressure data was similarly recorded and then played-back
through an 4/0 converter for proccssing. The processing was done through

a digital system with the capability of obtaining the functions described
in Section II-5.

A detailed description of the laboratory in which the tests were
conducted is given in Appendix B. Further details relevant to the other
items mentioned above are found in the following subsections.

1.  TEST ITEMS

The two distinct parts defining a test configuration are the nozzle
and the test specimen. These parts are set-up inside the anechoic chamber
described in Appendix B-5. The nozzle was interfaced with the settling
chamber (Figure B-2) through a contraction section. The fixture upon
which the specimens are mounted was supported from the floor of the chamber.
This fixture was specially designed for the test progra.: to position the
specimen about the fixed nozzle.

Descriptions of the test specimens and nozzles, in more detail than
presented in Section II are given in the subsequent discussions. A des-
cription of the specimen support fixture is found in Section III-2.

a. Nozzles
The three nozzle configurations used in the test program are
(1) round, (2) 1cbed (daisy) and (3) D-shaped or OBF. Tests involving
the flat plates, !!BF curved plates and wing-flap model were performed

with both the round and lobed nozzles. The D-shaped nozzle was part of
the OBF system.
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i ticsfiostacs




PR R R

™

T P T A T Y

Lt

(1)  Round
Surface pressure measurerents on the flat plate were in
most cases made with the 1" diameter round nozzle. A 2" diameter was used
for all other tests involving the round nozzle (see Section II-4 or App-
endix A). These two round nozzles interchangeably fit the contraction
section which couples them to the downstream end of the settling chamber.

CONTRACT{ON SECTION NOZ2LE

Cubic Equatior (ve -0.01179x+ 0,18928x2- 1,28058x « 5.2330)

,- 600" —+

Figure 9. Convergent Round Nozzles and Contraction Section

Both nozzles and the contraction section, shown in Figure 9, are made of

stainiess steel. The upstream diameters of the nozzles are matched to
the 3" diameter of the contraction section to within .001",

The slopes
of the internal contours are also matched at this junction.

(2) Lobed (Daisy)

The Tobed nozzle used in the test program is configured
at its exit as shown in Figure 10.
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Figure lu. Exit Cross Section of Lobed Nozzle

The lobed nozzle consists of a lobed section threaded
into an initial section, a center-body, and three struts mounting the

,

,“‘lI-;?:jini

Figure 11. Components of Lobed Nozzle

centerbody (see photographs in Figure 11). The lobed exit section was
cast in stainless steel. The initial piece was made of stainless steel
and has a constant outer diameter with a flange on the upstream end. The
centerbody is supported near its upstream end inside the initial section
with three streamlined struts. The area of the lobed nozzle at its exit
approximately equals that of a 2" diameter round nozzie.
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The details of the lobed nozzle construction are given
in Appendix C-1. Coupling this nozzle with the settling chamber requires
a different contraction section from that shown in Figure 9. A common
contraction section was fabricated for the lobed and OBF nozzles and its
description is provided in the subsequent discussions. The method of

attachment to the contraction section is the same for both nozzles.

(3) OBF
Inside contours of the OBF nozzle used in the test pro-

gram are given in Figure 12.

2 _

it

}/
[ - 1 ! ) Noxzle
L\—-

Figure 12. Inside Contours of OBF Nozzle

The upper inside surface of the OBF nozzle slopes downward
at a 25° angle near the exit. The D-shaped exit has an aspect ratio of
2.4 and is approximately the area of a 2 inch round nozzle. For a major-
ity of the tests, the upper lip extension shown in the photograph in
Figure 13 was attached to the nozzle.

The nozzle was machined trom a block of aluminum and a
flange was welded to the upstream end providing a coupling to the contract-
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Fiqure 13. Upper Lip Extersion for 0BF Nozzle

ion section. A groove was cut into the wall of the nozzle at the

Tower
edge of the exit to receive the tongue at the leading edge of the OBF

plate. More details of the nozzle are provided in Appendix C-2. The
contraction section to which the OBF nozzle attaches is alsc detailed in
this appendix. The contraction section is made from low carbon steel,
and is coated with Sermetal W, an inorganically bonded alumina coating.

b. Plates

The three forms or shapes of plates used in the test program
(see Section II) are (1) flat, (2) curved simulating an UBF configuration
and (3) curved simulating an OBF configuration. These last two shapes

are referred to, respectively,as the UBF curved plate and OBF curved
plate.

(1) Flat Plates
There were two flat plates used in the test program; one
for pressure measurements and the other for temperature measurements.
Both plates are low carbon steel with dimensiors 30" x 30" x 1/4" thick.
The surfaces of the plates are finished to 60 microinches.
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Holes are placed in the two plates for insertion of
instrumentation. The positions of these holes are given in Appendix D.

(2) UBF Curved Plates
A UBF curved plate was previously illustrated in Figure 4.
The leading portion of the plate is flat, followed by a circular arc and
ending with a short flat trailing section. Two curved plates were built
for the test program; one with a trailing edge deflection angle Brg © 50°
and the other with Brg = 25°. The dimensions defining the streamwise

profiles of the two plates are given in Figure 14. These profiles are
the same for all spanwise locations.

= 50°
(25°)

5.69 Rad.
(11.87)

6.1
(5.58)

11.20
(11.62)

Figure 14. <{ross Section Details of UBF Curved Plates

The span of each curved plate is 50 inches. Both plates
have a thickress of 1/4 inch and their surfaces which are exposed to the
jet flow are finished to 60 microinches. The hole patterns incorporated
in the plates for instrumentation are displayed with dimensions in
Appendix D-3. The plates' material is low carbon steel.

(3) OBF Curved Plates
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A schematic of an OBF curved plate was given in Figure 3.
As constructed for the test program, the plate is curved everywhere along
its streamwise profile with the greatest curvature occurring in the trail-
ing half. The basic plate used in the program has a trailing edge defl-
ection Brg = 40°, A larger trailing edge deflection of Brp = 70° s

obtained by attaching an extension to the trailing edge of the basic plate.

The following figure shows the streamwise profile of the plate and the
attachment of the trailing edge. The tongue at the leading edge of the
plate fits into a groove below the nozzle exit. Sufficient clearance

is allowed to permit lateral shifiing of the plate relative to the nozzle.

Leading Edge

Trailira Edge
Extension

Figure 15. Cross Sections of Tested OBF Curved Plates

The continuously changing curvature for the profiles
makes it unsuitable to give dimensions in Figure 15. The dimensioning
of the hole locations incorporated for instrumentation given in Appendix
0-4 provides sufficient numerical detail for the profile depicted in
Figuve 15.

The 0BF curved plates have spans of 30 inches and are
1/4 inch thick. The surfaces exposed to the jet flow are finished to
60 microinches. The plates' material is low carbon steel.

27
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¢. Wing-Flaps Model

A cross section view of the geometry of the wing-flaps nedel
set to a deflection Bf/Ba = 30°/50° is shown in Figure 16. As indicated
in the figure, the wing chord, Cy ~ 9.641in.

'
Overhang
()Verﬂmgg

(’:-—;sn ) “*;;sz.sﬂ "r

Figure 16. Wing-Flaps Model Cross Section Geometry

The following table gives numerical data concerning the geometry
shown in Figure 16.

TABLE 4

GEOMETRICAL DATA FOR
WING-FLAPS MOCEL

T CRORD | DEFL. | UTE | BTE | L.E. | GAP TOVER-
COMPONENT | pat10 | ANGLE | 2 ¢ | 2¢ | ¢ | %c |HaNG
v v w W %
C
_ Y
WING - 59.5| 0
SPOILER 76
Cf/cw Bf
FORWARD 42 0° 86 | 75 | 58
FLAP 30° 73.84] 5.34 | 1.36
ca/cw By
AFT .26 0° | 100 | 100 | 74
FLAP 50° 85 | 3.0[1.0

28

P P

PR




R RATRIET

s g

The span of the wing-flaps model 1is approximately 60 in. The
wing of the model has large end plates at both ends of its span. The
forward flap has piates at both ends of its span which fit inside of the
wing end plates. Finally, thae aft flap end plates fit inside of the
forward flap end plates. The photog-aph in Figure 17 shows this end plate
arrangement. Holes in the end plates permit setting specific flap deflect-
ions. Iintermediate deflections can be set with the use of clamps.

Figure 17. Wing Flaps Model Components

The wing of the model is aluminum and the flaps are stainless
steel. Four plugs, each containing three fluctuating pressure transducers,
are embedded in the flaps. Static taps are also incorporated in the
model. The locations of the instrumentation are described in Appendix D-5.

2.  SPECIMEN SET-UP

A test specimen's positioning is referenced to a coordinate system
fixed at the center of the nozzle exit. In the actual tests, all test
specimens were inverted so the jet flow along a specimen's Surface was
directed toward the ceiling of the anechoic chamber after leaving the
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downstream edge. The subsequent discussion will consider all
specimens turned over so that the resultant 1ift is upward.

set-ups this way, the right-hand XYZ system in Figure 18 will be taken
as the basic reference.

test
Viewing the

4

;?/‘
— — X

Fiqure 18. Peference Coordinate System at Nozrle Exit

The extent of freedom in positioning differs for the varicus
te:% specimens. A1l specimens can be moved in the Y direction {rlus or
minus) relative to the nozzle. A number of distinct Tateral (i.e., Y)
positions were used for each test case listed in Appendix A. Typically,
four positions were applied to flat plate cases and three for the other
cases. The flat plate lateral positions ranged from Y = -1/2 to
Y = 2 1/2 with the most common set being Y = -1/2, 0, 1 and 1 1/2. 1In
most of the curved plate cases, the set of lateral positions are Y = 0,
1 and 2. For the wing-flaps, ¥ = 0, -1 and -2 are used.

At the position Y = 0, the specimens had their chord at the
span center in line with the center of the nozzle. A limited nurber of
pickups for a test case were placed along this chord, as well as at
locations away from it. These instruments remained fixed on the speci-
mer while it was shifted laterally to obtain the necessary spatial
coverage. The long spans provided for each specimen allow the extent of
lateral shifting indicated above without introducing edge effects.

It should be noted at this point that each case definition
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given in Appendix A incorporates all of the lateral positions for the
case. The test results found from each of the lateral positions are
combined when disnlaying the results for a case later in this report.

No additional freedom of movement was made available for the
OBF curved plates. For the UBF curved plates and wing-flaps cases, move-
ments of the specimens in the X and Z directions were also required. 7o
cover the flat plate cases, X, Z and pitch (8) movements were necessary.
t¢ is a rotation ahout the Y axis and is positive wheu the downstream
edge of the plate is furthest from the jet exit).

To accomplish the positioning prescribea in the test cises and
discussed above, a support fixture for the specimens wis needed to produce
movements in the X, Y, Z and g directions. The fixture fabricated for

the test program provided all six possible motions as illustrated in
Figure 19,

lidiad

The flat plate specimers were bolted at their edges to the top
frame (i.e., pitch frame) of the support fixture. The curved plate speci-
mens ca-ried thick plates at the ends of their spans. These end plates
are shown in the photographs in Figures 20 and 21 for the UBF and OPF
curved n ates. The end plates of a curved plate specimen are placed on
% meme2rs of the support fixtures upper frame and attached by screws.

g Kl et

Py

The common span length {30 inches) prescribed for the flat and

] curved flate specimens simplified their attachment to the support fixture.
The large plates at the ends of the wing-flaps (see Figure 17), however,
are separated by approximately 60 inches, so a special rectangular frame-
work was constructed to fasten the model to the pitching frame.

The flat nlate set-up for temperature testing involved some
special features. In order to perform a transient temperature test for
heat transfer studies, a means was needed for preventing exposure of the
thermocouples to the jet until the temperature of the jet flow essentially
attained equilibrium. This was accomplished with a panel and rails for
the panel to slide over. (See photograph in Figure 22). The rails were
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% Figure 19. Schematic of Specimen Support Fixture
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Figure 20. UBF Curved Plate with Attached Supports

Figure 21. OBF Curved Plate with Attached Supports
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3 Figure 22: Set-up for Obtaining Transient Temperature Measurements

attached to the upstream and downstream edges of the plate. Initially,
the panel was placed in front of the thermocouples until the jet reached
the desired temperature. Using a pulley arrangement at this point, the
panel is quickly pulled to the side providing a sudder exposure of the
thermocouples.

The positioning of the curved plates ard wing-flaps model are
sufficiently defined by the case descriptions in Appendix A. The flat
plates require a further detail. It is necessary in their cases to specify
the location at which the jet centerline intercepts the surface.

Figure 23 shows a side view of the flat plate and nozzle. The
c¢imension Wy gives the needed information. For the flat ptate test cases
in categories 1, 2, 4 and 13 (see Section I1-4), the intercept of the
Jet centerline on the plate is either at the plate center or upstream
from center. In all category 3 cases, the intercept point was at a location
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Figure 23. Geometric Center of Impinaement on Flat Plate

1 1/2 irches from the downstresm edge (wI = =13 1/2 inches). The

location of the intercept in the category 13 cases was always at Wy = 0.
For categories 1 and 2, the intercept point depends on the angle 8 as
follows: Wy = 0 for g = 90°; Wy = + 1/2 inch for g8 = 50° and Wy = +1 inch
for 8 = 25°. For category 4, the lobed nozzle cases, these dimensions

for Wy were doubled.

The above detail defines the geometric centers of impingement
for all flat plate set-ups. For the UBF curved plates and wing-flaps
model set-ups, the geometric centers of impingement are described in
Appendix E.

3. INSTRUMENTATION

The various instrumentation used in this program is shown in Figure
24. The following sections give further details for the instrumentation.

a. Fluctuating Pressure Measurements

Pressure fluctuations on the surfaces of the flat plate, the OBF
plate, and the UBF plate were measured with high temperature Kulite XTEL-
1-190-25G one-eighth inch pressure transducers with Type B screens. These
transducers are piezoresistive bridges bonded to the back side of metallic
diaphragms. Since temperature is a problem in any semiconductor circuitry,
there is a temperature compensating network, effective from 80°F to 450°F,
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Calorimeter D.C. Amnlifier
Thermocouple
K ‘>____—-———->

0YC FReference
Junction

HP 3955A 14-Ch.
Tape Recorder

+15V =15V D.C. to 20 KHz
~_ Amplifier

-—1"———“ S———> 238
Kulite (;:)

Transducer

Static Taps D.C. Amg
[———————0
[ K
i >
[

Scanivalve
With Pressure
Transducer

Figure 24. Test Program Instrumentation

built into the rear of each transducer housing. During mounting the trans-
ducers were screwed into threaded holes until the screens were flush with
the surface to be exposed to flow (see Figure 25). This mounting arrange-
ment was less than ideal since insertion and removal would often

break off screens and sometimes cause the transducer to fail entirely.
Threaded plugs were installed in the holes not occupied by a transducer.

The wing-flaps model was also instrumented with pressure trans-
ducers. These were Kulite Model XCQH-17-093-5D and were permanently
installed in the brass adaptor shown in Figure 26. A total of four adapters
were used, each containing three transducers. One adaptor was installed
or, the upper surface and one on the lower surface of each flap. Since
these Kulite transducers are rated at only 5 psi, the static pressure is
carried to the back side of the diaphragm cancelling the effects of the
extremely low frequency (i.e., constant) pressures fluctuations.
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Fluctuating Pressure Pickup Installation on Plates

Figure 25.
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XCQH-17-093-5pD

Figure 26.

20 Ft. Flex Tubing
Static Pressure Balancing

Fluctuating Pressure Pickup Installation on Wing-Flaps Mode)
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For both the plate specimens and the wing-flaps model the
Kulites were excited with a constant NC voltage carried from the instrument-
ation area to the transducers inside the anechoic room by a shielded cable.
The signals were carried out: de again i a large cable of individually
shielded twisted pairs to the double ended input of the amplifiers shown
in Figure 27. These two stage amplifiers each have a frequency response

100K

3

10CK
; e My

10015,
Kulite :zaon? <7
Transducer ‘[ 1z05

Figure 27. Signal-Conditioning System for Fluctuating Pressure Measurements

of 10 Hz to above 20 kHz. The amplified signal was then FM recorded on
a Hewiett-Packard 3955A tape recording system running at 60 ips. The
high frequency cutoff from the transducer through the tape recorder is
20 kHz due to limitations of the tape recorder.

! b. Static Pressure Measurements

The static pressure port used on the flat and curved plates is
shown in Figure 28. The ports are designed to be inserted intc threaded
holes in the specimen and adjusted until flush in the same way as the
Kulite transducers. The port is made of .042 inch 0.D. by .022 inch I.D.
stainless steel tubing inserted into a threaded sleeve and brazed. At
the back side (away from the flow) the static pressure port was connected
3 to a Scanivalve with plastic tubing. There were forty-six ports in the

Co e o iy
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flat plate, twenty-two in each UBF curvec plate, and twenty in the OBF
plate (sixteen in the plate and four in the trailing edge extension).

‘v ./‘J ,j ‘\\.\’u. he < N T :’ ’ S
e S et il e = 2 Tubing to
This End — Scanivalve
Flush e - — . Connected
With . —— . -- - —{ at This End
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Figure 28. Static Pressure Port

The wing-flaps model contained sixty static pressure ports
built into the airfoils of the model. All sixty orifices 1ie on the same
chard, twenty-seven on the wing, eighteen on the forward flap and fifteen
on the aft flap. The ports on this model are connected with plastic

tubing to a double Scanivalve in the same way that the ports on the plate
models were connected.

Static pressure measurement was done with a fifteen psi Statham
strain gauge pressure transducer fitted to the Scanivalve. In addition
to the ports connected with the static pressure ports, two other Scanivalve
ports served to provide a calibration - cne vented to atmospheric pressure
and another connected to a known pressure. The pressuie transducer output
was amplified with a differential DC amplifier and then recorded on
magnetic tape,

€. Temperature Measurements
Transient and steady-state temperature measurements on the
flat plate were made with the thermocouples shown in Figure 29, The

copper-constantan thermocouple welded to the thin copper disk provices
the temperature measurement while the glass-silicon laminate insulates
the disk from everything except the airflow. The thermocouple signal is
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carried to the emplifier and ice bath (Figure 30) outside the anechoic
room with shielced thermocouple extension cable.

The amplified signal is
then recorded FM.

A calibraticn is provided by recording the signal when
the calorimeter is at room temperature and (1) the reference junction is
at 212°F and when (2) the reference junction is at 32°F.

—

! ¥ 3/16 x 1/64 Thick Copper Disk

TN (S
-\ f'?/

1/8" Steel] "7 | A -
Plate E " / Silicon-Glass Insulator

be— /g ——— 30 Ga. Type T

Thermocouple
Figure 29. Calorimeter and Thermocounle Installati~n
700K
>58¢
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Copper 1lire oA —i2 —-
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Figure 30. Signal-Conditioning System for Temperature Measurements
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4.  DATA PROCESSING

The data processing to be discussed refers to that conducted on the
fluctuating pressure data. No special processing was performed on the
acquired static pressure and temperature data.

There were two phases to the fluctuating pressure data processing.
The first was performed on-site and used for discerning the quality of

the data soon after acquisition. The second phase involved a comprehensive

processing that gave the frequency dependent functions described in
Section II-5.

a. On-Site

A1l acquired channels of fluctuating pressure data were analyzed
for overall RMS values using a B & K Model 2409 true RMS meter. In addi-
tion, power spectra were obtained for selected channels. This was acc-
omplished using Spectral Dynamics SD301C analyzer and SD309 averager along
with an x-y plotter. The spectral analyzer covered the full 20 kHz

range in 500 increments (af = 40 Hz) using a bandwidth of 60 Hz (1.5 x af).

b. Digital System

The major data processing in the program was performed digitally
at AFFDL using the Hewlett-Packard HP5451B system which is built around a

2100 series computer. The date prccessing flow diagram is shown in
Figure 31.

The processing was conducted to 10 kHz. A sampling rate of
20,000 samples/second was applied to each analyzed channel using the
HP5466 A/D converter. From each channel, 1024 sampled values were incl-
uded in a record operated on by a fast Fourier transform routine. This
provided a frequency increment af = 20,000/1024 = 20 Hz. A total of 50
of these records of 1024 sampled values constituted the complete e=nsemble
processed for each channel. That is, a record length of approximately
2.5 seconds was used. The power spectrum of each channel and the cross
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spectrum (co and quad) of the two channels were obtained for each pair
of records of 1024 values and averaged over the 50 sets. The result of
th1s was raw estimates for the two power spectra and for the co and quad
spectra. These four functions, each containing 512 magnitudes, were
saved on disk. In a subsequent operatiun the raw power spectra were
smoothed and placed on plots using Versatec Model 1600.

In conjunction with the smoothed power spectra, the cross
spectrum is defined by a corralation spectrum {o(f) in Section II-5) and
a phase spectrum (6°(f) in Section 11-5). To obtain these spectra, the
raw forms of the power spectra and co and quad spectra were transformed
to auto and cross correlation functions, respectively. These time depend-
ent functions were multiplied by a window and then transformed back into
the frequency domain. Essentially smoothed power spectra and co and quad
spectra were produced and these in turn were manipulated to obtain the
coherence spectrum, pz(f), and a phase spectrum constraired between
+180° and -180°. Subsequently, these spectra were operated upon to arrive
at ¢(f) and 8°(f); the latter being a 'straightening-out' or 'unwinding'
ot the previously constrained spectrum. These spectra were then plotted
using tne Versatec plotter.
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SECTION IV
TEST RESULTS

The data collected from the experimerntal program are presented in
Appendices G through J. This section is primarily concerned with the
analyses of the fluctuating pressure trends ir Appendix I. Serving this
analysis are the static pressure data given in Appendix H. (The tempera-
ture data in Appendix G is not applied in this section but considered
in Section V-1b). The four test specimens are treated separately in
this section. It is the intention of the following discussion to present
the most significant trends found in the data for each of the specimens.

1. FLAT PLATE

The flat piate can be used as a model for a STOL airplane surface
exposed to a turbulent jet. The advantages of using a flat plate are
evident - the simple configuration offers basic i<formation about the

properties of an impinging jet and is unaffacted by the complicated
geometry cf tha wing and flaps.

a. Static P essure

The static pressure profile for normal impingement is shown
in Figure 32. The spreading of the impinging iet is evident by comparing
the profiles measured at X/Dj =7 and a*r X/Dj = 10. For oblique impinge-
ment, the mean flow is not symmetric in the chordwise (streamwise)
direction. This fact is reflected in the static pressure measurements
(Figure 33). A length scale, Lg, was chosen for indicating the spreading
of the impinging jet. Lg is defined as the distance between two points
where the static pressure is half the maximum static pressure. Therefore,
the lencth scale also indicates the size of a region of highest loading,
[pg/(pg at stag. pt.)] > 0.5. The values of Lg are plotted against the
distance between the plate and the nozzle (Figure 34). For oblique
impingement, the streamwise spreading is greater than the spanwise
spreading. The streanwise spreziiny at oblique impingement is also
greater than at normal impingement. The spreading of a free jet based
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unoir velocity »ofile i, given in opendix K-3, as well as in Raference
1 (Part 1). This result is shown tor comparison.

k. RMS Level of <ressure Fluctuations

For the jet iapinging perpendicular to the plate (B = 90°), the
leveis of pressure fluctuations are as shown in Figure 35. When A/Dj = 5,
the profile indicates that the potential core still exists. When the plate
is moved downstream to X/Dj = 7 and 10, the profiles are still not in
asymtotic state. In the spanwise direction for y/Dj > 4.5, the levels of
fluctuating pressure are almost equel for all X/Dj vaiues. This is
apparently due to the development of the wall jet.

The pressure fluctuations have a "two-peak" profile when the

. jet impinges on the plate with an oblique angle. The fluctuations tend
to peak near the stagnation point. Downstream of the stagnation point
the level first falls off but then rises to a secondary peak before
falling further. The data presented in Figures 36 and 37 are limited
to a region close to the stagnatian point, y/Dj < & and r/Dj < 2, so the
double peak profile does not appe.:. The data in Figqure 36 confirm
esults in Reference 3; that is, the RMS pressure fluctuation has a
steeper gradient for lower X/Dj near the stagnation point in the case

g = 50°. In Figure 37, the data in spanwise direction also show signi-
ficant gradients, but less sensitivity to X/Dj.

Figure 38 presents che effect of Mach number on fluctuating
pressure at different angles of inclination. The result that the pres-
sure fluctuations are scaled to the second power of Mach number (0.35 5_Mj
< 0.74) offers simple design information.

The jet was heated to more than 900°R to examine the temperature's
effect on the pressure fluctuations. For a free jet, it is well known
that the high temperature will enhance the entrainment, hence the spread-
e 4 ing of the hot jet will be faster than the cold jet. The measurement of
o the fluctuating pressure on the plate (Figure 39) reflects that the same
phenomenon appears iu an impingir3 jet. The levels of fluctuating
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pressure at the stagnation pcint are essentially unaffected by the tempera-
ture of the jet. At other locations, the levels are typically higher for
the hot jet.

For studying the edge effects, the flat plate is moved so that
the intersection point of the axis of the jet with the plate is 1 1/2
inches (or 3/4 Dj) away from the downstream edge. A comparison of results
from the center of the plate and the edge effect data is made in Figure
40. Apparently the presence of an edge generates high pressure fluctua-
tions. A similar result was found in Reference 4 for a jet impinging on
a curved plate. By extending the trailing edge further downstream from
the center of jet impingement, it was found in Reference 4 that the edge
effect will diminish.

A daisy nozzle with an equivaient diameter of two inches was
used. The levels of fluctuating pressures were compared (Figure 41) for
a round nozzle at X/Dj = 5 and a daisy nozzle at X/Deq = 5. The pressure
fluctuations from a daisy nozzle are substantially lower than that of a
round nozzle.

c. Spectra

The spectra of pressure fluctuations were measured at several
Tocations on the plate's surface in each test case. There are two con-
trasting spectral shapes (Figure 42). The spectral shape of the first
type is essentially constant in the initial portion, then rolls-off rapidly
at the high frequency end. This type of spectrum is found near the stagna-
tion point. For the second type of spectrum, there is a weli-defined
peak in the spectral distribution. At locations far removed from the
stagnation point, the spectra are of the second type. A transition between
the two shapes occurs as the location moves away from the stagnation point.

This result can be seen clearly frcm the soatial distribution
of the peak amplification of tre spectra, P, (Figure 43). (See Section
II-5 for definition of P.) Foi*y/Dj < I, P is near unity. It then in-
creases until y/Dj = 2. Beyond y/Dj = 2, it decreases with distance for
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the shown X/Dj range. From Figure 42, it is clear that the Tow frequency
pressure fluctuations decrease with the distance from the stagnation point.

High frequency pressure fluctuations tend to increase due to development
of turbulence.

The Strouhal numbers based upon the peak power frequency,
Sp = fpDj/Vj, are shown in Figure 44. For a free jet, the potential core
ends at about X/Dj = 6. For a jet impinging on a plate, there is no experi-
mental information on the length of the potential core, but from some
indirect experimental evidence it is speculated that the potential core
will intercept a plate placed less than six diameters away from the nozzle.
The large shedding vortices found in the free jet then still appear in the
flow field over the plate's surface. Since the Strouhal numbers, Sp, are
found to be in the vicinity of 0.3 for X/Dj = 5, the peak spectral component
might be a contribution from the large shedding vortices impinging on *he
plate. At X/Dj = 5, the distribution of the Strouhal numbers Sp exhibits
a peak between y/Dj = 1.0 and 2.0.

Beyond the potential core, approximately X/Dj > 6, the maximum
velocity will be less than the jet exit velocity. In this region the
Strouhal number, Sp = prj/Vj, substantially decreases with increasing X/Dj.

This tendency may be diminished by reconsidering the definition of the Strouhal
number.

The turbulent flow has multiple length scales, such as the inte-
gral scale, indicating roughly the size of large turbulent structures, and
the Kolmogoroff scale, indicating the size of small turbulent eddies. The
integral scale usually is about the length of 2r1/2 (see Figure K-3) of the
jet. The length scale Lg is a measure of the spreading of the jet, so it
is close to the integral scale for the turbulence. Another Strouhal number
can be defined using the frequency at the spectral peak, fp, the length
scale, Lg, and VQ:the maximum velocity of a free jet measured at the X/Dj
of the plate. The new Strouhal numbers, S; = prs/VQfare presented in Figure
45 for different X/Dj and bring the data closer together than shown in
Figure 44. This implies that the pressure fluctuations at peak power are
produced by the large scale turbulent structures.
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If length scale, Lg, is a measure of the integral scale, then
LS/Mtjs a characteristics time for the passage of the large scale turbulent
structures. For small X/Dj, Ls = Dj and Vg= V; so Vj/Dj is the passage
frequency in this case. Varying the exit velocity changes the passage
frequency of the large scale structures. The effect of the exit velocity
can be viewed from the previously defined Strouhal number Sp. Figure 46
snows the Strouhal number Sp does not vary with Mach number. This is ad-
ditional evidence of the relationship between the peak power frequency and
the large scale structures.

As can be observed in Figure 42, the power spectra at locations
downstream of the stagnation point contain a higher fraction of the total
energy in the higher frequencies than do spectra taken near the stagnation
point. The reason is that since the turbulence is more developed down-
stream, more energy has been transferred from the low frequency, large
scale turbulence into the higher frequency, small scale turbulence. This
can also be seen by plotting the roll-off exponent, n, against the distance
from stagnation point, (Figure 47). (See Section II-5 for definition of n.)
The values of roll-off exponent decrease rapidly for y/Dj < 1, then reach
an asymptotic value, n = 2, as the flow becomes a wall jet. The value of
n also decreases with X/0j for the same measuring location. This can also
be explained by the fact that when the plate is further downstream, the
small scale turbulence is more fully developed.

The tested daisy nozzle has an equivalent diameter, Deq: of 2".
At X/Deq > 8, the spectra obtained over the spatial region of coverace
were essentially flat. The high frequency roll-off of the spectra was steen
for all tested plate positions with typical values for n between 3 anu 5.

d. Convection Velocity

The broadband convection velocity, Vé, is taken from the space-
time correlation between two measuring stations. The distance between the
two stations, a4, divided by the time delay at maximum correlation of the
unfiltered data is the convection velocity. The normalized convection
velocity for different plate locations is displaved in Figure 48. The
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broadband convection velocity is about 60% of the jet exit velocity. The

ratio, V¢/Vj, does not change with Mach number.

The broadband convection velocity is a weichted averaae of the
convection velocities of turbulent eddies at all wavelenaths. Eddies of
different sizes or different wavelength may not be convected at the same
speed (References 13 and 14). The narrowband convection velocity, Vc(f) =
360 f & / 6°(f). indicates the speed of eddies of different wavelength.
"g°(f)" is the phase angle at frequency f of the cross spectrum between the
two measuring points. The narrowband convection velocity is about 12% of
the jet exit velocity at f = 100 Hz (Figure 49) and increases to .75 Vj
at f = 5000 Hz. Interestingly enough, the broadband convection velocity
has the same value as the narrowband convection velocity at a frequency f.
associated with a Strouhal number S. = 0.3, where S¢ = fcDj/Vj.

e. Coherence

The square root of the coherence is the narrowband correlation
coefficient o(f) previousiy cefined in Section II-5. In Fiqure 50, the
maximem value of the square root of the coherence occurs at Sp = fyDj/Vj =
1,3, where f; is the frequency at the maximum. This indicates that the
shedding vortices mav play an important role in the maximum coherence.

