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PREFACE

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC). The results
of the investigation were obtained by ARO, Inc., AEDC Division (a
Sverdrup Corporation Company), operating contractor for the AEDC, AFSC,
Arnold Air Force Station, Tennessee, under ARO Project No. P41T-M1A in
support of Research Project No. P32P-R4. Elton R. Thompson was
the Air Force project manager. The data analysis was completed on
September 1, 1977, and the manuscript was submitted for publication on

July 25, 1978.
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1.0 INTRODUCTION

The dependence of overall aircraft performance upon the aft end
drag is well known to the aircraft designer. Therefore, it is extremely
desirable to acquire an accurate knowledge of the flow field over the
nozzle afterbody (NAB) portion of the airframe. TFor this reason extensive
experimental data of various NAB designs have been compiled, some of
which attempt to account for the proper effects of the exhaust plume
upon the flow field. To complement the experimental studies, a large
effort has been undertaken to develop analytical tools to compute the
flow field. However, the complexity of the flow field makes the devel-
opment of any analytical effort an arduous task. This is because com-
putations must properly account not only for the influence of NAB geom-
etry and the interaction between the exhaust plume and flow over the
afterbody but also for the presence and extent of flow separation and,

at transonic speeds and above, for shock-boundary layer interactions.

Before any analytical technique can be used with confidence, it
must be verified by making careful comparisons with high-quality exper~

imental data. The data should be acquired on a model of simple but

[}

epresentative geometry in & single experiment so that dependent var-
iables can be carefully controlled. At the present time, there is an
acute scarcity of experimental data meeting the above criteria, espe-
cially for the separated flow case. The work described herein initiates

an effort directed at alleviating this deficiency.

In this series of experiments extensive pressure data were obtained
on a large model, L = 4.8 m (15.8 ft), which consisted of a cone-ogive-
cylinder forebody, two interchangeable circular arc boattail afterbodies
(2/D = 0.80 and 1.77), and two interchangeable solid plume simulators.
The model thus provides four separate geometries and sufficient size to
allow high spatial resolution of static pressure orifice locations and

boundary-layer rake positions. In addition, photographic records of
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model tufts and schlieren data were obtained on all four geometries.

Data were acquired at zero angle of attack and sideslip over a Mach

number range of 0.60 <M < 1.3 and a unit Reynolds number range of

3.3 x 106/m <Re < 13.2x 106/m (1 x 106/ft <Re <4x 106 ft).
Additional experimental data, Part II of this work, covering these

nozzle afterbody configurations for Mach number 0.64 and a unit Reynolds

number of 2.888 x 102 are contained in AEDC-TR-79-22.

2.0 APPARATUS
2.1 WIND TUNNEL

The AEDC Propulsion Wind Tunnel (16T) (Tunnel 16T) is a closed-
circuit, continuous flow wind tunnel with an operational Mach number
range of 0.2 to 1.60. The test section is 4.88 x 4.88 m (16 x 16 ft) in
cross section and 12.2 m (40 ft) in length. The tumnel can be operated
within a stagnation pressure range of 5.75 x 103 to 1.91 x 106 pascals
(120 to 4,000 psfa) where the exact limits are Mach number dependent.

The tunnel temperature can be varied between 27 to 71.5°C (80 to 160°F).
Perforated walls (six-percent porosity) in the test section allow
continuous operation through the Mach number range with a minimum of wall
interference. Subsonic test section Mach numbers are obtained by setting
tunnel total pressure and plenum static pressure, whereas supersonic

Mach numbers are obtained by setting nozzle contour, tunnel total pressure,
and plenum static pressure in accordance with a test section calibration.
A more complete description of the wind tunnel and its operating char-
acteristics can be found in Ref. 1. The perforated wall pattern and

model location in the test section is shown in Fig. 1.

2.2 MODEL CONFIGURATION

The model was a sting-mounted body of revolution consisting of a

cone-ogive-cylinder forebody, two interchangeable afterbodies, and two
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interchangeable solid plume simulators. The cone nose had a 15~deg half-
angle, a 6-mm :(0.24 in.) spherical tip, and a tangent-ogive shoulder to
provide a smooth geometrical transition to the cylindrical portion  of
the forebody (see Fig. 2). The afterbody boattails were circular arc
sections with a length-to~maximum body diameter ratio (/D) of 0.80 and
1.77. Both boattail arcs were tangent to the cylindrical forebody at
model station (MS) 331.39 cm as shown in Fig. 2. The plume simulators
were (1) a cylindrical plume with a comstant 12,78-cm (5.03 in.)
diameter and (2) a contoured plume which varied smoothly from 12.78- to
17.09-cm (6.728 in,) diameter in an axial distance of 15.74 cm (6.197
in.). The contour was then continued downstream at a constant 17.09-

cm diameter. This contour is similar to an actual exhaust plume geom-
etry operating at a nozzle pressure ratio (nozzle exit static pressure
ratioced to the free-stream static pressure) of approximately 4.7. The
interchangeable afterbodies and solid plume simulators together provided
four separate model configurations. These configurations were des-

ignated as follows:

. . Model
Configuration —_—
Designation No. Boattail (/D) Plume Type
1 1.77 Cylindrical
2 1.77 Contoured
3 0.80 Cylindrical
4 0.80 Contoured

Model Configuration No. 1 is shown in Fig. 3. The model was sting
mounted to eliminate strut interference problems and to facilitate model
changes. The pertinent dimensions of the afterbodies are illustrated in
Fig. 4, and similar illustrations of the solid plume simulators are
shown in Fig. 5. A complete summary of geometrical coordinates (MS,r)
for each configuration is given in Table 1. Model axial locations,

designated MS, are referenced to a point 1.83 cm (0,72 in.) ahead of the



AEDC-TR-78-49

physical origin of the model. This point corresponds to the origin of
the 15-deg conical section of the forebody. The tabulated radial coor-

Qinate at each axial location is an average value of four to eight

separate measurements of the radius at equal increments around the model

circumference.

2.3 INSTRUMENTATION

Approximately 200 static pressure orifices were distributed along
the top of the model (oriented to face the upper wall of the tunnel test
section). The orifices were spaced at 1.27-cm (0.5 in.) intervals along
the cone-ogive portion of the forebody, the afterbodies, and the plume
simulators, and at 15.24-cm (6.0 in.) intervals along the cylindrical
portion of the forebody. The exact number of static pressures varied
between model configurations because of the difference in lengths of the
afterbodies and plume simulators. In addition, each configuration was
equipped with five boundary-layer rakes having ten pitot probes each
for a total of 50 pitot pressures. The pitot probes were made from 1.63-
mm (0.064 in.) -0D tubing having a 0.29-mm (0.0095 in.) wall. The
boundary-layer rakes were spaced radially around the model circumference
in the angular segment between 120 deg and 210 deg as measured from the
position of the static orifices (see Fig. 3). The sketches of Fig. 6
illustrate the arrangement of the boundary-layer rakes, All model

. . ®
pressures were measured by six 48-port Scanivalves .

Electrical signals from the Scanivalves and standard tunnel
instrumentation were digitized and input directly to the facility computer
for online data reduction. The model static pressure data were also
monitored graphically on a cathode ray tube (CRT) plotter during the

course of the experiment,

Tufts were located about the model circumference at 30-deg intervals

in a region extending roughly one meter on either side of the boattail-



AEDC-TR-78-49

plume junction. The tufts were made from 0.03-mm (0.0012 in.) -nominal-
diam nylon monofilament of approximately 2.5-cm (1 in.) length. They
were affixed to the model by a drop of epoxy cement which formed a small
raised spot approximately 0,03 mm (0.0012 in.) in height and 6 mm (0. 24
in.) in diameter. The tufts were made highly visible by dyeing the
monofilament with an ultraviolet dye and then utilizing black light for
illumination.* Tuft behavior under flow conditions was photographically
recorded by both still and motion-picture cameras located in the tunnel
top and sidewalls. Schlieren data were similarly recorded from the

sidewall view for each flow condition.

