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SUMMARY

An exploratory wind-tunnel investigation of the buffet characteristics of a
vehicle representative of the launch vehicle for the manned lunar mission has
been made. The investigation was made to define buffet problem areas on the
vehicle and to study whether buffet pressures measured on space vehicle models
follow scaling relationships based on simple dimensional considerations. To
obtain these data, fluctuating pressures were measured in the Langley transonic
dynamics tunnel on two rigid models of a large manned launch vehicle differing in
size by a factor of 5. The models were tested over a Mach number range from 0.4
to 1.2, a Reynolds number range from 0.4 106 to 9.0 X 106 (based on the second-
stage diameter), and at angles of attack from 0° to 4°.
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The results of the investigation show that, for the configurations tested,
the wake from the escape tower under certain flow conditions produced relatively
high noise levels (about 168 decibels) on the nose cone and on the area just aft
of the cone-cylinder shoulders on the vehicle upper stages. In addition, inde-
pendently of the presence or absence of the escape tower, large pressure fluctua-
tions occur on the vehicle just aft of the two cone-cylinder shoulders in a narrow
band of Mach numbers just below 1.0. These pressure fluctuations present a design
problem in venting unpressurized portions of the vehicle but do not present a
structural response problem in the free-free bending or rigid-body pitch modes.
These pressure fluctuations have a time-history wave form which resembles "square
waves." However, only one such pressure fluctuation is expected to occur during
the exit trajectory of the vehicle. An evaluation of buffet scaling relation-
ships derived from simple dimensional considerations lends confidence to the use
of suitably scaled models in determining the buffet pressure characteristics of

large launch vehicles.
INTRODUCTION

Several space vehicles have failed during the transonic and low supersonic
range of their exit trajectories. Usually, the local aerodynamic loads on the
vehicle are a maximum at transonic speeds and the presence of unsteady shock—
boundary-layer interactions in the flow around the vehicles has led to the




suggestion that buffeting loads may have contributed to some of the failures.
Several wind-tunnel investigations (refs. 1 to 4) have been undertaken to examine
the nature of these buffeting flows. Generally, it has been found that the char-
acteristics of buffet pressure fluctuations on launch vehicles are very strongly
configuration dependent. Therefore, as part of the work of the Langley Research
Center in support of the manned lunar mission, a wind-tunnel investigation of the
buffet characteristics of a vehicle representative of the launch vehicle for the
manned lunar mission has been made.

Some very early buffet pressure characteristics from a preliminary investi-
gation of a representative launch vehicle were published in reference 5. These
early data indicated that, under certain conditions, root-mean-square buffet
pressures as high as one-fourth the free-stream dynamic pressure might be obtained
behind the first shoulder of the configuration. The magnitude of these buffet
loads and peculiarities of the fluctuating pressures were such as to cast doubt
on the validity of the usual laws for scaling buffet pressure characteristics
from model to full scale. The present more detailed investigation was then under-
taken with emphasis on attacking the problems raised by the preliminary
investigation.

The twofold purpose of the investigation was: (1) to define any buffet
problem areas on the large manned launch vehicle, and (2) to study whether buffet
pressure characteristics measured on models of space vehicle configurations can
be scaled with confidence to the full-size vehicle by using normal scaling
relationships.

To obtain the required data, fluctuating aerodynamic pressures were measured
on two rigid models representative of the large manned launch vehicle which were
sized, respectively, 8 percent and 1.6 percent of the full-size vehicle. In addi-
tion, limited response studies were made on a dynamically and elastically scaled
model of a similar vehicle modified to have the same nose shape as the large
manned launch vehicle. Various escape-tower configurations were investigated on
the models which were tested in the Langley transonic dynamics tunnel with both
air and Freon-12 as test mediums. The investigation covered a Reynolds number
range from 0.4 X 10° to 9.0 X 10° (based on second-stage diameter), a Mach number
range from 0.4 to 1.2, and an angle-of-attack range from 0° to 4O,
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Cp time-average pressure coefficient, —_LTI_—_
(ACP> coefficient of root-mean-square fluctuations of pressure about
rms
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coefficient of maximum fluctuation of peak pressure,
Maximum peak-to-peak pressure fluctuation

2q

diameter of second stage, in.
frequency, cps
free-stream Mach number

free-stream static pressure, 1b/sq ft

i
time-average local pressure on model surface, % b/\ By dt
0 ’

unsteady local pressure on model surface

free-stream dynamic pressure, Ib/sq Tt

Reynolds number based on second-stage diameter, E§E

radius measurement on nose cone

time, sec

specific period of time, sec

velocity, ft/sec

axial distance along vehicle measured rearward from nose, in.

vehicle angle of attack, deg

angular distance around circumference of vehicle, positive clock-

wise when viewed from rear, origin at 12 o'clock, deg

viscosity of test medium,
££2

density, slugs/cu ft

(1b/sq in.)2

power spectral density of fluctuating pressure, o8




Subscripts:
fs full scale

m model
APPARATUS AND TESTS

Test Facility

The Langley transonic dynamics tunnel which was used for the investigation
is a single-return-flow, variable-pressure, slotted-throat wind tunnel having a
test section 16 feet square (with cropped corners). The tunnel can operate at
stagnation pressures from near vacuum to slightly above atmospheric at Mach num-
bers from O to 1.2, and either air or Freon-12 may be used as a test medium.
This facility is particularly suited for general dynamics testing because Mach
number and dynamic pressure can be varied independently and are continuously con-
trollable. A quick operating bypass valve is available as a "flutter stopper";
thus, a rapid reduction or increase of test-section Mach number and dynamic pres-
sure may be made. The flow in the tunnel test section is such that the maximum
deviation from the average free-stream Mach number is on the order of 0.011 to
0.018 at the highest test Mach numbers and less than 0.003 at the lower test Mach
numbers.

Models

The principal models for the investigation were two rigid models of a large
manned launch vehicle which are 8.035-percent full size and 1.607-percent full
size. These models were identical in exterior shape, but differed in size by a
facto? of 5. Pertinent model dimensions scaled to full size are shown in fig-
ure 1(a).

Various escape-tower configurations were tested on the rigid models and these
are illustrated with full-scale vehicle dimensions in figure 2. Two different
escape tower designs with a skirt or shroud around the rocket nozzles and two
designs without skirts were investigated. The two designs without skirts are
tower configurations 1 and 3 as shown in figure 2. Both escape towers were sim-
ilar in that each had a conical nose, cylindrical body, three rocket nozzles, and
tripod mounting legs. The escape towers differed principally in that the tower
of configuration 3 had a larger length-to-diameter ratio, larger rocket nozzles,
and a greater length from tower base to vehicle nose cone. Configuration 2 con-
sisted of tower configuration 1 with a conical skirt around the rocket nozzles
and configuration 4 consisted of tower 3 with a skirt which was similar to that
of configuration 2 except this skirt had an annular inlet between the shroud
leading edge and the cylindrical tower body. (See fig. 2.) Photographs of the
models are presented in figure 3.



The l.6-percent and 8-percent models were rigidly attached to the tunnel
sting mount. Shake tests of the model support system with the 8-percent model
attached gave resonant frequencies of 6.9, 45.5, 104.3, and 162 cycles per second
in 8 vertical 'divection and 5.4, 38.1, 171.0, and 197.0 cycles per second in a
horizontal direction. The structural damping coefficient in the first vertical
mode as determined from a decrement was 0.028. The natural frequencies and struc-
tural damping were not measured on the 1.6-percent model.

In addition, limited response studies were made of a 2-percent-size dynam-
ically and elastically scaled model of a similar vehicle modified to have the
same nose shape as the large manned vehicle. Pertinent model dimensions scaled
to full size are illustrated in figure 1(b). With the removable sleeve installed
on the 2-percent model, as shown in figure 1(b), that portion of the model from
the nose to the rear of the sleeve becomes a 1.427-percent model, whereas the
booster becomes oversize to this scale. The 1.427-percent elastic model was
attached to the sting by two pairs of soft springs located so that restraint to
model response in the free-free bending modes was minimized. The model first
free-free bending and rigid-body pitching frequencies scaled to within about
20 percent of the corresponding frequencies on the full-size vehicle.

Instrumentation

The rigid pressure models were equipped with six pressure transducers which
measured the fluctuating aerodynamic pressures on the upper stages along a stream-
wise ray and the 8-percent model also had a seventh transducer on the forward
cone-cylinder shoulder, 180° around the circumference from transducer 3. (See
fig. 1.) 1In addition, the 8-percent model was equipped with 22 static-pressure
orifices which gave the time-average local pressure distribution along a stream-
wise ray over the same length of the vehicle as covered by the fluctuating pres-
sure transducers. The locations of the pressure transducers and the static-
pressure orifices are shown in figure 1.

The pressure transducers were an electrical, variable-air-gap, inductance
type known as the NACA miniature electrical pressure gage model 49. A detailed
description and performance analysis of this transducer is presented in refer-
ence 6. The range of the pressure transducers used was *2 psi and the maximum
nonlinearity in this range is about 1 percent. Each pressure transducer was
installed as a unit by using a special mounting bracket. A transducer unit and
mounting bracket are shown in figure 4(a). One side of the transducer is connected
through its pressure opening to the pressure to be measured, and the other side is
connected to a reference pressure. In the present installation the reference
pressure was measured at an orifice adjacent to the fluctuating pressure orifice.
The reference pressure orifice was connected to the reference side of the trans-
ducer by about 50 feet of small-diameter tubing which smoothed transient fluctu-
ating pressures and gave a time-average local pressure. Thus, each pressure
transducer measured, at one model station, the fluctuations of pressure about the
mean.

A block diagram of the instrumentation used in measuring and recording the
fluctuating pressures is presented in figure 4(b). The output from the pressure
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transducer was fed through a 3-kilocycle carrier amplifier and a low-pass filter
which had a cutoff frequency of approximately 2,800 cycles per second. The sig-
nal then passed through a l6-microfarad blocking condenser which removed any d-c
components without perceptible attenuation and was recorded by an FM tape recorder
which had a center frequency of 6.75 kilocycles and a recording speed of

7.5 inches per second. The low-pass filter prevented any interaction between the
carrier and tape recorder.

In addition to the tape record of pressure fluctuations, the mean squares of
the pressure fluctuations from four selected transducers were obtained by sending
the outputs from each of these four transducers through a vacuum-bulb thermo-
couple. The output of each thermocouple is proportional to the mean square of
the input signal voltage, and these thermocouple outputs were each simultaneously
displayed on a microammeter and recorded on a recording oscillograph. These mean-
square fluctuating pressure data were used to compute quickly the root-mean-square
values of the fluctuating pressures.