The niaxima are compared for different test conditions in Figure 51 to
Figure 53. A feature in all test situations is that the maximum, pp.
irncreases from the stagnation point in the streamwise direction and also
increases with the distance ¢rom the centerline in the spanwise direction.

The variation of Mach number has no significant influence on the
maximum values, op, (Figure 51), because these values are related to the
development of shedding vortices, while Mach number only affects the passing
frequency. Changing the position of the plate does change op,. In the
streamwise direction, op increases with X/Dj. In the spanwise direction,
it decreases with X/Dj. However, ne explanation is available. The tempera-
ture of the jet was raised to 910°R to examine the influence of temperature
on eop. The value of pp decreases at high jet temperature but only to a
small extent.
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BEST AVAILABLE COPY

In the present experiment, the cur:! plate. are used in order to
eliminate the complicated gecretric bou.i.:y of ihe wing and flap model
while retaining the curvature effect lost .4ith the flat plate. The two
curved plates used in the experiment have different trailing edge deflec-
tion angles so the effect of curvature on fluctuating pressure can be
examined. The Mach number is varied from 0,35 to C.74. The distance
between the jet and the plate is changed. Though the change is very much
1imited by geometry, some significant effects arc found. Mean surface
pressure, level of fluctuating pressure, spectra, convection velocity,
and coherence characteristics of the surface pressures are discussed in
the following subsections.

2.  UBF CURVED PLATE

a. Static Pressure

In general, the staiic pressurc distribution starts with an
adverse pressure gradient near the leadiny edge, as the pressuie increases
to a maximum, and then becomes {zvorable toward the trailing edge. Both
the favorable and adverse pressure gradic..tiz arc sensitive to the geometry
of the plates. As expected, the pressuie gradicrt and the peak pressure
on the plate with a 50° deflecticn angle are boiii higher than on the plate
with a 25° deflection angle (Figure 54). For the same curved plate, the
pressure distribution can be collapsed to a single curve if the pressure
is normalized to the jet's dynamic pressivve (Figure 54). The profile also
changes with the relative position between the nozzle and the plate
(Figure 55). The variation caused by moving the plate in the streamwise,
X, direction is less than that caused by sovement in the Z direction.

This is because the flow properties have a much larger gradient in the
Z direction.

b. RMS Level of Surface Pressure Fluctuaticn

As with the static pressure, the RMS valuus of the fluctuating
pressures can be scaied to the jet's dynamic pressure (Figure 56). An
interesting phenomenon is observed in the spatial distribution of the
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RMS values. For the same Mach number, the maximum fluctuation levels are
of the same order for two different plates (Figure 57). It is speculated
that the reason for this is as follows: The pressure fluctuation is
related to the fluctuating velocity, and the velocity fluctuation has
developed to the same state for similar downstream locations on the two
plates.

The spatial distribution of RMS values can be seen (Figure 57)
to have different patterns for the two plates. This is a result of the
difference in curvature. Evidence for this conclusion is that the spatial
distributions of the RMS values normalized by the local mean pressure have
the same shape (Figure 58). The difference .in magnitude of the normalized
profile is due to the large difference in values of mean pressures on the
two plates. The results of varying the relative position between nozzle
and plate are similar to the mean pressure; i.e., the effect of changing
streanwise distance is not as pronounced as changing Z g (Figure 59).

¢. Spectra

For dynamic loading studies, the magnitude of the fluctuating
pressures is not the only important information; spectra are also needed.
The Strouhal numbers, fpDj/Vj, based upon the peak power frequency, range
from 0.2 to 0.4 (Figures 60, 51 and 62) with a representative value
near 0.3. It is to be noted that the Strouhal number, 0.3, is very close
to the most unstable mode of a free jet (Reference 10). This is an indi-
cation that the peak spectral component may be associated with large
shedding vortices.

The roll-off exponent n (see Section II-5) is seen in Figure
63 to be a decreasing function of the streamwise distance approaching
a value of 2 at the downstream end. This implies that the flow is
still in a developing range. Relatively more high frequency components
are generated at downstream stations. The roll-off exponents do not
vary appreciably with Mach number, deflection angle (Figures 63 and
64), or the relative positions of the jet and plate (Figure 65). This is
because the changes in geometry or deflection angle mostly affect the
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structure of the large scale shedding vortices and not the high frequency
end of the spectrum which governs the roll-off exponent.

d. Coherence

The square root of coherence is the narrowband correlation
coefficient between two spatial points. A typical example of the square
root of coherence function is shown in Figure 66. The maximum coherence
usually occurs near the frequency corresponding to the Strouhal number
0.3. This implies that the maximum coherence is mostly due to the large-
scale coherent structure. A two dimensional diagram is used to represent
the coherence function on the curved plates (Figure 67). Each given
numerical value is the maximum of the square root of coherence between two
adjacent points. The maximum coherence does not exhibit a well defined
trend in the streanwise direction, but in a number of cases has a tendency
to be relatively constant. In the spanwise direction, the coherence
increases in the first 1 1/2 diameter from the centerline. The maximum
coherence is not significantly affected by variations in Mach number
(Figure 67). It is mildly influenced by relative position between the jet
and plates (Figure 68). These last results are not surprising because
to a major extent the maximum coherence is associated with the large
shedding vortices whose structure are not sensitive to changes in Mach
number or to small changes in the relative positions of the nozzle and
plates. However, the maximum coherences in the chordwise direction are
Tower on the plate with a 50° deflection angle than on the plate with a
25° deflection angle (Figures 67 and 68).

e. Narrowband Convection Speed

The narrowband convection speed, Vc(f) = 360fs/e°(f), is calcu-
lated from the phase of the cross spectrum. The convection speed
increases from 0.2 Vj at low frequency to 0.6 Vj at high frequency, and
is the same for the two plates (Figure 69). The fact that the convection
velocity increases with frequency agrees with measurements of velocity
fluctuations in a free jet (Reference 13).
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BEST AVAILABLE COPY

The experimental results of the flat plate and the curved plate
provided basic information about the fluctuating pressures from the flow
suiface interaction. The wing-flaps configuration is considerably more
complicated in geometry. The presence of gaps betwzen surfaces will
affect the surface pressure fluctuations. The purpose of testing the
wing-flaps model is to find the surface load properties for a realistic
UBF geometry and to 1ink these properties to those measured in the more
basic configurations.

WING-F1.APS MODEL

[#3)
.

a. RMS Level of Pressure Fluctuations

The spanwise distributions of pressure fluctuations on the two
flaps for cne of the test configurations are displayed in Figure 70. The
fluctuating pressure level is usually higher on the aft flap than on the
foiviard flap. The pressurz distribution on a curved plate is included
in Figure 70 for comparison. For y/D;> 0.5, the RMS pressure fluctuation
on a curved plate is close to that on the Tower surfaces of the two flaps.
For y/Dj <0.5, the precsure fluctuations on the curved plate exceed those
on the two flaps. howeve: for a slight change in Z, (Figure 71), a signi-
ficant difference was found. This strong sensitivity of the RMS levels
to changes in Z, was aiso fouad for the curved plates from corresponding
changas of Z|E.

For a daisy nozzle test, the pressure fluctuations were con-
siderably lower than for a round nozzle. The same result was found for
the basic configuratinns. The largest pressure fluctuations on the flat
plate and on the curved plates for a daisy nozzle test are of the same
order as on the wing-flaps model (Figure 72).

b. Spectra

The spanwise distribution of the Strouhal numbers based on the
peak power frequency, Sp = fpD3/Vy, are shown in Figure 73. The valves cf
the Strouhal numbers start near 0.3, close to the centerline, and decrease
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to 0.2. Apparently, the large shedding vortices still play an important
role in generating the pressure fluctuations on the wing-fiaps system.

The spanwise distribution of the roll-off exponent, n, (Figure 74) is very
nearly constant at a value of 2.

¢c. Coherence

The maximum values of the square root of coherence, Pye ON the
two flaps are presented in Figure 75. The increasing values of o, with

distance from centerline was found tor both the curved plate and wing-
flaps model.

d. Narrowband Convection Speed

The narrowband convection speed, V.(f), on the wing-flaps model
is a function of wave number. The convection speed Vc(f) normalized to
the jet velocity is about 0.25 at low frequency (Figure 76) and increases
with frequency to a value of 0.75. A similar relaticn between Vc(f)
and f is found for the curved plates (Figure 69).

4. OBF CURVED PLATE

The alternative to the UBF approach of STOL design is to mount the
jet engine above the wing. According to the Coanda effect, the exhaust
gases from the jet engine will follow the contour of the upper surface
of the wing «nd flaps and be deflected downward generating additional
lift. In this test program, the OBF system is tested in a limited number
of test cases. A preliminary test indicated that the original design
of the nozzle did not produce a desiratle flow condition on the surface
of the plate. (Evidence of this can be seen from the static pressure
distribution in Figure H-4.) To correct this, an extension was added to
the upper surface at the nozzle exit. From the surface static pressure
measurements, it can be inferred that some deficiency in the flow condi-
tion still remains, but the condition is much improved by using the ex-
tension. Due to iimited scope of the experiment, no further improvement
was made. However, some interesting features of this flow configuration
were found that are believed relevant to OBF systems.
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a. Static Pressure Distribution

The static pressure distributions are shown in Figure 77. The
profiles of different deflection angles (Byp = 40° and 70°) and of differ-
ent Mach numbers can be collapsed into a single curve by normalizing the
static pressure to q5- The positive pressure near the exit of the nozzle
is caused by the nozzle extension directing the flow down onto the plate.
The first negative pressure peak from the leading edge might be indicative
of a tendency toward local separation.

h. RMS Level of Pressure Fluctuations

For grg = 40°, the pressure fluctyations increase with distance
from the leading edge (Figure 78). Similar to the other test models, the
level of fluctuating pressure can be scaled to the dynamic pressure, qj»
or in other words to the second power of Mach number, sz. By adding an
extension plate at the trailing edge, the deflection angle changes from
40° to 70°. The pressure fluctuations differ only moderately at common
locations on the two models. The influence of the downstream boundary
condition is therefore relatively weak beyond a small distance upstream
from the trailing edge.

¢. Spectra

The Strouhal number based upon peak power frequency, Sp =

fpDeq/Vj, is a decreasing function of the distance from the leading edge
(Figure 79).

For the roll-off exponent, n, the values of n decrease in the

downstream direction (Figure 80). The asymptotic value of n at downstream
locations is 2.
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FIGURE 61. SPATIAL DISTRIBUTION OF PEAK STROUHAL NUMBERS FOR DIFFERENT

PLATE POSITIONS

83

LE/Dj

0.7

1.0
07




N

05 [~
Q o]
A 0] ol
04 = o A
03 |~ ) Q
o,
v
! UBF CUHVED PLATE
ROUND NOZZLE (D =2 IN)
02 = bop = 28°, T/T =10
TE ") a
X g/D, = 0.2 ¢/D =07
y/Dl =0 M' v, (FT/SEC)
0 ~o74 793
0T O ~os0 551
A ~o03s 390
0 ] ] N
3 4 5 6

s/ D’

FIGURE 62. SPATIAL DISTRIBUTION OF STROUHAL NUMBERS FOR DIFFERENT M, ON
Brg = 25-DEG PLATE !

84




g o o Y W T m e S TY TR < CTER e\ aTmem 2 X s
J— Cr T o R e AT S SR # d =

4
UBF CURVED PLATE
ROUND NOZZLE (D =2 IN)
T/T,=10.y/D =0
N 24
]
E’ 2 o] 0]
n
r o Xe ZuE v
prg = 28°— - 0——=07 a 0]
D, D, (a]
3
] 0 - m-=03
1 1 O - m=050
3
V - M’ 074
0 1 J |
3 3 4 5 6
$
D

1 FIGURE 63. SPATIAL DISTRIBUTION OF ROLL-OFF EXPONENT ON §.. = 25-DEG
PLATE FOR DIFFERENT MACH NUMBERS

4 ~
B UBF CURVED PLATE
; ROUND NOZZLE (D’ =2 IN)
1 leTa =10 yIDI =0 ° XLE ZLE
frg = 50 =C,——-=07
3 9 } D,
; v
\ n 2 0] 0] © Q]
O v o
a
L D - M’ =0.35
O -m-=o0s5
)
V - Ml =074
0 [ 1 J 15
3 a 5 6

U' 3
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FIGURE 74. VARIATION OF ROLL-OFF EXPONENT IN THE y-DIRECTION ON THE WING-FLAPS MODEL

93

) R i ——




e L8

WING-FLAPS MODEL
ROUND NOZZLE (D’ =2IN)

N _ < 20%/60°
TIITa = 1.0, Ml = 05, g;/8, = 307/50

q- XLE/D; =0, Zw/D] =1.0
LOWER SURFACE
AFT FLAP
——— 012 °® (0.38) ° {058/ Y
|
a” ] &
| (0.40) |
10 30)—— JI ]
— ¢ () ® 1 l
FWD FLAP
d | |

| 1/2 D’ l

FIGURE 75. MAXIMUM SQUARE ROOT OF COHERENCE (pm) FOR THE WING-FLAPS MODEL

94




[RE—

Sy Y A e

s v

P

IR TR E TR NIy o  wae

Py

v

TIAOW SdVT14-INIM IHL NO Sdv14 N3I3IML38 G334S NOILOIANOD G3IZITVINHON 94 3HNDI

ZH) )
»ot g0l 20t
_m.___q— T __4_-4~ T 0
e
o087 ,0€ = g/ X
NISZ~sw — szo
vL nw =N
ro a/™z
0= a3
X X
X — os0
X
X
X b¢ X
IADVIHNS HIMOT NO Sdv1d L4y anvy AYVYMHO4 - sco
N3I3ML38 3348 NOI{LO3ANOD IASIMAHOHD
f
0= a/A
. 0t="1/1 o1
‘N1 Z = ‘@) 3712zON annoy

1300 SdVI4-ONIM

T e

" . e
s a L L

s PO S A

SE Rt de A

A

95




0.20 —

Q

0.1 —~

E 0.0 }— OBF CURVED PLATES

- (¢}
Bp=25 o
WITH LIP EXTENSION (g, = 30%)
T/T, =100,y =0

3 0.05 |- fre "
A 70° 0.50
' O n° 0.74
O 40° 0.50
pS
— 0 1‘ s ~ IN,
9 0 10
; ~0.05 }—
: 010 |~
- 015}
0]
-0.20 |-
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SECTION V
DATA NORMALIZATION AND PREDICTION METHOD

The pressure fluctuitions on the surface of an object impinged
upon by a turbulent jet which is steady in the mean are the result of the
interaction of turbulence in the free jet (larae scale orderly structure
and/or small scale eddies) with the object. The fluctuating pressure in
the free jet itself is not an independent variable., It is explicitly
determined by the surrounding velocity field.

At .. zsent, however, velocity fluctuations in the time domain cannot.
be predicted by theoretical means because this would require the solution
of the full Navier-Stokes equations, which is not currently possible.

The reason for this is that small-scale eddies are responsible for the
decay of turbulence in a gaseous flow. To solve the equations one must
rescrt to a numerical procedure which calculates the value of variables
at numerous discrete points in space. The storage capacity of any
existing computer would be stretched to adequately cover even a small
volume of space. Therefcre, predictions of turbulent flows are based on
only time-averaged properties of turbulence. Since these vary much nore
gradually in space, no excessively fine computational grid is needed.
But as a result of this impasse, only time-averaged cross correlations
can be rredicted cven with the most sophisticated model of turbulence.
These correlations involve shear and rcrmal stresses, pressure-velocity
correlations, etc. In principle RMS values of pressure fluctuations

can also be obtained from this information. But again the mathematical
procedure involved is quite compli<.-.ed even for an imcompressibie
steady state flow with isotropic turbulence (for which the Navier-Stokes
equations combined with the continuity equation reduce to a Poisson-type
Fquation for pressure).

The presence of an object immersed in the jet further complicates
the theoreticel analysis. For example, a flat plate which is impinged
upon by a turbulent jet attenuates the turbulence velocity field through
surface viscous stresses and streamline curvature effects resulting in
a reduced level of surface pressure fluctuation from that of a free jet.
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Test results indicate that the existence of a stagnation point
plays an important role in the surface distribution of fluctuating pres-
sure and in the steady-statc heat transfer coefficient. A stagnation
point on an object impinged upon by a jet permits the flow to split and
establish a strong pressure gradient in the vicinity of the stagnation
point in contrast to a case in which the flow simply follows a curved
surface without a stagnation region. From the analysis of data from
: the test program and other sources, it appears that the levels of RMS

1 pressure and heat transfer are strongly affected by the local mean

f pressure gradient. Unfortunately within the time devoted to this project,
it was not possible to establish an explicit relationship among these
quantities.

Since an inclined flat plate and an under-the-wing blown flap con-
fig.:iration both have well established stagnation regions, early in the
dev :1opment of this methodology it was thought that a method to predict
pressure fluctuations and heat transfer on an inclined flat plate could
successfully be extended to the flap. But it was also recognized that there
1 was no known reliable theoretical solution to the problem, even with as
simple a configuration as a flat plate. This is primarily due to the
change of turbulent characteristics from that of the free jet in the
region 2-3 velocity half radii upstream from the plate.

Therefore, it was decided to estabiish a fully or semi-empirical
method to estimate the distribution of a desired property. The steps in
doing this were as follows for a UBF configuration:

1. Select the proper normalizing parameters for different
auantities of interest (e.g. RMS pressure, half power frequency, roll-off
exponent, heat transfer coefficient, etc., hereinafter called dependent
variables) from the rean properties of the undisturbed free jet. This is
for ease of future use of the method since analysis of the turbulent
mixing of a free jet for its mean properties is well established.

™ o

2. Select the proper grouping of these parameters with experi-
mentally obtained dependent variables so that data can be presented and
formulated in a non-dimensional form.
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3. Establish a method to locate the staonation point and refer
all of the dependent variables elsewhere on the specimen to those at
the stagnation point.

4, Pelate the values of dependent variables at the stagnation
point of an inclined plate to ithose of a normal plate.

5. Formulate chordwise downstream distribution of dependent
variables alona the intersection of the jet vertical nlane with the
inclined plate. The downstream direction from the stagnation point
was only considered because the stagnation point on a flap lower sur-
face is near the leading edge.

6. Formulate spanwise distribution of the dependent variables
at any chordwise location.

7. Relate the distribution of the desired dependent variable on
the inclined plate to that on the flap configuration at the same ancle
setting. This is done by establishing a correction factor which is
a function of the geometric parameters of the flap and plate configu-
ration as well as the jet exit Mach number and the streamwise location
of the test specimen.

1. NORMAL IZATION CONCEPT

a. Fluctuating Pressures

Turl,ulence extracts energy from the mean flow at large
scales and in turn the large scale structure supplies energy to small
scale eddies by vortex stretching. This enerqgy is then dissipated into
heat energy at a rate wnich may be shown to be proportional to the mean
square vorticity fluctuations if the Reynolds number is sufficiently
large. Stresses in a fluid element working acainst the mean strain
rate produce deformation work, part of which is the contribution of
viscous stresses which are always negative. Therefore, it represents a
loss of mean kinetic enercy. The remaining part of the deformation
work is the contribution of Reynolds stresses which is also dissipative
for the mean kinetic eneray in most flow situations (negative values of
Reynolds stresses tend to occur with positive strain rates). However,
the deformation work due to the Reynolds stresses which is lost by the
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mean flow is gained by the turbulence. In other words, this work serves
to exchange kinetic energy between the mean flow and the turbulence, and
thus it represents turbulence production. In the case of the free
turbulent jet, therefore, turbulence kinetic energy production is at a
maximum in the heavily sheared region where the product of Reynolds
stresses and mean -~ate of strain is at its peak value. Within the first
7-8 nozzle diameters this region is very distinct and occurs in the

vicinity of velocizy half points. Thereafter it aradually moves out-
ward and flattens out.

The fluctuatirg pressure is considered to be mainly made up of
two components. One component is cue to the turbulent-turbulent inter-
action (P'TT) which involves spatial aradients of higher order fluctuating
velocity correlations. If local homogeneity of turtulence is assumed to
simplify the analysis, this component can be shown to be a function of
velocity intensity alone (References 16 and 17). The other component
is from the turbulence-mean shear interaction (P'TM) which involves
only gradients of Reynolds stresses and is shown to be a function of
transverse turbulent velocity intensity, velocity space scale and the
mean velocity gradient. This means that P'TM will be at its maximum
value where turbulence kinetic erorgy is maximum. Because.of the flat
characteristics of turhbulence intensity beyond 8-10 nozzle diameters, it
can safely be stated that a maximum of turbulence kinetic energy also
occurs at the velocity half region of the jet. Consequently, it appears
reasonable to assume that the major contribution to the fluctuating
pressure spectra in the stagnation region (within two half-jet radii of
the plate) of the specimen comes from this area of the undisturbed jet.
Likewise, in the wall jet region, the velocity half point farthest from
the surface of the specimen may be thougrt of as playing the same role
as the free jet velocity half point plays in the stagnation region.

It follows from the above discussion that the preferred normali-
zing parameters in the development of the method of nrediction of many
of the dependent variables are those computed at the half radius of the
undisturbed jet at an axial location where the test specimen would have
been positioned. From the test results obtained in this program the
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pertinent information needed for the dynamic analysis of a structure
includes RMS level, half power frequency, roll-off exponent, peak
amplification factor, and maximum correlation length of the fluctuating
pressure on the surface of the test specimen exposed to the jet. As
indicated earlier, this information cannot be theoretically derived.
Therefore another approach to a prediction method probably would be to
relate empirically the measurements of the above-fluctuating pressure
characteristics at the velocity half point of the undisturbed jet to
the corresponding measurements at the surface of the test specimen.

The scope of this program unfortunately did not permit an
investigation of fluctuating properties in a free jet. Therefore, it
was decided to use some of the mean flow properties of the free jet to
normalize and collapse experimentally measured and statistically pro-
cessed data.

The most significant ncrmalization parameter for the RMS
pressure at the stagnation point of a normally impinged plate was found
to be the mean dynamic pressure (q]/Z) at the velocity half point of the
free jet. In the case of an oblique impingement, the stagnation pressure
on an inclined plate is related in Reference 1 to that of a normal
plate by the function sin2|5. The reasoning for this relationship is
that only the component of axial flow velocity normal to the inclined
plate stagnates and therefore contributes to the stagnation pressure.
Assuming that the significant part of 9 /2 also comes fromr the normal
component of velocity, q]/2 is put in the form:

! . 2
a'y/2 = q]/2 sin“P

where q]/2 is evaluated at a given X/R.. Then a new fictitious distance
X'/Rj is defined such that 972 there is equal to q' 1/2° (See Fiqure 83).
This is the distance used in the ordinate of Figure 85 to evaluate the
RMS pressure at the stagnation point of an inclined plate. Of course
if the plate is normal to the flow, both the X'/Rj and q']/2 degenerate
into X/Rj and % /2 respectively.
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Mean flow properties of a submerged turbulent free jet which
are pertinent to the calculation of RMS pressure can be obtained from
a computer program like the one given in Reference 11. For convenience,
however, properties of the cold and hot jets at several jet Mach numbers
have been calculated by a Douglas Aircraft Company computer program and
are presented in Appendix K.

Chordwise and spanwise distributions of RMS pressure on a flat
plate are scaled to the stagnation point values. These results are then
extended to predict spanwise distributions of RMS pressure on a flap
configuration at an angle setting of 50°. This is accomplished by means
of a set of correction curves as shown in Figure 88.

Half power frequency (f1/2) at the stagnation point of a
normally impinged plate is best expressed in the form of a Strouhal
nunber based on nozzle diameter and initial jet velocity. Roll-off ex-
ponent (n), also at the stagnation point, is shown to be a function of
Stirouhal number. Stagnation point values of (f]/z) and (n) for an in-
clined plate ( B= 50°) are related to those of a normal plate by multi-
plying the latter by ¥/5inp. Chordwise distributions of (f]/z) and (n)
are then related to the stagnation point values.

Although the foregoing discussion applies to both round and
mixer nozzles, the latter introduces more complication as presented
below:

Mixer-type nozzles are multi-element nozzles designed to promote
turbulent mixing between the nozzle flow and its surrounding medium.
Daisy nozzles such as the one which was tested in this program are mixer
nozzles with individual elements uniformly distributed around a common
centerline. The flow field of these nozzles depends not only on the
initial nozzle conditions, but also on numerous other factors such as:

geometry of elements
element spacing (e.g., number of elements)

1
2
3. existence of a centerbody (bullet)
4

radial gap between the inner surface of elements and
the bullet.
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Since the flow Tield of these nozzles is three dimensional and
turbulent, there is no known working analytical tool at present for pre-

dicting its mean properties. Therefore, it has to be analyzed by either
sami-or fully-empirical methods.

The exhaust plume of a mixer-nozzle is usually divided into
three regions as shown in the following sketch.

£na-
SINGLE-ELEMENT , COALESTTMA LESCED
[*—CORE 'I" — hr ~ CORE™
' DECAY
1@ :
SINGLE-ELEME™ I 2

DECAY CURVE---

PEAK VELOCITY

DISTANCE FRCM NOZZLE EXIT

Figure 81. Peak Velocity Decay Curve
For Mixer-Nozzle

The sinale element decay region is characterized by independent behavior
of the elements of the mixer nozzle. Somewhat downstream from the
nozzle exit, however, the mixing zone between two consecutive elements
starts coalescing {hence the name "coalescinc core:), and this process
continues on until the plume becomes a fully developed circular jet.
The region beyond this point is called the coalesced core region.

If experimental flow field data for a particular type of mixer
nozzle is not available, methods can be devised to calculate it approxi-
mately. One such method is to use empirical equations which are developed
using the data available from tests of a large class of mixer nozzles.

If the nozzle to be analyzed roughly falls into one of these categories,
and if the informat. 1 desired is in the vicinity of or downstream from

the coalesced core region, the results predicted by this method are fairly
satisfactory.

The flow field of the mixer nozzle cested in this program
was not surveyed. Since properties of the flow field vere needed in the
normalization of some of the surface fluctuating pressure characteristics
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presented in this report, the empirical method indicated above was adopted.
For this purpose, the data in Reference 15 were used.

The nozzle tested in thisprogram is a 10-lobe nozzle with nearly
circular lobes as shown in Figure 10. The area of the annular gap between
the plug and the inner surface of the lobes constitutes nearly 33% of the
total open area of the nozzle. Such a large aap does not allow the peak
velocity to decay rapidly. The nozzle selected from those tested in
Reference 15 as most representative of the used nozzle is the coplanar-
multi-tube configuration with one tube at the center of the cluster (see
Fiqure 82). The center tube gives a reduction of the rate of decay of
peak velocity with distance similar to that oroduced by the annular cap
of the daisy nozzle.

The computational procedure to predict (f1/2), (n) and RMS
pressure on a flat nlate for both types of tested nozzles and extension
of the method of prediction of RMS pressure to the flap configuration
are presented subsequently in this section. The derived curves and
equations contained in the procedure are giver primarily for convenience.
Since data points are also shown in the figures, it is left to one's
discretion whether to use the displayed data or the derived expressions.

Also it should be noted that the relations for the daisy nozzle
are at best approximate. However, the parameters selected for normali-
zation in this case appear to be important in order to bring daisy and
round nozzle data together. Whenever flow field data from a particular
daisy nozzle is available, the presented relations should be upgraded.

b. Heat Transfer From a Round Nozzle

In this program, heat transfer measurements to a flat
plate from a hot impinging jet were obtained by recording the temperature-
time history of thin circular copper elements of small radius (calori-
meters) distributed on and insulated from the test plate as shown in
Figure 29. This is commonly known as a transient technique and relies
on the heat transfer coefficient to be nearly time independent.

Assuming that almost all of the local heat energy from the hot
jet goes to raise th2 temperature of the calorimeters (minimum loss to
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the envirorment), a simple heat balance equation can be set up;

d
-mc —— (T+ -T.) =hA (T, -T.)
W T W
dr TL %
where

m = Weight of the calorimeter
= Specific heat of the calorimeter material
TT = Local stagnaticn temperature at the centerline of

3 the undisturbed jet (reference temperature)
Tw = Temperature of the calorimeter
h = Heat transfer coefficient
T = Time (from initial exposure)

Integrating this equation, the following result is found:

-T
T - T -
Tg v . e ¢
Tp - T

T feo]

¢

L o me

where c = TR is the time constant

From this development it is seen that constant h implies constant Ter
But in the series of tests performed in this program, To Was found to be

increasing substantially with time. The reason for this behavior is not
yet fully understood and needs investication,

When it was realized that ToWas a function of time, no rational
method of data reduction to obtain heat transfer coefficients could be
established. Therefore, the method of prediction of heat transfer to a
normally impinged plate as presented in Peference 1 was adopted and
slightly modified to extend it to an inclined plate. Details of the
computational procedure are presented later in this section.

Since laminar heating at the stagnation point has been extensively
studied in the past, the basic approach to stagnation point heat transfer

by a turbulent jet is to relate it to that of the laminar jet by means

of a correction factor. This factor is, in aeneral, a function of the
free stream turbulence level, an appropriate Revnolds number, and the

ratio of integral scale of turbulence to the length used in defining
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Reynolds numbers. Local heat transfer rates were correlated with the
properties of the free jet in the plane of impingement, a lccal tempera-
ture difference, and the distance from the point of impingement normalized
with the half radius of the jet in the plane of impingement.

The tests in Reference 1 covered a range of initial jet
velocities from 200 fps to 700 fps; Reynclds numbers, based on the half
radius and local centerline conditions ¢f the free jet, from 3.08 x 104
1.12 x 105and impingement distances, measured from the nozzle exit, from
7 to 30 nozzle diameters. For ease of reference some of the findings
from these extensive series of tests are summarized below:

to

1. Stagnation point heat transfer is relatively high
compared to that of the wall jet region at Tow Reynolds number, and this
ratio becomes smaller as the Reynolds number is increased.

2. Heat transfer near tae stagnation point hehaves in a
mann.r si»ilar to that of a laminar boundary layer on a surface naving
the same pressure distribution.

3. Heat transfer rates from turbulent jets are 1.5 to 2 times
laraer than the calculated lamina:- values.

4., Away from the stagnation point on the plate, heat transfer
behaves in a manner similar to a normal turbulent boundary layer which
dgevelops in an external flow having a free-stream velocity equal to the
local maximum velocity in the wall jet.

5. The correction factor, while beina a strong function of
impingement distance, has a weak dependence on the Reynolds number.

6. There is a general increase in the value of the correction
factor with local jet turbulence intensity.
2. COMPUTATIONAL PROCEDURE
a. Stagnation Point Location

The stagnation point location on a flat plate relative to the
center of impingement for a circular nozzle is determined as follows:
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1.  Obtain r]/2 from a plot of r]/z Vs X/Rj aiven in Appendix K
for the prescribed Jjet condition.