3.0 PROCEDURE

3.1 FACTORS AFFECTING THE DATA

A boundary-layer trip located at MS 27.2 consisted of 3.,2-mm
(0.125 in.) -diam spheres tack welded to a 0.76-mm (0,003 in.) -thick by
12.7-mm (0.5 in.) -wide shim stock strip at a spacing of approximately
four sphere-diameters. Runs made with and without the trip indicated no
measurable difference in either the static pressure distributions or

the boundary-layer profiles in the region of primary interest, i.e.,
MS = 250 to 380.

Runs made without the first three boundary-layer rakes (PT1XX,
PT2XX, and PT3XX, see Fig., 6) indicated that the data from the fifth
rake (PT5XX) were influenced by the first rake (PT1XX). Therefore, only
data from the first four boundary-layer rakes, i.e., PT1XX through

PT4XX, are presented in this report.

*This technique was developed by Crowder of the McDonnell Douglas

Corporation (see Ref. 2 for details).
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During the course of fabrication of the &/D = 1,77 afterbody boattail,
the model was inadvertently damaged. This necessitated a change in the
boattail contour from the designed circular arc. Additionally, model
assembly required some fitting which resulted in a small but significant
surface irregularity in the vicinity of the static pressure orifices
between MS = 334.6 and 338.4 (131.7 and 133.2 in.). Therefore, the
measured pressure distribution in this region cannot be expected to be
entirely representative of an %/D = 1.77 circular arc boattail. These

geometric irregularities are represented in Table 1.

The model blockage for these experiments was small, 0.21 percent.
Therefore, no attempt was made to assess wall interference effects on

these experimental data.

3.2 DATA REDUCTION

The standard data reduction program for Tunnel 16T was utilized to
define free-stream properties. The measured pressures were converted to
coefficient form:

CP(MS) = PSMS) - Py

o3

where PS(MS) is the local static, P_ is the free-stream static, and q, is
the free-stream dynamic pressure, The boundary-layer data were reduced

according to the procedures given in Ref. 3.

3.3 EXPERIMENTAL PROCEDURE

When test conditions were established, the pressure data and stan-
dard tunnel operating parameters were automatically recorded and reduced.
An online output of these data were monitored from the standard computer
output, as well as on a CRT plotter. Schlieren and tuft data were

photographically recorded by both still and motion—-picture cameras.

10
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Tunnel operating parameters were also recorded during the photographic
data acquisition. During the course of the test, free-stream conditions

were virtually identical for duplicated test conditions.
3.4 UNCERTAINTY OF MIEASUREMENTS

The estimated uncertainty of measurements (a combination of sys-
tematic and random error) in wind tunnel total, static, and dynamic
pressures for several points in the test matrix are presented in
Table 3. Scanivalve measurement uncertainties were also combined with
tunnel parameter uncertainties, assuming a Taylor series method of
error propagation, to estimate uncertainties in the final reduced
pressures. Resultant values of the maximum expected uncertainty in

Cp =0, i.e., PS = P_, are included in Table 3.
4.0 RESULTS AND DiSCUSSION

4.1 GENERAL

Data were obtained at free-stream Mach numberé of 0.60, 0.70, 0.80,
0.85, 0.90, 0.95, 1.10, 1.20, and 1.30 at unit Reynolds numbers of 3.28
X 106, 8.20 x 106, 11.48 x 106, and 13.12 x 106/m (1 x 106, 2.5 x 106,
3.5 % 106, and 4 x 106/ft). Table 2 gives a summary of the complete
test matrix covered. Because of the amount of data acquired, only data
at unit Reynolds numbers of Re 8.2 x 106/m and M_ = 0.80 for Configu-
ration No. 1 and M_ = 0.60 and 0.95 for Configuration No. 3 are presented
in detail in this report. These data were chosen because they represent,
respectively, high subsonic, attached flow; subsonic, separated flow; and
transonic, separated flow with shock-boundary-~layer interaction. These
represent data from conditions suitable for initial comparisons with de-
velopmental computational techniques. The interested investigator may

obtain a complete set of data summarized in Table 2 by contacting the Air

Force project manager (see Preface).

11
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4.2 EFFECT OF BOUNDARY-LAYER TRIP

The model boundary layer was tripped by means of a trip ring located
at MS 27,23 (10.72 in.). Because the trip was large compared to the
boundary-layer thickness at this location, it was deemed necessary to
ascertain the influence of the trip on the boattail pressure distribu-
tion. Figure 7 presents a comparison of the axial pressure coeffi-
cients in the region of the boattail with and without the trip. This is
typical of data obtained with and without the trip across the entire |
test matrix with this model configuration. Therefore, it was concluded
that the trip did not adversely affect the data, and all other data were

obtained with the trip ring in position.
4.3 PRESSURE DISTRIBUTIONS

The data corresponding to Configuration No. 1 at M_ = 0.8 and Re_ =
8.2 x 106/m (2.5 x 106/ft) and to Configuration No. 3 at M_ = 0.6 and
0.95 at Re_ = 8.2 x 106/m are presented in tabular form in Table 4. The
data include the axial location of the static pressure orifice in meters
and the corresponding pressure coefficient, CP, for a given Mach number,
M_ , and unit Reynolds number, Re , per meter. Following the static
pressure data are the boundary-layer rake data for each of the first
four total-pressure rakes (see Fig. 6). These data include the probe
designation, the probe height measured perpendicular to the body at the
probe location (in meters), and the corresponding value of pressure (in
pascals). For each data set the value of total pressure, PT (pascals),
free-stream static pressure, PS (pascals), and free-stream static tem-

perature, TS (°K) are presented.

A visual summary of the static pressure data is shown by Figs. 8
through 10 where CP is given as a function of the dimensionless axial
length parameter X = (MS-331.39)/D, i.e., the distance in body diam-

eters upstream and downstream from the forebody-boattail junction. The

12
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rather large scatter of the data near X =0 in Fig. 8 is attributed to

the geometric irregularity of this region as noted in Section 3.2.

The boundary-layer integral parameters corresponding to the pitot
profiles of Table 4-are presented in Table 5. Table 5 gives the axial
location of the pitot probe, the displacement thickness, &%, the momen-
tum thickness, 6, the local skin friction coefficient, Ces and the
Reynolds number based upon the local boundary-layer edge conditions and

the momentum thickness, R The data of Table 5 were computed by a

9°
standard boundary-layer data reduction program described in Ref., 3.

Profiles which are judged to be separated are indicated by an S.
44 FLOW VISUALIZATION

Photographs were taken of the tufts at each run condition by illu-
minating the model with ultraviolet light. The tufts then became fluores-
cent and highly visible against the darkened background. One unexpected
result was the loss of the tufts whenever a sufficiently violent separa-
tion was incurred. This situation generally resulted when a shock wave
formed on the boattail and induced separation. Under these conditions
the tufts fluctuated violently and broke off at the point where they

were affixed to the model surface.

As a result of the loss of tufts from the model surface, only a
limited amount of this type of data can be considered to provide useful
information. Those data which are deemed to have value are indicated in
Table 2 by a T. In.fact, no data are available for Configuration No. 4
because of insufficient time to replace the extensive tuft -loss encoun-
tered on Configuration No. 3. Similarly, the useful schlieren data are

i
indicated in Table 2 by an S.