Power-spectral-density data presented were obtained through the use of the
FM tape recorder. The taped data were analyzed for the frequency range of 0 to-
600 cycles per second. The (ACP)rms values obtained from the area under the

power-spectral-density curves were compared with the (Acp)rms values computed

from the mean-square values as measured by vacuum-bulb thermocouples. Although

some differences existed for the two sets of QACP el values, the agreement was

generally fair even though the thermocouple signals were not cut off at 600 cycles
per second. No frequency-response curve for the entire instrumentation system

was made. However, frequency responses were obtained for important segments of

the system - a pressure transducer, 3-kilocycle carrier amplifier, and 2,800-cycle-
per-second low-pass filter - and these frequency responses are presented in fig-
ure 5. Examination of figure 5 shows the preceding units to have a constant fre-

quency response within iE% percent at frequencies up to approximately 600 cycles

per second. Above 600 cycles per second the frequency response drops off rather
slowly so that attenuated signals at frequencies above 600 cycles per second could
have passed through the thermocouple mean-square circuits. In view of the gen-
erally fair agreement observed between the two sets of (Acp)rms values, it is

believed that there was no significant power input at frequencies above 600 cycles
per second.

Each of the 22 static-pressure orifices on the 8-percent model was connected
by tubing to a multiple-glass-tube manometer filled with butylthiolate liquid and
referenced to the free-stream static pressure in the tunnel plenum chamber. A
photograph of the manometer board for each test data sample recorded the distri-
bution of the difference between local time-average and free-stream static pres-
sures for each data point.




Tests

For both the 8-percent and 1l.6-percent models, the test procedure was as
follows: With the model installed in the tunnel and all instrumentation set up
for the tests, a static-pressure calibration was made of the output of the fluc-
tuating pressure transducers. For the calibration, known static pressures at
several pressure levels were applied to each pressure transducer and the corre-
sponding output in millivolts was measured. The tape recorder and thermocouples
were calibrated with 100-cycle-per-second and 225-cycle-per-second sine waves of
known root-mean-square voltage. The tunnel was then started and the tunnel stag-
nation pressure, temperature, and speed were set to give a desired Mach number
and Reynolds number. The Mach number and Reynolds number were held constant and
data points were taken for each angle of attack desired. For each data point, a
45_second data sample record was taken of the fluctuating pressures by using the
tape recorder and for the 8-percent model a photograph was taken of the static-
pressure manometer board. For the four transducers connected to thermocouples,
the thermocouple outputs on the microammeters were recorded and also an oscillo-
scope was used to check visually the output of any desired pressure transducer.
Tunnel stagnation temperature and pressure and static pressure were also tabulated
for each data point.

The tests covered Reynolds numbers from Bade 106 BOE 907 106 (based on the
second-stage diameter), Mach numbers from 0.4 to 1.2, and angles of attack from
-4° to 4O, Most of the data consisted of root-mean-square fluctuating pressures
taken at two Reynolds numbers, 1 X 106 and 4.5 X 106, throughout the Mach number
and angle-of-attack ranges. The static-pressure distributions were measured only
on the 8-percent model with tower configuration 1 in Freon at Reynolds number
4.5 x 106, angles of attack of -4°, 0°, and 4°, and Mach numbers from 0.6 to 1.2.

REDUCTION OF DATA

The differences between the local time-average static pressure and the free-
stream static pressure were reduced to the form of a time-average pressure coef-
ficient Cp. This Cp 1is the measured difference between the local time-average
static pressure and the free-stream static pressure (obtained from a photograph
of the manometer board) divided by the free-stream dynamic pressure.

Since random fluctuations of pressure about the mean were measured by the
electrical pressure transducers, conventional characteristics of a continuous
random process such as root-mean-square values and power spectral densities are
used to describe these random pressure fluctuations. All the measured fluctuating
pressure transducer outputs presented in this report were reduced to the form of
a root-mean-square fluctuating pressure coefficient (ACP)rms' This coefficient

is the square root of the time average of the square of the fluctuating pressure
about a mean divided by the free-stream dynamic pressure.

Visual time histories of some data samples were obtained by playing back the
magnetic tape recordings of the fluctuating pressures into a.recording oscillo-
graph. Some selected samples of the randomly fluctuating data as recorded on




magnetic tape were reduced to power spectral densities by use of an electronic
analog analyzer. The data were analyzed in the frequency range from O to

600 cycles per second by using a 13.5-cycle-per-second band-pass filter and a
15-second tape loop. It should be pointed out that the power spectral densities
thus obtained are questionable at very low frequencies (that is, within one or
two band widths of zero frequency). The model power spectral densities were con-
verted to full-scale power spectral densities by using the following scaling
relationships developed from simple dimensional considerations (ref. T
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The full-scale dynamic pressures used in the scaling of the power spectral
densities and in the scaling of the acoustic environment for this paper were
obtained from the curves of dynamic pressure and Mach number against time from
lift-off for a large launch vehicle which are presented in figure 6.

As mentioned in the section on "Test Facility," the Langley transonic
dynamics tunnel can use either Freon-12 or air as a test medium. In order to
obtain Reynolds numbers of 4.5 X 106 or higher on the 8-percent model or 1 x 100
or higher on the 1l.6-percent model, Freon had to be used as a test medium. Since
the ratio of specific heats for Freon-12 is approximately 1.13 as compared with
1.4 for air, some differences exist between the data obtained in Freon and the
data obtained in air. Methods for predicting aerodynamic characteristics of
bodies in air from data obtained in Freon-12 have been developed for steady flows
and are presented in reference 8. No correction for unsteady flow data such as
the fluctuating pressures of the present investigation has been developed. Fig-
ure T shows for typical root-mean-square fluctuating pressure coefficients on the
8-percent model a comparison of data taken in air and Freon (at the same Mach
number, Reynolds number, and angle of attack) with the Freon data corrected by
the method of reference 8. Although the correction of reference 8, when applied
to the data, is in the direction which would reduce the difference between the
Freon and air data, the amount of the correction is small compared with the amount
of correction needed. As will be indicated subsequently in the section entitled
"Buffet Pressure Scaling," there are other reasons why (ACP)rms values obtained

in air and Freon might differ. Because of these other reasons for differences
and in view of the uncertainty of-applicability of the correction of reference 8,
the remainder of the data taken in Freon are presented as uncorrected Freon data.




PRESENTATION OF DATA

The results of the investigation are presented in the following tables and
Tilgures:

Table

Fluctuating pressure coefficients measured on 8-percent rigid model . . . . i
Fluctuating pressure coefficients measured on l.6-percent rigid model

FNIANHETE Gt B e 8 S ) L o ey el e e el et ben e ehtiel e fiel e itel el el o e S LT
Static pressure coefficients Cp measured on 8-percent model (tower con-

Piguration 1) in Freon at Reynolds number of 4.5x 106 . . .. .. ... III

Figure

Spark shadowgraphs of flow around a 0.0068-size model of a large manned

B R R . 1 el e e b e aa e e A T SRR 8
Variation of fluctuating pressure coefficients with Mach number for sev-

eral configurations and angles of attack on 8-percent rigid model in

I I s - . . . . . ..o i ate e et ek mled e el 9
Variation of fluctuating pressure coefficients with Mach number for three

configurations and angles of attack on 1l.6-percent rigid model in Freon

P N R ot o . e e e s SN O SIS
Effect of tower configuration on variation of fluctuating pressure coef-

ficients with Mach number on 8-percent rigid model in Freon at a = 0°

e e T 1 S SRR ol e SR R L
Axial distributions of static and fluctuating pressure coefficients at

several Mach numbers and angles of attack on 8-percent rigid model

with tower configuration 1 in Freon at R = 4.5 X 106 e T Sl o 2
Variation of fluctuating pressure coefficients with Reynolds number at

constant Mach numbers for two transducer locations at ¢ =0° . . . . . . il
Typical ratios of peak pressure fluctuations to root-mean-square pressure

fluctuations for several data samples plotted as a function of Mach

S A e e R R A R R T e 1L
Power spectral densities of fluctuating pressures measured on model and

sealleditomRuiNi-sizemvenicle o o o o o e s o e ele enle e e s e e isiget e el 113
Variation with Mach number of static-pressure coefficients at first and

second shoulders of 8-percent model with tower in Freon. Configuration 1
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Figure

Tracings of typical oscillograph time histories of peak fluctuating pres-
sures measured behind first shoulder (transducer 3, x/D = 0.68) on
rigid models. Tower configuration 1; M = 0.95; R = 1.0 X 106; and
81, OIS n e T S R o - s R Al i S L 17

Typical power spectral density of buffet pressures (corresponding to the
peak in (ACP) data) measured at first shoulder of 8-percent model in

rms
Freon and scaled to full-size vehicle. Transducer 3; tower configura-
tion 13 B> 4.5 X 100; M= 0.92k; and 06 =00 » v v v 2 « o & « 5 & o' o 18

Comparison of root-mean-square fluctuating pressure coefficients on
1.6-percent and 8-percent rigid models under same flow conditions.
Models in Freon with tower configuration 1; R =~ 1.0 X 106; and
G HEOCEE & R T e i AT . s d o 65 plo b 0ub Boo o o 19

Comparison of power spectra of buffet pressures at forward shoulder
(transducer 3; x/D = 0.68) on 8-percent and 1.6-percent models with
tower configuration 1 in Freon. R = 1 X 106; M= 0.00; and o =02 . < 20

Comparison of power spectra of buffet pressures on 8-percent and
1l.6-percent models in Freon. Transducer 1; x/D = 0.21; tower config-
uration 1; R~1x 106; M=0.81; and @ = 00 & +» + & v v & v o o o v v . 21

Comparison of power spectra of buffet pressures on 8-percent and
1.6-percent models in Freon. Transducer 3; x/D = 0.68; tower config-
uration 2; R~ 1 X 106; M = 1.01; and & = 00 + + & « v o v v o v v v . . 22

Comparison of power spectra of supersonic buffet level at forward
shoulder (x/D = 0.68) of 8-percent model in air and Freon.
R~1.0%1200; M=1.05; 800 & = 02 & v v v v o s o o o « o o « o o« v 23

Comparison of power spectra of subsonic buffet pressures on forward
shoulder of 1l.6-percent model in Freon with those of 8-percent model in
air. Configuration 1; transducer 3; M =~ 0.8; R = 1 x 106; and
ame o AR SHEE T T ER. o I e 2L

Estimated external acoustic environment of a large manned launch
T e U I 25

The objective of figures 20 to 24 which cover several combinations of flow
conditions, model sizes, and test mediums is to show how well buffet pressures
measured on models of a space vehicle can be scaled to the full-size vehicle.