2. Calculate Ar (Fiaure 84) from:

ar = 0.7 (r]/z) (cott3)}'2 measured upstrear from the point
of intersection of the jet centerline with the plate.

b. Fluctuating Pressures - RMS Levels

Calculation of RMS pressures on a flat plate under hot or cold
flow conditions is performed in the following ranner:

(1) Circular Nozzle Geometry

The information below needs to be given to begin the
calculation,

1. Position in the {(r.y) coordinate system where the RMS pres-
sures are to be estimated.

2. HNozzle and jet characteristics (R]..HJ.,PT ,TT « Nozzle Exit
Geometry, 2 ). \ 3o

3. Centerline distance between jet exit and plane of impinge-
ment, (X).

4, Plate inclination, (g).
Proceed as follows:

1. For the specified nozzle exit geometry and Flow conditions,
obtain (a]/z/qj) at the given (X/Rj) from supplied plots in Appendix X,
2
= M.
2. Compute qj 12y BD.% s

3. Calculate (q"/z/qj) from q']/z/qj = (q]/z/qj)sinzﬁ
for 22,5%<6s90°,

4. Reenter the curve of (q]/z/qj Vs X/Rj) at the value of
(q‘]/Z/qj) and obtain the value of (X/Rj) which is identified as (X‘/Rj)
5. Calculate (q‘]/2) from steps 2 ana 3.

6. Calculate ("'stag.pt.) within the rance

9< (X'/R;) (sinB /)2 <45 and 22.5% p=gg® from :
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ostag.pt.” (1" 172 (1-3242 10'2)[(x'/Rj)(s1n p/a)1/3]1-43703
{See Figure 85)

7. Read (Co) and (C]) at desired (B) from Figure 86.
22.5% P<50% , & B= g90°

8. Calculate (oég at the given (r) from:

as= Co (X/Rj) + C1, 10=< X/Rj <20
/7 staa.pt. = a~(r/R;), 0 <r/R;<6

NOTE: The above eauations anply only in the downstream
direction from the stagnation noint.

8. Calculate (o) for the given (v) from:

0/ = sech§

where
¢= [.753 - 3.92 (wr)) 7] (y/%;)
and 0=y/R; <3; 10=/R; = 20; B= 50°
(See Fiaure 87)

Following is the procedure to extend the foregoing flat plate
computations tothe flap configuration:

1. Read (4) at given (y) and (Zw) from Figure 88 where OSy/RJ. 3.
2. Compute (G)flap from:
(U)f1ao = (4) (G)plate

HOTE: The only (A) curves shown are for the case f= 50° and
r/Rj = 1. It is suggested that these (A) curves be used in
all other chordwise locations until further flap data are
available.

for f= 50° only.

(2) Daisy Nozzle Geometry

Nozzle tested in this program has the following geo-
metric properties:
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Number of lobes = 10 Exit area = 3.1416 1'n2

Plug diameter at exit = 2 in.

Gap between plug and inner surface of lobes = 0.16 in.
Gap area & 1.0856 in’

Diameter of circular nozzle whose area is eaual to the gap
area = 1.1757 in. (it is identified as DO)

Total Tobe area & 2.056 in’

Outside diameter at exit = 3.1 in.
Length of bullet from exit = 3.3 in.
Wetted perimeter at exit * 24,16 in.
Area per circular element = 0.2056 in?

Diameter of a circular nozzle whose area is eaual to that of a

single element (in this case, it is the diameter of tne element
jtself and identified as De) = 0.5116 in.

Diameter of a circular nozzle whose area is equal to that of
mixer nozzia (it is identified as Dy ) = 2 in.

Equivalent mixer nozzle selected from Peference 15 and sketched below is a

multitube coplanar nozzle with one ring of circular elements located around
one central circular tube.

D_=1.1757"

. DY te Qe

! N\l o = 36°
t - "
‘ De = 5116 "
-DO ’ r] = .55635
s.| = ,3536"

,.2“ 1

Firure 82. "ultitube Coolanar !ixer ozzle
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Area of an outer element and radius of the ring to the center of an
element are made equal to those of the actual daisy nozzle. Furthermore,
area of the center tube is the same as the gap area of the daisy.

Following is the procedure to calculate (q]/z) which is used to
normaiize RMS pressure at the stagnation point of a flat plate when it is
impinged by the jet of the daisy nozzle tested:

1. Calculate f (De/Dh) from:

-1
f( De ) = |1+ 2.67( e - 1) Equation 4 of

o

Dh h Reference 15

3 where Dh is the hydraulic diameter of an element. In this
case De/Dh = 1 since tne elements are circular. Therefore,

(%)

2. Calculate f (r/S) from:

Al sl S )

po

-1
3 2
. = r D v Equation 5 of
: FL/S) = 11403300 )( e s) Reference 15
Ve ! J
where v; is the ratio of bypass jet velocity to core velocity,
and in this case, it is unity.

AL TG

R
£ (r/s) =| 1 +(0.33) (1.5734) (.4351)3 2 0.959

YA} ALY,

3. Calculate ZfT\‘rom:

s, ¥ <s] 173 |
- X = 121 +(/4 V) f(8)f
‘© Cp D V1 + W, o + )<5;/ De b

Equation 3 of
Reference 15.
where nozzle coefficient Cn = 0.828.
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4. Enter to Y_S_

v,

vs.
J

et S P LS S i i

] Therefore, for the test Mach number, MJ. = 0.5, we have:
E

-D-) = (12.164)(0.828) V1 + 0.5 = 12.335
‘O

113

Z@) = 12 (1 +(1/4)(0.6913)%3( (0.6513)1/3(1)(0.959) = 12.164

)-é—- plot for MJ. = 0.5 in Appendix Kk with

= 0.5335

§-= 2 (12.335) = 24.67, and read off ("c) = 0.585,
: J v}“®
é
5. Calcu]ate(vgeak) from:
V.
1/5
v \ v Z Equation 7 of
3 (-%e-§'-(~) =( VC ) ( @ Reference 15
J i X
0] " O\
1
1/51
¥ peak\ 12.164
(_f_e.a&) = | (0.585) { :
026 i
(0.828)(0.5116)/1 + 0.5 @_'@
Ve X oV \ -
6. Reenter to ¢ vs. R Plot with ( oeak) = 0.5335
V. J v;
: 0!
and ree” off(%-) = ,\’%-.-) = 26.8 (Pe = 1/2 De)
DD D
7. Enter Y172 s %—; plot again for Mj = (1.5 in the Appendix K
q. v
J
with (%] = 26.8 and read off (q1/2> = 0.07.
OO Y 0@
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8. Compute qj from:

2=

= /2y PN = (0.7) (14.7) (0.5)7 = 2.5715 psi.

9

Therefore, from Steps 7 and 8, obtain(q1/2%i}*:j

: (q1/2? = (0.07)(2.5715) = 0.18 psi

9. For a normally impinged plate, enter Figure 85 with (ﬁL) = 26.8
020
: and (q1/2) = 0,18 and calculate RMS pressure at the

stagnation point.

10. For an inclined plate, proceed as in the case of a circular nozzle
to obtain RMS pressure at the stagnation point.

¢. Fluctuating Pressures - Power Spectrur Characteristics

The calculation of spectral auantities f1/2 and n on a flat
plate is performed as follows:
Normal Impingement:

The staanation point expressions in 1 throuah 4 below apply to
both round and daisy nozzles.

Ll i)

*
1. Compute 51/2 for a daisy nozzle (or S]/2 for a round nozzle)
at the stagnation point of a normally impinged flat plate for
a specified X/D from:

* C * N
[(5]/2) 0] - [fm) O] (D__) =.7285 - .047 (X )
3 . V. [N
: B= 907 tac.nt. = 90 stac.nt.\ J \Peq
*
where D = Dj and Deq = Dj for rouna nozzle

and D* = Deq'v 2 for daisy nozzle

(2= 3.845 for the tested daisy nozzle)
(See Firure 89)
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Compute (f

]/2) at the stagnation point from:
B=

90

* v.
[(fvz)ﬁ: 900] staq.pt.: [(Sw)ﬂ: goo]stag-pt- (5%)

Compute ncﬁ = go© at the stagnation point from:

(n® _ ,-0) = 247.373 {(s, ) +1.029
p= 9 stag.pt. [ 2 P=19 0] stac.ot. }
\ . D
where [kS] ) ] = [(f ) ] (-53)
/27 a_ 0 12" o V.
P= 0 staa.pt. B= 0 stag.nt® '’

(De = Dj and2= 1 for round nozzle)

(See Figure 90)
n) from:

h c -
(n"_ono) = (N _ano /TT./T
6=90 stag.pt. 8=30 )stag.pt. 3T

The followine expressions nertain onlvy to the round nozzle:

For non-isothermal jet impingement, calculate (

Compute (f% )max along the centerline chord from:

(fy, ) = ¢1.295 + 1.875 x 10"3 Ir._X '2
% ‘max . . X l(rj—)-’Z

}
8=90°

stac.nt.
(See Figure 91)

Compute (f% )
point from:

(r/R.)
(f1; )gagge =(1/4){3 + sin ,(TE‘L - 1) nJ }[ (Fy Do o00

(See Figure 92)

g=gp° at the desired distance (r) from the stagnation
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7. Compute Ng=gg° at the desired distance (r) from the stagnation

point from:
= 1.47 R
n8=900 = X[.265 + \/(r/R.)?J[\n'Stag-Pt-] 4=00°
1 + (3,581) J
where A is:
A= (1.084) \/(—r/R')(X/R‘) - (173)Vr/Rs e 5(r/R;)°

h

h
NOTE: Use (nB 90°) stag.pt. to obtain n 8=90°

(See Figure 93)
Oblique impingement:

1. Compute (S,) at the stagnation point from:

X8
(S ) = (S ) =QNo sin B
il stag. pt. %'8=90 stag.pt. V
2. Compute (fL)B from:
* Pstag.pt.
[ V.,
)l sy oL
| % 8]stag.pt. B |stag.pt. \ °j
3. Compute (nB) : #rom:

stag.pt. /
(ne)stag.pt. - ("s=90°)stag.pt. sin 8

. h h
Note: Use (n B=90°)Stag.pt- to obtain (n B)Stag'pt.

i

Along the centerline chord at a downstream distance (r)

2
No_cno = (N, rno) [a(r/R;)" - 4a (wR,) + 1]
B=50 8=50 stag.pt. J J

where a = 0.0119 (X/Rj) - 0.106 and X/Rj 214  (See Figure 94)

5. Along the centerline chord, compute [(fk) =50 o] from:

[0]] (X/Rj) + ]'272] Bf& p =50 ] stag.pt.

|5 5500

max /] + sz

For Mj < 0.74 (See Figure 95)
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6. Compute (f y)B__500 at the desired chordwise downstream distance (r)
50 =
from the stagnation point from:

r/R y -1
(F 1) gusge [ 85 + .15 cos<] ‘}

For M < 0.74 (See Figure 9b)

SRS

d. heat Transfer to a Flat Plate
1. Compute the velocity gradient at the stagnation point from:

a, Ve
(&) =103 %
I’ oo ™2

2. (Calculate the stagnation point heat transfer coefficient from a
laminar jet to a normal plate from:

(Q-|am) c

~90° dv,
= 5 $"9° = | =& \JQ;;) (g ) (TTq - T
8=90°  T¢ T W Pr s

3. Extend the stagnation point heat transfer result of laminar jets
from a normal plate to an oblique plate by:

) Jsin 8

fam’g_gg0

(h1am)

hy. ) = (h
( Tam g (

Note that this correction for oblique impingement has to be verified
experimentally before it can be used confidently.

4. Calculate the stagnation point heat transfer coefficient of a
turbulent jet to an oblique plate from:

) (e

h, =(h
lam 8 D

g
where f (%70 is a correction factor to be obtained from Figure 97
J

which is a reproduction of Figure 25 of Reference 1 - Part 2.
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Further away from the stagnation point [(r/r1/2) > 1.8],
obtain the heat transfer coefficient from Figure 98 which is &
reproduction of Figure 34 of Reference 1 - Part 2.

In view of the fact that there is no heat transfer data given
in Reference 1 for oblique impingement, assume that Step 5
also applies to oblique impingement.

Select the larger of h from Steps 4 and 5 as the proper
local heat transfer coefficient on the plate.

At distances far from the stagnation point [(r/r1/2a 10], compute

the heat transfer coefficient for both normal and oblique impingement
from:

. hro 0.8
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FIGURE 87. SPANWISE DISTRIBUTION OF RMS LEVEL ON INCLINED FLAT
PLATE AT A SPECIF’ED CHORDWISE LOCATION
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FIGURE 90. SPECTRUM ROLLOFF EXPONENT VERSUS STROUHAL NUMBER FOR
NORMALLY IMPINGED FLAT PLATE AT STAGNATION POINT
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SECTION VI
CONCLUSIONS

The previously discussed test program and results are intended to
enhance understanding of the environment produced on externally blown
flaps of STOL vehicles. In the test program, flat plates and specimens
simulating under and over-the-wing blown flap configurations were exposed
to jet flow. Although static pressures were obtained on all test specimens
and temperatures measured on the flat plate, the major attention of tche
study was given to the characteristics of the fluctuating pressures pro-
duced on the surfaces. Involved in the considerations of the fluctuating
pressures were (a) effects of parametric variations, (b) applicability of
the results of the simplified models to the wing-flaps configuration and
(c) normalizations which provide a basis for a prediction method.

1.  PARAMETRIC VARIATIONS

Five categories of parameters were investigated in the test program:
(a) jet Mach number, (b) total temperature of jet, (c) nozzle configura-
tion, (d) relative position between nozzle and specimen and {e) deflection
angle at downstream edge of specimen. The large coherent structures
shed from the nozzle exit are modified in various degrees when changes in
the test conditions are selected from these categories. The parametric
variations do not significantly alter the shedding frequency of the cohe-
rent structures but do affect their development. The following conclusions
derived from these variations are specifically relevant within the limits
applied to the parameters in the test program.

a. Jet Mach Mumber Effects

The following fluctuating pressure characteristics are
insensitive to variations in the jet Mach number Mj: (1) rolloff exponent
n of the power spectrum, (2) Strouhal numbers Sp=pr/Vj and 51/2=f1/20/vj
based on frequencies fp and f]/2 at the peak and half-power point loca-
tions of the power spectrum and (3) the maximum value, P of the narrow
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band correlation spectrum. The RMS level of the fluctuating pressure and
the static pressure at any surface location can be scaled to sz or to
the jet dynamic pressure qj.

b. Jet Temperature Effects

“ Changing the temperature of the jet affects the entrainment and
hence the spreading of the jet. Increases in the RMS levels, except at
the stagnation point, result from the spreading. The primary effect of
temperature variation was a noticeable reduction in the power spectrum
rolloff exponent n. The effect of temperature on the maximum of the
narrow band correlation spectrum, Py Was not significant.

¢. Nozzle Configuration Effects

The lobed nozzle enhances mixing in comparison to the round
nozzle and, as a consequence, a more rapid decay in the jet velocity
occurs downstream of the nozzle. This condition is reflected in consid-
erably reduced RMS levels and static pressures on the exposed surfaces.

In addition, the lobed nozzle Strouhal numbers preq/vj and f]/zDeq/Vj

are greatly reduced with respect to the corresponding round nozzle values.
The maximum values, P of the correlation spectra are not significantly
sensitive to the differences between the tested round and lobed nozzles.
The rolloff exponent n of the power spectrum is relatively insensitive

to the nozzle configuration except for flat plate cases where it becomes

considerably larger for the lobed nozzle.
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d. Effects of Relative Position Between Nozzle and Specimen

The RMS levels of the fluctuating pressure and the static
pressure levels are significantly affected by position changes. The
Strouhal number S]/2=f]/20j/vj tends to decrease when the separation ir
positions between nozzle and specimen is increased. The rolloff exponent
n of the power spectrum is not appreciably affected by position changes.
¢ The maximum value, P of the narrow band correlation spectrum has the

same tendency as the Strouhal number 51/2.
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e. Effects of Trailing Edge Deflection Angle

This category is concerned with the curved plate and wing-flaps
configurations. The considerations in this category must take into account
the curvature of the specimen in attaining the trailing edge deflection.
For the OBF curved plate, an increase in trailing edge deflection was
produced by adding an extension which maintained the curvature of the
trailing portion of the plate. The static pressures on the original por-
tion of the plate are insignificantly affected by the deflection angle
while the fluctuation pressure characteristics are only moderately changed.

In the case of the UBF curved plate, an increase in trailing edge
deflection was accompanied by an increase in the curvature of the bend.
This produced significant changes in the static pressures and fluctuat-
ing pressure characteristics except for the rolloff exponent n. Similar
results occurred for the wing-flaps model.

2.  RELATIONS BETWEEN SPECIMENS

In order to compare results found on the flat plate, UBF curved
plates and wing-flaps model, a correspondence between locations on the
different models must be established. A useful origin of reference on
the flat plate or on a flap is the stagnation point. For the purpose of
comparison, the reference origin for the UBF curved plates is the location
of maximum RMS pressure. Distances from the origin for each specimen are
scaled to the nozzle diameter. Only locations downstream of the origin
are candidate for comparison since the stagnation point on a flap will
be close to the leading edge.

A correspondence is also required between the different specimens
with respect to their configuration variables. The limited number of
values used for these variables in the test program provides a relatively
inflexible basis for making comparisons. The results for a flap with a
deflection angle of 50°, for instance, are compared to those of a flat
plate with g = 50° and a UBF curved plate with Brg = 50°. Considering
comparisons of configurations having a common type of nozzle, other
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correspondences are: vertical clearance distance Zw/D for wing-flaps
model set equal to ZLE/D for the UBF curved plate and longitudinal
impingement distance XF/D for the flaps set equal to (or nearly equal to)
XS/D for the UBF curved plate and XI/D for the flat plate.

a. Static Pressures - Flat Plate and UBF Configurations

The peak magnitudes of the static pressures show only a small
difference between comparable flat plate and UBF curved plate cases
(irrespective of ZLE/D)' The static pressure at the stagnaticn point of
the aft flap is considerably larger but diminishes to approximately the
same level of the peaks of the other specimens as the center of the chord
is approached. For the round nozzle, the dropoff of the static pressures
in the spanwise direction is rapid for all specimens; at one diameter from
the center of impingement the level is only 5 to 20 percent of the center-
line value. The spanwise static pressure distribution for the daisy
nozzle exhibits a significantly slower rate of decay.

b. Fluctuating Pressures - Flat Plate and UBF Configurations

The relation of maximum RMS pressures between flat and UBF curved
plate cases depends on the value of ZLE/D for the latter, The smallest
difference occurs when ZLE/D = 1.0. The fluctuating pressure pickups on
the aft flaps are approximately 1/2 D downstream from the stagnation point.
Comparing corresponding locations on the specimens, the maximum RMS levels
on the flaps are in reasonably close agreement to those of the UBF curved
plate. In the spanwise direction, the maximum RMS levels generally occur
no more than 1/2 D from the center of impingement.

The maximum values of the Strouhal numbers Sp = pr/Vj for the
peaks of the power spectra typically tend to occur no more than 1 D span-
wise from the center of impingement for the different specimens. For
comparable configuirations, the maximum values have relatively small
differences and, for round nozzles, a value of 0.3 appears to te
respresentative.
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The peak amplifications, P, of the power spectra are close to
unity or small near the reference origin for all specimens. The values
of P increase with spanwise location attaining a maximum value bey nd 1 D
from the center of impingement. The rollcff exponents n are almost con-
stant in magnitude for the different specimens with a representative
value of 2 for round nozzles.

Strouhal numbers Sm=me/Vj for the maxima of the narrow band
correlation spectra tend, for round nozzles, to be near 0.3 at locations
on the specimens sufficiently removed from a stagnation point but no more
than 1/2 D from the center of impingement in the spanwise direction. The
values of Sm decrease beyond 1/2 D. The maxima, Lm’ of the narrow band
rorrelation Tength spectra are typically less than 1 D in the spanwise
direction for locations on the specimens near the center of impingement.
The values of Lm generally increase with spanwise distance from the center
of impingement. For the different specimers, the local narrow band con-
vection speed Vc(f) is typically an increasing function with frequency.
The convection speed for the specimens at a Strouvhal number of 0.3 is

near G.6 Vj.

¢c. Wing-Flaps Upper Surface Characteristics

The following is a description of the fluctuating pressure
characteristics on the upper surface of the flaps in relation to those on
the lower surface. The RMS levels on the upper surfaces are of the same
order of magnitude as those on the lower surfaces for nozzle positions in
which the vertical clearance, Zw/D’ of the jet centerline from the UBF
wing is under 0.7, With increasing Zw/D’ the upper surface RMS levels
tend to fall significantly below the lower surface values. The bandwidths
of the power spectra on the upper surfaces of the flaps, as measured by
the half-power frequency f]/z or Strouhal number S]/2=f1/ZD/Vj, are
comparable to those on the lower surfaces at corresponding spanwise
locations. The upper surface power spectra exhibit small peak amplifica-
tions, P, and a siower growth of peakedness with increasing spanwise
location. The rolloff exponents, n, on the upper surfaces tend to be
closer to unity than to the value of 2 on the lower surfaces. Although
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the differences are not excessive, the maxima, Lm’ of the narrow band
correlation length spectra are typically smaller on the upper surfaces
in the sparwise direction and between flaps.

d. OBF Characteristics

The ratio of the peak RMS level to the dynamic pressure, qj,
has an uppermost value for the round nozzle of about 0.13 for the UBF
configurations and flat plate cases. The corresponding value for the
daisy nozzle is 0.04. The maximum value found in the OBF cases (with 1ip
extension) for the ratio of RMS level to aj is about 0.085. The maximum
RMS values in the OBF cases tend to occur on chordlines located near the
lateral edges of the nozzle exit.

The Strouhal numbers Sp=preq/Vj, where De is the diameter of
a round nozzle with the same exit area as the OBF nozzle, are comparable
in magnitude to those obtained for the other specimens with the round
nozzle. The values of S_ tend to be uniform over the highly curved,
trailing portion of the plate to spanwise locations at least 1 1/2 Deq
from the center of the jet. A representative value of S_ in this region
is 0.3. Sp is greater than 0.3 in the leading portion of the plate.

The rolloff exponents n tend to be between 3 and 4 near the
exit, but are close to a value of 2 in the trailing portion of the plate.
The value of n tends to be fairly constant in the spanwise direction to
at least 1 1/2 Deq from the center of the jet. The peak amplifications,
P, of the power spectra in the Teading portion of the plate are more
pronounced than any found for the other specimens. These amplifications
drop rapidly toward unity for positions approaching the trailing edge.
The peakedness tends to remain at about the same magnitude for spanwise
locations at least 1 1/2 Deq from the center of the jet.

The Strouhal numbers Sm=meeq/Vj for the maxima of the narrow
band correlation spectra are typically greater than 0.3 except near the
trailing edge. The values of Sm diminish away from the centerline in the

spanwise direction. The maxima, Lm’ of the narrow band correlation length
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spectra tend to be of the order of 1 qu in the spanwise direction. The
values of Lm decrease away from the center of the jet. In the chordwise
direction, the values of Lm are the largest of all the tested specimens.

3.  MITHODOLOGY

The study indicates that simple specime:ns provide data that can be
adapted to UBF wing-flaps configurations through appropriate adjustments.
The extent of the adjustment is a basis for deciding on the usefulness
of the simple specimens. Comparing the flat and UBF curved plates, the
results from the flat plate generally appear to be closer to the trends
found for the wing-flaps model. A clear indication that the flat plate
is suitable was shown in the study by demonstrating a relationship between
the spanwise distribution of RMS levels in the impingement region on the
flat plate and the spanwise distribution on the Tower surface of a flap.
The flat plate is also a preferable model because the impinging jet forms
a stagnation point on its surface, permitting a common origin of
reference between the flap and flat plate.

The concept behind the prediction methoc>logy was to find appropriate
quantities for no .imensinnalization of a fluctuating pressure character-
istic which would minimize the data scatter about the mean trend. Candi-
dates were only those quantities whose magnitudes were known from meas-
urement or could be obtainad from analyzis. The scope of the study
iimited the selection to steady quantities in the free jet.

After selecting a quantity, it was also necessary to establish the
location of the quantity in the freo jet. The free jet quantity which
best non-dimensionalized the stagnation point RMS level was dy/2° the
dynamic pressure at the half-velocity point. In the case of normal
impingement on a plate at a distance X from the nozzle exit, q]/z was
taken at the same distance X in the free jet. For the stagnation point
half-power frequency, f1/2’ vhe best quantities to use were at the nozzie
exit; namely, the velocity of the jot Vj and the nozzle diameter D.
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For ohlique impingement, a well-defined transformation procedure was
developed for locating the appropriate Y /2° Since the RMS level at the
stagnation point is lower on the inclined plate (B < 90°), the /2 for
non-dimensionalization must come from a locatior X' > X. The location X'
was found to be where the dynamic pressure, q1/2(X') = q]/z(x)-sinze.

The oblique case is by this means transformed to a normally iwpinged case
with the plate at an apparent location X'.

Transformations as involved as that described above are not always
necessary. In the case of oblique impingement, the Strouhal numbers
51/2 = f1/2D/Vj and rolloff exponents n at the stagnation point are
obtained from the normal impingement results by simply multiplying by
1 Ysin B . The use of transformations, however, broaden the foundation of
the methodology. This need for transformations is best seen when compar-
3 ing results from such diverse nozzle configurations as those exemplified
by the round and lobed nozzles. The RMS ‘evels from the lobed nozzle are
far below those from the round nozzle. The quantity used for nondimen-
sionalization , qy/2> must be taken at considerably different locations
in the free jet for the two n..zles. The transformation required to find
the corresponding locations was defined in the study.
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APPENDIX A
DETAIL TEST CASES

1. FLAT PLATE - ROUND NOZZLE (Dj = 1") - COLD JET

TEST Ty, M, X0 8 (DEG)
A 1.0 .50 10 25
B 1.0 .50 10 50
C 1.0 .50 10 90
D 1.0 .50 5.27 25
E 1.0 .50 5 50
F 1.0 .50 5 90
G 1.0 .50 7 25
H 1.0 .50 7 50
I 1.0 50 7 90
J 1.0 .35 10 50
K 1.0 .35 5 50
L 1.0 .35 7 50
M 1.0 .74 7 50
N 1.0 J4 5.27 25
2 1.0 .74 10 90

2. FLAT PLATE - ROUND NOZZLE (D, = 1") - HOT JET

J
~
) ) X./D. DEG
gggg TJ/Ta MJ U ; 8 (DEG)
1.7 .46 10 50
1.7 .46 7 50
! 1.7 .46 5 50
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DETAIL TEST CASES CONT'D

TTTTARRETE AT -

3. FLAT PLATE EDGE - ROUND NOZZLE (Dj =
T . . .
A 1.0 .50 5 50
B 1.0 .50 7 50
C 1.7 .50 5 50
D 1.0 .50 10 50
4. FLAT PLATE - DAISY NOZZLE (Deq =2")
Gt | WTa | M *1/0%q 8 (DEG)
A 1.0 .50 5 50
B 1.0 .50 8 50
C 1.0 .50 11 50
D 1.0 .50 5 25
E 1.0 .50 25
F 1.0 .50 11 25
G 1.0 .50 5 90
H 1.0 .50 8 90
I 1.0 .50 1 90
5. UBF CURVED PLATE - Brp = 50° - DAISY NOZZLE (Deq =2")
gggg Tj/Ta Mj ZLE/Deq XLE/Deq
A 1.0 .5 1.0 0
B 1.7 5 1.0 0
C 1.0 5 1.0 1.5
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5. CONT'D. UBF CURVED PLATE - Brp = 50° -

PR

DETAIL TEST CASES CONT'D

e T AT S AT S

e

[——— A i

ROUND NOZZLE (Dj =2")
gigé Tj7Ta \ Mj ZLE7ﬁ3 XLE/Dj
D 1.0 .50 g 0
E 1.0 .50 1.0 0
F 1.7 .50 7 0
G 1.0 .50 g 1.5
H 1.0 .74 7 0
I 1.0 .35 g 0
J 1.7 .35 7 1.5
6. UBF CURVED PLATE - Brg = 25° - ROUND NOZZLE (Dj =2")
éggg Tj/Ta Mj ZLE/Dj XLE/Dj
A 1.0 .5 7 0
B 1.0 .5 1.0 0
C 1.0 74 7 e
D 1.0 .35 g 0
7. WING-FLAPS MODEL - Bf/Ba = 5°/25° -
ROUND NOZZLE (Dj = 2")
gggg Tj/Ta Mj ZH/Dj XLE]Dj
A 1.0 .50 g 0
B 1.0 .50 1.0 0
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DETAIL TEST CASES CONT'D
8. WING-FLAPS MODEL - /8, = 30°/50° -
E ROUND NOZZLE (D; = 2")
f TEST T/T W 77D, X /0.
r CASE j'a J W LET™S
A 1.0 .5 .7 0
B 1.0 .5 1.0 0
C 1.0 .5 7 1.5
F D 1.0 5 5 0
E 1.0 .74 7 0
{
8. CONT'D. WING-FLAPS MODEL - 8./8, = 30°/50° -
: DAISY NOZZLE (D, = 2")
é T T, ) ) D
ngg T : T, Peq KLt Peq
1.0 .50 1.0 0
: 1.0 .74 1.0
|
9. OBF CURVED PLATE 10. OBF CURVED PLATE -
BTE = 70° ~ BTE = 70° -
WITH LIP EXTENSION NO LIP EXTENSION
TEST 7T Y TEST TT W
CASE )@ J CASE J J
A 1.0 .50 A 1.0 .5
B 1.87 .50 i
c ¢ 10 74
)
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DETAIL TEST CASES CONT'D

11. OBF CURVED PLATE - 12. OBF CURVED PLATE -

Brg = 30° - Bre = 40° -

WITH LIP EXTENSION NO LIP EXTLNSION
TEST T./T M. TEST T./T M.
CASE ) a J CASE J

A 1.0 A .5
B 1.87 .
C 1.0 74
D 1.0 .35
13. FLAT PLATE - DAISY NOZZILE (Dec = 2") - HOT SET
gggg Tj/Ta Mj XI/Deq g (DEG)
A 1.7 0.5 5 50
13. CONT'D. FLAT PLATE - ROUND NOZZLE (D, = 2")
HOT JET J
. . . DEG
Eggg TJ/Ta MJ XI/DJ 8 (DESR)
B 1.7 0.5 10 50
C 1.7 0.5 5 25
D 1.7 0.5 5 50
E 1.7 0.5 5 90
F 1.7 0.5 7 50
G 1.7 0.74 5 50
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APPENDIX B
LABORATORY DESCRIPTION

The floor plan of the Jet Noise Laboratory at
ern California {(USC} is shown in Figure B-1,

the University of South-
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Figure B-1. Jet Noise Facilities at USC
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The laboratory includes an air supply system, an anechoic chamber
and an instrumentation area. The air supply system provides the prescribed
flow conditions. The anechoic chamber serves to maintain a testing environ-
ment free from extraneous external effects. The instrumentation area con-
tains recording, playback and data processing capability.