Photographic regords of the orientation of the tufts for Re = = 8.2

X 106/m (2.5 x 106/ft) and M_ = 0.80 for model Configuration No. 1 are

13
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shown in Fig. 11. Similar records are shown for Configuration No. 3 at
M = 0.60 and 0.95 in Fig. 12. Figure 12b for the M = 0.95 case has
been included to illustrate typical records where the tufts were lost
from the model surface. Schlieren photographs for Configuration No. 3
are presented in Fig. 13 for Re_ = 8.2 x 106/m (2.5 x 106/ft) and

M_= 0.60 and 0.95.

5.0 CONCLUDING REMARKS

Static pressure distributions, boundary-layer pitot pressures, and
tuft and schlieren photographic data have been obtained from four com-
binations of two circular arc afterbody boattails (length-to-diameter
ratios of 0.80 and 1.77) and two solid plume simulators (cylindrical
and contoured geometries). These data were acquired with the principal
objective of providing high-quality aerodynamic data which may be used
as a standard for comparison with theoretical predictions. In partic-
ular, data were obtained at zero angle of attack and sideslip over a
Mach number range of 0.60 to 1.30 and a unit Reynolds number range of
3.28 x 106/m (1 x 106/ft) to 13.12 x 106/m (4 x 106/ft). The shorter
boattail afterbody provides an easily modeled geometry with separated

flow over the entire test matrix.

Three sets of data are presented in detail in this report. These
are: (1) long boattail with cylindrical plume at Mach number 0.80 (high
subsonic unseparated flow), (2) short boattail with cylindrical plume at
Mach number 0,60 (subsonic separated flow), and (3) short boattail with
cylindrical plume at Mach number 0.95 (transonic separated flow with
shock-boundary-layer interaction). All of these data have a unit Reynolds

number of 8.2 x 106/m (2.5 x 106/ft).
The data were analyzed to determine their accuracy. As a result,

it was determined that the boundary-layer trip on the model nose did not

influence the measurements, However, the pitot data from the fifth

14
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boundary-layer rake, PT5XX (Fig. 6), were found to be influenced by the

wake
were
1.77

tion

of the first boundary-layer rake, PT1XX. Consequently, these data
excluded from consideration. Geometric irregularities in the &/D =
circular arc boattail affected the model static pressure distribu-

between MS = 334.6 and 338.4. Finally, no attempt was made to

assess the wall interference effects on these data,
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/
| T
SPS
0

P S

Origins Noted

Figure 2. Details of model.

- 'la Solid Plume Simulator

MS

331.39 .
(130.47) Boattail

|

BTS
0
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R = 162.8
D = 12.52 (64.094)
(4.93)
4/D = 1.77

All Dimensions in Centimeters

Numbers in Parentheses in Inches

‘_'_'T"'

6.39
(2.514)

_ t,

) = 44.28

_#_ (17.432)
==X =0

MS 331.29

BTS
44 .28
(17.432)

D = 12.52 R - 35.8
(4.930) (14.099) T
_ 6.39
4/D = 0.80 S22
e 1 — 20.04 >
(7.888)
BTS
Bgs 20.04
MS 331.29 (7.888)

Figure 4. Boattail geometries.
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12.78

(5.028)

-

17.09

(6.728)

N“‘m__;
15.74 _| 103.13
(6.197) 'r‘ (40.601)
118.87
(46.798)
SES Contoured Plume l§§§87
All Dimensions in Centimeters
Numbers in Parenthesis in Inches
— — € 12.78
143.10
SPS SPS
0 143.10

Cylindrical Plume

Figure 5. Solid plume simulator geometries.
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AEDC-TR-7849

*<}Configuration No, 1 )
; 5 PT31X 3 PT41X i PT51X

PT21X
i PT10X
MS MS MS MS MS
288 .24 359.82 375.67 384.05 402.36
(113.48) (141.66) (147.90) (151.20) (158.41)

|
> Configuration No. 2 ‘)

; & PT33X i i
PT40X PT50X
gpm ox I%PTZlX

MS MS MS MS MS
288.24 359.82 375.69 384.4 402,79
(113.48) (141.66) (147.90)(151.34) (158.58)
JAY |
Configuration No. 3
vy _ {
5 L PT30X j PT41X % PT51X
i PT10X PT20X
MS MS MS MS MS
288,24 343.13 351.94 359.82 378.13
(113.48) (135.09) (138.56) (141.66) (148.37)

JAY |
Configuration No. 4

) ¢ -

g ) PT32X

‘/\Wwfa‘

PT40X 3 PT50X
jPTIOX PT20X l
NS MS  MS MS s
288,24 343,13 351.94 360.17 378,56
(113.48) (135.09) (138.56) (141.80)  (149.04)

Number in Parentheses in Inches

a. Axial locations
Figure 6. Totai-pressure rake locations and designations.
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AEDC-TR-78-49

Note: Rake tube spacings are defined with the pressure
data in Table 4.

Pressure Orficies

Looking Downstream

Approximate Angles

1po0

PT5XX

PT1XX

Sector Containing Boundary-Layer Rakes

b. Circumferential boundary-layer rake positions
Figure 6. Concluded.
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CP

Pressure Coefficient,
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Nondimensional Axial Distance, X, Diameters Forward and Aft of the Start of the Boattail

Figure 7. Effect of boundary-layer trip on pressure distribution, M_ = 0.8
and Re_ = 8.2 x 108/m (2.5 x 108/ft), configuration No. 2.

67-84-H1-0A3V



¢C

Cp

Pressure Coefficient,
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Nondimensional Axial Coordinate, X

Figure 8. Pressure distribution for an unseparated case: configuration No. 1
at M_ = 0.80 and Re_ = 8.2 x 106/m (2.5 x 108 /ft).
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AEDC-TR-78-49
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Figure 9. Pressure distribution for a subsonic separated case: configuration No. 3
at M_ = 0.60 and Re_ = 8.2 x 106/m (2.5 x 108/ft).
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Pressure Coefficient, CP

-0.3 =

-0.4 |~

0.6 ] ] 1 ] |
-2 -1 0 1 2 3

Nondimensional Axial Distance, X

Figure 10. Pressure distribution for a transonic separated case: configuration No. 3
at M_ = 0.95 and Re_= 8.2 x 108/m (2.5 x 108 /ft).
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AEDC-TR-78-49

Note: Model boundary is closely approxi-
mated by the outermost rows of
tufts.

Figure 11. Mode! configuration No. 1, tuft orientation.
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AEDC-TR-7849

fi Gois G i

ibsely abpraxi«

aly is ¢
mated by the outermost rows of
tufts.

b. M_=0.95 and Re_ = 8.2 x 106/m (2.5 x 106 /ft)
Figure 12. Model configuration No. 3, tuft orientation.