In the presentation of the fluctuating pressure data, little or no data are
presented for some of the transducers. The maximum root-mean-square pressure
fluctuations on the 8-percent model were measured by transducers 1Ly onalen e
(See fig. 1.) Transducer 2 fluctuating pressures were about the same as those of
transducer 1 and both transducers were on the 30° nose cone. The fluctuating
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pressures from transducers 4 and 6 were considerably less than those from trans-
ducers 3, 5, and 7. Consequently, for the 8-percent model, only limited data
from transducers 2, 4, and 6 are given and these data are found in the axial
distribution plot of figure 12. The maximum root-mean-square pressure fluctua-
tions on the l.6-percent model were measured by transducers 1, 3, 4, snd. Sy The
1.6-percent model had no transducer location corresponding to the transducer T
location on the 8-percent model. Again the pressures from transducers 1 and 2
were about equal and the pressures from transducer 6 were very small. Therefore,
no data from transducers 2 and 6 are presented for the 1.6-percent model.

RESULTS AND DISCUSSION

Buffet Problem Areas

The flow about the vehicle is characterized by a turbulent wake behind the
escape tower, unsteady shock—boundary-layer interactions at the cone-cylinder
shoulders of the vehicle, and flow separation around the 30° nose-cone shoulder
at subsonic speeds. These phenomena present possible buffet problem areas which
will be discussed in some detail. A visual presentation of the flow about the
vehicle is given by the spark-shadowgraph of figure 8 obtained at the Marshall
Space Flight Center on a 0.0068-size model which had a slightly different escape
tower than the models of this investigation.

The fluctuating pressures measured on the models are presented in the form
of root-mean-square fluctuating pressure coefficients and power spectral densities
which are conventional methods of describing a continuous random process. How-
ever, it is of interest to indicate the magnitude of the maximum peak fluctua-
tions of pressure in relation to the root-mean-square values of these pressure
fluctuations. Such an indication is given in figure 14 in which the maximum peak
values of fluctuating pressures for each of several data samples are compared
with the root-mean-square values for the same data samples. Comparisons are pre-
sented for two configurations, namely, the 8-percent model without escape tower
at the transducer 3 location and the 1.6-percent model with tower configuration 1
at the transducer 1 location.

The alinement or nonalinement of the pressure transducers on the models with
the escape-tower rocket nozzles in some cases affected the fluctuating pressures
measured by the transducers. For all tests with an escape tower on the models,
the escape tower was installed so that each pressure transducer was either
directly downstream of an escape-tower rocket nozzle or directly downstream of
the midpoint of the valley between two escape rocket nozzles.

Turbulent-flow effects.- The escape-rocket and tower combination create a
turbulent wake that bathes the vehicle behind it in a turbulent flow. Also at
subsonic Mach numbers around 0.6 there is flow separation around the shoulder of
the 30° payload nose cone. This separation creates a turbulence in the vicinity
of the nose-cone shoulder which adds to the effect of the turbulent escape-tower
wake. The turbulent flow from subsonic separation around this shoulder is pres-
ent even without an escape tower on the model.
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The primary effect of installing an escape tower on the model is an increase
in the level of the measured buffet pressures on the nose cone and (at supersonic
speeds) on the cone-cylinder shoulder behind the nose cone. Figures 9, 11, and
13, which present tower-off and tower-on (ACp)rmS data, show the increases that

are due to the presence of the tower.

The maximum (ACp)rmS value on the nose cone (transducer 1) with a tower-on

configuration is 0.141 as shown in figure 9(c) for tower configuration 2 at
a= 4 and M = 0.6. An average tower-on value of (Acp)rms on the nose would

be about 0.08. For the tower-off configurations, a (ACP)rms level of less than

0.01 was measured on the nose cone throughout the Mach number range at angles of
attack from -4° to 4°. This level is about that expected for turbulent boundary-
layer flow over a smooth surface.

The increase in (Acp)rms at supersonic Mach numbers on the forward cone-
cylinder shoulder is shown by a comparison of the (ACp)rms values from trans-

ducers 3 and 7 for the tower-off and tower-on configurations. (See figs. 9 and
11.) Although large differences exist in the level of (ACp)rms for the various

tower configurations, it is seen that the tower-on supersonic (Acp>rms values
behind the cone-cylinder shoulder are always higher than the tower-off values.

Examination of figure 9 shows some values of fluctuating pressure coeffi-
cients as high as 0.17 to 0.19 measured by transducers 3 and 7 at subsonic Mach
numbers from 0.4 to 0.6." As figure 1 shows, transducers 3 and 7 are located 180°
apart around the circumference of the vehicle at a station just rearward of the
30° nose-cone shoulder. These high fluctuating pressures are attributed to tur-
bulence created by flow separation around this cone-cylinder shoulder as the flow
tries to turn this corner at these subsonic Mach numbers. The flow separation on
this shoulder appears to be present either with or without an escape tower on the
model. The resulting turbulence is a noise source which extends the possible
buffet problem area to Mach numbers as low as 0.6.

Power-spectral-density analyses were made of a number of data samples of
fluctuating pressures associated with the wake of the escape tower and subsonic
flow separation. Some of these analyses are shown in figure 15 in the form of
full-scale power spectral densities. Examination of figure 15 reveals that two
distinct types of spectra occur in the wake of the escape tower. One type is
characterized by a "white noise" spectrum (no predominant peaks) such as shown in
the lower two curves of figure 15(b). The other type is characterized by a broad
peak at full-scale vehicle frequencies ranging from 20 to 60 cycles per second,
the most definite of these peaks occurring on the nose cone between 35 and
40 cycles per second. These peaks do not appear to represent resonant model
natural frequencies and differences in magnitude and frequency between different
peaks are thought to be functions of different tower configurations, angle of
attack, and Mach number.
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The distinction between the broad peaks and white noise spectra are thought
to be associated with the circumferential distribution of the tower wake buffeting
over the vehicle which has not been well defined with the limited number of pres-
sure transducers used. Each transducer was either directly downstream of one of
the escape-tower rocket nozzles or directly downstream of a valley between two
rocket nozzles. This transducer-tower orientation is denoted in figure 15 by the
notation "valley" or "rocket" in the key of the figure. Examination of fig-
ures 15(a) and 15(b) shows that the power spectral densities which are of the
"broad peak" type were measured by transducers downstream of an escape-tower
rocket nozzle, and the "white noise" power spectral densities were measured by
transducers downstream of a valley between two rocket nozzles. This localized
circumferential variation of buffet pressure with tower rocket nozzle orientation
is also shown by the supersonic fluctuating pressure coefficients in figures 9(b)
and 9(d). Transducers 3 and T were located at the same station just aft of the
first cone-cylinder shoulder but were 180° apart around the circumference with
transducer 3 downstream of a rocket nozzle and transducer 7 downstream of a valley
between rocket nozzles. The (ACp)rmS buffet pressures at supersonic Mach num-

bers are definitely higher downstream of a rocket nozzle (transducer 3) than
downstream of a valley between rocket nozzles (transducer 7).

The use of skirts around the escape-tower rocket nozzles eliminated the dif-
ferences between (ACP)rms values downstream of a tower rocket nozzle and those

downstream of a valley between tower rocket nozzles as is shown by the similarity
of the data from transducers 3 and 7 in figures 9(c) and 9(e). Unfortunately, as
shown by these same figures, there is a much larger variation in the supersonic
buffet levels behind the cone-cylinder shoulders with changes in angle of attack
than is found on the two towers without skirts. For this reason the towers with
skirts appear to be less desirable from a buffet standpoint than the towers with-
out skirts.

Figure 15(c) presents power spectral densities of fluctuating pressures at
subsonic Mach numbers on the shoulder of the 30° nose cone of the models with
escape towers. The turbulence from separated flow around this corner at subsonic
Mach numbers apparently has combined with the turbulent escape-tower wake as shown
by the differences between "valley" and "rocket" power spectral densities.

Flow fluctuations at shoulders.- The flow over the cone-cylinder shoulders
of the vehicle is characterized by unsteady shock—boundary-layer interactions
Jjust rearward of the cone-cylinder Jjunctions. In these localities the flow under-
goes intermittent transition between supersonic attached flow and subsonic
detached flow as the shock wave oscillates fore and aft. Figures 8(a) and 8(b)
show visually the subsonic and supersonic flow regimes. The alternate separation
and reattachment of the flow creates large pressure fluctuations which are shown
by the high values of (ACP)rms in figure 9 for transducers 3, 7, and 5, occur-

ring over a narrow range of Mach numbers just below 1.0. A comparison of these
transducer outputs in figure 9(a) with those of figures 9(b) to (9e) show the
large root-mean-square fluctuating pressures are present either with or without
an escape tower on the model at Reynolds number 4.5 X 106. Indications of a
similar peak in root-mean-square fluctuating pressures behind the forward cone-
cylinder shoulder of a reentry body on a missile are presented in reference 3.
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Somewhat lower peaks in root-mean-square fluctuating pressure coefficients occur
behind the cone-cylinder shoulders of model 5 of reference 4. The fluctuating
pressure peaks of these references are at slightly different Mach numbers than
those of this investigation.

There is an interesting phenomenon in figure 13 which shows the effects of
Reynolds number on the (Acp)rms values on the nose and first cone-cylinder

shoulder of the model with and without escape tower. At a Reynolds number of

k.5 x 106 the high fluctuating pressures at M = 0.95 are shown to occur either
with or without the tower. However, at a Reynolds number of 1 X 106, the fluc-
tuating pressure coefficients on the model with tower are considerably greater at
a Mach number of 0.95 than on the model without tower. It is conjectured that
the effect of the tower is to act as a turbulence generator which changed the flow
from laminar to turbulent at a lower Reynolds number than would occur without the
tower; and this turbulent flow may be necessary to obtain the high root-mean-
square fluctuating pressure peaks. Also of general interest in figure 13 is the
fact that the data obtained show little or no Reynolds number effects at values
greater than 4.5 x 106. Therefore the data obtained at R ~ 4.5 x 106 may be

valid design data even though full-scale Reynolds numbers are as high as 60 X 106.
(see fig. 6.)