1. AIR SUPPLY SYSTEM

The air supply system, Figure B-1, consists of a 75 HP, 2500 psi, 142
SCFM, 3-stage Chicago pneumatic air compressor which supplies air to five
51.1 cu. ft. storage vessels. The compressor pumps the air through a
desiccant to provide dry air with a dewpoint of -48°F. The pressure
vessels may be connected as a group of two, three or five.

2. VALVE AND CONTROLLER

The air €low from the pressure vessels is controlled by a low-noise,
self-drag valve built by Control Components, Inc. of Irvine, California.
The valve is capable of passing 6.8 1b./sec. and is designed for operating
pressure ratios of 10 to 30. The valve is opened by a Moore 3-15 psi
positioner which receives a prneumatic pressure signal from a Honeywell
Batch-0-Line controller, Model RY704P1-(93), operated manually. Regulation
is normally better than +3% in gauge pressure.

3. HEATER

The air may be heated prior to entering the settling chamber by a
500 KW Hynes Radi-Fin electric heater. This heater operates from 480 volt,
3-phase electric power and is controlled by a 500 KVA SCR phase-angle
power-control package made by Crydom Controls. The heater rests in a
casing of Type 304 stainless steel and is 12-3/4" 0D by 15 ft. long. It
is capable of heating flows from 0.1 1b/sec. at 10 psig to 117 1b/sec. at
250 psig and can regulate temperature from 70° to 900°F.

The heater is anchored at its downstream end where it joins to the
settling chamber. The other end is mounted on wheels to allow for thermal
expansion. In the 40 feet of 8-inch pipe connecting the valve and the
heater, a flexible coupling has been installed to accommodate any movement
due to expansion.
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4.

4.934 and is fitted with screens to prevent flow separation.

SETTLING CHAMBER

The settling chamber, Figure B-2, is immediately downstream of the heater.
The diffuser has a total included angie of 28 degrees and area ratio of

To reduce turb-

ulence, five screens and a 4 inch layer of steel wool are installed inside

the 16-15/16" diameter settling chamber.

the last screen has been measured to be 0.4%. The settling
downstream extension reducing its diameter to 10.466 in. ID.

8" o0
:;r 58"1D. pipe
(1

(3)Y T304 8§S Screem
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{2) T304 S$ Screens {2) T304

The turbulence level downstream of
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Located upstream of the exit of the settling chamber, as seen in

Figure B-2, are holes which provide access for measuring temperature and

Lressure in the settling chamber.

A type J thermocouple and & Velidyne DP

15 TL variable reluctance pressure transducer are used for the monitoring.

The transducer has interchangeable diaphragms making it useful over an ex-

tremely wide range:

1 PSID full scale to 2000 PSID full scale. Running at

Mach 0.9, the estimated uncertainty in measuring the settling chamber pressure

is

.04 psi.
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5.  ANECHOIC CHAMBER

The anechoic chamber at USC was designed and built by Eckel Industries,
Inc. of Cambridge, Massachusetts. The walls, ceiling and floor of this
chamber are covered by 24" x 24" panels on each of which are mounted three
fiberglas wedges (see photograph in Figure B-3). The interior measures
15 8" wide by 20' 4" long by 11" 11" high. (Measurements are to tips of
wedges). Eight inches above the floor wedges is a cable floor on which one
may walk. An elevation view providing a cross section of the anecnoic

chamber is shown in Figure B-4. The position of the center of the nozzle
exit is indicated in this figure.

Figure B-3. Interior of Anechoic Chamber
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Figure B-4. Elevation through Anechoic Chamber

The entire chamber is mounted on heavy coiled springs for isolation

from vibration. The chamber was designed for an acoustic low frequency
cut-off of 150 Hz.

Two studies have been made to verify that the jet inside the anechoic
chamber behaves like a free jet and is not overly influenced by recircula-
tion. In the first test a 1/10 scale model was built of plexiglas. Using
water and a dye, it was found that the jet's spreading rate was the same
as that of a jet in free space. In the second study velaocity profiles for
a two-inch subsonic jet were compared to profiles obtained by other
researchers. Excellent agreement was found.
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1.0 LOBED NOZZLE DETAILS

APPENDIX C

NOZZLE DETAILS
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2.0 OBF NOZZLE AND CONTRACTION SECTION DETAILS
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APPENDIX D
INSTRUMENTATION LOCATIONS IN TEST SPECIMENS

1.0 STATIC AND FLUCTUATING PRESSURE MEASURING PLATE

d.

Coordirates of Static Taps:

Vertical Lincs

Ly (in.) T
-1.0 | -1.28 ,
w(irl-.-T“1 ?‘"‘T““'“*”—*”’
|
I ]5'
-6.0 +
-5.0 . .
4.0 e
ﬁ3‘0 q: !t '
-2.5 y <~———~+————-o-—4 »ooo:'6§§:o~—--l
-2.0 “;f:rj_
-1.75 e
-1.5 A} - o Kilite Site
-1.25 ﬁ"‘ ® Stat ¢ Pressure Tap
'1.0 s I’."
-0.75 (
-0.5 -
-0.25 |
0.0 !
0-25 < 000-'-;9-
0.5 : 000 o b
0.75 Aaddhdhnad
1.0
1.25 Edge Array
;:8 | y (in.) Ir
2.5 -1.0 {-2.0}-2.5]-3.0
3.0 w (in.)
-12.5
-13.5
-14.5
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1.0 STATIC AND FLUCTUATING PRESSURE MEASURING PLATE (cont'd.)

b. Coordinates of Fluctuating Pressure Sites:

Vertical Line : 4
y = 0.0 !
w (in') - - e e e 15& ———— e~ e
; -5.5
¥ P
-2.5 4
KX N =5
| -1 :0 b S Y S—y &%g'&-—---i<——~
L -0.5 ‘l;%"f
0.0 £ T
lg - ’.: 7 Kulite Site
8‘5 S ® Static Pressure Tap
-
® m-o;-v'
Horizontal Line D
® 604 + —bb
w =0.0
y (in.) Edge Array Diagonals
-2.0 I y {in.) l
83 0.0JosT 1.0l 2.0] [y (in)] w (in.)
0.5 g w (in.) 0.53 -0.53
1.0 12.5 1.44 -1.44
1.5 _]3.5 ]-76 "].76
3.0 _]4‘5 2.83 -2.83
5.0 M 0.7 0.N
8.5 2.12 2.12
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2.0 THERMOCOUPLE PLATE

Thermocouple Locations

T
w
Horizonta. Line i {
w =00 |
T - Y. i g
y (in.) . .
-3.0 15
-1.0 \.
1.0 R
2.0 .
‘73.8 Y- - . * e £Q Py o '
10.0 RN
Diagonals Vertical Line
y (in.}]w (in.) I'y=1070
7.05 ‘]-06 v (in.)
2.12 -2.12
3.18 -3.18 ‘33
4.60 ~§.60 -6‘0
7.42 ~-7.42 :3*0
1.06 1.08 _2-0
2.12 212 _]~0
3.89 3.89 _0-:
6.72 6.72 0.0
0.5
1.0
] 2.0
| 3»0
i 7.0
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3.0 UBF CURVED PLATES

Trailing fdge $212.2 (1.7}

4
’_, —{ s=11.5 (11.18)

A 4
"o (1w 67)

.

- b ? 10.5 (10.16)
N L ) 100 (968)
- . & y, b J(_ g5 (918)

L / 9.0 (888
85 .817)
L.l {7 &8)
1S (218)

oo
ki

. 4

o—0-O
*
4
MNHM

¢0 4 ? 65 (618)

i \
o wg”Coord1nate Systems (x, y, z) and

L
_dakd (s, y) Attached to Plate
B L* o Fluctuating Pressure Site
r.—- 2.5 b—r—- . .
— e Slatic Pressure Tap
Leading Edge
/

Developed Surface of Curved Plates

~ W

(.

-

r

Fluctuating and Static Pressure Locatiorns on UBF Curved Plates

50° Plate 25° Plate

s (in.){ x (in.) |z (in.) s {in.}| x (in.) ]| z (in.)
5.3 5.30 0.0 4.93 4.93 0.0
6.5 6.4€ 0.01 6.18 6.18 0.01
7.5 7.44 0.16 7.18 7.18 0.10
8.0 7.92 0.30 7.68 7.65 0.18
8.5 8.39 0.4781 817 8.1 0.27
9.0 8.84 0.70 8.68 8.60 0.39
9.5 9.27 0.96 9.18 9.08 0.53
10.0 9.67 1.25 ©.68 9.55 0.68
10.5 10.05 1.58 | 10.16 10.02 0.86
11.0 10.39 1.94 :10.67 10.48 1.06
11.5 10.71 2.33 { 11,18 10.93 1.27
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4.0 OBF CURVED PLATES

- 4 —
-4—2.5—:.’
- 2
Hg—p ]'5" i Leadlng
=Lt | Bdge s
e = ¢=0
—sogie <j{=L 0.62
] 1l
i l—‘,].‘* * : 1.62
DY % 341 ? ' I 2.62
-— ;L * ¢ | ) -~} 3.62
| A 1
g ]-pe—+—s i z 4.62
-
'y 4»—-— \I‘, + ' { | 5.62
£ ) q o | § 6.37
- . o .
R oo —o—ose l . 1.12
] ! | i - i | l = 5.8
T T;’“—"*ﬁ"?"— e ‘
2§ — 89 Coordinate Systems (x, y, z) and
= — .
3 e 15 g (s, v) Attached to O0BF Plate

o Fluctuating Prescure Site

Developed Surface of Curved Plates o Stetic Pressure Tap

Fluctuating and Static Pressure Locations oa OB Curved Plates

o~

Main Plate
s (in.) | x (in.)| z —;B.)
0.62 0.62 0.0
1.62 1.02 0.06
2.62 2.62 0.16
3.62 3.60 0.3
4,62 4,59 0.51
5.62 5.56 0.75
6.37 6.28 0.99
7.12 6.96 1.33
Trailing Edge Extension
s (in.) {x (in.)| z (in.)'
8.23 7.80 2.05
8.99 | 8.17 2.09

R
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5.0 WING-FLAPS MODEL

. Spotler
. € 9.64 in, b

‘\L._-~.~ T e PN

H /
Static Pressure

Orifices

Kulites installed at
chord of aft flap

o

Lo Kulites X

38.8% chord of forward flap and at 38.65

ROV Ay

L

Surface

Fluctuating Pressure Pickup location

Be/8, = 30°/50° | /8. = 5%/25°

X (in.)l z {in.}! x (in.) | 2 (in.)
Fwd Flap-Lower Surface 7.7 0.3 7.3 0.3
' ATt Flap-Lower Surface ! 10.0 1.8 9.7 0.7

Y.lite

Forward Flap
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APPENDIX E

GEOMETRIC CENTER OF IMPINGEMENT

The locations of the geometric centers of impingement for all flat

plate cases are given in Section III-2. Specifying the geometric center
on a flat plate is necessary for relating any positicn on the plate
surface to the center of the nozzle exit. For the UBF curved plates and
wing-flaps model, the geometric center does not have as significant a
role. It is, however, worthwhile to give the geometric centers for these
last mentioned specimens in order tc provide a more complete geometric

description of the test set-ups.

1. UBF CURVED PLATES

The dimensions given in Figure 14 are sufficient to determine the
geometric centers for all the UBF curved plate cases listed in Appendix A.

Performing the necessary calculations, the locations of the geometric
centers are as follows:

TABLE E-1

IMPINGEMENT CENTERS - UBF CURVED PLATES

CONFIGURATICN IMPINGEMENT CENTER LOCATION
YL
7 . t *
Bre LE X1 “1 51 51
.
260 1.4 1.2 1.4 ! 11.40 .50

1
1
)

2.0 (12.45) ] (2.0) ) (12.85) | (~.95)

50° 1.4 9.8 1.4 10.15 2.05

2.0 10.4 2.0 10.95 1.25

The distances X1s 24 and 51 given in inches in Table E-1 for the
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centers of impingement are based on the x, y, z, s coordinate system

defined in Appendix D-3. The lateral or spanwise positions of the imp-

ingement centers are at y = 0. The distance S is measured from the

leading edge along the centerline chord on the exposed surface. A comp-
*
lementary distance S is also presented in the table and gives the dis-

tance upstream on the surface from the trailing edge to the impingement
center.

For the case Brg © 25° and ZLE = 2.0, the centerline of the jet
does not intercept the plate. The values given within parentheses are

those that would resu.t it the straignt trailing edge of the plate were

sufficiently extended (s: .5 still measured from the actual trailing edce

and is negative downstream).

Referenced in terms of the nozzle coordinates, the geometric centers

of impingement in the X, Y, Z system are X (= XS in Figure 4) = XLE + X1
Y=0,272=0.

2.  WING-FLAPS MODEL

The positions of the fluctuating pressure pick-ups on the wing-flaps
model are given in Appendix D-5. These positions are referenced to a
system of coordinates x, y, z attached to the test specimen. Table E-2
gives the locations of the impingement centers for the wing-fiaps model
in terms of these coordinates and others to be subseauently defined.

For each configuration in Table E-2, four dimensions in inches are
given to locate the centers of impingement.

(The spanwise positions are
at y = 0).

The distances X1 and z; have the same meaning as previously
used for the UBF curved plates. Th2 other two dimensions, Se and Sal’
denote the distances to the center of impingement measured along the
centerline chord from origins at the pickup positions on the lower surfaces
of the forward and aft flaps, respectively. Positive values for these

distances are in the downstream direction from their origins.

The center of impingement fell on the forward flap in only one case.
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TABLE E-2

IMPINGCMENT CENTERS -~ WING-FLAPS MODEL

CONF IGURATION " IMPINGEMENT CENTER LOCATION
K= 0 n

B¢/, Zy FLAP | X 2y S¢1 | Sal
1.0 AFT | 10.4 1.0 0.8
50/25° | 1.4 (BELOW) |(11.3) | (1.4) (1.8)
2.0 (BELOW) |(12.6) | (2.0) (3.2)

1.0 D | 9.0 1.0 | 1.5
30°/50° | 1.4 AFT | 9.7 1.4 -0.5
L 2.0 AFT | 10.2 | 2.0 0.3

For the case in which Bf/Ba = 30°/50° and Zw = 1.4, the negative value
for Sa] indicates that the center of impingement on the aft flap occurs
upstream cf the pickup position. The distances within parentheses for
the impingement centers in two of the Bf/ea = h°/25° cases designate the

values that would occur if the aft flap reference line were extended
downstream,

Refererced in terms of the nozzle ccordinates, the geometric centers
of impingement in the X, Y, Z system are

X(=XF in Figure 1) = XLE +Xgs Y=0,2=0,
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APPENDIX F
ACOUSTIC RESONANCE STUDY

It was known pricr to the test program that a phenomena termed
‘acoustic resonance' can arise when a subsonic jet impinges on an object
in its path. This resonance produces a noticeable spike in the power
spectrum of a fluctuating pressure pickup on the exposed surface of the
object. Power spectra have been acquired in which this spike is a

dominating feature containing a large share of the total power in the
spectrum.

From the work in Reference 9 , a necessary condition for acoustic
resonance is that an object such as a flat plate must intercept the pot-
ential core of the free jet. For the round nozzles used in the test pro-
gram, this indicates that the distance of the object from the nozzle exit
must be less than 6 diameters. It was found by Douglas Aircraft that even
when the jet is turned, as is the case for the wing-flaps model, acoustic

resonance can be produced if the flaps still intercept the potential core
of the free jet.

The following features of acoustic resonance have been reported by
Reference 9 :

{a) The Mach number must be greater than 0.5 or the resonance
doesn't occur.

(o) This cutoff Mach number increases with the temperature of the
jet.

(¢) The dominance of the resonance increases with inclination
angle, B, of the plate.

(d) If fR is the frequency at which the 'spike' in the power
spectrum appears, the maximum vaiue for the Strouhal No.
SR = fR Dj/vj is approximately 0.8.

(e) The Strouhal No. SR diminishes with increasing jet Mach No.

and is relatively insensitive to the plate position for AI/
Dj > 3.
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(f) An object projecting into the jet at the nozzle exit, such
as a nail, will reduce the intensity of the resonance or even
suppress it to a level that is not discernible.

It was desired 1n the tcst program to avoid acoustic resonance. (The
only test intentionally run to produce resonance was Case 8E listed in
Appendix A.) For this purpose, a short study was conducted prior to the
test program to determine the boundaries on the parameter levels at which
resonance occurs. The results of this study can be compared with those
of Reference 9 to determine the extent of agreemei.t. A close agreement
would permit using the broader conclusions established in Reference 9.

Flat plate, cold jet tests were performed for the resonance study
using round nozzles. The results of these tests are summarized in the
following table:

TABLE F-1
ACOUSTIC RESONANCE RESULTS

JET PLATE ACCUSTIC RESONANCE
M, X./D.| & | OCCURRENCE | STROUMAL
J I NUMBER, Sg
0.9 3 | 90° Yes 0.39
0.9 6 | 90° Yes 9.39
0.9 6 1/2] 90° No
0.9 7 | 90° No
0.72 6 | 90°| VYes (Weak)| 0.57
05 | 5 | 90° No
0.9 | 3 | a1° Yes | 0.41
0.9 3 1 33° No
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In the table, it is seen that the Strouhal Number, SR’ is not sensi-
tive to the plate position, XI/Dj’ or to the inciination angie of the
plate, 8. The magnitude of SR’ however, does diminish with increasing
Mach No., Mj. A1l these results are in agreement with Reference 9 .

It is seen in Table F-1 that the resonance, although weak, can occur
for XI/Dj = 6. This position is slightly beyond the potential core. The
resonance boundary for g appears tc Le near 33°. That is, resonance will
not occur for plate inclinaticas less than 33°, irrespective of the values
for Mj and XI/Dj' The Mach MNo. at which resorance occurs is above

Mj = 0.5. A refined determination of the Mach Nn. boundary was not per-
formed.

Tests were also conducted tc verify that the resonance can be supp-
ressed. An extension was attached at the exit end of the 1" diameter
round nozzle and four threaded holes, separated 90° apart, were placed in
the extension near the new exit. A screw was put into each hole so that
its tip projected inside the nozzle to a distance of about 1/1€ inch. The
resonance was barely noticeable in this case. Leaving the holes open
on both ends or leaving the holes open at the inner surface and sealing
at the outer surface had no effect in reducing the resonance.

A study conducted by Douglas Aircraft on the wing-flaps model showed
that the Strouhal number at which resonance occurs is affected by the
dimensicn Zw’ the distance between the jet centerline and the lower surface
of the wing. Using a landing approach flap setting (3f/ea = 30°/50°)
and having Zw/Dj = 0.65 where Dj = 3", it was found that SR = .58 for
Mj = 0.74. (Approximately the same result was found for test program
case 8E in which Zw/Dj = 0.7 and Mj = 0.74.) When Zw/Dj was reduced to
0.5, the value for SR increased to 0.78.
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APPENDIX G

TEMPERATURE MEASUREMENTS

The transient temperature tests conducted in the test program are
described in Section III-2. Temperature measurements were made only on
the flat plate. The following tables give results for the 7 cases listed
in Category 13 of Appendix A. The numerical values of the parameters
are given with each table. The tables are laid-out in two-dimensions
with the plate's two centerlines indicated. The center of jet impinge-
ment on the plate, denoted ‘*“‘53’ is located for all cases at the inter-
section of the two centerlines. The results are shown in the tables in
their proper spatia’ relation to each other. Dimensions consistent with
those given in Appena x D-2 are piaced in the tables for defining the
locaticns at which measurements are specified.

The typical temperature as a function of time is discussed in
Section II-5. Values of two characteristics of the time history Te in °R
and tr in seconds, are given in the tables. The rise time is enclosed in
parentheses.

Samples showing actual time histories of the measured temperatures
are given in Figure G-1. The locatior of the thermocouple measuring the
temperature for each time history is de- gnated in the figure hy w and
y in the plate coordinate system.
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TABLE G-1
TEMPERATURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Dch= 2")

Zggg Ti/74 M5 X/D 8 RESULT TYPE
13A 1.7 0.5 5 [ 50° |Equilibrium Temperature (°R)
t (Rise Time) sec

621._Ll__(3.64)

-——2" —-l

)

+ o+ 4+ 4+

I
o0

+ 4+ o+

DOWNSTREAM

’-—— 1 ———4.- I/L-{.-IIZ"‘il/Z"_LI/Z"

683.’4_(3.08) + _+_ +
l______ 1 .‘{____ L _!r 1 _{
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TABLE G-2
TEMPERATURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NCZZLE (D = 2")

EE%E T5/Ta % X/0 8 RESULT TYPE
138 1.7 0.5 10 50° Equilibrium Temperature (°R)

(Rise Time) sec

¢
646;§+13.04)

¥~

LA
-

+
_|._
._l__

670.5] (3.6)

DOMHSTREAN

659.3 |(3.0)

|._ 1 __‘..1/2"..{,. 1/2¢1/2"_l._1/2"

| ]II - 1" ]ll
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TABLE G-3
TEMPERATURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

TEST T./7 M.
CASE J a J

X/D

B

RESULT TYPE

13C 1.7 0.5

5

25°

3
719._2_!_(_3.0)

o

68_%2.4) 679.2']__(2.92)

700._0_}_13.08)
+ 678._g*_{2.4)

Equilibrium Temperature (°R)

(Rise Time) sec

+

__I_

+

-2|(2.6)
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TABLE G-4

TEMPERATURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NOZZLE (D = 2")

M,

ST U Ty/Ty | N X/D 3 RESULT TYPE
13D 1.7 0.5 5 50° Equilibrium Temperature (°R)
t (Rise Time) sec
735.0§(2.72)

729.0](3.36)

731.84(3.52)

..}.

723.5__}_3_.2)

'JF

m

¥

DOWNSTREAM

3 b bR AR 1y
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TABLE G-5

TEMPERATURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

e,
Blipiais o

I
e | Tl X/D 8 RESULT TYPE
13€ 1.7 0.5 5 50° Equilibrium Temperature (°R)

t
699;§}$2.76)

758._}_(_2.88)
762,_5_'_(4.08)
807._%3.32)

774.3
2

7680}

(3.64)

(3.74)

759 1

[(3.0)

]Il

+

762;;}(}.0)

+

(Rise Time) sec

_.I_

76941_(4.2)

.+_

+
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TABLE G-6
TEMPERATURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

g | 9T X/D 8 RESULT TYPE
13F 1.7 0.5 7 soc | Equilibrium Temperature (°R)

¢
696;5}12.4)

+ o+

715.5 3.1)

721.71(3.7)
¢ T

704.% (2.92)

e ]“ —— e

{Rise Time) sec
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TABLE G-7

TENMPERATURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NGZZLE (D = 2")

gse | 97 | N X/D B RESULT TYPE
136G 1.7 0.74 5 50° Equilibrium Temperature (°R)
t (Rise Time) sec
770.5 I(?..])
-+ -+ | +
T
770.5{(2.1)
Q 735.5 Fz.e) + _'_

745.5(3.08)

752.5](2.2)

——

]ll
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730 |-

g=50°

T NS SR SIS S Smet G Sy s mwme St ente w—

p— - — -

DAISY (D =2IN) —-/
eq

rag I { | 1 ] A | |
G 4 8 12 16 20 24 28
7, T[IME ~ SECONDS
X/U =6
0

730

690

650

610

570

530

4 8 12 16 20 24 28
7. TIME ~ SECONDS

UNLESS NNTED . ROUND NQZZLE (D =21N), HOT JET (T;/Ta =17, Ml =05,
y/Rl =0. w/R] =05

FIGURE G-1. TRANSIENT TEMPERATURE MEASUREMEDN 'S
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APPENDIX H

STATIC PRESSURE MEASUREMENTS

The surface static pressures are obtained along the chords of the
various specimens. The following plots exhibit many of the measured
chordwise distributions and cover tha four types of specimens in the test
program. The 'y' or offset distance of the chordline from the span
center is indicated on each plotted curve. The static pressures are in
psig and designated by P -

For the flat plate, round nozzle cases the static pressure distri-
butions were originally obtained only as relative magnitudes. The maxi-
mum or stagnation value of each of these static pressure distributions
was determined by calculating free jet total pressure on the centerline
at the location, X, of the plate and using the information presented in
Figures 15 end 18 of Reference 1 (Part 1). If (PT)Q;iS the indicated
total pressure in the free jet at the plate position, then the stagnation
pressure level ps* was estimated from ps* = [(PTLE - Pa] sinze, where
g is the inclination angle of the plate and Pa = ambient air pressure =
14.7 psi.

The origin of each chordwise distribution of static pressures on
the flat plate is the center of impingemeni. Distances in inches from
the origin are denoted by r and are positive in the downstream direction.
The origin for data from the curved plates (UBF and OBF) is the leading
edge of the plates. The distances in inches downstream from the leading
edge are designated by 's'.

Static pressure distributions on the flap surfaces of the wing-flaps

model are shown in Figure H-5. This data was obtained using a 3 inch
round nozzle with XLE = 1 inch and Zw = 1.9 inches.
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Ty DISTANCE ~ IN.

DOWNSTREAM e

FIGURE H-1. STATIC PRESSURE MEASUREMENTS - FLAT PLATE — ROUND NOZZLE
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P, STATIC PRESSURE ~ PSIG
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20

14

1.0
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FIGURE H-1. CONTINUED
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DAISY NOZZLE {Deq - 21IN)

Ml»05
g = 90°
y = 1IN

.STATIC PRESSURE PSiuv

p

0

7. DISTANCE ~iN
OOWNSTREAM

FIGURE H-2. STATIC PRESSURE MEASUREMENTS — FLAT PLATE — DAISY NO22ZLE
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FIGURE H-2, CONTINUED
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Y DISTANCE ~ IN
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FIGURE H-2. CONTINUED
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APPENDIX 1

FLUCTUATING PRESSURE TRENDS

The surface fluctuating pressure characteristics determined from
the test program are more completely reported in Appendix J. A major
portion of the tabulated data found in Appendix J is plo=:ted in the
following figures to more clearly exhibit trends in the cata. The plots
show six different characteristics of the fluctuating pressures: (1)
overall RMS level, (2) half power frequency, f}/Z’ (3) rolloff exponent
of the power spectrum, n, (4) peak amplification, P, of power spectrum,
(5) maximum correlation length, Lm (which occurs at frequency fm), and
(6) convection -peed Vem at frequency fh. [See definilions of these
quantities in Section II-5).

In the following plots, these fluctuating pressure characteristi
are expressed in simple non-dimensional forms as (1) RMS/qj, (2) 1’”2 X
Dj/Vj, (3) n, (4) P, (5) Lm/Dj and (6) Vem/Vj. The quantities introd:ced
for rion-dimensionalizing are the nozzle diameter, DJ the jet dynamic
pressure, q » and the jet exit ve]oc1ty VJ The quantity q is related
to the jet Mach No. M by qJ yP M /2 where y = 1.4 and P = ambient
air pressure = 14.7 ps1 for test locat1on The velocity V 1s obtained
from M. and the jet total temperature Tj by the relation Vj = 49 x

Tj/(1+'2Mi ).

Plots are given for all four test specimens. For each of the non-
dimensional characteristics, chordwise (i.e., streamwise) distributions
are shown for flat plate and curved plate (UBF and OBF) cases and span-
wise distributions for flat plate and wing-flaps cases. The origin for
spanwise distributions is at the center of span for all specimens. The
distance from the center is specified by y/MJ (where R = D, /2) or
y/Req. The latter applies to the lobed and OBF nozzles, the radius R

is that of a round nozzle having the same exit area. For both of these

nozzles Req is 1 inch.

The origin to which each chordwise distribution is referenced on the
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flat plate is taken near to the stagnation point; i.e., the static
pressure port giving maximum static pressure (see plots in Appendix H).
Specifically, the origin was taken at 0, 1 and 3 radii upstream from
the center of impingement for plate inclination angles 8 = 90°, 50°
and 25°, respectively. The location of the center of impingement is
marked on the plots with the symbolfy .