29



AEDC-TR-78-49

8.2 x 108/m (2.5 x 106/ft)
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a
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b. M_=0.95 and Re_ = 8.2 x 108/m (2.5 x 108/ft)
Figure 13. Schlieren photographs of model configuration No. 3.
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Configuration No. 1

" Table 1. Model Geometries

Axial Position = MS, metric

Configuration No. 2

l.ocal Model Radius = r, meters

Configuration No. 3

Configuration No. 4

AXIAlL POSITION
0002540
0.03810
0.05080
0e 06350
007620
0.08890
010160
0e11430
012700
0013970
0015240
0.16510
0.17780
0.19050
0.20320
0.21590
0.22860
0.24130
Ge25400
026670
027940
0,29210
0.30480
031750
033020
0434290
0035560
036830
0038100
0:39370
0240640
0041910
0,43180
044450
045720
046990
0+48260
0e49530
050800
0.52070C
053340
054610
0455880
057150
0.58420
059690

RADIUS

0.00665
0.00988
0.01307
0.01626
0.01946
0.02268
0402590
Ne02914
0.03238
0.03563
0.03886
0.04207
0,04525
0o04841
0.05156
0.05472
0405790
V.06108
0006427
0.06751
0.07074
0,07400
007767
0.08047
0,08368
0.08686
0.09000
0.09312
0.09618
0.09914
0.10193
0.10450
0.10689
0.10908
0611109
0e11292
0011458
0.11608
0011741
0.11861
0.11978
0.12076
0.12166
0.12241
0,12298
0.12345

AXIAL POSITION
0602540
0.03810
0.0508¢0
0.06350
0.07620
0.0889¢0
0.10160
00114730
0.12700
013970
015240
016510
017780
019050
0.20320
0.2159¢0
0.22860
0.2413¢0
0,25400
026670
027940
0,29210
0.30480
031750
0.33020
034290
0.35560
0.3683¢0
0.3810¢0
0.3937¢
0.40640
0.41910
0.,43180
0:44450
0.45720
0,46990
0.48260
0.4953¢
0.50800
0.52070
0653340
0.54610
0.5588¢0
0.57150
0.58420
0.59690

RADIUS

0.00665
0.00988
0.01307
0.01626
001946
0,02268
0.02590
0.02914
0.03238
0,03563
0.03886
004207
004525
004841
005156
005472
0.05790
0.06108
0.086427
006751
0.07074
007400
0.07767
0.08047
0,08368
0.08686
0.09000
009312
0.09618
0.09914
0,10193
0010450
0,10689
0.105908
011109
0.11292
0e11458
0411608
0.11741
0.11861
0.11978
0.12076
0.12166
0012241
0.12298
012345

AXIAL POSITION
0402540
0.03810
0,05080
0.06350
0.07620
0,08890
0,10160
0.11430
0.12700
0,13970
0,15240
0.16510
0.17780
0.19050
0,20320
Na21590
0.,22860
0.,24130
0.25400
0.26670
0.,27940
0.29210
0,304R0
0031750
0433020
0,34290
0.35560
0.36830
0.38100
0.,39370
0,40640
0.41910
0.43180
0444450
0.45720
0,46990
0.48260
0.49530
0,50800
0.52070
0.53340
0.54610
0.55880
0.57150
0.58420
0.59690

RADIUS

000665
0.00988
001307
001626
0201946
0.02268
0,02590
0.02914
0.,03238
0.03563
003886
004207
0.,04525
0604841
0.05156
0005472
005790
0.06108
006427
006751
0.,07074
0.07400
0.07767
0.08047
0.08368
0.08686
0.09000
0,09312
0.09618
0.,09914
0.10193
010450
0,10689
0.10%908
0.11109
0.11292
0e11458
0.11608
0611741
0.11861
0.11978
Ne12076
0.12166
012241
0.12298
0.12345

AXIAL POSITION
002540
0.03810
0.05080
0.06350
0.07620
0.08890
0.10160
011430
0.12700
0.13970
0.15240
0.16510
0.17780
019050
0.20320
0.21590
0.22860
0.24130
0.25400
026670
0.27940
0.29210
0.30480
031750
0.33020
034290
0.35560
036830
0.38100
0.39370
0.40640
0441910
0.43180
0.44450
0.45720
0.46990
0.48260
0.49530
0.50800
0.52070
053340
0.54610
0.55880
057150
0.58420
0.59690

RADIUS

0.00665
0.00988
0.01307
0.01626
001946
0.02268
002590
0.02914
0.,03238
0.03563
0.03886
0.04207
004525
0.04841
0.05156
005472
0.05790
0.06108
0.06427
0.06751
0.07074
0.07400
0.07767
0.08047
0.08368
0.08686
0.09000
0,09312
0.09618
0.09914
0.10193
0.10450
0.10689
0.10908
011109
0.11292
0.11458
0.11608
0.11741
0.11R61
0,11978
0,12076
012166
0a12241
0.12298
0012345
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Configuration No. 1

Table 1.

Axial Position = MS, metric

Configuration No. 2

Continued

Local Model Radius

= r, meters

Configuration No. 3

Configuration No. 4

AXIAL POSITION
060960
0.62230
063500
064770
066040
0.67310
0.68580
0.69850
0,71120
0.81280
091440
0.96393
1.01600
1:11760
1.21920
1.32080
1042240
152400
1.62560
172720
1.82880
1.93040
2.03200
2213360
2423520
2233680
2043840
2¢54000
2064160
2074320
2084480
2:94640
3004800
3014960
3.25120
3.31394
3031711
3.32029
3432346
3032664
3.32981
3033299
3.33616
3033934
3034251
334569

RADIUS

0.12387
0012425
0612458
0.12486
0.12506
0.12518
0,12523
Ue12524
0612525
0.12522
0.12523
0.12523
0.12522
0.12529
0.12534
0.12537
0412537
0.12535
0012531
0,12531
0,12524
0.12531
0,12536
0512534
0012531
0.12518
0.12522
0.12525
0.12522
0.12537
0.12518
0.12513
0012513
0.12527
0012535
0.12511
0,12516
0012516
0.12517
0.12516
0.12513
0.12509
0.12505
0.12500
0,12494
0.12487

AXIAL PUSITION

0460960
0.62230
0.63500
0.64770
0.66040
0.67310
0.68580
069850
0.71120
0.81280
0.91440
0.96393
1.01600
1.11760
1.21920
1.32089
1.42240
1.52400
1.62560
1.72720
1.82880
1.93040
2.,03200
2.13360
2.23520
2.33680
2.43840
2.54000
2,64160
2.74320
2084480
2:94640
3.04800
3.14960
3.25120
3.31394
3,31711
'3,32029
3,32346
3.32664
3,32981
3.33299
3.33616
3.33934
3.34251
3.34569

RADIUS

0.12387
0.12425
0.12458
012486
012506
0.12518
0012523
0012524
0012525
0.12522
012523
0012523
012522
0.12529
0,12534%
012537
0.12537
0012535
00.12531
0.12531
0012524
0012531
012536
0012534
012531
0.12518
0012522
012525
0.12522
0012537
012518
0.12513
0,12513
0.12527
0012535
0012511
0012516
0.12516
0.,12517
0012516
0.12513
0.12509
0.12505
0.12500
012494
0012487

AXIAL POSITION
0,60960
0,62230
0,63500
0:,64770
0.66040
0,67310
0,68580
0,69850
0.71120
0.81280
0,91440
0.96393
1,01600
1.11760
1,21920
1.32080
1,42240
1,52400
1,62560
1,72720
1.82880
1.,93040
2,03200
2013360
2023520
2,33680
2043840
2,54000
2064160
2074320
2.84480
2094640
3,04800
3.14960
3.25120
3.31394
3.31711
3.,32029
3.32346
J.32664
3.32981
3,33299
3.33616
3.33934
3.34251
3.34569

RADIUS

012387
0.12425
0.12458
0012486
0.12506
0.12518
De.12523
0.12524
0012525
0.12522
0.12523
0012523
012522
0.12529
012534
0.12537
0.12537
0012535
0,12531
0012531
0012524
0.12531
0012536
012534
012531
D.12518
0.12522
012525
0.12522
0012537
0.12518
0.12513
0412513
012527
0012535
012517
0012519
0.12515
0.12508
0012500
0012487
012472
0012453
012431
012406
012380