The explanation of the high fluctuating pressures on the vehicle shoulders
is corroborated by a cross plot of the static-pressure-coefficient data of fig-
ure 12. This cross plot which is presented in figure 16 gives the variation of
the static pressures on the cone-cylinder shoulders with Mach number. A step
increase in static pressure is seen to occur on both shoulders at Mach numbers
between 0.93 and 0.96. The magnitude of these static-pressure increases is
directly comparable to the measured fluctuating pressure increases in which
pressure changes as high as 80 percent of the dynamic pressure occurred in a few
milliseconds. A sudden pressure change of this magnitude may present a design
problem in the venting of unpressurized portions of the vehicle in these areas.

Time histories of fluctuating pressures behind the first cone-cylinder shoul-
der at Mach number 0.95 where the pressure is jumping back and forth between the
two levels are presented in figure 17. These are typical oscillograph time his-
tories of the peak fluctuating pressures measured behind the shoulder of both the
1.6-percent and 8-percent models and recorded at the same paper speed. The wave
form of the pressure pulses resembles a square wave (particularly for the
1.6-percent model) except the square tops tend to "bleed off" with time because
the instrumentation did not have zero frequency response. Similar time histories
are found in reference 3. The two time histories are not identical in appearance
as the duration of a pressure pulse and the time interval between pressure pulses,
although random, are generally less for the small model than for the large model.
This difference is in agreement with scaling effects based on simple dimensional
considerations. Equivalent full-scale times are indicated in figure 15. The
power spectral density of a "square-wave" data sample at a peak value of (ACP)rms

is presented in figure 18. This power spectral density which has been scaled to
the full-scale vehicle is typical of all power spectral densities of these peaks
in root-mean-square fluctuating pressures in that the power input is great at very
low frequencies but rapidly drops off to near zero at higher frequencies.
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In considering the effects of these large pressure pulses on the full-scale
vehicle, it is important to consider the length of time the full-scale vehicle
will be subjected to this type of flow. Examination of the typical launch tra-
jectory information for vehicles of this type such as that in figure 6 shows the
vehicle will accelerate through the narrow Mach number range (0.05 Mach number)
in which this type of flow occurs in approximately 1.5 seconds. These 1.5 sec-
onds, when scaled to the models, give the time intervals of 0.24 second for the
large model and 0.048 second for the small model since

Dm Vrs
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These time intervals are marked off in brackets in figure 17. These bracketed
time intervals show that it is improbable that more than one such pressure pulse
will occur in a given 1l.5-second time period. Furthermore, these time histories
are for flow conditions at constant Mach number, dynamic pressure, and angle of
attack. For the accelerated flow conditions of the full-scale vehicle, it seems
even less likely that more than a single pressure pulse would occur as the vehi-
cle passes through the Mach number range for this type of flow.

Consequently, the type of flow that would probably occur in accelerated
flight should be considered as a transient phenomenon. Conventional character-
istics of a continuous random process such as the root-mean-square value or power
spectral density would not have their usual significance and are not the proper
quantities for representing a transient phenomenon. An attempt was made to obtain
pressure time histories more descriptive of the transient case by testing the
8-percent model in accelerated flow obtained by closing a fast acting bypass
valve in the tunnel circuit. Unfortunately, instrumentation difficulties and the
relatively slow rate of change of Mach number produced inconclusive results.

In order to obtain an indication of the effects of the increases in pressure
on the response of the vehicle, some tests were made of a 1.427-percent aero-
elastic model which had an oversized booster. (See fig. 1.) These tests were
made with no escape tower and also with tower configuration 1. It was felt that,
even though the nose was of a different scale from the booster, any significant
vehicle response to these flow conditions would be indicated by this model. The
model showed no significant response to these flow conditions even though a pres-
sure transducer behind the first cone-cylinder shoulder showed typical "square-
wave" time histories. Apparently, the distribution and frequency content of these
pressure pulses is such that they do not lead to significant bending moments in
the first free-free elastic bending mode or pitching moments in the rigid-body
pitching mode.

Buffet Pressure Scaling

A1l wind-tunnel buffet studies such as these are dependent upon scaling
relationships which have been developed from simple dimensional considerations
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(see, for example, ref. 7) and are presented in the section on "Reduction of
Data." These relationships have not been fully evaluated for buffeting of
launch-vehicle—spacecraft configurations. An objective of the present investi-
gation was to make such an evaluation.

One indication of the applicability of the scaling relationships to the data
has been previously mentioned, namely, the fact that the differences in the time
histories of figure 17 were in agreement with the scaling laws. Another indica-
tion of the applicability to the full-scale vehicle of fluctuating pressure data
measured on a model is to compare the root-mean-square fluctuating pressure coef-
ficients measured at the same Mach number, Reynolds number, and angle of attack
on the same model configurations for the two rigid models which differed in size
by a factor of 5. Such a comparison is presented in figure 19 which shows the
variation with Mach number of the fluctuating pressure coefficients measured by
transducers 1, 3, and 5 on the 8-percent and 1l.6-percent models. The agreement
between these data is considered to be fair. One limitation to this type of com-
parison is that the same instrumentation was used to measure the fluctuating
pressures on both size models and this instrumentation had flat response up to
600 cycles per second. Both models were tested in Freon where the velocity at a
given Mach number is approximately one-half that in air at the same Mach number.
Thus, if the frequency of pressure fluctuations on the models is scaled to full
scale by the following scaling relationship:

Dp . Ves
Iy

the 600 cycles per second on the l.6-percent model is equivalent to about

20 cycles per second full scale and the same 600 cycles per second on the
8-percent model is equivalent to about 100 cycles per second full scale. If a
substantial portion of the buffeting pressures occurred at frequencies between

20 cycles per second and 100 cycles per second full scale, the instrumentation
on the 1l.6-percent model would not accurately record it and a discrepancy would
be expected in the correlation of the data between the two models. A more rigor-
ous method of ascertaining the degree of confidence with which model buffet data
can be scaled to full scale by application of the usual buffet scaling relation-
ships is to make comparisons on the basis of spectral analysis of selected data

samples. The power spectral densities selected are presented in figures 20 to 24.

In these figures comparisons are made between the power spectral densities meas-
ured on the 8-percent model and l.6-percent model both in Freon, the 8-percent
model in Freon and in air, and the 8-percent model in Freon, and the 1.6-percent
model in air. For each such comparison the transducer location, Reynolds number,
Mach number, angle of attack, and tower configuration were the same for the power
spectral densities being compared. The first such comparison is presented in
figure 20 which shows in two forms, comparison of the power spectral densities of
buffet pressures measured at the forward cone-cylinder shoulder (transducer 3) of
the large and small models, both in Freon. In figure 20(a) the power spectra are
essentially raw data except that the model power-spectral-density ordinate has
been divided by the square of the dynamic pressure to put the two curves on a
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comparable basis. In order to obtain the same Reynolds number and Mach number on
both models, it was necessary to test them at different dynamic pressures. On
the basis of figure 20(a) the power spectral densities for the two models are two
distinctly separated curves. If these separate curves are scaled to the full-
size vehicle by application of the scaling relationships, the power spectral
densities are seen to be in good agreement (fig. 20(b)). The (ACP)rms values

presented in part (a) of figures 20 to 24 were obtained from the area under the
respective power-spectral-density curves. As discussed under the section entitled
"Instrumentation," these (Aﬂp)rms values differ somewhat from the (ACP)rms

values obtained from the root-mean-square instrumentation readout circuits because
the power spectral densities were cut off at 600 cycles per second whereas the
root-mean-square circuits could have received signals at frequencies greater than

600 cycles per second. (See fig. 5.) For most of the power spectral densities
presented in this paper, fair agreement was obtained between the two sets of
(ACP)rms values so that significant power inputs above 600 cycles per second are

believed to occur only for a minority of cases, principally on the 1.6-percent
model.

Two similar comparisons of power spectral densities of fluctuating pressures
on the first cone-cylinder shoulder of the two different size models are presented
in figures 21 and 22. The power spectral densities compared in figure 2iNarelton
tower configuration 1, transducer 1, at M = 0.8. Although the values of
(Acp)rms are low in respect to the (ACP)rms values of the other comparisons,

scaling the data of figure 21(a) to that for the full-scale vehicle (fig. 21(Db))
gives a fair correlation of data from the two models. Figure 22 presents a sim-
ilar comparison for tower configuration 2, transducer 3, at M = 1.0l1, but the
correlation in figure 22(b) is not as good as that in figure 21. Again the
(ACP)rms values are so low, 0.0279 and 0.0165, for the two models that it is

readily possible that the buffet pressure is affected by the level of residual
tunnel turbulence which could adversely affect the correlation of the scaling.

Another power-spectral-density comparison is given in figure 23 in which
power spectral densities measured on the 8-percent model in the two different
test mediums, air and Freon-12, are compared. This comparison shows good agree-
ment between the two spectra when scaled to the full-size vehicle.

Figure 24 presents one further comparison in which power spectral densities
of fluctuating pressures on the 8-percent model in air and on the 1.6-percent
model in Freon are compared. Again the use of the scaling relationships results
in good agreement between the two curves.

The results obtained from the preceding evaluation of buffet scaling rela-
tionships derived from simple dimensional considerations lend confidence to the
use of suitably scaled models in determining the buffet pressure characteristics
of large launch vehicles, provided the instrumentation on the model covers the
frequency range of interest on the full-scale vehicle.
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Acoustical Environment of Large Manned Launch Vehicle

Examination of the power spectra scaled to the full-size vehicle such as
presented in figures 15, 22, and 23 shows that a substantial part of the power
input is at frequencies greater than the first several structural frequencies of
the full-scale vehicle and thus might be considered as aerodynamic noise. Since
such spectra are typical of a large portion of the measured fluctuating pressure
data, the (Acp)rms data have been used to make an engineering estimate of the

maximum acoustic environment of the large manned launch vehicle. This estimate
is presented in figure 25 in which the noise levels in decibels from engines or
aerodynamic sources are presented as functions of time from lift-off in seconds.
The procedure used in converting the aerodynamic root-mean-square fluctuating
pressure coefficients (ACP)rms into a noise level in decibels was as follows.

The (ACP)rms values were multiplied by the dynamic pressure for the full-scale
vehicle (see fig. 6) at the Mach number at which the (ACP)rms was measured.