The origin for the chordwise distributions on the UBF and OBF
curved plates is the leading edge of the plates. Distances from the
3 leading edge are designated by s/Rj or S/Req'
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FIGURE I-1. TREND DATA FOR RMS LEVEL ALONG CENTERLINE CHORD -
FLAT PLATE CONFIGURATION
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FIGURE I-2, TREND DATA FOR SPECTRUM HALF POWER FREQUENCY ALONG CENTERLINE CHORD -

FLAT PLATE CONFIGURATION
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A Dok sy 2l

"

J

£y /2Dl/V

r/Rl =2
#=500 g = 50°
06 ’— HOT JET (T]/Ta =17)
0S5 b
04
X/D X/D
5 03 5
5 7
0.2 7 02 __~____//\
10
10
01 01
o | 1 1 1 0 1 | i 1 i ]
0 1 2 3 4 6 Q 1 2 3 4 5 6
V/Rl V/Rl
r/R' =3
4= 50° g =25°
0.6 l" 0.6 I_
05 } X/D 05 |~
/—————-—\ 5 8 X/D
04 04
/\’- 7 5
03 03
o N\ 7
02 10 02 -
10
01 L 01 }-
o 1 1 ] 1 J o 1 i 1 ] 1 J
0 1 2 3 4 6 0 1 2 3 4 5 6
V/R‘ y/R,

UNLESS NOTED ROUND NOZZLE (D, =1IN.), COLD JET (T'/Ta =1), Mi =05

FIGURE I-7. TREND DATA FOR SPECTRUM HALF POWER FREQUENCY ALONG SPAN LINES -
FLAT PLATE CONFIGURATION
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TR (s TR L X ot
o . " v RIS ok i e - .

r/R]=2
3= 50° g = 60°
Sr Sr HOT JET (T)/T, = 17)
ok ok
3 X/D 3 X/D
w 5 !
10
[ 10
2 2 5
7
1 1
0 ] 1 1 i [ 0 1 | 1 ] L
k. v 1 2 3 4 5 6 0 1 2 4 5 6
V/R] y/R]
c
P r/R =3
g }
! 3 = 500 3= 26°
5 5
4 4L
X/D 5 X/D
3 \s S 5
E 7 /’4 7
2 2 10
1 1
X
9 0 ] [ 1 J 0 | 1 1 | ] _J
0 1 2 3 4 5 6 0 1 2 3 4 5 6

/R
Y ) y/R]
UNLESS NOTED . ROUND NQOZZLE (Dl =1IN), COLD JET (T]/Ta =1), M] =05

FIGURE 1-8. TREND DATA FOR SPECTRUM ROLLOFF EXPONENT ALONG SPAN LINES — FLAT PLATE
CONFIGURATION

Lo piEasis

198




r/R‘ =2
32 r 3 = 500 32 r

28

8 = 50°
% L HOT JET (T]/Ta =1.7)

UNLESS NOTED ROUND NOZZLE (D'

=1IN}, COLD JET (Tl/Ta =1, M’ =05

FIGURE I-9. TREND DATA FOR SPECTRUM PEAK AMPLIFICATION ALONG SPAN LINES — FLAT
PLATE CONFIGURATION
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g =50° 8 = 50°
5 -
i HOT JET (T/T, = 17)
4 -
X/D
X/D =7 AND 10
- 3r 7 - 3F
= 1 =
€ 0 I3 X/D=5
5 -
2+ 2
1 1
0 ] | | 0 | |
0 1 2 3 0 1 2 3
Y/R] y/R]

g8 = 50°

07’—

3 06 |-

X/D
3 05 5
] 04 |- 7

g

2
3 3 10
> o3}
02 p~
0.1
0 1 1 ]
0 1 2 3

y/R’

UNLESS NOTED ROUND NOZZLE (D, =1IN), COLD JET (leTa =1}, M] =05, r/R‘ =2

FIGURE 1-10. TREND DATA FOR CORRELATION LENGTHS AND CONVECTION SPEEDS ALONG SPAN
LINES — FLAT PLATE CONFIGURATION
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3 = 90° /IR_=0 = 50° =
{ 0.04 2 V/Req 3 =50 yIR =0

004 eq
1
003 |- 0.03 |- XD,
] . X/0qq 1
5 8
8 5
0.02 n 002 |
5
; /
: 001 |~ 001}
Y
S

0 | 2 3 0 1 2 3
\U- }
§ g r/Req r'Req
o
[o] o]
= /R = = =
004 o g=25 VIR, =0 004 o 8 =50 rRgq = 2
1
{ 003 } 003 X/D
eq
X/D 5
eq
11 8
002 8 002 |
5
11
0.01 - 001 |-

06_ | J 1 o ] L J
3

/R
r/Req v eq

UNLESS NOTED - DAISY NOZZLE (Deq =21IN),COLD JET (T‘/Ta =1), M, =05

FIGURE 1-11. TREND DATA FOR RMS LEVEL — FLAT PLATE CONFIGURATION — DAISY NOZZLE
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2 L g

f1/2 Peq’V)

3=90°

03

0.2

Y/Req =0
X/Deq 03
5
8 02

11
0.1 \_—__/ 01

0 @ 1 1 J 0
o 1 2 3
'/Req
< 9s0 =
3=25 v/Req 0
03 0.3
. X/Deq
1
02 8 02
5
01 01
oé 1 1 1 0
3 4 5 6
r/Req

UNLESS NOTED DAISY NOZZLE (Deq ~2IN),COLD JET (T’/Ta =1), M’ =06

=50 v/Fleq =0
X/Deq
5
&
1
-
GB 1 i
0 2 3
r/Req
3= o =
3§=50 r/Fieq 2
X/D
eq
5
8
1
| J
0 2 3
R
y/ eq

FIGURE 1-12. TREND DATA FOR SPECTRUM HALF POWER FREQUENCY — FLAT PLATE

CONFIGURATION — DAISY NOZZLE
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e

Lol

i

——pCy

= on® = = 5n° =
8=90 V/Req 0 g =50 y/Req 0
7 r 7
!
i
6 6 5
8
11
5 5 |-
4 |- )(/Deq 4 &~
5
3 - 8 3
11
2 2 -
1 1§

0& L 1 ] o ‘B L i
) 1 2 3 0 1 2 3
f/Req r/Req

c
- 90 - -
8=25 y/R [¢] r/Reo«2
)(/Deq
5
8
b od 1
oé- L 0 1 j
3 4 5 6 0 1 2 3
r/Req V/Req

UNLESS NOTED DAISY NOZZLE (D(_}q =2IN), COLD JET ‘T)/Ta =1), Ml =05

FIGURE I-13. TREND DATA FOR SPECTRUM ROLLOFF EXPONENT — FLAT PLATE CONFIGURATION ~
DAISY NOZZLE
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23

24

20

8

28

FIGURE I-14. TREND DATA FOR SPECTRUM PEAK AMPLIFICATION

v/Req—‘O

X/D

_ g0 _
B=25 y/Req—O

28

24

20

16

12

Lo

3 =50° r/Req =2

X/Deq

y/Req

UNLESS NOTED. DAISY NOZZLE (Deq =2IN.), COLD JET (T'/Ta =1), M' =05

DAISY NOZzZLE

— FLAT PLATE CONFIGURATION —
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e The R R e T
HCTTTT T RETERRR T T  w e R T TR e T
U T e EEATELT T T T AR g AR TR TIRE E ATR

ToOERDETNE TR ey T | TE A S et

@ centeroF T

8 =50°
20
3 r X/Deq =11
15
g o
4 o’ =11 > 0
£ I3 :
- -
05 -
X/Dyy =6
3
3 ) 1 e
. 0 05 10
'/Req r/Req
x' 0.8 !— '/Req =0
07
0.6
=
] 05
>" / —
= 04 -
£
3 >° B8 =90° —/
i 03
: V. DOWNSTREAM ALONG
. 02 CENTERLINE CHORD
01

DAL A

UNLESS NOTED DAISY NOZZLE ‘Deq =2iN.), COLD JET (T]/Ta =1), M‘ =05, Y/Req =0

FIGURE 1-15. TREND DATA FOR CORRELATION LENGTHS AND CONVECTION SPEEDS — FLAT PLATE
CONFIGURATION - DAISY NOZZLE
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 CARNT T AP EIEN

Kol

LG LIS e o (bl

L A

o

RMS/q.

008

007

006

005

0.04

0.03

c02

0.0

0.08

0.07

006

005

004

003

002

001

—

5 6 7 8 9 10 1
s/R]
S1e
- y/R’ =0
LE/D]
07
10
i I ] i ]
5 6 7 8 9 10 11
s/R

J

007
HOT JET

008 ZLE/D] =07
7/

0.04 4
003 |
002

001

003

0602 |-

001 -

R
s/!

UNLESS NOTED ROUND NOZZLE (D! =2 1INJ),COLD JET (Tl/Ta =1}, M, =05, XLE/D] =0

FIGURE I-16. TREND DATA FOR RMS LEVEL — UBF CURVED PLATE CONFIGURATION
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f”2 DJ/V

brg = 50°
08 VIR =0 08 [’ vIR =1
07} HOT JET 07 |
2 =07
N2 Le’®y Z1e/0)
06} 06 k- HOT JET 0.7
2 g/D =07 o
os} 05 |
oal va |
03} 03}
02} 02
2y ¢/0q,
DAISY DAISY
01} 01}
0 1 | ] ] ] ! 0 1 | ] ] ] J
5 6 7 8 9 0 1 5 6 7 8 9 10 n
s/R,
s/R
R )
brg =25
08[- y/Rl=0 08 f— y/R]=1
07 07
06 | 06 |-
os L / os L v
2, ./D
04} 04 | Le’®,
2 g/0, 0.7
c3 |- 0.7 03}k 10
10
02 } o2 |
01 | 01 |-
0 1 1 L i 1 J 0 1 ] | ] 1 |
5 6 7 8 9 0 11 5 6 7 8 9 10 11

s/R s/R
[} |

UNLESS NOTED ROUUND NOZZLE (D! =2 IN) COLD JET (T;/Ta =1), M} =05, XLE/01 =0

FIGURE I-17. TREND DATA FOR SPECTRUM HALF POWER FREQUENCY —
UBF CURVED PLATE CONFIGURATION.
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lecd o/,

b e

[

e

v/R] =0

r HOT JET
‘_ Z| /D =07

ZLE/D|

-
5 6 7 8 9 10 11
s/R]
v/Rl =0
ZLE/D|
0.7
= 10

- &n0
Prg = 5C

y/R) =1
5 r HOT JET
.'_LE/D1 =07
s =
ZLE/L‘]
4 -
3
2 +
.
o ' ! L 1 !
5 6 7 8 9 10 1
s/R
)
— 0
bre =25
y/R’ =1
°T
5 ==
ZLE/D)
4 b—
07
3 - 10
2 A
1 B
0 1 | 1 ] | )]
5 6 7 8 9 10 11
s/R

UNLESS NOTED. ROUND NOZZLE (D, =2 INJ,COLD JET (T’/T.3 =1 ),,M1 =065, XLE/Dj =0

FIGURE 1-18. TREND DATA FOR SFECTRUM ROLLOFF EXPONENT — UBF CURVED

PLATE CONFIGURATION
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e el S

e

XTI

e

10

prg = 50°
- ViR =0 14 - VIR =1
-
12 HOT JET
Z g/D =0/
» g L ZLE/D’
= 6 b=
- 4 -~
b 2 -
1 0 1 ] ] 1 1 o]
5 7 8 9 10 11 5 6 7 8 g 10 1"
s/R] s/R’
; (]
Prg =25
r— h,R. =0 14 — Y/R’ =1
~ 12 F
- 10
2, ¢/D,
[~ 0.7 . r
- 10 s | Z /0
LE™Y)
i T 7 >
1.1 1 { I N 0 ] { e 1 1 )
5 6 7 8 9 10 11 5 6 7 3 9 10 3]
s/
3 R‘ S/H!

1JNLESS NOTED - ROUND NOZZ.E (D) =21IN),COLD JET (T)/Ta =1), M] - 05, XLE/DJ =0

FIGURE 1-19. TREND JATA FOR SPECTRUM PEAK AMPLIFICATION - UBF CURVED
PLATZ CONFIGURATION
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L atle Lol htuly

e

c Se il

- o
frg 750

25 ¢~
HOT JET (T /T, = 1.7)
20} -
DAISY (D, =2 IN)
sshe Z /0,
1.0
0.7
10}
05}
0 | 1 | 4 L J
5 6 7 8 9 10 11
s/R'
Bg = 50°
10
Z,¢/D,
o8k 10
07
o6l -
o4} \
DAISY (D, ~ 2 IN)
02 F
HOT JET (T /T, =1 7
0 ] { ] 1 |
5 7 8 9 10 i1
s/R

)

cm

/v

JTE=25
25
20 - ZLE/D|
07
15 10—
10
0s |-
0 1 1 1 L }
6 7 8 9 10 1
s. A
|
[o]
Big=25
10
F ZLE’Dj
0l 07
10
0.6
04}
02
0 1 1 1 i J
6 7 8 9 10 1
s/R

UNLESS NOTED ROUND NQZZLE (D) =2 IN), COLL JEY (T)/Ta =1), M) -0 5"XLE/01 =0, y/R) =0

FIGURE I-20.

TREMD DATA FOR CORRELATION LENGTHS AND CONVECTION

SPEEDS — UBF CURVED PLATE CONFIGURATION
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R

I T

RMS/q

Bel8, = 30°/50°
LOWER SURFACE — AFT FLAP LOWER SURFACE — FWD FLAP
007 — 007 —

0.06 006
005

0.04

003

0.02 0.02
0.01 0.01
0 0 1 1 N
0 1 2 3 0 1 2 3
y/R y/R

Byl = 5°/25°

LOWER SURFACE — AFT FLAP LOWER SURFACE - FWD FLAP
007 — 007
0.06 006 |-
005 0.05 }—
004 0.04 }—
003 003 |—
z_/D
002 0.02 W
07
0.01 001 |—
10
oL ] i ] 0 { | 1
0 1 2 3 0 1 z 3
VIR, y/R,

UNLESS NOTED: ROUND NOZZLE (D, =2 N}, COLD JET (T’/Ta =1,M -05, XLE/Dl =0

FIGURE 1-21. TREND DATA FOR RMS LEVEL ~ WING-FLAPS CONFIGURATION
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R

Eadiabdir 4 -rd bt o L A L
Rl i

Bels, = 30°/50°

LOWER SURFACE —~ AFT FLAP LOWER SURFACE — FWD FLAP

07 — 07 -
06 10 2,/9, 06
05 10
05 05
07 03 .
5
04 |- 0 04
osg 03
02 02
DAISY
01 | Z /D =10 01 DAISY
woea D =10
ZW/ eq
0 | ] J 0 L 1 J
0 1 2 3 0 1 2 3
2* v/R] V/R’
Dq (o] o
g 8/6, = 67125
LOWER SURFACE AFT FLAP LOWER SURFACE - FWD FLAP

0.2
01 |- 0.1 -
0 1 | J 0 | 1 d
0 1 2 3 0 1 2 3
y/R‘ v/R‘
UNLESS NGTED . ROUND NOZZLE (Dl =2IN),COLD JET \'Tl/Ta =1), Mj =05, XLE/D, =0

FIGURE 122, TREND DATA FOR SPECTRUM HALF POWER FREQUENCY — WING-FLAPS
CONFIGURATION
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e

FOrRErT 8

P

it

TR

- T —cy i T
o T, 4 & ;i

B, 18, = 30°/50°

LOWER SURFACE - AFT FLAP

LOWER SURFACE -- FWD FLAP

6 6 F
Z /D
5 b w 5 |
10 z,/0,
“r a 10
07
3 F 3 05
DAISY
2 d 2 )
<L e 2,/D, <10
1 1
0 0 | i | J
0 i 2 3 0 1 2 3

V/Rj y/ Rl

- 5000
/B, = 57/25

LOWER SURFACE — AFT FLAP LOWER SURFACE ~ FWD FLAP

6 6
5 - 5 b
ZW/D’ Zw/D]
4 F 4
1.0 10
3 F 07 3
2 \ 2
07
I o 1
o 1 - J o ! 1 J
0 1 2 3 0 1 2 3
R
V/R, V/]

UNLESS NOTED - ROUND NOZZLE (D’ =2 1IN),COLD JET (T)/Ta =1), M, =NK, XLEloy =0

FIGURE 1-23. TREND DATA FOR SPECTRUM ROLLOFF EXPONENT — WING-FLAPS
CONFIGURATION
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SN - e A g T R P PR R T T TR S S O T SRS ST (SR 1 8T

- o o
Bl6, = 30°/50

3 LOWER SURFACE — AFT FLAP LOWER SURFACE — FWD FLAP

0 1 1 J
. 0 1 2 3 0 1 2 3
VIR' y/R]
Q.
_ g0 (o]
U,/ﬁa =67/25
4 LOWER SURFACE — AFT FLAP LOWER SURFACE — FWD FLAP
. 14 14
L 4
12 12
Z /D
w T
g
: 10 w0 | 10
4
1 8 8 |
07
6 6
4 4}
2 2 F
4 0 0 1 1 J
o] 1 2 3 0] 1 2 3
k
{
\Z R' y/R,
UNLESS NOTED ROUND NOZZLE (D, -2 1IN}, COLD JET (T]/Ta 1}, M, =065, XLE/D; =0

3 FIGURE 1-24. TREND DATA FOR SPECTRUM PEAK AMPLIFICATION — WING-FLAPS
: CONFIGURATION
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mpars s~ - e e mecaee e

oy

= o (o]
Bels, = 30°/50

20  LOWER SURFACE — AFT FLAP 20 [_ LOWER SURFACE — FWD FLAP
/
’- zw' D] ZWID’
16 | 05 16 b 1o
0.7
12 |-
L/, LD,
08
o———-00 " 7
04 DAISY
0 1 ] 0 1 |
E 0 1 2 0 1 2
‘ VIR, VIR,
s 00 LOWER SURFACE CONVECTION
B¢/8, = 6°/25 SPEED BETWEEN FLAPS
b 20 -~ LOWER SURFACE — AFT FLAP 1.0 r Zw/D; = 0.7 V/Rl =0
H
16 - 0.8 |-
12 | 07 0.6 |-
, D) 10 Vem!V,
08 I~ 0.4 }-
0.4 02 |
0 I ] 0 1 1 ] 1 !
3 0 1 2 0 10 20 30 40 50
VIR, 8, ~ DEG

UNLESS NOTED ROUND NOZZLE (Dl =2 IN.}, COLD JET (T‘/Ta =1.0), M‘ =05, XLE/D| =0

FIGURE 1-25, TREND DATA FOR CORRELATION LENGTHS AND CONVECTION SPEEDS —
WING-FLAPS CONFIGURATION
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RMS/q

008  Y/Req 0

007 |
006 |
005
004 %
003 |
002 |

0.01 |

HOT JET

(T/T_=187)
; a

008
007
006 |-
0.05 L
0.04 |-
003 |-
002

001 |

I

-l

HOT JET
(T’/Ta =187)

6

s/Req

7

e

TE

008

0.07

0.06

0.05

0.04

003

002

001

o8

007

0.06

0.05

0.24

0.03

002

00

S
=1 -~ S
eqy
\
N\
\
N\
__/\
HOT JET \
(T/T =187
T}
N
—— NO EXT
i 1 1 ] ]
5 6 7 8 9
s/R
eq
V/Req -1
X HOT JET
XL (T/T =187)
NO EXT
L. ] | S
5 6 7 8 s
R
s/ eq

UNLESS NOTED" LIP EXTENDED, COLD JET (T;/Ta - 1), Ml = 0.5, Deq -2IN

FIGURE 1-26.

TREND DATA FOR RMS LEVEL — OBF CURVED PLATE CONFIGURATION
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FIGURE 1-27.
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PLATE CONFIGURATION
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NO EXT \
- ~
\
~
-
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(T/T_=187)
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-
I 1 - i | | -J
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s/Req
— v/Req =1
-
- \
i HOT JET
(T/T =187)
) a
- ~
B NO EXT
-
-
1 1 | 1 ] J
3 4 5 6 7 8
s/Req

UNLESS NOTED LIP EXTENDED, COLD JET (T)/Ta =1), M, =065, Deq =2IN

TREND DATA FOR SPECTRUM HALF POWER FREQUENCY — OBF CURVED
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3 g e gy e gre wn v
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2 | SN — 2
_/ N
1 HOT JET ~ 1 F

Brg =70
V/Req =0 Y/Req =1
6 r
NO EXT 5 \[___ NQ EXT
/— 4 |

(T/T ~187) ~ HOT JET T ——
/' Ta (/T =187
0 1 ] ! | j 0 \ \ | . ]
3 a4 5 6 7 8 9 3 a 5 6 7 g 9
R
SR Req
PN
frg =40
Y/Req =0 y/Req =1
6 6 r
5 5 b
NG EXT
. L NO EXT . L
3 L 3 |
2 - 2 - ~
~
HOT JET __/>\ _}\
1 N -
(T/T_=187) ! HOT JET
/a (T /T =18
o 1 ! ] L i J 0 ! 7 ! R
3 a4 5 6 7 8 9 3 4 5 6 7 8 9
s/Req s/Req

UNLESS NOTED - LIP EXTENDED, COLD JET (Tj/Ta =1), M] =05, Deq =2 N,

FIGURE 1-28.

TREND DATA FOR SPECTRUM ROLLOFF EXPONENT — OBF CURVED
PLATE CONFIGURATION
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32?"

28 -

24

HOT JET—

g T/7,=187)
4}
NO EXT- -
~
0 1 1 1 | 1 J
3 4 5 6 7 8 9
s/Req
32 YR =0
28 -
NO EXT
24 |
2 -
16
12 B
\
8 b /
HOT JET \
. (T /T =187)
0 | ] ! L L J
3 4 5 6 7 8
s/Req

TE

70

32 y/Req =1
28 -
24 |-
20 k-
16 |-
12~ NO EXT
8
4
0 | 1 J
3 4 5 6 9
s/R
40° e
32 =
[ y/F!eq 1
28 -
24 |-
20 |
16 L
12 \
\
o \
HOT JET —/'\\
(T /v =187 \
;o a
3 L
0 i | | L J
3 4 5 6 9
s/Req

UNLESS NOTED. LIP EXTENDED, COLD JET (T,/Ta =1}, M] =05, Deq =2 1IN

FIGURE 1-29.

TREND DATA FOR SPECTRUM PEAK ANPLIFICATION — OBF CURVED

PLATE CONFIGURATION
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3 o - [§]
hyg - /0 brg =40
10 ¢ 10 7~
s b —NO LIP EXT s L NO LIP EXT
6 6
Lm/Deq Lm/Deq
R 4 |- HOT JET
4 (T/T_=187)
I a
2 2+
0 1 1 1 ] J 0 A 1 | ] —
3 4 5 6 7 9 3 5 6 7 8
s/Fieq s/Req
- R
drg = 70 prg ~ 40
10 1.0 r~
08 P - HOT JET 08 HOT JET
/ (T/T - 187) /(T/T -187)
;] A ;] a
n | -\:
' o — \\\ 06
F ch/V, ~ ch/V,
04 b 04
3 H 0.2 b 0.2 |-
5 f
0 . 1 1 1 i J 0 Ji 1 ] L
3 4 5 6 7 8 9 3 4 5 6 7 8
s/Req s/RPq
UNLESS NOTED LIP EXTENDED, COLD JET (Tj/Ta =1}, M, =065, Y/Req =0, Deq <= 2 IN.

FIGURE i-30. TREND DATA FOR CORRELATION LENGTHS AND CONVECTION SPEEDS -~
OBF CURVED PLATE CONFIGURATION
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APPENDIX J

TABULATIONS OF FLUCTUATING PRESSURE
MEASUREMENTS

The surface fluctuating pressure data obtained in the test program
are presented inthe following set of tables. There is a table for each
test case listed in Appendix A for categories 1 through 12. The tables
are laid-out 1n two-dimensions showing the resuits in proper spatial
relation to each other. Dimensions consistent with those given in
Appendix D are provided in the tables for defining the locations at which
measurements are specified. The values for the test parameters are dis-
played in the table for the case. Also stated in each table are the
types of presented results and their units. In the flat plate tables,
the location of the center of impingement is marked by the symbol@.

Data is given for seven different characteristics of the fluctuating
pressures. These characteristics are (1) overall RMS level, (2) power
spectrum ha'f-power frequency, f1/2’ (3) power spectrum rolloff exponent,
n, (4) peak amplification of power spectrum, P, (5) maximum correlation
lengih, Lm’ (6) frequency at which Lm occurs, fm and (7) convection speed,
\em» @t trequency fm‘ The seven properties are separated into two groups
with the first four in one and the last three in the other. The quantity
associated with a tabulated numerical value ° identified from the manner
in which the value is bracketed. In the first group the RMS value has
no bracketing, while f]/2’ n and P are, respectively, contained within
parentheses, brackets and braces. The value Lm has no bracketing in the
second group, while fm and the convection speed are shown within parentheses
and brackets, respectively.

From the definitions cf the test results given in Section II-5, it
will be noted that a separation distance A is required in determining Lm
and the convection speed. The values presented for these quantities are
typically based on using 4 = Rj, the radius of the nozzle exit. At a few
locations an * ipdicates A = 2Rj and ** designates that a = 1 1/2 Rj.
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The correlation lengths and convection speeds originate from the
location at which their values are given. These quantities are directed
from the originating location either downstream chordwise or outward
spanwise (i.e., directed away from the span center).

Correlation lengths and convection speeds between flaps for the wing-
flaps mode! are from the pickup on the forward flap downstream to the
corresponding pickup on the aft flap. The separation distances used in
obtaining these results are o = 2.5" and 2.7" between the corresponding
lower and upper surface locations, respectively. These distances pertain
t0 both flap settings tested in the program; i.e., Bflsa = 30°/50°
and 5°/25°.

Maximum correlations, P between corresponding locations on opposite

surfaces of the same flap are given for the wing-flaps model in Table J-64.

(See definition of o in Section 17-5). The frequency fm at which the
maximum correlation occurs is also shown in the table. The location
associated with each P value is specified by noting the flap (forward
or aft) containing the pickups and the distance from the center of the
span, denoted by 'y' in inches. Explanation of the case designations in
the table are found in Appendix A.
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TABLE J-1
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (p = ™)

Eﬁéé iTa | M X/D B RESULT TYPE
1A 1 0.5 10 25° RMS (psi)
—- | (half-power freq.) KHZ
{rolloff exponent]
(l {peak amplification)
C
0710.7) .08]43.3) 06941.4) .067441.1)
(1.6 "7 9} {1.57010.9} [1.4] (M.2} [1.5] {14.4)
+ + + +
6 '11.0)
.0934(1.8) .08 1(1.3) .06
[0.97%12.8} + {1.3] '{6.3} {1.9] '(10.0}

‘____ 1/2.'___,‘.___1/2" ___.‘._1/2" ._..l
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FLAT PLATE - ROUND NOZZLE (D = 1")

TABLE J-1 (CONT'D)
PRESSURE MEASUREMENT RESULTS

Gar | T M X/0 8 RESULT TYPE
1A 1.0 0.5 10 25° | Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
t [Convection Speed 1t f ] fpd
m __]
l Z
&
= =
N2
~ =
[«)
l [ ]
(.60) (.55) (.55) f'
A4 s _{_ _}- 2.0 + 1.87 -—%—}-
1
~
—
X, ¥
wN r ~—
[ Ve )
RN g l
- ‘ Xl ] 1
}._._ 1/2" ——— Ve 2 |
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TABLE J-2
FRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NCZZILE (D = 1")

N T I ¢ RESULT TYPE
18 1.0 0.5 10 50° | RMS fpsi)
(half-power freg.) KHZ

[rolloff exponent]

41 -peak arplification)
108 i (1.6) .095((1.8) + .083141.8)
(1.6]1{1.8} [1.2]1{z.5} [2.2] {17.8}

TR

1
[1.2] '{1.0} (1.51'{1.0} [1.6] {2.0} [1.6] {7.

é 167 | (1.5) .1631(1.4) .1¢s_l__(1.3) .086+L.

.21%2.0) .1811(1.7) .13__!_(1.5) .0725(_1.7)

[1.5] ¥11.0} [2.0]'(1.0} [1.4] (1.6} [2.3]010.0}

.278 | (1.5) .239 1(1.4) .106_*11.3) .07 .4)
[z.6] '{1.0} [2.7]'{1.0} [1.6] (1.4} [1.9] {6.3}

12" _% /2" ;IJ 1/2" -41
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TABLE J-2 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NOZZLE (G = 1")

TEST | T./1.1 W
CASE J J X/D 8 RESULT TYPE
18 1.0 0.5 10 50° Max. Correlation Length (inj
(Freq. at Maximum, ﬁ}) KHZ
t [Convection Speeu at fmJ fp9g
+ Tz'
=4
&
= =
N v
~ =
— [ —~ R
—~~ 0O D) o
ner N ~o
I PN
D . Z.
[233] [262] [190]
2 o~ ~
- ~ —al

e ]/2“ e el st 1/~

RS
4

(1.5)

.86

1o
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TABLE J-3
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D=1

g | 9N T |, RESCLT TYPE
) . 90° RMS (psi)
1¢ 1.0 50 10 4 (half-power freq.; KH2
(rolloff exponent ]
{ {peak amplification)

4
+
+-
4
v ]

DOWNSTREAM

.30441.6) 251 (1.1) .174_4__(1.3) Jd2.42.0)
(3] H1.0) [2.77' (1.} [1.3]" (1.} [1.4701.0}

]/2"
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TABLE J-3 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NOZZLE (D = ')

Ger | e X/0 3 RESULT TYPE
1c 1.0 0.5 10 goe |Max. Correlation Lengtn {in)

(.025)

*49_ .36

- ]/'2" —_—

228

(Freg. at Maximum, ﬁ)) KHZ
[Convection Speed at, f | fp{

(.4)

_4__ 1.78 __}_
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TABLE J-4
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZILE (D = 1")

B Wl " | B RESULT TYPE
1D 1.0 0.5 5.27 25° | RMS (psi)
(half-power freq.) KHZ
[rolloff exponent]
41 {peak amplification)

| =
w
& B
~ v
~ 5
a
.086|(2.75) .103 ] (2.75) .098](2.7) .088}(2.0)
[3.0]'19.9} [2.6] {12.6} [2.4] (19.9) [2.4]'(12.6}
-
=
Y

.078%(2.8) .0991(2.5) .011413.8) __1_.
[2.6it§6.31 -_k_ 92*1

[2.3] (15.8} [2.8] (1.2}

L"“" 1/2" }A i _..*.____.1/2" .__.q4
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TABLE J-4 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

T

I E L TS AP TN

I BTN B X/D : RESULT TYPE
) 1.0 0.5 5.7 25° | Max. Correlation Length (in
(Freg. at Maximum, f ) XHz
t (Convection Speed at .1 fs

EAM l

?/2!!
DOWNSTR
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TABLE J-5
PRESSURE MEASUREMENT RESULTS
FLAT FLATE - ROUND NOZZLE (D = 1")

IR AP B X/D : RESULT TYPE
1E 1.0 0.5 5 50° RMS (psi)
{half-power freq.) FrHZ
[rolloff exporent]
ct {peak amplification,

105 (2.8 ) 112 1(3.2) .14 1(3.25)
[3.5j'L?14.5} [2.6]1{25.1} ”+" [2.07 (34 .8}

1251 ( 2.7) ,115_+13.c) .1214_13.5) .1281.(3.5)

(3.5} [2.4]' (3.1} [2.3]1" (14.4} [2.3] {25.1}
187 An{3.6) 1761 (2.9) @141_L_ .114].(3.25)
{1.0} [1.8]1{1.8} [2.07 {22.4}

.313] (2.9) -202_}_(3.1) 158 1(3.75) -111{-43.2)
fa1] .0} [2.4] {1.9} [2.1] {7.9} [2.6] {(15.8}

12" _{ 152" _____,4.____1/2" ._._q4
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TABLE J-5 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NOZZLE (D = 1")

S T. .
i i Ta | M X/D 8 RESULT TYPE
1E 1.0 0.5 5 sgo | Max. Correlation Length (in;
(Freq. at Maximum, f) YHT
t [Convection Speed at {‘] fpd
— M 80
— ™ N - ¢ .
o LI N —o —
~ o= = o
] A
N (2.48) (2.2) (1.75) SN (1.5)
_F 1.61 133 2.0 2.2
[358] [264]
© = —~ ~cd =&
¢+ ~o ™~ o e
o I ~N — =T
—— —— D ~~~
O <t ™ [eoN e, N XC o<
« O WD [R¥¢] PR . N
N i - N =
1 + | 4
e——— 1/2" —O-l‘—]/z" ——b— /2
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TABLE J-6
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1)
Fgﬁfg M ke g RESULT TYPE
0 RMS (psi)
1F 1.0 50 5 % (half-power freq.) KHz
[rolloff exponent ]
41 {peak amplification)
1%4m(3.3) .19)(2.4) 12)42.8) 17-444.3)
{4.71713.98}) [3.3]'{1.58} [2.4] (2.0} [1.8] "{20.0}
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TABLE J-6 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

Eﬁgg LIVAR X/D 8 RESULT TYPE
1F 1.0 0.5 5 90° |Max. Correlaticii Length (in)

(.02)

; I.._ 1/2"

—la— 1/

X1

L

~ 300 —-}—

(Freq. at Maximum, ﬁ]) KHZ
[Convection Speed at .1 fps

DOWNSTREAM ___._._..'