AXIAL POSITION
0.60960
0.62230
0.63500
0.646770
066040
0.67310
0.68580
0.69850
0.71120
0.81280
0.91440
0.96393
1.01600
1.11760
1.21920
1.32080
142240
1.52400
1.62560
1.72720
1.82880
1.93040
2.03200
2413360
2.23520
2.33680
2443840
2.54000
2.64160
2.74320
2.84480
2.94640
3.04800
3,14960
3.25120
3.313%9%
3.31711
3,32029
3.32346
3.32664
3.32981
3.33299
3,33616
3.33934
3034251
3034569

RADIUS

0.12387
0.12425
0,12458
0012486
0.12506
0.12518
0.12523
0.12524
0.12525
0.12522
0.12523
0-,12523
0.12522
0,12529
012534
0.12537
N.12537
0.12535
0.12531
0012531
0.12524
0012531
0.12536
0.12534
0.12531
0.12518
0012522
0012525
012522
0012537
0.12518
0012513
0012513
0012527
012535
0.12517
0.12519
0.12515
0.12508
0.12500
0.12487
0.12472
0012453
0.12431
012406
0.12380
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Configuration No. 1

Table 1.

Axial Position = MS, metric

Configuration No. 2

Continued

Local Model Radius = r, meters

Configuration No. 3

Configuration No. 4

AXIAL POSITION
3+34886
3.35204
3035521
3.35839
3.36156
3436474
3.36791
3.37109
3.37426
337744
3.38061
3438379
3.38696
3039014
3039331
3039649
3039966
3.40284
3040601
3040919
3041236
3041554
341871
3.42189
3042506
3042824
3243141
3.43459
343776
3:44094
344411
3444729
345046
3045364
3045681
3045999
346316
3446634
304695]
3.47269
3.,47586
347904
3.,48221
348539
3048856
349174

RADIUS

0.12482
0612474
0012467
0012457
0012447
0012437
0.12427
0012416
0612404
0e12392
0.12378
0,12364
0.12349
0.12336
012320
0.12304
0.12287
0.12270
0,12252
0.12234%
0.12214
012195
0.12173
0.12152
0.,12130
0.12107
0.12084
0.12061
0.12037
0.12012
0.11986
0.11960
011934
011906
0.11878
0.,11849
0.11820
0a11790
0.11760
0.11729
0e11696
011664
0,11631
0011597
0,11563
0.11528

AXTIAL POSITION
3.34886
3.35204
3.,35521
3,35839
3.36156
3036474
3,36791
3.37109
3,37426
3.37744
3,38061
3,38379
3.38596
3.,39014
3039331
3+39649
3039966
3040284
3.40601
3.40919
3.41236
3,41554
3.41871
3.42189
3.42506
3042824
3043141
3.,43459
3.43776
3:44094
3.44411
3044729
3.45046
3.,4536%
3045681
3,45999
3.46316
3,46634%
3.46951
3.,47269
3,47586
3:47904
3.48221
3,48539
3.,48856
3,49174

RADIUS

0012482
0.12474
0.12467
0,12457
0.12447
012437
0e12427
0.12416
0.12404
0012392
0012378
0.12364%
0012349
012336
0012320
0012304
0.12287
012270
0.12252
00,12234
012214
012195
0:12173
0.12152
012130
0012107
0.12084
012061
0.12037
012012
0011986
011960
011934
0.11906
0.11878
0211849
0.11820
0+11790
011760
0.,11729
0.11696
Del11664
011631
0.,11597
0411563
0.11528

AXIAL POSITION
3.34886
3.35204
3,35521
3,35839
3,36156
3,36474
3,36791
3,37109
3.37426
3:.37744
3,38061
3.,38379
3.38696
3.39014
3.39331
3,39649
3.,39966
3,40284
3,40601
3,40919
3,41236
3.41554
3,41871
3.42189
3,42506
3,42824
3,43141
3,43459
3.43776
3.44094
3.44411
3.44729
3,45046
3,45364
3,45681
3,459%9
3.46316
3,46634
3.46951
3,47269
3,47586
3.,47904
3,48221
3,48539
3.48856
3.49174

RADIUS

0.12350
012317
0012282
0.,12263
0.12204
0.12161
012115
0,12065
0.12011
0.11955
0.11895
0.11833
011767
011700
011629
0,11557
0.11481
0.11402
0.,11318
0.11232
0.11174
0.11050
0.10955
0.10856
0.10753
010647
0.10538
0.10425
0.10311
010193
0.10071
0009946
0009815
0009682
0-09546
009404
0.09261
0.09115
0.08964
0.08807
0,08647
0.08484
0,08317
008147
007969
0.07790

AXIAL POSITION
3.348R6
3035204
3,35521
3.35839
3,36156
336474
3.,36791
3.37109
3,37426
3037744
3.38061
3.38379
3.38696
3.39014
3.39331
3.39649
3.39966
3.40284
3.40601
3,40919
3,41236
3.41554
3.41871
3.42189
3.42506
3.42824
3,43141
3,43459
3.43776
3.44094
3.44411
3044729
3,45046
3.45364
3.45681
3045999
3.46316
3.46634
3,46951
3.47269
3.47586
3.47904
3.48221
3.48539
3.48856
3.49174

RADIUS

0.12350
0.12317
0.12282
0.12263
0.12204
0.12161
0.12115
0.12065
0.12011
0.11955
0.11895
0.11833
0.11767
0.11700
0.11629
011557
0-11481
0011402
0.11318
0.11232
0611174
011050
0.10955
0.10856
0.10753
0.10647
0.10538
0.10425
0.10311
0.10193
0.10071
0.,09946
0.09815
009682
0009546
009404
0.09261
0.09115
0.08964
0,08807
0.08647
0.08484
0,08317
0.,08147
007969
0.07790
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Configuration No. 1

Table 1.

Axial Position = MS, metric

Configuration No. 2

Continued

Local Model Radius = r, meters

Configuration. No. 3

Configuration No. 4

AXIAL POSITION
3.49491
3449309
3.50126
350444
3.50761
3.51079
3.51396
3.51714
3,52031
3.52349
3.52666
3.52984
3.%3301
3.53116
3.53936
3.54254
3054571
3.54889
3.55206
3.55524
3,55841
3.56159%
356476
3.56794%
3.57111
357429
3¢57746
3.5806¢4
3.58381
3.58699
3.59016
3.59334
3.59651
3+:59969
3.60286
3.60604
3.60921
3.61239
3.61556
3061874
3,62191
3:.62509
3.62826
3:63144
3.63461
3.63779

RADIUS

De11492
Ca11456
0e11418
0+11382
0s11344
7.11304
0s11264
0.11224
0s111R1
0611137
0.11092
0.11047
0.11002
0,10956
0410911
0.,10856
0.10820
0.,10774
0.10728
0.,10683
0.10635
0.10585
0.10536
0.10486
0,10436
0,10385
0+10332
0.10280
0.10227
0.10173
0.10118
0010062
0.10005
009949
009892
0.09835
0.09776
0.09718
0.09658
0.09597
0.09535
0409474
0609412
0.09348
0.09283
0,09219

AX1AL POSITION
3.49491
3,49809
3.50126
3.50444
3.50761
3.51079
3.51396
3.,51714
3.52031
3.52349
3.52666
3,52984
3.53301
3.53116
3.53936
3.54254
3,54571
3.54889
3.55206
3.,55524
3.55841
3.56159
3.56476
3.5679¢
3,57111
3.57429
3.57746
3.58064
3.58381
3.58699
3.59016
3.59334
3.59651
3.59969
3.60286
3,60604
3,60921
3.61239
3.61556
3.,61874
3,62191
3.62509
3.62826
3.63144
3,63461
3.63779