Thus (ACp)rmS X q =p where p 1is a root-mean-square pressure level. The ref-

erence root-mean-square intensity level Po (defined by ASA Tentative Standard,

1940 for a plane progressive sound wave in air as 4.18 x 10-7 pounds per square
foot) was used to form the ratio p/po. The noise level in decibels is then

defined as:
Noise level in decibels = 20 logip gl
0

The engine noise levels are those of figure 8 of reference 5, and are based on
measured data from static firings and launch tests. The engine noise is highest
at 1lift-off because of flow impingement and ground reflections, but decreases
after 1lift-off because of the vehicle's forward velocity. The aerodynamic noise
levels then begin to dominate as the dynamic pressure increases. It should be
noted that the estimates of the overall aerodynamic noise level cover a frequency
range up to only 100 cycles per second. The inclusion of higher frequency com-
ponents generally considered in acoustic environments would be expected to
increase the values presented. The solid portions of the maximum aerodynamic
noise level curves are based on the maximum values of (ACP)rms at each Mach

number throughout the Mach number range at any transducer location or angle of
attack on the 8-percent model with either configuration 1 or 2 or configuration 3
or 4 at a Reynolds number of 4.5 x 106. Thus, these curves represent the maximum
(worst) noise levels that are predicted. The dashed extrapolations to these
curves are based on wind-tunnel measurements on the Mercury-Atlas configuration
which had similar buffeting pressures. The data for the large root-mean-square
pressure fluctuations at the cone-cylinder shoulders were excluded from this esti-
mate because these fluctuations are too low in frequency to be considered as
noise. The lower 0.006q curve represents a minimum expected noise level such as
might be caused by turbulent boundary-layer flow over a smooth surface. Such
values were measured on the nose cone with tower removed. Thus the difference
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between the 0.006q curve and the maximum aerodynamic noise curves is a measure
of the buffeting effects of the tower and other separated-flow sources.

Tt should be noted that the estimated noise levels of figure 25 are those
for the vicinity of the nose of the vehicle. For regions near the engine nezzles,
noise levels of about 15 decibels higher would be expected during static firing
and lift-off. However, model measurements indicate that the aerodynamic noise
on the aft portion of the vehicle second stage will be appreciably less than that
in the vicinity of the nose.

CONCLUSIONS

A wind-tunnel investigation of the transonic buffet characteristics of a
large manned launch vehicle involving the measurement of fluctuating and time-
average pressures on two different size rigid models has shown the following:

1. For the large manned launch vehicle, the wake from the escape tower under
certain conditions produces relatively high noise levels (about 168 decibels) on
the nose and cone-cylinder shoulders of the upper stages of the vehicle; the addi -
tion of two skirt designs over the tower rocket nozzles generally increased rather
than decreased these noise levels.

2. Independently of the presence or absence of the escape, tower, large pres-
sure fluctuations occur on the vehicle just aft of the two cone-cylinder shoulders
in a narrow band of Mach numbers just below 1.0. These pressure fluctuations
present a design problem in venting unpressurized portions of the vehicle but do
not present a structural response problem in the free-free bending or rigid body
pitch modes.

3. An evaluation of buffet scaling relationships derived from simple dimen-
sional considerations lends confidence to the use of suitably scaled models in
determining the buffet pressure characteristics of large launch vehicles.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., January 2l o 1965,
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TABLE TI.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

8-PERCENT RIGID MODEL

(Acp)rms for transducer -

Mach Reynolds q, Qy
number number 1b/sq ft deg
o 3 D :
Model without tower in Freon
0.400 4.31 x 106 87.9 0 6.00% | 0.108 | 0.008 | 0.172
<505 k.30 110,6 0 .005 156 e i 122
.603 §.31 157285k 0 .006 .091 ek STiTil8
. 700 k.27 1%1.9 0 .007 .101 .022 133
<805 4,3k 1515 0] < OCH .113 el 124
.900 4. 29 Hoph 5 0 .005 .108 .0ko .123
.929 4. 25 1952 0 .00k 2 .039 .143
J951 4.28 201.3 0 .00k .197 .097 .160
.960 4. 23 201.1 0 .00k .236 .2l -l
.963% k.30 204.6 0 .004 .164 .130 Mo
77 4.25 205.0 0 .003 .006 .056 .006
1.003 k. o7 210.0 0 .003 .002 013 .002
1.050 b 27 218.8 0 .003 .001 .009 002
1Ie2 50 228.2 0 .004 .001 .011 .002
1.203 4,26 o4k L 0 .006 L0011 .006 .002
.802 L33 173.0 -1 .007 .106 .028 LGl
.902 4.30 191.9 = .005 o al LO31 .128
.960 4. o7 202.9 =1 0035 .090 .096 .189
.801 izl 172.8 i .007 .129 0515 110
.904 ALl 192.6 1 .005 .097 oLk SO
.961 4.28 203.9 i .00k 247 .093 .036
.959 k.27 203.0 -2 .003 SO .064 24k
.960 k.29 203.4 2 .00k 143 050 | =====
.803 %.33 il -t .006 .058 .022 Al
.961 4,28 203.6 =4 .003 .002 .00k JOFL
le2 52 228.9 -4 .003 0 .00k .005
.801 o3k 172.9 Y .008 .082 .0ko .10k
.960 L4.29 20%.5 L .003 Nolgn L O5aN EEE
1.102 4.32 229.7 b .00k .001 .028 .002
Model without tower in Freonj repeat run
0.608 4.65 x 106 134.0 i 1 0.00% | 0.079 | 0.016 | 0.152
.909 L. 46 192.9 = .003 .068 Nolien .106
.933 4 by 197.3 = .002 .158 .140 .106
.962 L ¢ 202. 4 -4 .002 .002 .005 2115
.607 4.65 135.4 4 .006 0 .026 .096
.908 4. 48 193.0 Ly .003 .058 .068 2128
.932 L. 45 19645 i .003 .059 .067 .026
.963% IR 202.9 L4 .002 .066 .065 .002
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TABLE I.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

8-PERCENT RIGID MODEL - Continued

NC for transducer -

Mach Reynolds ol Ly ( p) o

number number 1b/sq ft deg

1 p) 5 T
Model with tower configuration 1 in air

0.794 0.97 x 106 105.8 0 0.021 0.068 0.029 0.069
842 .97 110.2 0 .022 .068 052 .070
.856 .97 111.2 0 .022 .069 033 .070
.866 .97 1124 0 .023 .068 .033 .070
.870 .96 111.8 0 .023 .069 .03k .069
876 .97 117.9 0 .022 .067 .033 .068
.899 .97 L5, 2 0 .025 .068 .034 SO
813 .99 119.0 0 .023 .068 035 OTL
.936 .99 118.8 0 .024 SO 1L .034 .068
.959 101 125.2 0 .025 013 .098 075
.962 3 N o 125.4 0 .024 .0k2 .088 .060
.964 1.01 125.6 0 .024 .093 .159 .162
.965 1.02 126,53 0 .02k .013 139 i i 2
.984 3.02 128.6 0 .02k 012 .02k .05k4

1.05% 1.0 1355 4 0 .026 s012 .014 052

Model with tower configuration 1 in Freon

k815 0.98 x 106 59,1 0 0.030 0.072 0,052 0.085
917 OF 43,2 0 .030 .086 .038 .084
945 .96 Ly L 0 031 .160 s1E5 o 62
946 .98 . 9 0 .030 $14i6 L1128 .108
.966 .9k 4.5 0 <0351 &15 .02k Moo
.992 .95 45.9 0 .030 JOLT =k «OT6

1.016 .95 7.2 0 .028 013 .012 S75

.11% .98 52.0 0 .029 .013 Mosk Norent

Model with tower configuration 1 Freon data corrected to air
by method of reference 8

0.806 0.98 x 106 39.1 0 0.028 | 0.070 | 0.031 | 0.082
<OL5 ey 43,2 0 .029 .082 .036 .080
.92 .96 bk 0 .029 4152 318 .099
.943 .98 Ly .9 0 .028 <110 P 305
.964 .94 4.5 0 .030 .014 .023 074
.992 .95 45.9 0 .029 .016 .01k .073

1.<01F .95 7.2 0 .026 .0l12 ¥opdi} 072

15 182 .98 500 0 .027 .012 OILL .069
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TABLE I.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

8-PERCENT RIGID MODEL - Continued

AC for transducer -
Mach Reynolds q, a, ( P)rms
number number 1b/sq ft deg 1 5 5 .
Model with tower configuration 1 in Freon
0.610 4. 4o x 106 135.0 0 0.03%9 0.124 0.018 0.104
. 706 4,36 153.4 0 .038 .089 .045 .06k
.802 k.36 15726 0 .038 075 .061 .061
.860 56 184.6 0] .038 074 .070 .06k
.898 IRITS 190.6 0 .038 .080 .059 .067
.930 4. 48 196.7 0 .039 .097 .080 073
.957 4. 48 201.5 0 .039 .069 .091 .067
1.002 4. 45 209.4 0 .032 055 .015 .01k
1.053 RIS 218.6 0 .031 .049 .010 015
1.102 4 42 227.3 0 055 .046 .010 .01k
.609 4. Lo 134.7 =L 073 .167 018 Skl
.706 4.35 153.4 =)l .079 .139 .0k2 .078
.806 458 175.7 lp .082 e .068 077
.855 4 .38 183.4 =l .084 101 .079 .076
.893 BT 189.5 -4 .084 oyl .062 (0N (5
.929 RIS 196.2 -k .087 .06k4 .065 ilg
.954 Iy 200.8 -4 .088 .063 021 .097
1.006 4 L4l 210.4 -4 .084 .060 .020 J02T
15055 4 46 219.1 -4 .079 .056 .018 .026
1.099 b by 2270 it .080 .056 .0lL .022
.605 Y 133.3 4 .029 .101 .019 .081
S{O2 4, 3h 15205 4 .028 O .051: .042
.801 4, 3 alalale I .026 <075 .066 .0ko
.855 k.39 183.3 I .025 074 SO 045
.900 4 46 190.7 L .026 <075 .082 .063
.929 4,48 196.7 i .023 074 .058 2110
.956 IPITS 20155 L .023 123 .0k7 .005
1.008 RIS 210.8 I .021 .035 ol .006
050 4. ho 2181 4 .02 .033 .010 .006
1=, 101 .45 227.6 I .021 Jogil .011 .008
.610 .98 29.9 0 .037 .091 .018 .081
.603 8.49 254.6 0 .039 SR .018 .106
.809 6.82 270.9 0 .039 .077 .032 .088
Model with tower configuration 1 in Freon; repeat run
0.866 4.4 x 106 185.6 0 0.030 0.101 | o0.ok2 0.085
.918 k.39 194.9 0 .030 .097 Nolloht o2
.92k 4, 32 192.8 0 .032 .100 Okl 122
.935 4,3 1957 0 .031 .13k 0)57 & .059
941 WBz5 197.2 0 .031 145 .058 .059
.956 4,37 201.0 0 .025 Al .128 .072
.960 4,39 202.9 0 .026 .093 .106 L0411
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TABLE I.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