(2.7,

1/2n ( \ ]/2"
b

+
|

_l...
},_ 1/2"

——fe—— 172" ——-—.l
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TABLE J-7

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D =1")

4
+
4
+
e |

.09] (2.3) .095 | (2.3) .08

—
gggg Ti/Ta | W X/D 8 RESULT TYPE
16 1.0 0.5 7 25° | RMS (psi)

—{ (half-power freq.) KHZ

[rolloff exponent]
fpeak amplification}

—_—

DOWNSTREAM

9] (2.25) .087-1{1.9)

[2.3]1 (.2} [2.4] '{17.8} [2.4]" {12.6} [2.58] " {12.6}

+ + o+

.0924m(2.3) .095] (2.3) .0261.1.8)
[1.91%45.6) + [2.3§+—i7.9} [2.5?*?14.4}

]/Zu

‘-’_ ]/211

l 12— 112 ‘
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TABLE J-7 (CONT'D)
PRESSURE MEASUREMET RESULTS
FLAT PLATE - RCUND NOZZLE [T = 1%}

TR e % bt

+

N

(1.0)*
4.0%
[265]*

+
}._____ 1/2" ___.+._____

]/2"

ZZ?E B X/D 8 RESULT TYPE
1G 1.0 0.5 7 ore |Max. Correlation Lew.gth (in

(Freq. at Maximum, f ) KHZ
[Convection Suveed at ?,] fLg

__F_ (izs

+ +
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VABLE J-8
PRESSURE MLCASUREMENT RESULTS
rLAT PLATE - ROUND NOZZLE (D=1")

TEST T./7 .
e iTa | M X/D 2 RESULT TYPE
1t 1.0 0.5 7 50° | MS (psi)
(half-power freq.) ¥HZ
[rolloff exponent]
41 Ljpeak arplification:
104124 ) 107 (2.75) 1121(2.7) A2 )(2.4)
(2.9]1{2.8} [2.17 (5.6} [2.21'{19.9} [2.27Y%31.6} I
~
.1481(2.3) 2.5) _#_jz.s) .0954_(2.5)
[2.6]1{1.8} [1.87 (1.9} [2.0] (5.6} [2.0] ' {15.9}
.20;:5;.95) .18§+£2.5) .138 }{2.6) .0$§12.7)
[2 9f*1.0} [1.9]7 {1.6} [1.8] (2.8} [2.0] {19.9}
.307; (2.3 .2431(1.9) 1534(2.7) 088 (2.3) __J__
(3.5 {1.0} [2.3]1 ' (2.0} [1.8]'{(1.8} [2.1] {15.8}
1 2‘_ J AL . 1/2n ___‘4
I" / "1 _"l"—
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TABLE J-8 (CONT'D)
PRESSURE MEASUREMENT ReSUL /S
FLAT PLATE - RCUD NGZZLE (O = 1)

T / M. .
Gan {0 TTa | X/0 : RESULT TYPE
v 1.0 0.5 7 sge | Max. Correlation Length (in)
(Freq. at Maximum, f”) KHZ
f [Convection Speed at f 1 fps

lu

=

~Or— — N

~ro o0 < 0 o™ ~N =

[Te NVl 8 . Y] . 0 o 0 -— =

[ N— N — OJ . o

—_—r-0 —~— — ~— — N [}
et —_

' (1.8) (2.0) (1.4) (1.0)
| .72 72 2.65 2.82
: + [27¢] + _+_ [330] [231]

1/2n

“+__ 78
__}_ .
..{..

[136]
] 5]
|
(.8)
__r_ 1.87
}'— ‘1/2" - l

I 12" _ ' 1/2" 172" {
|
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TABLE J-9
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (0=1")

gﬁgg T/Ta | Y X/D 8 RESULT TYPE
[ RMS (psi)
1 ! 8 U 0 (half-power freq.) KHZ
[rolloff exponent]
{ {peak arplificatior;

COWNSTREAM

.33c(2.6) 261 (1.¢) 185.1(2.0) 142043.3)
[4] ¥01.0) [3)' (1.6} [1.7&#’;.6} [1.8],(5.0}

+ o+ o+ o 4
i.__ 1/'2'_+_7/2" ___4.__1/2" _.l

239




— - ey RTINS
xR TR P ot
[ e ALl

TABLE J-9 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

=
EEE FRN X/0 8 RESULT TYPE
11 1.0 0.% 7 90° Max. Correlation Length (in}

TNV

e—— /2" e 1/2"

(Freq. at Maximum, f ) KHZ
{Convection Speed at ?;”J o

1/2u

DOWNSTREAM ________,_‘
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TABLE J-10
PRESS/JRE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

Egig 3 %; X/D 8 ! RESULT TYPE
l 1 0.35 10 50° RMS (psi)
(half-power freq.) KHZ
{rolloff exponent]
41 {peak amplification’
.052_1(1.2) .0511(1.25) .043{(1.2) T
[1.77 .2} [1.9]1{2.5} + [2.3]'{15.8}
l z
: &
o~ b
-~
— Z
=
=
.082_| (1.15) .0731(1.2) .05;5141.2) .045)(1.2)
(1.3 {(1.00 [1.3]'{1.2} [1.87 {2.0} [1.9] 8.0}
N
1214 1.55) J0](1.2) .05 .3) r.ﬂ 1.2)
(1.7 ¥11.0} (2.4]1{1.0}, [1.9] (1.8} £2.1]4 (5.6}
|
é
|
14{3___U.]) .1341 (1.0} .05 .0) .0 1.1) —L
[2.7]1{1.0} [2.7]' {1.0} [1.4] (1.6} [2.2] '{6.3}

i
Jr 12" ——~{
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TABLE J-10 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

A S T T, 1 T T R v

N BREA NS X/0 g RESULT TYPE
1 1.0 0.35 10 50° Max. Correlation Length (in)
(Freg. at Maximum, fm) KHZ
t [Convection Speed at ﬁnJ fp3

~~ O rm Orm
[Fo i~ il ss] —_—_~ O —~t
N e — oD O .
-5 oo =
(ge)s ! ('gg\ (1'65);7 (2425)3
[268] 4 [134) [104
—
N ™M —~ —~ —~
. O [FeWTe) w0 N
—— . (Ve ) .
~ = - L
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TABLE J-11

FRESSURE ML ZUKEMERT RESLLTS

FLAT PLATE - ROUND NCTZLE (D = 1)

e e N X/D RESLLT TYPE
1K 1.0 0.35 5 50° | RMS (ps1)
(half-power freq.) ¥HZ
[rolleff exponent]
4L .peak arplification}
0571 (2.1) .064](2.3) + .075}1(2.3)

[3.6]1{17.8}

.049 ] (2.0
{3.5}
102m2.6)
1.0}

.152 }2.0)
[4.0] 1.0}

[3.2}1(11.2}

.06 1(2.0)
[2.2]11{3.1}

.0851(2.0)
[2.5]1{1.8}

117142.0)
[2.43(1.9}

.068_4_(_2.4)

[2.5] 114.4}

.069 1 (2.3)
[2.3]'{6.3}

.07242.3)
[2.4] 13.9}

[2.8]1'{39.8}

.068}(2.4)
[2.8]'{25.1}

.0 .3)
[1.91{35.5}

.058+42,4)

[2.1]) (12 &}

l 1/,’2“ ‘ ]/2“ ___‘+———1|/2” ——.l
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TABLE J-11 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NOZZLE (D = ™)

gggg Ti/Ta | M X/0 8 RESULT TYPE
1K 1.0 .35 5 50° |Max. Correlation Length (in}
(Freq. at Maximum, fm) KHZ
t [Convection Speed at fm] fps
%
&
~ 0
Bae So'w ) ~Z
cemR Ne S 8
(1.5) 1.5) (1.5) (1.5)
.85 1.15 1.71 1.87
+ [125] + (187] +[160]
~
-
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TABLE J-12
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")
Eié@ TJ7T° M X/D B RESULT TYPE
1L 1.0 0.35 7 50° | RMS (psi)
(half-power freq.) KHZ
[rol1off exponent]
41 {peak amplification}
; 056 1 (1.8 057 {(2.0) 4 057 101.7)
[2.91 2.8} 4.0} [2.9] '{31.6} !
~
~
‘ o7 .0691(1.6) .055 [(1.8) 0531 (1.8)
| 2.7 {1.8% [2.3T1.8} [1.6775.6} [1.971{15.8}
|
X .0531.(1.9)
1A 2.15) 095 1 (1.6) 0751(3.9)
[2.81%(1.0} [2.0] (1.6} [1.7] (2.8} [2.17 (15.8}
~
>
.079 8) .0a8 (1.7) __l_.
.166](1.6) 128.(1.4) : 48}4
[3.51'(1.0} [2.2§F§1.9} [1.8] (2.2} [2.2] {15.9}

e 1/2" } " _4 12" -———-1
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TABLE J-12 {CONT'D)

PRESSURE MEASUREMINT RESULTS
FLAT PLATE - ROUND NOZILE (D = 1")

RN BRETAPS B X/ 2 RESULT TYPE
i 1.0 0.35 7 sn° | Max. Correiation Length [in
(Freq. at Maximum, f_} KHZ
t [Convection Speed at £ [ “ps
i J
[¥e) ook agd f:
o ~ o® >
=53 Ao gs
(1.25) (1.5) {.85) 75)
€7 .64 .
[267] - {'

e

{1.2)

_.}_ .87

(1.2)

.67

1540

—- [5.3,23

1.

(1.1)
157

{1.0}
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TABLE J-13
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

Eigg Ti/Ta " X/D B RESULT TYPE
> ™ 1.0 0.74 7 50° RMS (psi)
4 (half-power freg.) KHZ
[rolloff exponent]
41 {peak arplification;

(3.75) .267/(3.3)
-—{— [2.1M1.6) -4—- [1.9]'(1.8}

S

TN

[é.6] {2.0} [1.87 {1.6} [1.7] {2.5}

<
2 29 1(2.9) 2211 (3-2) .23 |.(.3.8) .ws]us.e’)
o [1.97{15.8}

3.8) 3.0) 3.7) .2)
[2.@&**3.6} [1.9] l{2.03 [1f§%%2.8} [2.64%?7.8}

.76+ .551+_ + +
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FLAT PLATE - RCUNC NOZZLE (D = 1")

TABLE J-13 (CONT'D)
PRESSURE MEASUREMENT RESULTS

E,Egg T | M X/0 8 RESULT TYPE
™ 1.0 0.74 7 50° Max. Correlation Length (in
(Freq. at Maximum, 1;1) KHZ
‘t [Convection Speed at fm] fps
+ + + + 7
O r—
O <t
o-8
(5.0) (5.0)
.62 .62 I 5
[239]

(3.5)
.62
[690]

-~ ]/2" —

(2.2)
.61

(2.6)
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TABLE J-14
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROLND NOZZLE (D = 1)

Ef\ég 'y Ta " X/D 3 RESULT TYPE
N 1.0 | 0.74 | 5.27 25° | RMS (psi)
(half-pover freg.) KhZ
[rolioff exponent]
{ {peak amplification;
=
l =
H4 [+
N =
~ W
p— 2
=
()]
o
171 (3.75) .208 | (4.0) .204_}_(4.0) .18&«}-(-3-0)
[2.01} {19.9} [1.97 {19.9} [1.6] {25.1} [1.8] {15.8}
~
=
~
=
J1543.75) 171 {4.25) .209.1.{3.9) N .0) ——j-
[1.987.0} (1.9 (5.0} [1.5]" {15.8} [2.0] {12.6}

'_ v e -——--«-L-—-—W" '—"J.
f
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TABLE J-14 (CONT'D)
PRESSURE MEASUREMENT RESHLTS
FLAT PLATE - ROUND NOZZLE (D = 1")

il SO A

i gggg TiiTaf M X/D 8 RESULT TYPE

N 1.0 0.74 5.97 gso | Max. Correlation Lenath (in)
3 (Freq. at Maximum, frr) YHZ
] t {Convection Speed at 1;1] fps

;

+  + o+ 4+ TJ
5 o
4 (2.5) (1.45) (1.45)
- [}%35 + + 1.29 + .97 _{_{_
s | ¥
E —

a + + +
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TABLE J-15

PRESSURE MEASUREMENT RESULTS
FLET PLATE - ROUND NOZZLE (D = 1")

L‘\“ .
EE«}E TJ/ Ta M5 X/D B RESULT TYPE
19 1.0 .74 10 90° | RMS (psi)
(helf-power freq.) kHZ

2.5)
[31%41.0}

(2. 7] {2 0}

[rolloff exponent

]

{peak amplification}

) .27
: [1.4] ¢

_*.

mp—

L.
2.

97
0}

172" ,__..l
REAM

DOWNST

e _i_
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TABLE J-15 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NCZZLE (D = 1")

L a7 X/D : RESULT TYPE l
10 1.0 0.74 1C 90° Max. Correlation Length (in}
(Freq. at Maximum, f ) KHZ
' 1
‘t [Convection Speed at € 1 fps

/2u
OUNSTREAM

i

{4.8) (3.5)

(1.5)
.38 1.78 4.75
375] ~1~ (350

1/2u S l
D

|
!
|
!
|
|
|
!
I : 172"

.y

e 1/2" e /2 e /2" ]
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TABLE J-16
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE ( D =1")

TEST

T./T

M.

CASE i''a Jj X/D 8 RESULT TYPE
. |RMS (psi)
2A 1.7 ] 0.46 10 50° 1 (na1f-power freq.) KiiZ

i L e e e A LT e e ATt

3
[1.3) (1.6}

[i!%ﬁ )

e

7)

4
2}

+

.u%_u.zt)
[1.47 (1.6}

1

.24\1'_{_1,.5)
[1.31]01.0)

-.-1/4"+ 1/4%,]

181
[1.9]

-

(1.35)
(1.6}

..1/4"+

[rolloff exponent]
{peak amplification}

.0961 (2.2)
——+—_ [1.;3}%5.0}

ala.s .mll_u 7)
[1.5Y (1.6} [1.5]l (2.5}

TR
_l_

.146 |(1.0) .094 [1.6)
[1.5141.2) [1.7]&1.4}

1/48 1/4",.}__ i
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DOWNSTREAM
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TABLE J-16 (CONT'D)
PRESSURE MEASUREMENT RESULTS
f FLAT PLATE - ROUND NOZZLE (D = 1")

TEST I./T M.
a X/D RESULT TYPE
i- CASE J J / 8 ]
z 1 2A 1.7 0.46 10 50° |Max. rrelation Length (in)
(Freq. at Maximum, 1;]) KHZ
£ t [Convection Speed at fm] g
A
g §

R Lo s e

| s R S
]
: ]
2 L
14 o
& = —
? v g
& ~N™M N -~ =
5 W - Q0 o
g M 2 8
g =5 (L9) (.6) (.8) =~ {.8)
: .67 .67 1.28 2.1
+ih 4 4T 4
; ]
N
: e >
8% a7 e
£ ~
~
— <3 -—
S So %S
= —~% - |
'
g
o 12 e 12 e 2
]

254
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TABLE J-17
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE ( D = ")

U TN D | s RESULT TYPE
A 1.7 0.46 7 50° | RMS (psi)
N (half-power freq.) KHZ

[rollcff exponent]
{peak amplification}

l{3.1) a2liz.e) l 3.0)
(.27 (2.5) {1.6]!{3‘5} . [z.oi{iz.s}

DC..NSTREA?

&
-
.154 Ez.e) .151I(2.8) 137,{(2.7) .129'(2.8) |
! [1.6] Ki.6} [1.5]11.8) n.4le.2) (1.7]1¢6.3} k f

&
=
. {
4+ + o+ 4
T,
.28 ] (2.5) .28 §2.4) ‘
(241 .0 [2.2}§1.0} I -
~

2.0) (1.8 178] (2.0) 114(2.2) RN
[2.7i

a,8 [1.571{1.8% n.sa.2) [1.771(3.5}

}.1/4"-¢L.- 1/4.-;.14/4*'_.1,_ v de e L e
i q1.- i

i i f




TABLE J-17 (CONT'Dj
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")

Premay /0 RESULT TYPE

E Case Sl X/ » fre

1 2B 17 0.46 7 g0¢ Max. Correlation vength (in
s | S A, —

(Frea. at Maximum, $1) KHZ
[Convection Speed at f Y fog

o<
m

._--_l__ﬁ..

o+

4.
+
i
=

| g
o
s =
NN
O r T o : é
(Yo~ JXVe) (Yo Ve N ail N oD S
- < w0 —o a
~ = (1.8) T (0.s) o (12)
~ | 55 .70 2.C
f i l I |

I
~
——

_ 73] Iy -
o MV ~ .

o QO e . [oF RV ]
o O — o
S et e - 0
el

1.0)
| _i.64
L—‘ 1/21:

-
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TABLE J-18
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE { D = 17)

el S

TelT T/T M,

CIoE a Y X/D 8 RLSULT TYPE
o RMS (pei) \
2C 1.7 _0;46 S 50 (half-power freq.) KHZ
[roloff erponent]
c{\; {peak amplification)

3.5) .1;_][_(_3.5) __}_ _}9.8)
[1.?3]H3.9} [1.911¢4.03 [2.61]16.3)

.11}_(3.25) .13 {3.5) 147/ (3.5) 1571(3.8)
(2 011 2.5} {2.2_JH2.2} 2.3 5.0 [2.17[(5.0)

s 4+ 4+
.223!5'3.52; .237'(3.0) I
[2.8]101.0 (2.43101.0
.27|gz.87) 178{(3.5) .181(3.5) 128 [3.6)
[2.6 3{3.0) [1.6712.9) [2.0THT.0} [l.eTg'e‘.g}

1/4"_.*._ 1/41..‘_1/4"_.*‘_ vard._17an L 1/a
- -
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TABLE J-18 CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 1")
TEST TT M

CASE J a J X/D 8 RESULT TYFE

2C 1.7 0.46 5 50° |Max. Correlation Length (in)
. (Freq. at Maximum, fm) KHZ
1 t [Convection Speed at f"]] fps

4+
+
4
4
]

OWNSTREAM

(2.8)
1.9
[212]
(2.8)
[212]
172"

(2.6) (2.9) (2.3)
.76 - 1.9 1.78
_{' [189] _+"

_i_
+ ‘?2%
D

{3.0)
56

&
4
Rt
418

i

Reioihru g tiasias
(2.5)
.44
(2.7,
7
(2.2)
72
(1.5)
1.29

1
+
4

{

*,____ /2"
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TARLE J-19

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

éggg TiTal M X/0 B RESULT TYPE
; 3A 1.0 0.5 5 50° | RMS (psi)

(half-power freq.} KHZ
[rolloff exponent]
{ {peak amplification}

Zamdci

iy

EDGE

DOWNSTREAM __ . -

/2u -

.135((1.75) 137 (1.62) 14 (1.52) 128101.75)
[3.27111.9} [2.41V (1.8} [1.%2.8} [2.%&15.9}

L

.2644(1.52) .242_1(1.62) | 1.50) .13A+L1.37)
E [2.91%1.2} [2.8] ‘11.2) [2.%1.8} [2.0] (14.4}

.333 | (1.25 _L
[2.8] $1.2}) + + .1 1.37)

[2.3]" {16.0}

l_.__ 1 l, K _l_ 1 __,I

259
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TABLE J-19 (

o ot

CONT'D)

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

TEST

M

e | Tl M wo B RESULT TYPE
3A 1.0 0.5 5 50° |Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
{ [Convection Speed at fm] fps
EDGE
R
o~
—
(1.2) (.7)
1.58 3.4
~ —
Sag a2 2
) (1.25) (.6)
-¢- .52 1.05 + +3.75

]ﬂ

260
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TABLE J-20
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND HOZZLE (D = 2")

S
een T M X/D p RESULT TYFE
38 1.0 | 0.5 ! 7 50° | RMS (psi)

(half-power freq.) KHZ
[rolloff exponent]
A'L {peak amplification:

EDGE

DOWNSTREAM .

]/2" —

-L}_(LS) 178 1(1.37) 134 1(1.37) 108 (1.37)
[3.0F 1.2} [2.971¢1.6} [1.8]1{1.6} [2.1;?{6.3}

'Ill

.294a(1.25) . (1.25) . 1.12) N 1.25)
2.8 1.0} [2.8]7 (1.4} [3.0]11{1.6} [2.2T {5.0}

[3.2] 1 (1.6} [3.3} (1.8}

}_,__ 1" ,ll, 1 _l_ 1 ___{

.331(.9) .2 .8) _+, .109’_(1.0) _L

261
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TABLE J-20 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

B e P ——

TR

]ll

262

cier | Tap Mo wo B RESULT TYPE
3B 1.0 0.5 7 50° |{Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
£ [Convection Speed at fm] fps
x
9
EDGE 5
§
RS-
N
~
(1.1) (.6) -
+ 77 + + 3.8
Pl
D o -
g o 2
(.8} ~ {.45)
.é .57 + + + 3.57
~ m o Aco f—
278 o 2
(1.0) (.45) _L
52 T -1 —= 4.2
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TABLE J-21
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - ROUND NOZZLE (D = 2")

b | Tl M| B RESULT TYPE
3 1.7 0.5 5 50° RMS (psi)
(half-power freq.) KHZ
[rolloff exponent]
{ {peak amplification)
x
=
EDGE &=
s
~ 32
>
173 1(2.0) .181.1(2.0) .191_*_(2.0) .144.|.u.82)
[2.1] '{2.8) [2.0]"' (1.6} [1.9]" {3.9} [1.9] {i2.6}

(2.0) .253) (1.65) J19€_(1.8) .14.9{_(1.7)
[2.7%0.0; [2.6] (1.2, [2.7] 2.0} [1.8] {8.9}
.3724(1.4) 312441.3) + 13y (1.37) -l—
[2.61' (1.6} [2.6] (1.0} r2.2] 16.3+

b— " —k R S
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TABLC J-21 (CONT'D)

PRESSURE MEASURE!.ENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2",

EE?E Ti/Ta % X/D 8 RESULT TYPE
3C 1. 0.5 5 50° |Max. Correlation Length (in)
(Freq. at Maximum, fm) HHZ
t [Convection Speed at fm] tps
EDGE

~ o
(S R

—
— amd

(1.1)
[193]

(1.25)
1.03
[432]

(1.2)
.57

+ +

264
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TABLE J-22
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (D = 2")

TEST TJT. | M,
CASE i''s J X/D 8 RESULT TYPE
3D 1.0 0.5 10 50° RMS (psi)
(half-power freq.) KHZ
[rolloff exponent]
+— {peak amplification}
2
EDGE 3
LE:
~ 8
>~
.1901 (1.02) .156 1 (.95) J111.(1.0) .085+Ll.12)
[3.0]1(1.0} [(3.11101.6} [2.17 (1.0} [2.6]'(1.6}
. 2764\ .85) .2m|.1.7o) .133.‘_(.65) .095]..(.80)
[2.8] {1.0} [3.0] (1.2} (3.2] (1.6} [2.4] (1.6}
.281](.65) .205 -09|,L.75) __l.
[2.21701.6} [3.3) (2.2} —+ [2.7170.2)

—

265
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TABLE J-22 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - ROUND NOZZLE (C = 2")

3
1 g’xgé Ti/Ta 4 X/0 8 RESULT TYPE
30 1.0 0.5 10 50° |Max. Correlation Length (in)
i (Freq. at Maximum, fo KHZ
{ [Convection Speed at fm] fps
; l
x
P
o
EDGE n
£
RE
-
( 55) (.5)
- ; + 1.0 —+— + + 3.43
E §
'
" ~: :: o2
(.8) = (.4)
.62 + .+_ _+_ 3.1¢8
o 2~ 2t
— (.l;) (.5)

+

T
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TABLE J-23

PRESSURE MEASURCMENT RESULTS
SLAT PLATE - DAISY NOZZLE (Deq = 2")

Tes [Ty, M wo | s RESULT TYPE
4A 1 .5 5 s50° | RMS (psi)

¢

l.,________ 1 172"

.0451 (.48)
[5.8]" {31.6}

.027 (.48)
[4.2] 1 {10.0}

.0304( .80)
[3.1]%12.0}

.06 .85
et ioo)

.055_{__

.043 (.52)
[3.4} (6.3}

__+_

267

_+_

(half-power freq.) KHZ
[rol off exponent]
{peak amplification}

172" ____.__.J

+ 7

1 ]/2n
DOWNSTREAM

.067(.70) %3_
[4.07 {20.0}

=
—
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TABLE J-23 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - DAISY NOZZLE (D, = 2")
TEST T./7 M. P
CASE J a J X/ Deq B RESULT TYPE
A 1.0 0.5 5 50° Max. Correlation Length (in)
{Freq. at Maximum, fm) KHZ
(lt [Convection Speed at f ] fps
. 12 ,lf 1w

]"

+

_{_

+
i._ | L.

268
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DOWNSTREAM
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TABLE 9-24

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Leq = 2")

gﬁgg Tj/Ta Mj X/D 8 RESULT TYPE
4B 1 .5 8 50° | RMS {psi)
(half-power freq.) KHZ
[rolloff exponent]
41 {peak amplificationj
o 1 172" ! 1 1/2"____._,
!
039 §(.44) . —
[4.87}4.0) | + [
x
<C
= d
N
-5
- X
8
.039] {.55) .048] (.50) + .059 (.57) _%_1_
[3.61' (1.6} [3.0]! (1.6} (3.31 (1.0}

.05 .65)
[3.4?15%1.0}

.098 | (.95)
[2.6]1 (1.0}

+

+

-
=
—

+ 4

G

+ o+

e
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TABLE J-24 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - DAISY NOZZLE (D

€q

= 2")

TEST T./T M.
a X/D RESULT TYPE
CASE J J /ﬂ B
4B 1.0 0.5 8 50° Max. Correlation Length (in)

3

— 1 1/2"

(Freq. at Maximum, fm) KHZ

[Convection Speed at fm] fps

1

(.33)
1.44 _!_

(.525)

¢_ 3.25
+

(.49)
1.8

]/2u _

T + [303]*
|
|

270
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DOWNSTREAM
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TABLE J-25

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZILE ([‘eq =2")

DOWNSTREAM —-

TEST | T./T M, RESULT TYPE
CASE “la j X/De_q g
4c .5 n 50° | RMS (psi)
(half-power freq.) KHZ
[rolloff exponent]
‘i_- {peak amplification}
[ VX | LR V7 L
.044 1{ .10) .041| i _
[3.4T3{1.9} ]
a
>
.057_1(.50) .054] (.42) .04 _%1_
[4.73 (1.0} (3.411 .23 + 3+
.0824a( .45)
[4.501.0} + I "i"
.098 (.35) | _L
[4.2T7701.6} + l

2n




TABLE J-25 (CONT'D)

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (De

=2')

TEST

T/T

M,

CASE a J X/Deo | 8 RESULT TYPE
Max. C Tation Length (in
ac 1.0 0.5 n sgo (Tax. Correla . ngth (in)
(Freq. at Maximum, fm) KHZ
t [Convection Speed at fm] fps
b 1 172" L 11/2"

2.25

(.31)

_l_

1" _

272
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DOWNSTREAM
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TABLE J-20
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Leq = 2")

. T
T Ty M .| s RESULT TYPE
4D ] .5 5 i 25° | R4S (psi)
{half-power freq.) KHZ
[rolloff exponent]
{ {peak amplification:
[ V2 } 1 172" .l
033}{.46) 045| l
[6.4]7{25.1} + .—“—
x
<
-
~ =
-~
=
- X
8
.0?;3 L.47) .030{(.50) _+_ .060 1(.72) % | I
[5.8]1{12.€} [5.3]11{15.9} [4.0] 1(28.2}
.0221(.50)
[5.271{10.0} '+' | "l"

.05%_.57)
[1.8]%3.2}

— e ]

273
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TABLE J-26 (CONT'D)
PRESSURE MEASUREMENT RESULTS

i FLAT PLATE - DAISY NOZILE (D, = 2")

TEST T./T M. )
CASE e J X0 B RESULT TYPE
4p 1.0 0.5 5 ogo  (Max. Correlation Length (in)

t
4+

AR

I..__ 1172
L

+

i (.38)
4.72

L
3
%
E e
; ~

o2

S
3 e

l"__ 1¢ __.J'_— 1

(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps

11/2" 5_|
1

1 172"

DOWNSTREAM

1"

'lll

owte 4

T Mg St whapte
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TABLE J-27
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Deq = 2")

ggg T./T, M X/D ] RESULT TYPE
4 .5 8 25° | RMS (psi)
(half-power freq.) KHZ
[rolloff exponent]
{ {peak amplification}
e 1172 ol 112t
.033} (.44) 0374 1
[6.11) (7.9}
N
-
.031 .42) L0341 (.47) .0 .40)
[2.3] ! (5.6} [2.5]) {6.3} + [3.3]4-515.8}
.03 +50)
[3.77V (2.8} + l _"'
.04 .82) __I_ +
[2.2]7{2.0}

+
—

— v __..‘..._ ik _.+.._._ ik |

275

DOWNSTREAM




TABLE J-27 (CONT'D)

PRESSURE MEASUREMENT RESULTS

FLAT PLATE - DAISY NOZZLE (Dyq = 2")

TEST T./T M.
CASE J''a J X/Deq B RESULT TYPE
aE 1.0 0.5 8 - Max. CorrelatTon Length (In)
(Freq. at Maximum, fm) KH™
t [Convection Speed at r‘m] fps
e 1 172" | 1 1/2

—————

_+_ 4

1172

DOWNSTREAM

'lll

"!I
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[ABLE J-28

PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (r‘eq =2")

Eﬁé{ Tj/Ta Mj X ’De:L g RESULT TYPE
. 25° | RMS (psi)
4 ! 5 1 (half-power freq.) KHZ
[rolloff exponent]
{ {peak amplification;
fo—— 1 12" Ve .l
) 032 }
.032_| (.45 . | L
[2.4] '{4.0} T
z
~ &
=5
=z
- X
3
.034_}(.49) .033) (.42) + .030]_(.35) _{_L
[2.4] Y{2.5} [2.5]1 {3.5} [3.6]1 (7.1}
.04 .65)
[2.4] 1 (1.8} + | —1_
.048 4 .65) l
[3.6] ¥1{1.7} + +
l ]II l ‘!ll —{ ]ll }
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TABLE J-28 (CONT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - DAISY NOZZLE (D, = 2")
e BN T RV O RESULT TYPE
o 1.0 0.5 " o5o Max. Correlation Length (in)

e 172"

1

278

(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps

]/zn —_—

+

_|__

.|__

—— 1“_.|

1172

DOWNSTREAM

as

f— " ——




TABLE J-29
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Deq = 2")

< . ]
Gs | T %; X/D g RESULT TYPE

(half-power freq.) KHZ
[rolloff exponent]
41 {peak amplification}

e 1 12" [ 1 1/2"___..]
.08_3+_ .086_4_(..85) _.l_ -IT-

[3.3] "{1.6}

'] 'l / 2 ]
DOWNSTREAM

.030 4 .8) .072] (.65) + .0620.(.9) -
[5.71%01.0} [4.4]) (1.0} [3.2]' {10.0}

.059 | (.82)
[5.0] 1{1.0} ——+- -—+—

+
|____ o I o

.084_1(.8)
[3.31 'y
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TABLE J-29 (CCNT'D)
PRESSURE MEASUREMENT RESULTS

FLAT PLATE - DAISY NOZZLE (Dec = 2")
TEST T./T. M.
CASE j'Ta ;5 X/, 8 RESULT TYPE
Max. Correlation Length (in)
4G . . °
§ 1.0 0.5 5 30 (Freq. at Maximun, f) KHZ
1i_ [Convection Speed at fm] fps
)
- 1 172" 112"
t (.2)%*
—— '88** ———
3
]
‘E
g
(.8) .7
-, 1.09 _{_(2 ; + _%_
o [253] '
i
‘ + 4+ 4+ 4
F ]ﬂ ]“ .