RADIUS

0.11492
0011456
0.11418
0.11382
0011344
0.711304
011264
0s11224
0.11181
011137
0.11092
0.,11047
0.11002
0105956
0010911
0.10866
0.10820
0.10774
010728
0.10683
0,10635
0.10585
0.10536
0.10486
0010436
0,10385
0010332
0.10280
0.10227
010173
0.10118
0.10062
0.10005
0.09949
0.09892
0.09835
0.,09776
0.09718
0.,09658
009597
009535
0609474
009412
0.09348
0.09283
0.,09219

AX1AL POSITION
3.49491
3,49809
3,50126
3.50444
3,50761
3.51079
3,51429
3,51434
3,56514
3,61594
3.66674
3,71754
3.,76834
3,81914
3,86994
3,92074
3,97154
4,02234
4,07314
4,12394
4,17476
4,22554
4,27634
4,32714
4,37794
4.42874
4,47954
4.53034
4,58114
4,63196

RADIUS

0.07607
0.07418
0.07224
0.07026
0.06824
0.06616
0.06380
0.06376
0.06369
0.06365
0.06367
0.06370
0.06368
0.06372
0,06366
0.06361
0.06358
0.06360
0.,06358
0006357
0.06356
0.06354
0.06360
006365
006370
006375
0.06374%
006369
0.06360

0.06351

AXIAL POSITION
3.49491
3.49809
3.50126
3,50444
3.50761
3.51079
3.51429
3.51434
3.51752
3.52069
3.52387
3.52704
3.53022
3.53339
3.53657
3.5397¢
3.54292
3.54609
3.54927
3.55244
3.55562
3.55879
3.56197
3,56514
3.56832
3.57149
3.57467
3.5778¢4
3.58102
3.58419
3.58737
3.59054
3,59372
3.59689
3.60007
3.60324
3.60642
3.60959
3.61277
3.61594
3.61912
3.62229
3.62547
3.62864
3.,63182
3.63499

RADIUS

0.07607
0.,07418
0.07224
0.07026
0.06824
0.06616
0.06380
006377
0,06478
006575
0.06670
0.06761
0.06851
0,06935
0.,07018
0,07097
0.07173
0,07247
0.07319
0.07388
0,07455
0.07519
0.07582
007642
0.07598
007752
0.07804
0.07855
007303
0.07948
0.07994
0.08039
0.,08079
0.08]118
0.08154
0.08189
0.08230
0.0R8253
0008282
0.08310

0.08335 -

0.08359
0.08381
0,08402
0.08421
0.08439

6¥-84-41-003V
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Configuration No, 1

Table 1.

Axial Position = MS, metric

Configuration No. 2

Continued

Local Model Radius = r, meters

Configuratibn No. 3

Configuration No. 4

AXIAL POSITION
364096
3064414
3064731
3.65049
3.65366
3.65684
3066001
366319
3.66636
3066954
3,67271
3.,67589
3.67906
3.68224
3.68541
3.68859
3.69176
3.69494%
3.69811
370129
370446
3.70764
3.71081
367139%
3.7171%
372034
3,72351
3.72669
3072986
3.73304
3.73621
3.73939
374256
374574
3074891
375209
3.75526
3.75671
3.,8075]
3.85331
3090911
30,95991
4001071
4006151
4011231
4016311

RADIUS

0.09153
0.09088
0.,09022
0.08956
0.088R%
0.08821
0.08752
0.08682
0.08612
0.08542
0.08469
008397
008325
0008252
0.08177
0.08102
0.08025
0.07949
0.07873
007797
0.,07718
007639
0.07559
0.07478
0.07396
0.07315
0,07233
0,07150
0.07066
006982
0.06898
0.06812
0.06726
0.06640
0.06551
0.06464
0.06363
0.,06376
0.06369
006365
0406367
0.06370
D.06368
0.,06372
D.06366
00,06361

AXIAL POSITION
3064096
3.64414
3.64731
3.65049
3.65366
3.65684
366001
3066319
3.66636
3.,66954
3.67271
3.67589
3.67906
3.68224
368541
3,68859
3.69176
3.69494
3069811
3.70129
3.70446
3.70764
3.71081
3,713%9
3,71716
3.,72034
3.,72351
3,72669
3.72986
3,73304
3,73621
3,73939
3.74256
3.,74574
3.,746891
3.,752n9
3,75526
3,75671
3.75988
3.76306
3.76623
3.769%41
3.77258
3.,77576
3.77893
3,78211

RADIUS

0.09153
0009088
0.09022
008956
0.08889
0.08821
0.08752
0.08682
0,08612
0.08542
0.08469
0.08397
0008325
0.08252
0.08177
0.08102
0.08025
0607949
0.07873
0.07797
0.07718
0.07639
007559
0,07478
0.07396
0.07315
0,07233
0.07150
0.07066
0.06982
006898
006812
0.06726
0606640
0406551
0006464
0406363
0006377
006478
0.06575
0406670
0.06761
0.06851
006935
0,07018
0.07097

AXTAL POSITION

RADIUS

AXIAL POSITION
3.63817
3.64134
3.64452
3064769
3.65087
3.65404
3.65722
3.66039
3.66357
3.66674
3.67175

RADIUS

0.08472
0.08470
0,08483
008492
0.08502
0.08508
008511
0,08512
0.08512
0.08575
0,08508

6¥-8/-H1-0Q3v
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Configuration No. 1

Table 1.

Axial Position = MS, metric

Configuration No. 2

Concluded

Local Model Radius

= r, meters

Configuration No. 3

Configuration No. 4

AXITAL POSITION
4421391
4026471
4,31551]
4236631
4941711
4046791
4.51871
4:569351
4.62031
4e67111
4.72191
4.77271
4482351
4.8743)

RADIUS

0.06358
0.06360
0.06358
0.06357
G,06356
0.06354
0.06360
0.06365
0.,06370
0.06375
0.06374
D.06369
0.06350
0.06351

AXTIAL POSITION
3.78528
3.,78846
3,791A3
379481
3.79799
3.80116
3.80433
3.80751
3.81132
3.81386
3.81703
3.82021
3.82339
3.82656
3.82973
3.83291
3.83608
3.83926
3,84243
3,84561
3.84878
3.85196
3.85513
3,85831
3,86148
3.86466
3,86784
3.87101
3.87418
3.87736
3.88054
3.88371
3.886838
3,89006
3,89324
3,89641
3.899%58
3.90276
3.90593
3.90911
3,91411

RADTUS
0.07173
0+07247
0.07319
0.07388
0.07455
0407519
0.07582
0407642
0.07698
0407752
0.07804
0.07855
0.07903
0.07948
0,07994
0.08039
0408079
0.08118
0.08154
0408189
0408230
0.08253
0.08282
0.08310
0,08335
008359
0.08381
0408402
0.08421
0.08439
0.08472
0408470
0008483
0.08492
0408502
0.08508
0.08511
0.08512
0.08512
0.08575
0.08508

AXTAL POSITION

RADIUS

AXIalL POSITION

RADIUS

6¥-84-H1-0043V



Table 2. Test Matrix

AEDC-TR-78-49

Unit Reynolds Number (m—l) x 10_6
Moo
3.28 8.20 11.48 13.12
324 | 1, 2,074 1,2, 3, 4
0.6 s% s S § s S S S S
T T T T
3, 4 1, 3, 4 3, 4
0.7 s s s S
T T T T T
1, 3, 4 D, 2, 3, 4 1, 2, 3, 4
0.8 s s s S s 8§ S s s
T T T T
1, 2, 3, & 1, 2, 3, 4
2.85 s s s S § 8§
T T T
1, 2, 3, & 1, 2, 3, 4
0.90 s s s s
T T T
1, 2,3, 4 1, 2, 3, 4
0.95 S s s S s 8
TOT T T
1, 2, 3, 1, 2, 3, 4
1.10 S s s S S S 8
T T T
1, 2, 3, 4 1, 2, 3, 4
1.20 S s 8 S 8§ S S
T T T
1, 2, 3, 4 1, 2, 3, 4
1.30 S 8 s S S 8 S
T T

1 . . . .
Pressure distributions and boundary-layer pitot data
available on all test points.