8-PERCENT RIGID MODEL - Continued

(Acp)rms for transducer -

Mach Reynolds ol @y
number number lb/sq ft deg
il 3 5 i
Model with tower configuration 1 in Freon; repeat run
0.967 4.39 x 106 204.0 0 0.025 0.082 0.070 L0135
973 4,35 203%.2 0 .025 .078 oko <015
.991 k.39 208.1 0 .025 .079 .018 .012
ENRLT 4,39 o2 .2 0 .024 SOTE <013 612
T 4,39 229.1 0 .027 .076 0l2 018
Model with tower configuration 2 in Freon
0.606 4.29 x 106 133.6 0 0.057 | 0.13% | 0.016 J1hk
(05 i 23 152.7 0 .052 o .022 115
.855 4.2k 185:3 0 047 .083 057 .098
.906 ) 192.7 0 .082 .081 .032 .066
.93%2 L85 196.9 0 .080 .0k6 .061 .053
.960 4.38 203.0 0 .0k6 .049 .016 .052
1.009 4 42 21h4.2 0 .003 042 .016 .046
1.05% 4. 45 223 .4 0 .003 .0ko .015 Nolh
1 k.51 257.2 0 .003 .0k43 .016 .0kt
.603 4. 27 132.6 -4 .034 .087 <015 .191
.706 L 154,1 =y oy .064 .022 178
Wi 4. oL 18556 =4 .108 .069 .039 .126
.904 I 192.2 = .119 .083 052 o L)
.932 It en 196.5 -l .122 .063 .072 Sl
.954 4.38 201.6 -4 .120 .03 .006 .120
1.007 4 L4l 213.8 —it .062 015 .006 .119
603 e o7 1522 L 142 157 .020 .082
$70L 4,23 152.% Ly 5150 160 .023 .062
.856 4.25 184.3 L .0k6 .10k SOoL 073
.906 k=35 192.6 L ojih .098 .032 .120
.927 4,34 195.6 4 .070 .158 .041 .010
.963 4, 38 203.2 L .068 .090 <045 .009
1.00% L5 215,35 4 .0ko .096 .028 .009

2L




TABLE I.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

8-PERCENT RIGID MODEL - Continued

(ACP) s for transducer -

Mach Reynolds q, a,
number number 1b/sq ft deg
Al 3 5 7
Model with tower configuration 3 in Freon
0.401 k.52 x 106 879 0 0.058 0.055 0.005 .085
As7 4.59 101.9 0 .050 -.080 .005 .126
.506 k.53 Tt 0 JO5T .118 .011 .149
.552 0355 12201 0 .061 145 .012 .126
.607 1155 134.0 0 .057 2155 .015 .103
{0k 4. b9 1526 0 .055 +158 .019 .09k
.807 Ies(sal 157501 0 .05k .095 {025 .093
.856 4.54 185 0 .075 .101 .030 .099
.880 I 551 187.0 0 .081 .107 .030 .086
.90k 4.50 alenly 0 .086 .097 .032 Sl
.93%0 4. 49 195.3 0 .081 .149 .03k 170
.92 L. 51 OB 0 .076 J11k .092 .192
.953 4. 45 197.7 0 .087 .126 .096 .192
.958 k.52 202.2 0 .075 .129 073 .148
.981 4.50 205.0 0 .059 .06k4 .025 .043
1.001 4.50 209.4 0 .079 .080 .028 .035
12051 k.51 218.5 0 .072 .060 .018 .okl
14102 4. 61 233.0 0 .065 .066 .027 .036
1.210 k.70 257.9 0 .093 .083 .035 .Obk
.03 4 .54 88.4 = .0k6 .060 .00k .084
.805 51 195.2 —i .0k7 .082 .025 2105
.882 k.52 187.8 =g} .062 .091 2051 .099
.905 sl 191.9 il .063 .097 .033 .109
.929 4. ko 195.3 L - OffI: .149 LOLk .196
.955 4,52 20155 =i .08k 12 .060 .188
1.007 I ] 210.9 it .057 .061 1021 .ok1
1.103 4 .61 233.5 -1 .092 .106 .031 .037
ot 4,58 90.0 1 .058 .052 .006 .084
.80k 4.52 173.2 ik .061 .106 .025 .086
.878 4.51 186.8 ik .067 .100 .030 .094
.897 S 570) 190.0 il .078 .099 .030 .090
.929 4. L9 195.4 1 SO Al .034 Al
.953 4.52 201.4 il .0ko .079 .068 .080
1.005 k.52 210.8 1 L0 A 2055 .017
150035 k.62 234.3 it .089 .12k 035 .037
.953 L.51 Zonlal =2 .069 .079 .030 .200
1.004 bl 210.1 =2 0Bl .okk .023 .okl
1.106 4.62 234.2 =2 .1ok .079 .030 .ok
.955 4,52 201.7 2 .066 .130 .062 .036
1.00% k.52 210.4 2 055 .093 .033 015
3.102 4,62 234 .2 2 .080 .096 .029 .029
.803 sl 172.6 - .050 .083 .024 .102
.898 4.50 190.2 -’ .052 .0k9 .033 101
.957 k.52 202.1 alp .065 02D .013 254
1.004 k.52 210.5 - S051 s051 .011 .0ko
1.103 4.62 233.8 =l .058 .0k9 .012 .052
.801 e 172.5 N .0k6 .086 .025 .056
.905 4.52 192.3 i .050 .091 .031 .086
.954 4.53 201.7 s .0k9 .143 .03k LO21
1.004 4. 52 210.6 i 2055 ok .02k .013
1105 4.62 234, 7 L .063 .098 .032 .032
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TABLE I.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

8-PERCENT RIGID MODEL - Concluded

Q&&) for transducer -
rms

Mach Reynolds d, a,
number number lb/sq ft deg
1 2 5 7
Model with tower configuration 4 in Freon
0.605 k.53 x 106 133.5 0 0.115 0. 157 0.012 152
.70k 4,48 152,79 0 .102 155 .016 .130
.806 %51 173.9 0 .089 .126 .022 107
.865 4. 46 185.5 0 .080 .110 .027 .102
897 4. 47 185.9 0 .079 .234 .025 Ny
.883 4 L7 187.6 0 .080 .136 .023 57
.901 4. 48 190.8 0 075 .093 .027 .081
.952 4,48 200.1 0 057 O7E .021 .058
1.007 L. 48 210.6 0 .059 .076 .02k .06k
1.051 b 2y 217.2 0 OS5 OT .022 .061
1.106 4. 49 228.2 0 .049 .076 .022 .064
1.200 4. 49 243.0 0 052 .066 .020 .059
.802 4.50 172.8 il .089 .108 .022 127
.880 4. 48 186.9 = .081 246 .029 285
.90k k.49 191.8 =il .076 .069 .031 .100
1.00k4 4. 48 209.8 = .065 .059 .017 .087
1.105 k.50 228.1 = .054 .059 .016 .083
.80k4 bl 1735.6 ] .092 151 .22 .099
.879 4,49 1670 1 .080 b .026 Cdhh
.90k I ) 192.8 1 07k ', 027 .063
1.00k4 4. 49 210.5 1 .065 .110 .036 .052
3.165 5 229.0 1 .052 .098 .033 s
.878 4. 48 186.4 -2 .092 122 031 .120
1.004 4. L9 209.9 -2 .078 .048 .01k o e .
3.105 4.50 228.4 -2 .064 047 .013 .106
.879 4 49 107 .1 2 .080 ey .026 .09k
1.005 4.50 211.0 2 .070 151 .0ko .043
1.105 b 50 229.2 2 .058 120 2036 .0k5
.8o01 4. Lo g m el .109 .084 023 156
.880 4 Lo 1871 = 11 .094 .033 .12k
.907 4.50 192.9 = .116 .199 .0k2 125
1.00k4 4. k49 21041 -k .109 .025 .007 .150
1.10k4 h 5 22005 el .088 .029 .008 .139
.805 k.51 174.0 i .090 .162 .023 .085
.878 4. 49 187.1 L4 .080 a7 .026 .089
.905 4.50 192.7 4 .075 123 .025 .202
1.005 k.51 2116 L .076 Al .0k49 .022
¥, 105 k52 229.6 4 .065 14k .046 .02k
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TABLE ITI.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

1.6-PERCENT RIGID MODEL IN FREON

(ACP)rms for transducer -

Mach Reynolds a, ey
number number 1b/sq ft deg i
il 5 - 5
Model -without tower
0.618 0.98 x 106 153.k4 0 0.007 | 0.051 | o.ok47 .01k
=18 ol 164.5 0 .008 .037 .070 .016
.816 .96 195 0 .009 031 .078 L0118
.868 .96 206.2 0 .008 .030 Holi5] <015
.916 .96 216.6 0 .007 .032 .063 OS5
.9k .96 o021 0 .006 .037 055 .01k
.956 -t 22550 0 .005 .0k2 .053 1015
.962 .97 227.0 0 .005 Nolln 2055 .014
.965 .97 227.9 0 .005 .005 .007 .006
-995 97 2334 0 .004 .004 .006 .004
1.016 .96 235.8 0 .004 .004 .006 .004
1.065 .96 2hh 7 0 .00k .003 .005 .00k4
N 2 .96 253.4 0 .00k4 .002 .005 .00k
2615 .98 152.4 -4 .006 .034 .010 .005
.960 .97 226.8 i L0605 .063 .008 .007
.616 .98 15550 Y .007 .099 .061 .020
.925 97 226.2 L .005 Noyg .065 .020
Model with tower configuration 1
0.616 0.94% x 106 152.6 0 0.024 0.072 0.020 .008
J71h JeT 163.6 0 .022 .070 .029 .011
.81k .93 195.6 0 .030 Ok .0Lko {015
.865 .93 21015 AT 0 .031 Ok .050 .018
.914 .93 216.2 0 <033 .045 <057 .019
.938 el 221.8 0 <055 <105 .059 055
.940 .93 2091 0 .05% .129 .061 Lok
.9L48 .9k 224 .1 0 055 J156 .058 SIS
.950 o4 224.9 0 S0 .088 .039 L0
izl .9k 225.2 0 2055 2OH .035 N2
<951, .9k 224.8 0 .033 .043 .019 .0ko
.957 9k 226.4 0 .033 .006 .012 0l
.959 93 22511 0 .032 .009 .012 .016
.963 9L 227.8 0 2055 .006 .012 S013
1.005 95 233.8 0 .032 .010 .010 .007
1.005 .92 242.2 0 .026 .008 .009 .006
1.100 .93 252.8 0 JO2T .008 .008 .006
~(eal5 3,50 Sl a7y o) .031 .070 .039 .016
1613 .93 15%.8 -h .03k .069 Sontl .006
JO15 .93 195.8 e .032 Nomn .028 .01k
.917 .93 2155 -4 S0Bil .048 oLk .052
.935 .93 I -l .031 .061 LOhl .096
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TABLE II.- FLUCTUATING PRESSURE COEFFICIENTS MEASURED ON