"

11/72"

DOWNSTREAM

1 __}___ 1

—
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TABLE J-30
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Eeq =2")

Y
EE?E, T/T, My XD, . RESULT TYPE
4y 1 .5 8 90° | AMS (psi)

*half-power freg.) KHZ
{rolloff exponent]
{ ipeak amplification}

1 1/2" | 1172
po— )

.082 (.47) .42) -
[3.&T+71.6} [333%5.0} —+— 1

1 ]/2u
DOWNSTREAM

.05%ad.65) .076.{(.55) .0 .65) _%J_.
[6.0/(1.0} [3.4]101.0} + [3.%2.0}

"ll

.082 (.42)
[3.8] {1?5} + + -+

]ll

084 | (.45)
[3.2170.7)
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TABLE J-30 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (D, = 2")

[ TEST T./7 M.
CASE j’a J X/Deq 8 RESULT TYPE
o 1.0 0.5 8 90° Max. Correla‘u:on Length (in)
(Freq. at Maximum, fm) KHZ
i [Convection Speed at fm] fps
_ 1 1/2" - 1 1”12'»
(.78)**
—}— . 54kx —— ——
*
x X
1Y
\.U'&C
=~ (.23)
}‘ 1" . 1™ - 1™ —_]

T TR R T A AT R T S

112"

DOWNSTREAM

1"

I__ »




TABLE J-31
PRESSURE MEASUREMENT RESULTS
3 FLAT PLATE - DAISY NOZILE (Leq = 2")

3
" G T | WD, | 8 RESULT TYPE
41 1 .5 n 90° | RMS (psi)

(half-power freq.) KHZ
[rolloff exponent]

{ {peak amplification}
é 0 I n
3 '...._._.__ 1 1/2 l 1172
|
.098}(.32) .25) _
[4.311(1.4} [3.00 (2.0} + B \
| %
A~
~ =
Lol ¢ |
3 - =2
8
E .0934L.4) .087](.3) + .055(.42) %_
E [4.6]401.2)} [4.4]1{1.6} [2.8]1{1.0}
1
:

](l

.103(.37)
.0t 2 + —+ +

\ll

.092} (.3) + +

[4.5]" {2.0}
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TABLE J-31 (CONT'D)
PRESSURE MEASUREMENT RESULTS
FLAT PLATE - DAISY NOZZLE (Dgg = 2*)

TEST T./T M.
case | dal T o | s RESULT TYPE
al 1.0 0.5 n 90° Max. Correlation Length (in)
. ' (Freq. at Maximum, f) KHZ
t [Convection Speed at fm] fps
e 1720 i 1 1/2¢

:—'
(.1a3)=
—— ]-]]** ‘+- e

(.g) (.085)
; [238]* ""“2 ‘,_

284
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DOWNSTREAM
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TABLE J-32
PRESSURE MEASUREMENT RESULYS
UBF CURVED PLATE-DAISY KGZZLE (Deq = 2")

DCY™STREAM

TEST
case | Ts/Tal M5 | Ze | Bre X g RESULT TYPE
RMS (psi)
oA 1 -5 | 2.0} 50° 0 | (half-power freq) KHZ
[rolcff exponent]
? TRAILING EDGE {peak amplification}
I T
w0
.045 1 (1.3) .034 1 (.90) .032 1(.50) :
[7/3) (2.2} "Piz.s} [11/6700.} "*" "'1‘
.034.1(.76) .0551 (1.0) .068 1(.80) ,028 1 (.50)
[2] [5/3] (3.2} (2] ‘6.3 [5/31 Y 7.1}
.065 ¢ (1.0) .063 y (.75) .052, (.80)
2.} [2] 11{4.4} [13/6]V{15.8} '*‘ N
0771 (1.1) .054 1 (.80) .043 1(.70) _4__ R
21 'o.s [5/37 (4.5} [7/3]%(15.8} '
¥
.033.}(1.0) .0 1.0) .025] (.60) __}_ 1
[13/67 {1.6} (21 ! (1.8} [5/3]1(6.3}

4

285
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TABLE J-32 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE-DAISY NOZZLE (Deq =2")

286

Zﬁgz Tj/Ta Mj ZLE BTE XLE RESULT TYPE
5A 1.0 | 0.5 2.0 50° | o |Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
‘t, [Convection Speed at fm] fps
| TRAILING EDGE
J 1
~
54 &k -
- (.4) ~ (.25)
+ 1.0 S + + __'_
g= i &% =
<~ (.72) ~" (.275) ~" (.35)
+ 3.0 1.12 -l- 2.57 + _
~~ I’-O\l.n
Q2 & @ -
A - O
' o }
f
4
&
r 55 fu?-u X ox
~®8 8 an ‘
. —_ . p— £
9
+ em——— m— R S +
™
N
F ]ll . "" ]ll - l

OWNSTREAM ———

TO L.E.

‘5> M PR R e sl yg bR T

RIS

. e epda




TABLE J-33
PRESSURE MEASUREMINT PESULTS
UBF CURVED PLATE-DAISY NOZZLE (Deg =2")

TEST
CASE TJ./Ta Mol Ze | B X g RESULT TYPE
58 1.7 5 | 2.0 50°. o | RMS (psi)
(half-power freq) KHZ
[rolloff exponent]
¢. TRAILING EDGE {peak amp]ification}
¢
FrS
[
.04 1(.70) .058 | (.92) .069 (.90) y
[7/3] (5731714, 3} [2] TI{6.3} "*" "T‘
.055 1 (.78) .063 1 (.85) .062(.82)
[7/3] [4/3]_*'( [11/631(2.5) + _'t'
- =
5
.073 1 (1.0) 071 (1.1) .059 4(.79) .05 (.62) =
[2] [5/3] 1 (1.3} [y .} [eTi017.8y =
'8
.076 § (.90) .0601 (1.0) .048(.68) _+_
[2] [2] [11/671¢4.5) -
~
.054 1 (1.3) .0411 (.80) .027(.40) +
[7/311 (1.8} [13/6]) {1.8) [11/3]1(3.2} B
o
~
.0431 (1.5) .033¢ (.90) .012¢(.70) + +
[7/3] [17/6] [13/3]1(2.5) N
L3 B VY
w
l " Il 1 j‘ 1 l ‘S
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UBF CURVED PLATE-DAISY NOZZLE (Deq =2")

TABLE J-33 (CONT'D)
PRESSURE MEASUREMENT RESULTS

S i ;

Eggg Tj/Ta Mj ZLE BTE XLE RESULT TYPE
5B 1.7 0.5 2.0 50° o [Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps
TRAILING EDGE L

=1

2
+ + o+ 4
—~o ~3
& 3 =
~—~L0 ~~ —~e0 - g
28 ke 38 = £
T (.67) T (.26) =T (.38) s
-l— .58 + .82 2.3 —— —-’-—a
~oo'y 5o g :
308 e N "’

~
* £
o5 & l
o ~

2
sRg ~
~am
—+ —+ + + +

' 'Ill ]ll ]ll

288
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TABLE J-34
PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-DAISY NOZZLE (Deq =2")

TEST

.

ease | T/Tal M | Le | Bre X g RESULT TYPE
5C 1 .5 . o, RMS (psi)
2.0 50 3 (half-power freq) KHZ
{rclloff exponent)
4& TRAILING EDGE {peak amplification}
B
o
~
051 . .ogq_ .02_4_}_ f
_+_ —1-
.056}(.78) .02.1.{1.0) .021 (.75) .033§(.42) 3
[2] (2.5} [5/%4'1 [5/3]]+{3.2} [13/6]1 (8.9}
- =
5
-0891 (.75) 069 1 {.62) .052 (.68} =
. .
3721101.6} [5/37 (2.8} [25 178.9} "L g
(=]
.0924 (.75) .061 1 (.60) .046 {(.50)
(2] (2. 3 [2]_h2.8} [H/GT’-{.B.Q} + "r"
~
.048) {.82) .040 (.70) .027¢(.56) +
[(8/311 (1.8} [7/31V 1.6} [11/67¥(3.2} -
i
~
+,
w0, =4
l 1" _J 1" | 1" ! *8

289




g e W T TR T

TABLE J-34 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE-DAISY NOZZLE (Deq = 2")

TEST | T./T
CASE Ja

M. z

j te| Pre | X

LE

RESULT TYPE

5C 1.0

0.5 2.0 50° 3

1RAILING ECGE

Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] s

I [240]

(.3)*
2.44%
[242]*

__F. 1

27 (.3) (.3)
T 1.25 1.83 -1 -
+ + +  +

]ll ' 1"

1 -

+ + +
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NSTREAM e
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TABLE J-3%

PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-ROUND NOZZLE (D =2")

i Tl Ml ne e [ % RESULT TYPE
_ o RMS (psi)
L 50 7 I O | (ha1f poner freq) KHZ
! {rol1off exponent]
’ i TRAILING EDGE {peak amplification}
v
w
r~
.085 § (1.6) 162 1(1.5) .145 ) {,65) i
/3] (2. } ._,'{Ll.s} (11 '‘m.2; + ?
1314 (1.6) 153 (1.8) 114, (.90) .046(.80) N
[ 2] (7/5?—{3.2} 21 110y [21 17.9) B
-z
Wl
174 1{1.7) 741 (1.8) 106 (1.4) =
E a5
i [5/31' (1 ¢} [7/3 [13/631717.8} + S
3 = o
.189 (1.8) J15 (1.3) .079;(1.1) 1
t21 Tr.e3 [5/37 {4. ) [2].+{-12.6} ' B
: 3
079 1(1.9) (1.4) .02 +
(31 ! (27 (1.5} [4/3)146.3)

291
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5.3
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TABLE J-35 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

'&E\g'{ Tj/Ta Mj ZLE BTE xLE RESULT TYPE
5D 1.0 ] 0.5 1.4 50° 0 [Max. Correlation Length (in)
é‘ (Freq. at Maximum, fm) KHZ
Convection Speed at f_] f
TRAILING EDGE [ P m] ps

Sl

.ll‘1

_I._
NI &

._I._

5 4+ +
+
1" _..}._ " _.I__ 1" __’_.75
DOWNSTREAM —ceeeeti

—~
M O
~nNe o<
~ = ™ .2
11.275) 1 (.475) =3 (.55)
=T .78 -1 1.12 +2.3 —r
S35 5
TN _ vq

(.79)*
i
_’_ (.42)*
1.7+
(.75)*
_+_3 76%
+
..__5-3“,}_. 1.25"_..}.___ 2 ___.l._

T0 L.E.
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TABLE J-36

PRESSURE EEASUREMENT RESULTS
UBF CURVED PLATE-ROUND NOZZLE (D = 2")

TEST

ease | T5/Tal ™ | Ze | B X g RESULT TYPE
5F 1 51 2 50° 0 | RMS (psi)
(half-power freq) KHZ
[rolloff exponent]
3 4‘: TRAILING EDGE {peak amplification}
1
t .059 (1.5) .092 (_65) .050 , (.5)
1.5} "PE 8} [5/3] 115. } "*"
.]7§_}£1.6) .182+£1.6) 138 , (1.6) .o;i_{.7o)
[11/6]' (1.6} [2] 2. 3 [5/31114. [5/3116.3)
.237 1(1.5) .284 (1.5) 102 (1.2)
[7/§§}f2. } "+3 2} [2]T722.1} “+‘

; 195} ( .94) 116 (1.2) (1.1)
[5/3—]}— —t—s 2} [2]+15 8} -+

078 .051(,9) .044; (1.0)
z H 2] '0.3) [8/53*?5. } '_+‘

+ + o+
1 .___.+.____. 1 _%‘

_+_

" 1.25% l on I 1 ' 1" ' 1" l 75"
.E. DOWNSTREAM

5.3

-
T0 L.E
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J-36 (CONT'D)

PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

E zﬁgz Tj/Ta Mj L Bre X RESULT TYPE
5E 1.0 0.5 | 2.0 50° o [Max. Correlation Length (in)

¢

TRAILING EDGE

(Freq.
[Convection Speed at fm] fps

at Maximum, fm) KHZ

09 _l._q:?g) +

(.85)

.53
~= (.56)
~77 1.88

+§:?’ 4+

294

.Il.1

+

-
2" __..l._ L _.l__ 1 _.l_. L ,_,'.,_.75

.+_
....__53.!.. 1.25"_+_

T0 L.E.

DOWNSTREAM ——eepne
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TABLE J-37
PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-ROUND NOZZLE (D = 2")

TEST
CASE Tj/Ta Mj Ze | 8 X g RESULT TYPE
5F 1.7 5 | 1.4 | 50° 0 RMS (psi)
(half-power freg) KHZ

1i TRAILING EDGE
|

[rolloff exponent]
{peak amplification}

.122{_&2.0)

.183] (2.1)
[5/3]

.251] (2.5)
(7/3]

.222 |(2.5)
[8/3]

130} (2.9)
[31 3.2}

(3.4)
L3T_+-

173 (2.0)
{5.0}

(1.8)
[3/ii+-

.186)(2.0)
[3/2]4{2. }

.150¢(1.6)
[5/3]1{2. }

.1021 (2.0)
[1/311{2.5)

(2.3}
e )

157 (2.0)
e

125 (1.8)
(11/67 {3.5} "P‘
11 (1.5) .08,(1.2)
[2] 7.9} [13/6JiT12.6}
.084 (1.4)
(7/3717.1} ‘"F‘
.035 (.60)
[10/3]71{13.5} "+‘
.02

1" "'l"75"'ﬂ

‘Il

DOWNSTREAM

'lll

2"

___.5-3I,+._ 1.25"
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TABLE J-37 (CONT'D)

PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE - ROUND NOZZLE (0 = 2")

Eggg Tj/Ta Mj ZLE BTE XLE RESULT TYPE
5F 1.7 0.5 1.4 50° 0 JMax. Correlation Length (in)

¢

TRAILING EDGF

(Freq. at Maximum, fm) KHZ
[Convection Speed at fﬁ] fps

=1
[T1)
~
. + + _|_ s
~Lrm ~~ 0 -3
— O [+ e N =] —
858 Ra I
g
e S gr = b
=N (.62) =7 (1.8) = (.47) g
+ .55 —-1.12 _.I._2.38 A1 +¢:
~—~ 0 ~~ —un =
< ™M -— O <t~ Ll
. . . . [¥o

(1.9)*
3.54*

(2.3)
4,69
416]

5T

(1.8)*
2.56*

(.43)*

3.66*
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TABLE J-38

297

PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-ROUND NOZZLE (D = 2")
TEST
CASE Tj/Ta Mj ZLE BTE XLE RESULT TYPE
. 4 0° 3 | RMS (psi)
56 ! S| 5 (half-power freq) KHZ
[rolloff expcnent]
4"_ TRAILING EDGE {peak amplification}
_f
w
™~
0791 (1.7) 138 (1.3) .07§(.5) _'__ ;
[5/2] {2.2} [8/3]' (1.6} [7/31{6.3} 1
161 y(1.6) .lzg+£].6) .125411.5) .0{2*&.66) 4
[5/31'11.6} [5/3] (2. } [3/2]'{3.9} (7731 (12.6}
- =
<
&
.181_{1].5) 2111(1.4) 779(1.3) L1091 (1.1) R R
<
[2] (1.6} [7/3]' (1.4} [5/3] (1.8} [3/2]'{3.2} b3
- o
164 _1(1.2) .1014(1.0) .065 {(1.0) _1__ 1
[2] (1.8} [3/2]"'{2.5} [2] (8.9}
~
0N 1.6) .0531(1.1) .032
[ 8/310 (1.4) [5/317(1.6} | —+ B

. + 1.25"

70 L.E
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PRESSURE MEASUREMENT RESULTS

TABLE J-38 (CONT'D)

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

gﬁgg Tj/Ta Mj ZLE BTE XLE RESULT TYPE
5G 1.0 0.5 1.4 50° 3 |Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
¢_, TRAILING EDGE [Convection Speed at fn] fos
=4
(Y2}
~
~L ()] =
©Q (.32) P .
J B + v_l._ + —*_
BQw s =
=5 (1.15) S~ (.40
—_— .92 —_—— _{__].9 —— __f_
~N O =
ene %2 -
‘;']:Z -
™
* x X
X <t ~—~
o= o
\_;v— ;N
[
o~
4+ 4 € 1 4
™
©
| ]I' o ]I' ]IS l

DOWNSTREAM

T0 L.E.
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TABLE J-39
FRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-ROUND '0ZZLE (D = 2")

TEST Ny )
case | T/Tal M5 | Zue | Bre | Fie RESULT TYPE
5H 1 .74 . ° RMS (psi)
- ! 4] %0 0 (half-power freq) KHZ
[rolloff exponent]
T’- TRAILING EDGE {peak amplification}
o
.254 |§2.1) .324(2.6)
(4.} + [7/371%zs. )

.320 1(3.0) .252,(2.2)
[5/3] 11 6} + [11/6-]-+T8.9} +

'l"_.I._ 1" _..L.?S"ﬂ

=
<
.408 (2.9) .326 | (2.5) .217 (2.0) 163 (1.4) §§
[7/3] (1.6} [5/37711.9) [271T1.23 [7/7 4.0y —F2
. 8
i .380_1(3.0) 153 1(1.5)
[8/371(1.6} + [2T7T014.5) —+ 5
.189 1(3.5) .052 (.78)
[3j_+Té.2} —+ [7/6T1031.2) —-
F 162 1(4.1) .030 1(1.8)
[8/3]V (4.} —+ [7/2T118.9) -+ i‘#".
‘e

L
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TABLE J-39 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

Eigg Tj/T Mj ZLE BTE XLE RESULT TYPE
5H 1.0 0.741) 1.4 50° 0 Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
é, TRAILING EDEE [Convection Speed at fm] fps
=1
[T2)
~
~eQr— —~ =
NSO N~ e —
oo o< ]
+ al +
o
0 -
23 = 5
=7 (.2 = 3
.5 ‘+‘ T~ T -+°
~
L* :\i
O~ o™
. . W .
:N \;ﬂ'

+ + _l_. +. -1
Nt &
S -

™
w0
'lll ]H ]ll - 1
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TABLE J-40
PRESSURE MZASUREMENT RESULTS
UBF CURVED PLATE-ROUND NCIZLE (D = 2")

TEST )
CASE Tj/Ta Mj ZLE BTE XLE RESULT TYPE
51 1 35 |1.4 50° 0 | RMS (psi)
(half-power freq) KHZ
[rolloff exponent]
43 TRAILING EDGE {peak amplification}
|

|
.054 1 (1.2) L0601 (1.2)
[2] '3.2) T+ {12.6} "*"

.068 | (1.3) .051, (1.2)

(3723t (1.63 '4" L5/3]M16.3} "*'
-092.] (1.4) .08101.2) 044 (1.1) .03£+i.85)
[2] {1.s3 [5/3]1{1.8} [2TT76.3}

.098 | (1.5) .036 1 (1.0)
[8/21 1{1.8} ‘*“ [13/67175.6} ‘4"
.052 1 (1.5) .014, (.40)

r3] (2.8} "F' [11711{2.5} "}‘
.038 1 (1.8) .008y (1.0)

[2] 11{a.4} ‘4"' 137370 '4“
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DOWNSTREAM
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TABLE J-40 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

g/EéZ:' TJ'/Ta Mj ZLE BTE XLE RESULT TYPE
51 1.0] o0.35] 1.4 50° o [Max. Correlation Length (in)
‘t’ (Freq. at Maximum, fm) KHZ
[Convection Speed at f_] fps
TRAILING EDGE P m! P
T
~
—0 - ~LD
~ O 0 o~ 2
iTe] O (V] . —
;N| A | A | '
<8 32 :
—— = o -
1 (.9) ~ (.33)
166 —- -+ 2o - +
m -
&
L 3
© XX
N WO O
:._’ 3«:
N
S 3 K
- 2 -
w
F 1" ]n 1" I 1

DOWNSTREAM ———eeoen

T0 L.E.




TABLE J-41
PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-ROUND NGZZLE (D = 2")

TEST
s Tj/Ta Mj ZLE Bre XLE RESULT TYPE
R RMS (psi)
50 1 | .35 ] 1.4] 50 3 | (half-power freq) KHZ

[rolloff exponent]
{peak amplification}

15 TRAILING EDGE
I

041 1(1.1)
[8/3] ' {2.8}
.on 1.1)
[11/6] ' (1.9}
.084 ¢ (.95)
[5/3] ' {1.6}
089 | (1.0)
(21 ‘.1
.047 ¢ (1.0)
r8/3] | {1.6}

—-

.066( .70
[13/611{7.9)

.096,(1.0)
[7/3]}{1.4}

_*_.

303

+ o+ o+

_1__

._}_
_*_
_4__

'l“_’._ " _.l. .75",.1

DOWNSTREAM

|
.

"ﬂ

2"

Ia+._ 1.25"

5.3
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TABLE J-41 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

zgg; Tj/Ta Mj ZLE Beg X RESULT TYPE
5J 1.0 1o.35] 1.4 s0° 3 [Max. Correlation Length (in)

¢

(Freq. at Maximum, fm) KHZ
[Coavection Speed at fﬁ] fps

TRAILING EDGE

]
+ 4+ o+ 4 -fl
g 4+ 4 + )
wol ex: . B
<& <) -
+ 3 4+ 4
+  + + 4+ +
x% )
+  + o+ 4+ 4
1 1 1 + _3_
e e m_ m‘ 4
| 2
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TABLE j-42

+

305

PRESSURE MEASUREMENT RESULTS
: UBF CURVED PLATE-ROUND NOZZLE (D = 2")
TEST
E east | Ti/Tal M5 e | e | % RESULT TYPE
3 o RMS (ps1)
6A ! S 1.4] 02 0 (half-power freq) KHZ
[rolloff exponent]
4"_ TRAILING EDGE {peak amplification}
: k3
o0
: 129 4(1.9) .129((1.8) .083 1(1.2) :
(11/671(2.8) [11/6172.8} [11/818.3) "f“ --1'
] 2.1) .133)(1.7) .076 ((1.1) .043
[7/3] [5/3]172.5) [3/2
- =
; 144 4(2.1) 108, (1.8) 062 (.80) 031 &
: [5/2]12.8) [11/67172. 2) [7/3] + 2
’ =4
é =
!E 134)(2.1) (1.8) )
: .134 (2. .0971(1.8 .80
[5/2] 3.2} "4" [8/3-—F§ "F‘ B
: -
: o
.093(2.3) .072,(1.8) .026 (1.0)
+ q— 1
._}_ [1.0] "+“
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TABLE J-42 (CONT'D)
PRESSURE MEASUPEMENT RESULTS
UBF CURVED PLATE - ROUND NOZZLE (D = 2")

gﬁgz Tj/Ta h% ZLE 1€ XLE RESULT TYPE

1.0 0.5 1.4 25° 0 [Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps

8

TRAILING EDGE

i e

=¥
[Y2)
~
: :m 0 =
—— 0nuw ~—~~r~ -
o0 - o . =t - -
N o —~ oo l
— o é
[Ts) o =
e ~e 7 - 2
E Z 1 (1.375) 1 (1.375) ~ { 3
: .65 +1.48 -} T +°
D 8 =
W) <+ 8 -
Seg <
. ~— 1 ~ -—’
. + 4+ F 4 4

+

+
e
+

(.

|

_,l_
|
|
|
|
|
I
____4.9"’}._ 7.250

T0 L.E.
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TABLE J-43
PRESSURE { EASUREMENT [ESULTS
UBF CURVED PLATE-ROUND NCZZLE (D = 2")

TEST
I RNV T R I RESULT TYPE
° AMS (psi)
68 ! -5 2 25 0 (half-power freq) KHZ
[rolloff exponent]
43 TRAILING EDGE {peak amplification}

175101
[5/2] 01

L133_1(0
[17/6]

g .086_J (1.
.5)

(3] 'a

.u4§_*{i.

gt

.8)
a1

.6)

4}

.6)

.5}

2
[5/3

-

1,(1.2)
.

.097 1(1.4)

[7/3

=+

__P_

307
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DOVNSTREAM
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TABLE J-43 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UEF CURVED PLATE - ROUND NOZZLE (D = 2")

Eigg Tj/Ta Mj ZLE BTE XLE RESULT TYPE
i 6B 1.0 051 2.0 250 o [|Max. Correlation Length {(in)

(Freq. at Maximum, fm) KHZ

Ct_, [Convection Speed at f_] fps
TRAILING EDGE m

+

(
+
w2 -

_.’i
+ o+ +

| |

| I
e 1 1 L 758
i ‘t(;msms;\;l:_.——l_

2"

LGS
+
4
+

|
|
|
|
|
|
._4-9'+ 1.25¢ :IL

TO L.E.

F ]II . ]ll ]ll
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TABLE J-44

FRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE-ROUND NOZZLE (D = 2")

TEST

CASE Tj/T Mj ZLE BTE XLE RESULT TYPE
o RMS (psi)
6C 744 25 0 (half-power freq) KHZ
[rolloff exponent]
‘f: TRAILING EDGE {peak amplification}
ki
o
L .262 ¢ (2.6) .181 ((2.0) I .
[5/3] ' {3.2} [5/3] 1{10. } { *
.38 3.7) .293 ((2.9) 1595 (1.7) .089 (1.2)
[2] 1{1.8} [5/3 M2.5} [3/ 5.6} KRV 11.2)
- =
P
.32 1(3.5) .231, (3.0) .123.(1.8) .067(1.0) L.E
[6/2] 1{2.5} [2]T12.5} [3/27177.9} [7/3-jT15.8} ¥z
_ 8
271 3.5) .192 (3.1) .0891(1.3) !
[5/27 (2.8} [8/3% (1.7 [5/370(i2.6) —+ B
~
174 {(3.5) .139 3.0) .0444(1.8) |
[31 3.2} (13/3] Ez.a} [17/3]|{15.8} + T
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TABLE J-44 (CONT'D)
PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE - ROUND NOZZLE (D = 2")

gggz Tj/Ta Mj ZLE BTE XLE RESULT TYPE
6C 1.01 074 | 1.4 25° 0 [Max. Correlation Length (in)

TRAILING EDGE

(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps

(1.675)
5.75

l,\
r
oo~

.275)
3.85
05]

4

__*ff
f

(2.75)*
4.0*
[387]*

[$4]
~—

+~ -+

I
l\.d'
—1(.65)
1.83
~~
W .
KD.M
< (.5)
.5
Sis
)
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TABLE J-45
PRESSURE MEASUREMENT RESULTS
UBF CURVED PLATE-ROUND NOZZLE (D = 2")

[5/3] (2.8}

.076 1 (1.6)
[11/6]'+?2.5}

.058(1.2)
[5/3T1(3.2}

+ o+ o+ o+

T IESy
S Tm ] o Tae o [ RESULT TYPE
RMS (psi)
6D 1 351 T4 10 25° |0 e fopower freq) KHZ
4.: [rolloff exponent]
A k 1ificati
; ' TRAILING EDGE tpeak amplification)
I
.06 (1.5) —+ -{"'

_+_

1.6 (1.1) ,
(723 (2.8% (573 8} O‘Ei_
.058 | (1.5)
a7k -+ -+
.0361 (1.5) ,

[17/6] 1 {5.0}

.

I.;___... " .____.4.,____n’1"

__+__

._{__

_+_

M

-

" —

1" _"l‘ .75u_‘.~

-

]II

tAM

-
DOWNSTR

'Ill

I
=

2"

.‘.4-9"I 3-25"

TO L.E.
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TABLE J-45 (CONT'D)
PRESSURE MEASUREMENT RESULTS

UBF CURVED PLATE - ROUND NOZZLE (D = 2")

Eﬁgg Tj/T Mj ZLE BTE XLE RESULT TYPE
6D 1.0 1 0.35] 1.4 25° 0 |[Max. Correlation Length (in)
(L (Freq. at Maximum, fm) KHZ
[Convection Speed at f ] fps
TRAILING EDGE iy m' P
5
~
~'~
w0 N =
N e -~
[ 40 W)
<1 .(.75) ]
+7 4
<
&
—~ —~ =
w ~ o - 2
Z ) (1.06) — 3
.73 + + —t— +c
w z
Ty -
X+
&
X X
[y
3 s Q0
RS + + + I
0
™
o
o
F_— 1 - 'ln . ‘

32

T0 L.E.
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TABLE J-46
PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

TEST

313

st | T4 | M Z, | 8¢/8, | X RESULT TYPE
7A 1.01 .50} 1.4 5°/25° RMS (psi)
5°/25 0 (half-power freq.) KHZ
[rolloff exponent]
{peak amplification}
% UPPER SURFACE
aft flap
.022 , (1.5) .050,(0.6) 0224(0.6) (0.6)
(11,03 i ot r2737%
“fwd fl2p T - -
(2.0) E‘
.025 , (2.0 .041,(2.5) .025,(2.5) =
l [1]+{1.0} [1]*‘ [7/2 + l §
=4
LOWER SURFACE
aft flap ]
.074 4 (3.0) .118,(1.5) .0741(1.0) .038}(0.7)
it [5/3]¢2.5) [3/2#6.3} [3/2] {10.0}
“fd flap T T
.036 , (3.0) .1044(2.5) .036 ,(0.9)
[7/37713.2) [5/3T"'{4.0} [3/2]-'-{6.3} + '
» " | » N
a— 1 | T i l
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TABLE J-46 (CONT'D)
PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

] T M| G | %% | A RESULT TYPE
” 1.0 0.5 1.4l 507250 o |Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps
% UPPER SURFACE
aft flap
(1.7)
+ + + 2.75 +
Bf% fwd flap g;g 7\7:
.2 —ai (2.1) Z
+ 2.1 + 6.1 -+ +
LOWER SURFACE
aft flap
(.77) (.74) (.47)
+ e .77 + '3.28 +
-—é_'g'_ —;wd flap —~w ~c
S 8 & B
| 1" Ii " __L 1"
| | "

314

DOWNSTREAM
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TABLE J-47
PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

TEST

case | T J./Ta MJ. Z, | 8e/8y | X RESULT TYPE
78 1.0 5 . o /og0 RMS (psi)
S0 2.0 | 5%25 0 (half-power freq.) KHZ
[rolloff exponent]
{peak amplification}
% UPPER SURFACE
aft flap
.036 ;(0.9) .022,(0.6) 0.7) 1.0)
[7/6] +{2 2} [17%2.2} [1]4%2.51 [7/5]"'52 0}
“fwd flap T - - ==
5
.+ + + + 2
| :
LOWER SURFACE
‘ aft flap _]
A7 4,(1.7) 1184 (1.3) 1.0) 0224(0.8
[5/3]'+{2 0} L5/3]+{1.8} [5/3?4"%4 0} [3/2%"%12 6}
“fwd fl2p . T - - -0
2.2) .057 1 (1.6) .021, (1.3)
] [2]""{(5 0} [8/37% (5.6} [7/277110.0) + i
| "' l l" J |” ._I
i 1 l |

315




TABLE J-47 (CCNT'D)
PRESSURE MEASUREMENT RESULTS

Ll

; WING FLAP ROUND NOZZLE (D=2")
; oIS BRAF B B BV I EN Y RESULT TYPE
7B 1.0 0.51 2.0 5e/25°| o Max. Correlation Length (in)
é (Freq. at Maximum, fm) KHZ
| [Convection Speed at fm] fpd
b
:E;
E <%. UPPER SURFACE
b
é
‘ aft flap
§ (.23) (1.7)
é + 9 ,4_ 1.95 + +
‘
%
pt N " en— S———?  w— — A" — v ma— m— R —— ——— —  — — —— ——
5 :Sg fwd flap 'S :: =
\-4(\18' A4 — ) (&J
—
| + + + |2
l =
o
%
5 LOWER SURFACE
é aft flap
(1.3) (1.2) (.33)
.86 4 .75 + 1. -+
—~L0 fwd flap —m 8
= ) T+ +
| 1" | 1" L 1" '
[ l 1 -
i
316
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TABLE J-48

PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

%

TEST
YT X e RESULT TYPE
8A 1.0 . -4 130°/50° (ha1f pon
0] 1413050 O | ip1f-power freq.) Kiz

[rol1off exponent]
{peak amplification}

UPPER_SURFACE

| aft flap
117 4(3.0) 117,(2.5) .0874(1.7) .047 1(1.1)
r2737%1.0} nita.o [7/5]+{2.2} [1]+{3.2}
_?;d_?ﬁés- ————————————————
435 ,(1.0) .035, (1.0) (0.7)
1 .5/672.0) [1T2.0) [1Thi.63 + I
LOWER SURFACE
[ aft flap I
11_11.5) 1244(1.7) .0891(1.5) .06.401.5)
(2177 (1.8} [5/217 (2.0} [4/31'(5.0} [5/3]112.6}
—ﬂ‘d—fLTp ————— ey G CE——— eSS SIS SR SN CTEEEED WWIER TENEED RN DN MR
.148 ,(3.0) 12 4(1.8) .062,(1.1) ,
[3/2T103.2} [7/6T%%2.5) [3/2T15.8} + '
. A " | |
I ' 1 T |

DOWNSTREAM ————*



TABLE J-48 (CONT'D)

PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

. M,
T T 7T T 7, [Pz, | X

8A 1.0 0.5 1.4] 30°/50° 0 Max., Correlation Length (1")
(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] o9

LE RESULT TYPE

{ UPPER SURFACE
aft flap
(.62) (.54) (.46)
+'|.05 _I_ 1.02 + 1.02 +
Be fwdflp 8 ~m
== (.44) “~  (1.7) ~
+ 1.0 _|_ 1.57 + +

LOWER SURFACE

aft flap
(1.4) (.93) (.67)
+ 118 + 1.28 -+ 2.15 o
e fwd flap o .
(] *x (.64) ** — " (.39) **
_!. ]

.3
.2% *ok + 1.72 ** + 1.83 *x* + l

318

DOWNSTREAM

A SACRRBIRNIALAN ¢ Lt .