2Model configuration (see Fig. 6). S indicates schlieren
data available. T indicates tuft data available.

3Circle indicates data presented in this report.
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Table 3. Measurement Uncertainties

Uncertainty, Ui

8¢

Parameter -1 6 1 6 6 -1
Re = 3.3 x 10 m Reoo =8.2x 10 m Reo0 = 11.48 x 10 Re°° 13.12 x 100 m )
( x 10°% ££71 2.5x10% ¢y (3.5 x 108 £¢71)  x 108 £e7h)
M, =0.6 | M_=0.8 | M =0.95 | M_ =1.3 M_ = 1.3 M_=0.6 | M_=0.8 | M =0.95
Mco +0.0134 +0.0106 +0,00387 +0.00335 +0.00312 +0.0037 +0.0028 +0.00232
pascals, | ,113.8 L1301 L1741 L116.9 L119.6 L126.4 L1221 L121.3
psfa “(2.376) “(2.363) “(2.446) “(2.441) T (2.497) ~(2.599) ~(2.551) “(2.534)
pascals, | ,263.72 ,188.0 ,156.90 ,104.0 ,130.0 ,289.1 L199.5 ,152.8
psfa ~(5.508) ~(3.926) “(3.277) “(2.171) T(2.714) “(6.037) “(4.167) “(3.191)
pascals, | ,494.22 | _153.4 ,116.2 ,60.3 ,62.7 ,330.0 ,162.7 L116.3
psfa “(10.322) ~(3.204) T(2.428) ~(1.258) “(1.310) “(6.892) ~(3.399) “(2.429)
CP* = 0 +0,0542 +0.0345 +0.0126 +0.0086 +0.0070 +0.0190 +0.01166 +0.0089

*These values represent the rms expected error in CP = 0.

6t-8L-41-003V




AEDC-TR-78-49

Table 4. Tabulated Data

NOMENCLATURE
CP Static pressure coefficient
M Free-stream Mach number
Re Unit Reynolds number, m-=1
PT Total-pressure, pascals
TS Free-stream static pressure, °K
Y Boundary-layer coordinate normal to model surface, m

Axial Position Distance from model tip equal to MS - 0.0183, m

PART Data index number
PS Static pressure at the boundary-layer rake position,
pascals
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AEDC-TR-78-49

Configuration No. 1

Part 1023
M_ = 0.798
Re_ x 1078 = 8.190
PT = 62746.7
TS = 305.4

Axial
Position cpP
005080 02750
0,07620 02599
0010160 0.2446
0012700 0.,2202
0015240 0.2012
0017780 0,1854
0020320 0,1615
0.22860 0.1638
0025400 0.1514
0.27940 0,1400
0,33020 0.,0593
0435560 0,0173
0,38100 =0,0495
040640 “041317
0.43180 =0,1824
0445720 =0,2050
0048260 «0.2208
0.50800 =0,2141
0:53340 =0,2369
0060960 ~0,1587
0+63500 =001493
0,66040 =0,1451
0068580 =0,0988
0.71120 =0,0786
073660 =0,0637
076200 =0.0537
078740 =0.0487
0.81280 =0,0421
0.83820 =0,0385
0486360 =0.0353
0488900 =0.,0312
0.91440 =0,0301
0.93980 =0,0237
1.04140 =0,0237

Table 4. Tabulated Data

40

Axial
Position
0.05080
0.07620
010160
0.12700
0,15240
0.17780
0,20320
0,22860
025400
027940
0033020
0035560
0,38100
0:40640
0.43180
0:45720
0048260
0.50800
0.53340
0,60960
0063500
0066040
0.68580
0.71120
073660
076200
0.78740
0.81280
0.83820
0086360
0.88%900
0:91440
0093980
104140

Configuration No. 3

Part 1074 Part 1083
M, = 0.599 M, =0.948
Re_ x 1078 = 8,224 Re_ = 107 = 8.099
PT = 75200.3 PT = 57637.9
TS = 306.0 TS = 304.9
cP cP

062373 0.3285
0.2321 0.3189
0,2161 0.3075
0.1902 0.2759
0.1730 02555
0.1574 00,2413
0,1333 0.2181
0.1368 002219
001245 0.2150
0.1124 0,2080
0,0400 0.1223
0,0034 0,0782
=0,0533 040051
201159 «0,1032
=0,1550 =0,1816
=0.1706 =0,2335
=0.1810 =0,2787
=20,1759 =0.3177
=0,1972 =0+3090
=0,1368 5003567
=0,130¢9 043430
=0,1253 =0,3453
20,0866 =0,2684
'000727 =0,0535
20,0579 =0,0056
20,0501 0,0006
=0,0465 =0,0025
=0o0402 20,0039
=0,0374 =0,0061
=0,0355 =0+0091
=0,0307 ©0,0072
=0. 0285 ©w0e0063
=0,0181 0:0062
=0,0286 «0,0201



AEDC-TR-78-49

Table 4. Continued

Configuration No. 1 Configuration No. 3
Part 1023 Part 1074 Part 1083
M, = 0.798 M_=0.599 M_=0.948
Re, x 10 = 8.190 Re, x 1070 = 8.224  Re_ =107 - 8.099
PT = 62746.7 PT = 75200.3 PT = 57637.9
TS = 305.4 TS = 306.0 TS = 304.9

Axial Axial

Position cp Position cp CP
1.06680 =0,0236 1.06680 =0,0278 =0:0202
1.09220 «0,0220 1,09220 =0,0229 «000164
1.11760 =0,0189 1.11760 =0.0235 =0,0170
1414300 =0,0175 1.14300 =0,0176 =0,0126
le16840 =0,0189 1.16840 =0,0191 =0,0143
1.19380 =0,0148 1,19380 =0,0150 =0,0109
1-21920 '0.0202 1021920 '0'0177 '0.0139
1424460 =0,0126 1.24460 =0.0129 «0,0094
1.27000 =0,0162 1.27000 =0,0162 =0+0099
1e42240 =0,0128 1.42240 =0,0127 =0,0080
1.57480 =0,0101 1:57480 20,0107 =0o0063
1.72720 =0,0123 1.72720 =0,0110 20,0077
1.87960 =0,0306 1.87960 =0,0086 =0,0059
2,03200 20,0094 2403200 20,0101 =0,0085
2418460 =0,0116 2018440 =0,0113 =0,0095
2033680 0.0167 2033680 0.0140 0.0252
2+48920 =0,0072 248920 =00,0076 =060043
2064160 =0,0108 2.64160 =0,0106 =0,0081
275400 =0,0210 2079400 =0.,0194 20,0149
2+80670 =0,0184 280670 “0.0162 =0s0114
2481940 «0,0131 2:81940 =0,0169 20,0101
2.83210 =0,0137 2+83210 =0,0177 =0,0118
284480 =0,0098 2084400 =0,0131 20,0091
2085750 =0,0204 2085750 =0,0240 =0,0198
287020 =0,0200 2087020 =0,0222 =0,0168
2.8829%90 «0s0147 2088290 20,0185 =0,0163
2089560 =0,0209 2:89560 =0,0246 =0,0223
2090830 =0,0221 2090830 =0,0259 ®0,0236
2492100 20,0212 2692100 =0,0256 =0,0241
2:93370 =20,0190 2093370 =0s0242 =0.0224
2094640 =0,0233 2094660 =0.0279 ©0,0256
2495910 =0,0211 2095910 =000271 =0,0242
2497180 =0,0228 2097180 =0,0353 20,0243
2498450 =0,0199 2098650 “0,0273 «0,0197
2099720 =0¢0220 2099720 =0,0306 =0,0222
3.00990 «0,0260 3,00990 =0,0336 =0.0253
3.02260 =0,0257 3.02260 =0,0344 =0+0259
3003530 =0,0235 3,03530 =0,0320 20,0238
3.04800 =0,0271 3.04800 =0,0384 =0,0287
3406070 =0,0278 3.06070 ={e0380 «0,0285
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AEDC-TR-78-49