1.6-PERCENT RIGID MODEL IN FREON - Concluded

(ACP)rms for transducer -

Mach Reynolds q, &
number number 1b/sq ft deg N . N §
Model with tower configuration 1
0.957 0.94 x 106 227.1 =l 0.030 | 0.053 | 0.014 | 0.026
1.102 .93 255.5 =y .028 .006 <005 .002
1815 1.50 315.2 =4 022 O 051 .018
2614 .93 151.9 L .026 003 .028 .009
814 .93 195.6 L 019 .OLk .058 .019
.910 295 252 Ly .020 Nolig .058 .023
.938 <95 222.0 L .020 JB51 055 .024
.959 .9k 227.5 L .019 el .083 057
1.102 .93 255.5 L .021 .007 .01k .009
.812 150 310.1 L .022 OTT o)L .018
Model with tower configuration 2
0.614 0.99 x 106 151.5 0 0.087 | 0.08% | 0.013 | 0.005
<T20 .98 176.0 0 JOL .063 o157 .006
.815 97 195. % 0 .063 .064 .049 010
.866 e 205.8 0 .060 1070 .03k .012
.904 295 208.5 0 .055 .21k <0351 .021
.909 .95 209.8 0 .056 .085 .016 037
.922 .96 2159 0 .056 .019 .009 ~of7aL
.936 .96 217.9 0 .055 .006 .009 065
.939 .96 218.8 0 055 .0k2 .009 .048
945 .96 220.5 0 <955 .018 .010 .029
955 .97 223, 2 0 .054 .018 .010 .009
.960 .97 224, 7 0 .056 .018 .010 .009
.962 .97 995 .2 0 055 .018 2010 .006
.968 .97 226.9 0 055 .018 .010 .006
2yl .97 227.3 0 .056 .018 .010 .009
.988 .98 2521 0 .056 .018 .010 .00k
i ol .97 234.6 0 <055 .018 .009 .00k
1.068 .97 244 .8 0 <035 .01k .008 .003
bl 3 97 254.6 0 .028 015 .008 .003
.909 .95 209.9 =l .076 075 .0ko .022
3,136 .98 254.6 it .069 .004 .005 005
.906 .95 209.2 4 0BT .066 .0ko .012
N .98 555 35 4 .035 .043 s012 .009
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TABLE III.- STATIC PRESSURE COEFFICIENTS Cp MEASURED ON 8-PERCENT

MODEL (TOWER CONFIGURATION 1) IN FREON AT REYNOLDS

NUMBER OF 4.5 x 106

(a) a«=0°

/ Static pressure coefficients for Mach numbers of -
x/D
0.0 0706 | 0.802 | 0.860 | 0.898 | 0.930 | 0.956.] 1.002 | 4055 | Wig2
g0 00 1a. 5551 0.555 | 0.581 | 0.421 |0.449 | 0.475 | 0.5244 ©.588 | 0.T7h2
510) .290 S 250 ) 279 |1 323 | 362 . 386 A7 S5HIE 667
LR e 134k | 167 212 ] .256 .284 555 420 1578
CHSEETO R o | -.019 | - 028 | 080 .125 .156 .233 .308 470
64| -.922 | -.825]-.821| -.806 | -.799 | -.823 | -1.453 | -1.381 | -1.231 | -1.022
S sstom =GR Y -.865 | -.859 | -.853 | -.869 | -1.1T74 | -1.166 | =1.030 ] -=E832
86| -.325 | -.607 | -.T73| -.802 | =.793 | =.T94 | =-.695| -.998 | -.871| -.686
SOl - T0 | =590 | ~665 | -.668 | -.6TL | =.538. | ~.B28 1 - 71k -spie-
Ghe RS ] ] =.398 | <. 495 | 515 | -.537. 1 =386 -.3027 ‘-.5120wai27s
QS S - 19k | -.279 | ~.311 | ~.350 | ~5129 4062 .016 .166
el SRe0 " -.085 | -.12) | -.134% | ~.167 .064 w6 .234 .397
B e -.120 | -.198 | «.123 | -.131 .038 + 150 .190 .369
HEEE N = S - 102 | -.181 | -.159/} «.151 | ~.037 .0k6 Skt +295
B i .50 | 286 | -.255 | -.233 | -.155 | -.056 .019 205
Bl e = BE0 L . 115 | - o415 | =389 | =382 | < 745 | =798 | -6 -.kai
Sl e e anAl - 526 | -.328 | ~.302 | -.287 | ~.334 | -i601 | -.600% <.390
Lo G e o - 260 | -.26%5 | -.233 [ -.21h | <198 | <i137 | 4590 =io5T
el el S  ~.216 | ~.215 | -.183 | -.161 ] -,115 002 (40, 3680 s Tl
e - . 156 | - 1537} =.120 | ~.095 | ~.050 1062 012 ] SR 082
G o upg) d -.088 | ~.083 | -.048'| -.024 .030 o Tha .160 .290
Bl sEeE e as 054 | 056 086 | 103 .188 .309 o Sl .490
B e s 2181 218 | w2kl | .o252 .345 452 475 .628
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TABLE III.- STATIC PRESSURE COEFFICIENTS Cp MEASURED ON 8-PERCENT

MODEL (TOWER CONFIGURATION 1) IN FREON AT REYNOLDS

NUMBER 4.5 x 100 - Continued

(b) a = 4°

Static pressure coefficients for Mach numbers of -

x/D
0.609 |0.706 [0.806 |0.855 | 0.893|0.929 | 0.954 | 1.006 | 1.055 1.099
0.21 | 0.248 |0.488 [0.176 [0.302 | 0.265 [ 0.307 | 0.307 | 0.454 | 0.454 | 0.561
a0 b ee Pa sy Jder |- .235 |y 198 | 245 243 « 397 .397 <505
s 0511 5067 oo | 138 106 F 155 <157 yAll <516 425
L9 -.119 [ 148 [ -.145 | .000 [ -.028 | .029 .03k .198 .208 D925
64| -.950 | -.584 | -.855 | -.732 | -.785| -.821 | -1.119 | -1.3%0 | -1.238 | -1.118
5| -.652 | - 49k | -.849 | -.738 | -.792 | -.807 | -.909 | -1.161 | -1.090 | -.986
86 | -.35T7 | -.302 | =737 | -.649 | -.711 | -.710 | -.753 | -.997 | -.934 ~. 085
.98 | -.193 | -.118 [ -.594 | -.528 | -.610 | -.607 | -.621 | -.671| -.768 | -.646
1.09 | -.115 | .016 | -.463 | -.4ko6 | -.505 | -.512| -.503 | -.265| -.288 | -.160
1.26| -.035 | .136 | -.313 | -.260 | -.368 | -.384% | -.345 | -.062| -.052 .0k3
1.48 1 -.015 | .185 | -.21h | -.143 | -.245 | -.265 | -.205 <107 iz 235
1.58 [ -.081 | .142 |-.226 |-.139 | -.226 | -.238 | -.188 .091 .101 .218
1.68 | -.156 | .076 | -.272 | -.168 | -.240 | -.2k2 | -.209 .029 057 <158
1.79| -.259 | -.021 | -.355 | -.238 | -.294 | -.283 | -.282 | -.077| -.061 .063
2.00 | -.301 | -.076 [ -.425 | -.307 | -.360 | -.343 | -.421 | -.604 | -.717| -.595
2.17 | -.209 | .006 | -.350 | -.238 | =.295| -.275| -.303 | -.576 | -.570 | -.438
2.40 | -.148 | .065|-.289 | -.177 | -.232| -.206 | -.206 | -.078 | -.ko1 | -.366
S| =209 1 106 |~y 132 -,185'| ~.155 | -.148 050 | =27l -io5E
Sieh | -.062 4 154 | -.196 }.-.080 | -,132 | -.101 |. -.089 .120 .002 .032
3.08| -.010 | .206 | -.14k4 | -.030 | -.082 | -.052 | -.032 .186 JA37 .209
Swobl - 0L .511 | -.086 | 062 002 .021 .054 .285 254 .348
S0 el Juhk I otk | 167 088} .093 .123 <55l .318 L5
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TABLE