TABLE J-49
PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

. TEST
F 0 /En0 RMS (psi)
8B 1.0 | .50 | 2.0 | 30°/50°! o (halfoponer freq.) KHZ
[rolloff expunent]
3 {peak amplification}
;; * UPPER SURFACE
F;; ‘
; aft flap
- .108 4(1.5) .0914(1.5) 0614 (1.4) .0334(1.0)
" r4/3] +{2.8} [4/3]'*52.8} [4/3]+{3.5} [4/3]4§4.0}
E “fwd flap - - -
% I + i+ + + }
; l
LOWER SURFACE

] [Caft f1ap 1
? .171_'52.0) .1484(1.7) .10_4(1.8) .0714(1.8)
[5/3]77(1.0} r1/67%1.85 [4/37%4.0} [5/31°{10.0}

“fwd flao - - - """ -—-=-—-—-77

.147 ,(2.0) .087 ¢1.7) .031 4(0.8)
!
i[sxa] 11.C) [11/570.0) [5/377(10.0} + i

i.::— v .1L V" v]l: " a

319
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TABLE J-49 (CONT'D)

PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

N o

ST T T M| 4 [ B | M RESULT TYPE
88 1ol o 2.0 307504 o Max. Correlation Length (in)
. (Freq. at Maximum, fm) KHZ
{Convection Speed at fm] fp9
% UPPER SURFACE
aft fla o
(.68) (.51) (.37)
+ .87 _l_ .9 + .82 +
32 fwd flap ;G;: §f§
LOWER SURFACE
aft flap
(.5) (}.8g (].73%
.5 .0 .
+ 2, + +
TOoT fwd flap 8 S8
Zau < “I (2.7)%
— (,98) ** (.6) = =~ 2.7)*
~+ 157 + 1.63 # + 2.93* + '
| 1 - 1" L

320
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TABLE J-50

PRESSURE MEASUREMENT RESULTS

WING FLAP ROUND NOZZLE (D=2")

TEST
CASE TJ./T Mj Zw 31,/8a XLE RESULT TYPE
8C . . ] o ° RMS (p51)
1.0 50 j 1.4 130°/50 3 (half-power frea.) KHZ

[rolloff expcnent]
{peak amplification}

UPPER SURFACE

k¥4

aft flap

A IS pa bt
“fwd f12p - -
{ e Dfe Gt + J

LOWER SURFACE

[“aft flap - l

i (5;:2;]34%:31 [4%’%3; s 50
“fwd flap - 000077
[ LrHen e ot + ’

b + "t ’ |

DOWNSTREAM ———*




TABLE J-50 (CONT'D)

PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

Eﬁgg TJ/TJ Mol 4o | B8 | Xue RESULT TYPE

8c 1.0l o5 1.4 | 307509 3 Max. Correlation Length (in)

(Freq. at Maximum, fm) KHZ
% UPPER SURFACE

[Convection Speed at fm] fp1

aft flap
(.56) (.52) (.35)
4 1.4 1.3 +1.44 +
o] fud flap ©g e =
o (.37) Qj-(.3) ZN (1.7) E
= 1.02 1.83 3.75 v
t + + l 2
: [=]
$
LOWER SURFACE
4
aft flap
(1.2) (.8) (.5)
+ 100 4 % -+ 1.82 +

T S— — — — — — — — — —— o— — —— — — — — —

-
. .
!

322
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TABLE J-51
PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

TEST : -
aee |T/Tal M | 2 | e8| e RESULT TYPE
8D o o RMS (pSl)
1.0 50 | 1.0 |30°/50 0 (half-power freq.) KHZ
[rolioff exponent]
{peak amplification}
+ UPPER SURFACE
aft flap
109 144 (3.0) .112,(1.6) .058 4 (1.1)
+ 1731001 [1T762.2) 1]tz
fwd fl2p . - = -
1064 (2.5) 106 4 (1.9) .030,(1.2)
[[2/3]+{2.5} (2317 3.2) [72.9) + I
]
LOWER SURFACE
[Caft f1ap ]
.086 4 (1.6) 116, (1.7) .08 1(1.5) 055 _(1.4)
(117377 3.6} [7/3115.0} [277014.43 [5/3](20.0}
“fwd flap . T -0~
.058 .1331(2.0) .087 4 (1.4) ,
l + [3/2-].'-{5.6} [3/214{20.0} + '
“ i " | " ]
!‘—— \ T \ I L I

323
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TABLE J-51 (CONT'D)

PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

¢

I AR L B TN IR RESULT TYPE
50 1.0 0.5 1.0 30050 o Max. Correlation Length (in)

(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps

UPPER SURFACE

aft flap
(.65) (.62)
L J 18 412 +
_—'g?id_fﬁ;—--"__
+ - + +
LOWER SURFACE
aft flap ,
(1.4) (1.1) (.67)
+-2.3 4 > -+ 3.5 +
T8 T 3w we
= (.98) ** = Ze
o 192 % -+ + + l

—r —+

324
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TABLE J-52
PRESSURE MEASUREMENT RESULTS

WING FLAP ROUND NOZZLE (D=2")

TEST

ase |T#Ta | M Z, | 868, | X RESULT TYPE

8E 1.0 .74 | 1.4|30°/50°] o | RMS (psi)
(half-power freq.) KHZ

i

[rolloff exponent]
{peak amplification}

UPPER SURFACE

| aft flap
177 .20 174 .103,(1.6)
+ + + 7tz l
’?&d’?ﬁé}?’ ———————————————— z
(YY)
134 .092, (1.5) .043 (1.5) .030 &£
l + [2/3]%12.5) [2/37H2.5) + l 2
=1
LOWER SURFACE
l aft flap |
(2.0) .2373(2.2) .172402.0) 218 (1.7)
[21*'11.0} [8/31' (1.0} [5/5%*%4.0} [4/3%r112.6}
“fwd flap . T T - -0 —=T
.323 .272 .15,(1.5) .
l -+ + [4/377(10.0} +
‘ﬂ ' ‘l' J l" J
P' T ] |
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TABLE J-52 (CONT'D)

PRESSURE MEASUREMENT RESULTS
WING FLAP ROUND NOZZLE (D=2")

TET | 171 .
case | 90 d

Iy | Bs/83 | Xg RESULT TYPE

Max. Correlation Length (in)

SE 1.0 | 0.74] 1.4 |30c°/50°| o .
(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps
% UPPER SURFACE
aft flap
(1.3) (.79) (.54)
+ 10 + 1.8 + 1.2 +
585 fwd flap Eg
<o (.45) <o (.5)
+ .82 -:r— 1.52 + +
LOWER SURFACE
aft flap
(1.7) (1.4) (.84)
+ 17 + 172 -+ 2.57 +
_ﬁﬁ-——_—-mm_ﬁ—-—:\——-—_—-*———
« 0 g fwd f'lap o o 0
Ta 2 T ©
(1.8) ** (.85) ** = (.56) **
+ 123w 1,98 ** +2.80 #

] 1"
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TABLE J-53
PRESSURE MEASUREMENT RESULTS
WING FLAP DAISY NOZZLE (Deq = 2%)
TEST
ase | T#Ta | M Z, | 8¢/8, | X RESULT SYPE
4 8F 1.0 | .50 | 2.0 | 30°/50¢f o |RMS (psi)
: (half-power freq.) KHZ
[rolloff exponent]
{peak amplification}
, * UPPER SURFACE
aft flap
.0364 (1.4) .042 3(1.5) .082.¢4 (1.3) L03741.1)
[7/6]+{1.0} [3/2] +{1 0} [3/2]4{3.2} [4/3]%4.0}
; e e e
; fwd flap 5
’0.5) (0.5) (0.5) &
[7767F {2.5) a/31 2.0 [a/37F(1.4) -+ 7]
[ 2
i
LOWER SURFACE
[Caft flan
.066 ;(0.8) 088 1 (0.8) .0584(0.8) .0411(0.8)
[11/67%4.0} [3/2]V{2.0} [21%4.5} [5/3] {10.0}
“td flp T
.060 ,(1.5) .076¢(1.0) .042,(0.6)
[4/3]"'?2.2} [3/2’]+{3.5} [4/3]""{'7.9} + l
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TABLE J-53 (CONT'D)
PRESSURE MEASUREMENT RESULTS

WING FLAP DAISY NOZZLE (Deq =2")

TEST T./T M. Z sf/Ba X

CASE j'a J W LE RESULT TYPE

8F 1.0 { 0.5 | 2.0 poe/sg° | o Max. Correlation Length (in)
(Freq. at Maximum, fh) KHZ
[Convection Speed at fm] fps

i

;' +_ UPPER SURFACE

aft flap
3
: (.53) (.59) (.42)
+ "85 + 5 +'5 +
58 fwd flap Pl ’é‘f
=7 (.32) —L (.19) ~Z}. (.95)
+ 77 -F 1.32 + 5.0 +
3
LOWER SURFACE
aft flap '
(.47) (.47) (.53)
+ .28 +475 +'57 +
[271]
—~wnr— fwd flap "mo
a8 %
~ 0N ™M
T (.82) (.46)** 29) **
<+ ilee + i T 1.45 * + J
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DOWNSTREAM




TABLE J-54
PRESSURE MEASUREMENT RESULTS
WING FLAP DAISY NOZZLE (Dea = 2")

TEST

ease | T/Tal M | 2, | 8¢/8 | K RESULT TYPE
86 1. ) o /en0 RMS (psi)
0 74 ] 2.0 J30°/50 0 (half-power freq.) KHZ
[rol1off exponent]
{peak amplification}
% UPPER SURFACE
aft flap
0954 (1.8) 1154(2.0) 1154(1.9) .0824.(1.8)
[5/6]" (1.0} [5/6] {1.0} [4/3] (2.8} [7/6] (3.5}
“fwd flap . - -
L0274 (0.75) .027,(0.8)

[ [5/6]V (2.0}

(0.8)
[1] H2.2) [2/317F (1.8

LOWER SURFACE

aft flap
15 4 (1.3)

|

.19 4(1.4) .1281(1.3) .0854_(
[11/6TT (4.5} [4/3T%{2.0} [7/3]%4.0} (11761 (11.2}
“fwd flap T - - ===

144, (2.2) 1771(1.6) .092 4(1.0) +
[7/6]% 12.5} [3/2]%(3.2} [4/3] (5.0} '

l'__ ‘n J " J i __|

N l |

329

DOWNSTREAM ————=




s N R

e e 3

TABLE J-54 (CONT'D)

PRESSURE MEASUREMENT RESULTS
WING FLAP DAISY NOZZLE (Deq =z")

Gee | 9T M) B | Be%a | e RESULT TYPE
tax. Correlati i
86 1.0 | 0.7a | 2.0 | 300/50e] o [ Correlation Length (in)

{ UPPER SURFACE

(Freq. at Maximum, fﬁ) KHZ
[Convection Speed at f_] fps

aft flap
(.57) (.81) (.62)
+ .9 + 97 + 9 +
a1 fwd flap =3 ;;gi
v . . .
< (1.3) Z7(1.2) (AN
+ 83 +167 -+ +
LOWER SURFACE
aft flap l
(.58) (.67) (.73)
+ .48 -+ +4'% +
S8E MMl o =8
K%k ~ %% ~ *%
O T e 4 |
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TABLE J-55

PRESSURE MEASUREMENT RESULTS
OBl CURVED PLATE (3.25" x 1.35" NOZZLE)

TEST LIP h
CASE TJ./Ta M, EXT Ere RESULT TYPE
9A 1 .5 YES 70° | RMS (psi)
(half-power freq) KHZ
[rolloff e)fpgnen'_c]
4:L_ “RAILING EDGE (BTE = 70°) {peak amplification}
| L)
~
131 1(1.4) (1.4) 1.1)
2] T11.8 [7/55*_{1.4} na.6; +
e TRAILING ED_GE (6qp = 401)_ L _}
=
= o
O ol
g
.204 {(1.5) .205 ] (1.6) .2151(1.5) 182 (1.4) =
[5/3] 1{4.5} 15/3] (4.5} [5/3]%{4.5} [4/3] (3.2) e
J192.1(1.7) 1721 (1.8) .1981(2.0) + 1.
[3] 1(22.4} [8/3] (20.0} [2] '{15.9}
&~
.058 |(2.1) .090] (2.1) 116)(2.4) +
[11/31{22.4} [11/3]) {31.6} [11/3]4{25.1}
w
-
o
-

KX}
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TABLE J-55 (CONT'D)

PRESSURE MEASUREMENT RESULTS
0BF CURVED PLATE (3.25" x 1.35" NOZZLE)

gt e TR T NT e RN TR ST A e

¢

TRAILING EDGE (B¢ = 70°)

b

T TiTa | M t;? BrE RESULT TYPE
9A 1.0 0.5 YES 70° [Max. Correlation Length (in)

(Freq. at Maximum, fm) KHZ
[Convection Speed at fm] fps

. — —— — —— — S——  —— — — — — ema— o—  S—— — — ——

12.8*
f276]*

{(1.5)*

_,I_
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1.5)%
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DOWNSTREAM
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|
-

2"

T0 L.E.

—— 3.6"




i TABLE J-56
: PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)

T T

 TEST | LIP
9B 1.87 .5 YES 70° RMS (psi) i
. (ha?f-power treq) KHZ
4:- [rolioff <]exponent]
- {pea" amplification}
TRAILING EDGE (87 = 70°) P P

| X
b 1581 (1.1) 1531(1.1) 1531 (1.0) |
T [2/3] [2/3] [2/3] + %

TRAILING EDGE (3y, = 40°) " ]
—————————————————————— .
_ <C
> &
. =
2
; .214] (1.5) .2071(1.5) .195 |(1°.5) .168 1(1.4) =
i 5731 (4. ) [11143.2) 5731 2. [a/3]1¢2.5) e
5 , 7S
- -
%
1 .198)(2.0) .2161(2.4) 222 1(2.1) R
[7/3]115.8} "F [5/3] (7.9} + N
¢ ~
w
¥
(@]
F-

—
—
A
- 3.6"
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TABLE y-56 (CONT'D)
PRESSURE MEASUREMENT RESULTS
0BF CURVED PLATE (3.25" x 1.35" NOZZLE)

L T Ta | % L BrE RESULT TYPE
98 7.87 0.5 YES 70° [Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
|

o+ o+ o+

*%
. *%
] 5"

2"

(1.7)*
L3t

(1.5)*
4*

-IT—
-
3
—— 3.6"

DOWNSTREAM ——

TO L.E.




TABLE J-57
PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZILE)

TEST [oLrp
CASE Tj/Ta Mj EXT fre RESULT TYPE
o RMS (psi)
5 L ! 74 VES 70 (half-power freq) KHZ
[rolloff exponent]
} .
| K
~
.32 2.5) .31 .0) .3181(1.7)
(1731 1 (1.5} [1/2§+§$.6} (111,24 "+'
TRAILING EDGE (8,0 = 40°) :}
°
.368 | (2.2) .3701(2.2) L3771 (2.1) .384¢1(2.1)
[5/3] } 4. 1} [3/2]14. ) [4/301 {3.5} [4/37113.2}
0
.304.1(2.8) .3281(2.7) .367] (3.1) _*_ 1
[3] 1{19.9) [7/311{19.9) [7/3) (17.8}
~
154} (3.2) .1721(3.6) '
{s] 1{17.8} [13/3]{25.1}
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TABLE J-57 (CONT'D)

PRESSURE MEASUREMENT RESULTS
0BF CURVED PLAT= (3.25" x 1.35" NOZZLE)

DOWNSTREAM — .

TEST T./7 M. LIP B
chsg | 9@ ; EXT TE RESULT TYPE
9C 1.0 0.74 YES 70° {Max. Correlation Length (in)
l (Fr-gq. at Maximum, fm) KHZ
(t_ TRAILING EDGE (BTE = 70°) [Convection Speed at fm] fps
|
i ]
~
TRAILING EDGE (g, = 40°) ':*_
x X x -
~ o =& E
.. O W *
SN (1.2) — oy (1.8)
-f— 1.18 -+- 1.12 ._}. __P_
- 1 o
5R3 % -

15.6*

(2.8)*
[440]*
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é TABLE J-58
‘ PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)
TEST LIP
CASE Tj/Ta Mj EXT STE RESULT TYPE
10A 1 .5 NO 700 | RMS (psi)
H (half-power freq) KHZ
4:_ [rolloff exponent]
: = no {peak amplification}
' TRAILING EDGE (BTE 70°)
| )
~
Y .162.1.01.8) .10 .06 1.3)
: [7/72]" {3.2} + (17737 (12.6} +
3 =
3 TRAILING EDGE (BTE = 40%) -
—————————————————————— ,
<X
s [E%}
o o
. =
2
261 (1.2) .131*_ L2361 {2.2) .084(1.4) =
[7/3) 4 {2.2; [5/2)V {2.8} [11/3]]{8.9} o
i
: %
f -
.084 | {1.5) .0991(1.6) L1601 (2.9) + 1
(4] 1{20.0} (4] 1{20.0} {77311 {5.0}
&
0321 (1.7) .045 (1.9) .108 |(3.4) ‘
(4] t{11.2} [13/3]1{14.4} [8/3]b8.9}

TO L.E.

)
—
- 3.6"

e
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TABLE J-58 (CONT'D)
PRESSURE MFASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)

: TEST T./T M. LIP B

10A 1.0 0.5 NO 70° |Max. Correlation Length (in)

(Freq. at Maximum, fm) KHZ
% 4i TRAILING EDGE (BTE = 70°) [Convection Speed at fm] fps
!
-

Py r 5‘"\
3 TRAILING EDGE (g = 40°) -

—— —— — e — — — a——— —t— —m———— — — — — — —— — a—

. 9" l
DOWNSTREAM ——

* o
* ¥
1 5!\

_+_
_+_
e
-+
-

(1.4)*
2“

15.6*
[296]*
1.4

(1.7)*
6 3*

—— 3.6"
TO L.t
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TABLE J-59

PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)

TEST - ; . LIP
CASE 'j/Ta Mj ! EXT Bre RESULT TYPE
1A 1 .5 YES 40° RMS (psi)

¢
|

TRAILING EDGE (BTE = 70°)

(half-power freq) KHZ
[rolloff exponent]
{peak amplification}

I
+

+

TRAILING EDGE (BTE = 40°)

178 1(1.8) .1781(1.8) .201 1 (1.6)
21 1.5, [2] I{ 4.0} [5/3] 1{3.5)
1531 (1.8) .203] (2.0) 22 1(2.0)

[8/3] } {22.4}

.08 1 (2.1)
[4] 1 {31.6}

{77311 17.8} [7/3]1 {15.8}

.108¢(2.1) 15 1 (2.4)
(4] '(35.5} [14/3]' {19.9}

.

A RYRN B
o

339

]

=
<L
o
—
(Ve
=
_‘.. S
[es]
in
.1561(2.3) _
[5/3] 118.9) 3
~
.209 |(3.2)
[8/3] 415.61
S
- o
l |
|
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TABLE J-59 (CONT'D)

PRESSURE MEASUREMENT RESULTS
0BF CURVED PLATE (3.25" x 1.35" NOZZLE)

e Tl oM, e Bre RESULT TYPE
1A 1.0 0.5 YES ap° |Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ
4& TRAILING EDGE (BTE = 70°) [Convection Speed at fm] fps
|
I ¥
~
TRAILING EDGE (Byp = 40°) - ]
Bt
<€
o =
v
2
=
+ + + + 8
* : =
Xi: o s w
N8 =< or -
~~& —C —_
ﬁ+ﬁL%) j4jhﬂ 1 (.87)
1.94 1.€ + 1.57 + -+
&~
555 x5 35
ML [Vo N} LA
=731.48) = =S 0.3
"6 -+ -1z + 1
© W
o 4
o
| | | =
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TABLE J-60

1 PRESSURE MEASUREMENT RESULTS
] OBF CURVED P! ATE (3.25" x 1.35" NOZZLE)
i
‘ gﬁgg T/ Ta | M o - RESULT TYPE
118 1.87 .5 YES 40° RMS (psi)
(half-power freq) KHZ
[rol1off exponent]
t TRAILING EDGE (BTE = 70°) {peak amplification)
E )
| [ T
' ~
| + + + + |
L iRAE.-ING EDGE (8yp = 40°) |
Z
= d
> &
(72}
.158 1.9) 181 (1.7) .181)(1.6) g
1] {3.2} [4/3]1 1 (3.5} [4/3T1T3.5} + a
‘ w
f -
178 [ (2.0) .204 ¥(2.0) 181 (2.1) 158 , (2.7) |
(5/2]1 (1.5} (212,63 [2TT710.} [4/3TT715,6} [
~
.092_'_(2.1) l 1224 (2.6) .231 , (3.8)

[10/3] V {50.1} [4] 1{31.6} I l.
tw
©
" o
‘ -

: ST I
}._.._ 1 —r; 1 :_] 1 “1
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TABLE J-60 (CONT'D]

PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NQOZZLE)

et | ] L Pre RESULT TYPE
118 1.87 0.5 YES a0° |Max. Correlation Length (in)
(Freq. at Maximum, f) KnZ
t TRAILING EDGE (BTE = 70°) [Convection Speed at fm] fps
|
l ¥
+ + + +
TRAILING EDGE (BTE = 40°) ':*_
o
X ¥ X * x : : f‘z
=55 xE 5% -
—&(1.5) v-_q_(m) =16 !
—:F 2.08 2.02 + . + 4
L . x . N
NS Pt ~
=2 -0 S
1.6) — 1 (2.6) -1 (1.
+ 2.67 +1.44 4 + 1
©
-

342
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TABLE J-61
PRESSURE MEASUREMENT RESULTS
0BF CURVED PLATE (3.25" x 1.35" NOZZLE)

TEST LIP
11¢C 1 .74 YES 40° | RMS (psi)
(half-power freq) KHZ
[rolloff exponent]
‘t TRAILING EDGE (BTE = 70°) {peak amplification}
— | T

+ + +

r
[

'Ill

TRAILING EDGE (8. = 40°) ]
————————————————————— +,
= 0
o
5
.372 1(2.3) .389 ) (2.3) .3891(2.3) _*_ gg
(21 '¢5.0} [2] 1.0} [5/371(3.5) a
o
.33 1(2.8) .355 1 (2.8) .3731(3.2) .315 (3.9) 1
[7/3]1{19.9} [7/3]1{15.8} [7/3]1(14.4} [5/37 (7.9}
~
.193 [ (3.0) .206| (3.8) .2371(3.9) .33% (5.4)
[4] 1{35.5} [13/37 {15.8} [13/30{10.0} [7/3] {15.8}

TO L.E.

]
-s— 3.6"
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TABLE J-61 (CONT'D)

PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)

, o T M L1P Br RESULT TYPE
E 11C 1.0 0.74 YES 10° Max. Correlation Length (in)
(Freq. at Maximum, fm) KHZ

+ + + + "F

TRAILING EDGE (8, = 40°) "

|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
L
DONNSTREA;-f::—-—--n-

* x X fn
Frx xx 31 i
« N o 56
=% (3.0) =¥ (3.0) =< (1.6)
+ o +-23s + 1 + T

2“

x x X x
, xo5 5% S5
r | w22 Pogpais éw
o 1 (3.0) (3.0)
+ 0 +1.47 —-'—

o w

© 3

t e

+
. I
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TABLE J-62

PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)

TEST LIP
CASE ./, M, £XT B1g RESULT TYPE
11D 1 .35 YES 40° | RMS (psi)
(half-power freq) KHZ
[rolloff exponent]
43_ TRAILING EDGE (STE = 70°) {peak amplification}
|
| R
~
TRAILING EDGE (5 = 40°) g
—————————————————————— i
<<
= [¥T]
O o
. =
2
.082] (1.3) + + + =
(2] V (4.5} =
©
1.2) .1qg+g1.4) .113_}}1.5) .096((1.8) R
[3] l19.9} 277 112.6) [5/371(5.6) B
~
.0424__ .ossl .075| .071(2.2)
[8/3]'{14.4}
ul
_
o
—

-— 3.6"

. - 1 L 1".-_-¢4
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TABLE J-62 (CONT'D)

PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZILE)

I R TAPTN L Bre RESULT TYPE
ﬂ
. 11D 1.0 0.35 YES 40° {Max. Correlation Length (in,
E (Freq. at Maximum, fm) KHZ
t TRAILING EDGE (BTE = 70°) [Convection Speed at fm] fps

|
I
l
|
I
|
: P
m
|
|
|
|
|
I
|
|
l
o
.9 +
DOWNSTREAM — . .

, £ 5 £E rn.
* O - .
(.85) ~ (1.0) =" (.75) !
2.12 --|-1.94 1.57 + 3
~

TO L.E.

[
—
1
g
—r— 3 6“
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TABLE J-63
PRESSURE MEASUREMENT RESULTS
OBF CURVED PLATE (3.25" x 1.35" NOZZLE)

TEST LIP
CASE Tj/Ta MJ. EXT Bre RESULT TYPE
12h 1 .5 NO ape | RMS {psi) _
(half-power fieq) KHZ
[rolloff exponent]
¢_ TRAILING EDGE (eTt . 700) {peak amp?ificat"‘on)

i
+ - + +

III __4‘-.7"..1

o AMILINGEDGE (mg - 40%) 7( ]
o o
5
.218 1(1.7) .256 (1.5) .172412.0) _{_ “*_gg
[3] '1.8} [11/3] [3] {2.5) S
14 1(1.2) .122*51.4) .1794(3.0) .094 4 (1.9) _jr_
[10/311¢25.1} [11/3] 1 {19.9} [7/31114.03 (41 T{11.23 |
~
.055 1(1.6) .061 (1.6) .098 .03 (2.1) 3
n/3t7.8; [:0/3F {14.4) [20/3% 119.93 |
w
o
[

|
._%L__
-Jr—-
- 3.6"
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TABLE J-63 (CONT'D)

PRESSURE MEASUREMENT RESULTS
0BF CURVED PLATE (2.25" x 1.35" NOZZLE)

1
| T Lo, Ly Bre RESULT TYPE
12A 1.0 0.5 NO 40° |Max. Correlation length (in)
(Freq. at Maximum, fm) KHZ
dE_ TRAILING EDGE (BTE = 70°) [Convection Speed at fm] fps

l
+ = + +

TRAILING EDGE (

R S——— — — . ——— — —— ——— — — —— —— —— —— —— e — w——

1" l .7" -

DOWNSTREAM  —

n
-+
n
n
e T

(1.675)**
7.0%%

(1.7)**

._I—_ q.82%*

k’\

A

~N

o

(&2

w

P

|

|

(.775) =© (1 72)

2“'

(1.1
+ 18
oS
OO

2

(1.72)*
—":15.6*
~J
~J

:175) ‘_I_ +

70 L.E.

T
T
T
L
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TABLE J-64

MAXIMUM CORRELATIONS ACROSS THICKNESS
OF FLAPS FOR WING-FLAPS MODEL

ROUND NOZZLE (D, = 2")

i
Gisr | cockrron S AT FLAE
- . Y p
y (IN.) "l (k) " i)
7A 0 0.66 | 2.0 |l 0.38 | 1.1
1 0.5 2.1 | 0.35 | 1.4
73 0 0.78 | 1.3 || 0.35 | o0.54
1 0.60 | 1.7 || 0.27 | 1.3
8A 0 0.3 | 1.6 | 0.4 1.7
1 0.23 | 1.0 || 0.35 | 1.1
8B 0 0.57 | 1.3 ! 0.35 | o0.86
1 0.3 | 1.5 || 0.25 | 0.73
8D 0 0.23 | 085 0.29 | 1.0
1 0.8 | 1.6 || 0.38 | 1.9
8E 0 0.66* | 2.9% || 0.38 | 1.4
1 6.26 | 1.8 || 0.28 | 1.5
LOBED (DAISY) NOZZLE (D = 2")
8F 0 0.19 | 0.37 || o0.25 | 0.34
1 0.22 | 0.58 || 0.35 | 0.6
86 0 0.31 | 1.2 0.30 | 0.5
1 0.28 | 1.4 0.32 | 0.83

* Acoustic Resonance (see Appendix F)
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APPENDIX K

FREE JET PROPERTIES

; The following plots exhibit properties of th ‘ree jet for a round
nozzle as a function of the distance downstream of the nozzle exit. Al}
these results were obtained by analysis using a Douglas Aircraft Company
program. (Corresponding results can be found from the program described
in Reference 11). The jet conditions asscciated with each plot are given

in the labeling on the plot. The FORTRAN notation on the plots reiates
to mathematical notation as follows:

FORTRAN MeTHEMATICAL

; HALF RADIUS r1/2

3 Q HALF q]/2
JET Q qs
MJ M.
J

TTJ T.orT

J Tj
| 0J Dj
| PAMB Pa
PTJ p

T
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