III.- STATIC PRESSURE COEFFICIENTS Cp

MODEL (TOWER CONFIGURATION 1) IN FREON AT REYNOLDS

MEASURED ON 8-PERCENT

NUMBER 4.5 x 106 - Concluded

(¢) a = -4°
/ Static pressure coefficients for Mach numbers of -
X/D
0605 0. 702, 1.0.801 |0.855 |0.900 |0.929 | 0.956 | 1.008 1 1.051 | 1.100
0.21 | 0.730 | 0.442 | 0.539 [0.462 | 0.529 | 0.544 | 0.620 | 0.629 | 0.748 | 0.765
LU RERO L 50 B ks | 362 433 | Wl 528 .539 .661 .681
OO eaERl 526 | 249 | J32h 1 L3411 Lok 439 ;565 s58%
SR e S8 | L1677 | w102 | 184 | .206 .292 313 L2 470
SRl el | - 727 | -.B06 | -.853 | -.919 | <1452 | -1:335 | =L, 147 | =1.057
o -a 0 - 608 |=.751 | -.833 | -.88% | -.937 | -1.152 | <1.065 |" ~:886 | -.81k
S RO - 90 - .675 [-.T96 | -.80k4 | -.832 | -.929 | -.8661| -.607| -.0k2
E R - U7 | ~.6Th | 636 | -.658 | -.565 | <. 709 =s552 F =508
RGN 1 | 270 | 499 |« li3T | - b7k | -.050 | -.615 | =462} a k19
sl 00 Y .000 | -.220 | ~.165 | -.214 203 JOTL .163 .199
E40 ] 360} 054 | .46 | .028 | .069 | .oko .265 275 .389 U431
Geo Rt SaiE s @5kl 088 ! 010! w059 | .052 <150 370 .287 357
1.68% 180 =.129 | -.005 | -.071 | -.010 | -.003 .072 .089 215 .264
1.79| .057|-.265|-.146 | -.209 | -.134 | -.119 | -.023 .005 L1325 .186
SO0 =102 1 0506 '-.506 | -.394 | -.470 | -.685 | -.867 | -.797 } =,638] .554
ORI | . 210 | ~.31L | <248 | -.256 | -.636 | -.634 } = bo5 N - 11T
e R 106 ] ~.249 | -.195 | -.188 | -.062 | 4821 51k ~.205
Rl L | -. 105 | -.205 | ~.150 | -.1U5 | <0037 | -.008 =i1299]. ~:2355
O 20 =Ll Be0bd | =.136 | -.079 | -.0T3 021, O72 | =.0hzli -, 215
FL i eToEs . SIONT | T Jok2 | <.050 | 014 | .022 .109 .160 232 .21k
ELOi S SabeeE 032 | Llke | 211 | 218 305 .366 462 470
SR aRe Rl L Ue0 4. 366 | J439 | J443 .563 .580 663 .664
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b Section A-A
: 1524.75
781.75 737.0 e
—~{26f~—100.4 174 1103 357 20,05 -
«—A | 11121314 1: ) [ 20 )
5 9 |10 310 R Y A
ARl AR E S RAL f
i o | i i Lo i
| AL A 2 4 5 gg 6 E
A\ A 3 = =
1R B = = 5 - I 2, 1 _ o - d
r — 30° | € ¥
13%15' =
: 4
(0.08035-size model only)\.‘l J ¥ - '
L : 450 .
6=1800

(a) 0.08035- and 0.01607-size models scaled to full scale.

Pressure transducer locations Pressure orifice locations | Pressure transducer Pressure transducer
0.08035- size rigid model A 0.08035- size rigid model ® locations 0.01607- location 0.01427- size
8=0° 0=180° . SR size rigid model A elastic model v
o
No. XD No. XD No.  x/D No. xID 0=0 o=0°
1 021 1 021 12 158 No. xID No. xID
2 230 B Les 1 021 1| oer
3 .68 7 068 3 39 14 179 2 4
4 159 4 49 15 2.00 3 .68
5207 5 o 6 217 2 159
6 3.42 6 15 17 240 5 2.07
7 .86 18 263 6 3.42
TiRE g
10 126 21 31%
11 148 2 355
L
2539.6
320 - BTG —
25.9 — 11002 305.5 T 262.1 HF 475.8 x }‘*62.4
——173.8 - 110.7+ 117.7 -165.4
gy iy { >
i | o.a_;ZI 3 >
AR L o B
30 ! { [ | ‘
1687 | | )
b TN | —
0151 150
P = S

-
Removable sleeve ~ \24\(} o

(b) Elastic model 0.01427 size (with oversize booster) scaled to full scale.

All dimensions are model dimensions scaled to full size; inches (unless otherwise

Figure 1.- Basic model configurations.
noted).




T T 255401

-172. 87~
143.88 —

fe— 30—+

4.98r = /2?026'32“
T

26.01
12 454 -

Configuration 1

140,150 ————

Configuration 2.  (Configuration 1 with skirt)

331.55

201.24 >

|
17, 17-] 3.48
1~99f\ 162 L S A >
330 228 24.139

22 55

: 2 T L l i - _1190 e —
B! 61»-' L /\S% \
e

Configuration 3.

157.18- 39, 83—~

Annular inlet — |

Configuration 4. (Configuration 3 with annular inlet skirt)

Note: All dimensions are model dimensions scaled to full size, inches
(unless otherwise noted).

Figure 2.- Tower configurations. All dimensions are model dimensions scaled
to full size; inches (unless otherwise noted).
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(a)

8-percent rigid model with tower configuration 1 mounted in tunnel.

Figure 3.- Photographs of models.

L-61-5987



Ge

(v)

1.6-percent rigid model on mounting sting and forebody of 8-percent model.

Figure 3.- Concluded.

1-61-6339

Tower configuration 2.




Pressure tube |

Pressure transducer adapter

Electrical lead r ///////—_;;ference orifice

05258 ineh =

Model surface

-l*\ | ' B
Pt e

Pressure transducer case ‘\\\\\\\\\;___
0.040 inch

non T ing

(2) Typical pressure transducer installation (full size).

Pressure transducer

3-kec carrier amplifier

Low-pass filter

l

Thermocouple ]

meter

Vacuum bulb

IHPUt for a—c__._y. Linear amplifier —{ themocouple

calibration

d-c blocking condenser

Tape recorder

(b) Block diagram of instrumentation used.

Oscillograph

Figure 4.- Transducer installation and instrumentation used to record buffet data.
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-mean-square output at 400 cps

Root-mean-square output
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Le

O Pressure transducer, 3-kc carrier amplifier, and
2800-cps low-pass filter

O 3-kc carrier amplifier with 25-ohm standard
resistance on output

—— 2800 cps cutoff low-pass filter
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Frequency, cps

Figure 5.- Frequency response of components of the instrumentation used for measurement of fluctuating pressures.
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Figure 6.- Dynamic pressure, Reynolds number, and Mach number variation at lift-off for large launch vehicle configura-
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tion used in scaling model data to full-scale data and in computation of acoustic environment.
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Figure T.- Comparison of (ACP) data taken in air and Freon with Freon data corrected by reference 8. All data for
rms
8-percent rigid model with tower configuration 1; R~ 1.0 X 106,- and o = 0°.
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Ruz6.2.%1e8/57
Z=c

(a) M=0.9, R=~0.773 x 106 (Reynolds number per foot = 6.2 x 106), a = 0°.

(b) M =1.00, R = 0.810 x 106 (Reynolds number per foot = 6.5 x 106), a = 00°. L-63-30

Figure 8.- Spark shadowgraphs of flow around a 0.0068-size model of a large manned launch vehicle.
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(¢) M=1.10, R=~0.823x 106 (Reynolds number per foot = 6.6 x 100), a = 0°.

(d) M =1.43, R=~0.825 x 106 (Reynolds number per foot = 6.6 x 106), « = 0°. 1-63-31

Figure 8.- Concluded.
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(a) Model without tower.

Figure 9.- Variation of fluctuating pressure coefficients with Mach number for several configurations and angles of attack ‘
on 8-percent rigid model in Freon at R ~ 4.5 x 106.
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Figure 10.- Variation of fluctuating pressure coefficients with Mach number for three configurations and angles of attack
on 1.6-percent rigid model in Freon at R =~ 1.0 x 100.
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Figure 11.- Effect of tower configurations on variation of fluctuating pressure coefficients with Mach number on 8-percent
rigid model in Freon at o = 0°; R ~ 4.5 x 106,
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Figure 12.- Axial distributions of static and fluctuating pressure coefficients at several Mach num-
bers and ang%es of attack on 8-percent rigid model with tower configuration 1 in Freon at
R = 4.5 x 100,
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Figure 13.- Variation of fluctuating pressure coefficients with Reynolds number at constant Mach num-
bers for two transducer locations at a = 0°,
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Figure 1k4.- Typical ratios of the peak pressure fluctuations to root-mean-square pressure fluctua-
tions for several data samples plotted as a function of Mach number.
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Figure 15.- Power spectral densities of fluctuating pressures measured on model and scaled to full-
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(b) Power spectral densities measured on first cone-cylinder shoulder of 8-percent model in Freon
at supersonic Mach numbers. M =~ 1.1; R = 4.5 x 106; o = 0O.

Figure 15.- Continued.
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(c) Power spectral demsities of fluctuating pressures on first cone-cylinder shoulder at
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Figure 15.- Continued.
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(d) Power spectral densities of fluctuating pressures on rear of second stage of multistage
model in Freon at supersonic Mach numbers. Transducer 6; M = 1.1; o = 0°.

Figure 15.- Concluded.
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Figure 16.- Variation with Mach number of static pressure coefficients at first and second shoulders
of 8-percent model with tower in Freon. Configuration 1; o = 0°; R = 4.5 X 100.
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(b) 1.6-percent model in Freon.
Figure 17.- Tracings of typical oscillograph time histories of peak fluctuating pressures measured

behind first shoulder. Transducer 3; x/D = 0.68 on rigid models. Tower configuration 1;
M= 0.95; R~ 1.0 x 106; and a = 00.
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Figure 18.- Typical power spectral density of buffet pressures (corresponding to the peak in (ACP) i data) measured at

first shoulder of 8-percent model in Freon and scaled to full-size vehicle. Transducer 3; tower configuration 1;
R~ 4.5 x 100; M = 0.924; and « = 0°.
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Figure 19.- Comparison of root-mean-square fluctuating pressure coefficients on 1l.6-percent and
8-percent rigid models under same flow conditions.
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(b) Model power spectral density converted to full-scale power spectral density.

Figure 20.- Comparison of power spectra of buffet pressures at forward shoulder (transducer 3,
x/D = 0.68) on 8-percent and 1.6-percent models with tower configuration 1 in Freon. R = 1 X

M = 0.80; and « = 0O°.
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(b) Model power spectral density converted to full-scale power spectral density.

Figure 21.- Comparison of power spectra of buffet pressures on 8-percent and 1.6-percent models
in Freon. Transducer 1; x/D = 0.21; tower configuration 1; R= 1 X 106; M = 0.81; and
at= 09
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(b) Model power spectral density converted to full-scale power spectral density.

Figure 22.- Comparison of power spectra of buffet pressures on 8-percent and 1.6~percent
models in Freon. Transducer 3; x/D = 0.68; tower configuration 2; R = 1 X 10°;
M = 1.01; and o« = 0°.
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(b) Model power spectral density converted to full-scale power spectral density.

Figure 23.- Comparison of power spectra of supersonic buffet level at forward shoulder

(x/D = 0.68) of 8-percent model in air and Freon.
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Figure 24.- Comparison of power spectra of subsonic buffet pressures on forward shoulder of
Configuration 1; transducer 3;

1.6-percent model in Freon with those of 8-percent model in air.
M=~0.8; R~ 1x 100; and a = 0°.
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Figure 25.- Estimated external acoustic environment of large manned launch vehicle.
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