Table 4. Continued

Configuration No., 1 Configuration No. 3
Part 1023 Part 1074 Part 1083
M_=0.798 M_ = 0.599 M_ = 0.948
Re_ x 107° = 8.190 ‘ Re_x 1075 = 8.224  Re_ =107 - 8,099
PT = 62746.7 PT = 75200.3 PT = 67637.9
TS = 305.4 TS = 306.0 TS = 304.9
Axial Axial

Position cP Position cp cP
3.07340 «0,0259 3.07340 =0,0368 =000266
3,08610 =0,0315 3,08610 =0,0425 =0,0329
3.09880 =000309 3,09880 =0,0425 °0¢0320
3,11150 =0,0311 3,11150 =0e0440 =0,0332
3.12420 =0,0351 3,12420 =0.0493 «0,0379
3413690 20,0331 3,13690 =000483 =0o0355
3.14960 =0,0329 3214960 =0,0467 =0,0328
3.16230 =0,0425 3.16230 =0,0582 =(,0438
3.17500 =0,0438 3.17500 =0,0616 2000462
3.,18770 20,0367 3.18770 =0,0546 @0,0608
3020040 «040485 3.20040 20,0710 =0,0546
3.21310 =040576 3.21310 =0,0814 =0,0630
3.22580 «0,0560 3.22580 ={0,0845 =000653
3,23850 =0,0626 3.23850 =0,0934 20,0730
3,25120 =0,0870 3.25120 =0.123¢4 =0,0995
3.26390 =0,0821 3026390 =0.1260 =001022
3.27660 =0.0586 3,27660 =001089 w(,0824
3.32664 =0,1713 3,32664 =0,2984 -0.3638
3433934 =0.1576 3033934 =0,3092 —0.4369
3.35204 =0,1615 3035204 20,3049 ~0.5022
3.36474 =0,1485 3.36474 003062 «0+5668
3.37764 ~0.1596 3.37764 02726 «0,3716
3039014 =0,1552 3,39014 ~0.2236 “001708
3.40284 w1631 3040284 =0,1822- =0s1001
3.41554 2041576 3.41556 “0,1164 «0.0T48
3,42824 =0,1482 3.,42824 ©060499 «0.0591
3.44094 01463 3.44094 040200 ©040510
3.45364 =041597 3.453664 0+0701 000466
3046634 . 20,1367 3:46634 040970 2000420
3.47904 «0,1260 3.47904 0.,1068 040630
3,49174 =0.1212 3,49174 0.1116 “0,0647
3.50446 “0,1198 3.50444 0.1116 0. 0669
3.51714 «0e1130 3.52044 0.1187 ®()e0419
3,52986 ©000943 3.53314 0.1397 =0,0371
3,54254 2040740 3.54584 0.1624 =0.0183
3.55524 =0,0712 3055854 041781 0.0023
3.56794 =0,0596 3.57124 0,1854 000265
3,58064 =0,0512 3.58394 0,1870 000498
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AEDC-TR-78-49

Table 4. Continued

Configuration No. 1 Configuration No. 3

Part 1023 Part 1076 Part 1083
M_ = 0.798 M_ = 0.599 M_ = 0.948
Re_ x 107 = 8.190 Re_ x 1078 = 8.224  Re_ = 107® - 8.099
PT = 62746.7 PT = 75200.3 PT = 57637.9
TS = 305.4 TS = 306.0 TS = 304.9
Axial Axial
Position cp Position cp cp
3.59334 040332 3.59664 0.1822 040770
3'6060‘ -0.0188 3060935 0.1726 001008
3.61874 040011 3.62204 041568 041134
3.63144 0,0153 3.63676 041464 0.1307.
3.64414 0.0350 3.64744 001344 041454
3.65684 040520 3.66014 0.1232 041523
3,66954 0,0693 3.67284 0.1143 0.1532
3.68226 040917 3.68554 0,1038 0.1538
3.69494 041137 3.69824 040959 041566
3.70764 041350 3.71094 0.0879 0.1518
3.72034 041590 3,72364 040801 041462
3.73304 0.1826 3.73634 040716 041413
3.74574 0.2063 3.74904 0,0717 041396
3.76306 0.2217 3.76174 040620 0,1321
3.77576 0.2047 377444 0.0574 041285
3.78846 041860 3.78714 040510 041196
3.80116 041691 3.79984 040491 041160
3.81386 0,1561 3.81256 040427 041066
3.82656 0.1405 3.82524 040408 041021
3.83926 0.1284 3.83794 040370 040954
3.85196 0.1207 3.85064 040334 0,0891
3.86466 0.1072 3.86334 040320 040847
3.87736 040990 3.87604 040274 0.0772
3.89006 0.0904 3.88874 040269 0.0738
3.90276 0.0806 3.90144 0,0246 0,067
3.91546 0.0772 3.91416 040215 . 040643
3.92816 0,0707 3.92684 0.0216 040619
3.94086 040661 3.93956 0.0195 0.0579
3.95356 0.0617 3.95224 040170 040545
3.96626 050573 3.96494 040197 040565
3.97896 0.0519 3.97764 0+0158 0.0485
3.99166 040559 3.99034 040144 0.0458
4.00436 0.0472 4.00304 040127 040429
4.01706 0.0451 4,01574 0.0129 040414
4402976 0,0403 4.02844 040130 040389
4,04246 040379 4,06114 0,0128 040364
4405516 0,0355 4,05384 0.0122 0,0342
4,06786 0.0345 4007926 040113 040305
4208056 0.0321 4410664 0.0106 040289
4409326 0,0292 4,13004 0,0087 040252
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Configuration No. 1

Re_ x 10%

Axial
Position
4.,10596
4411866
4413136
4416406
4015676
4016946
4,18216
4419486
4,20756
4,22026
4423296
4,24566
4,25836
4,27106
4,28376
4,29646
6,32186
4034726
4437266
4039806
4,42346
4244886
4.476426
4,49966
4,52506
4,55046
4,57586
4060126
4.62666
4,65206
4467746
4070286
4,72826
4075366
477906
4.80446
4,82986
44+85526
4,88066
4090606

Part 1023

Mm
6

TS

= 0,798
= 8.190
62746.7
= 305.4

cP
0-0296
0.0250
0.0269
0.0267
0,0242
0.0242
0.0244
0.0237
0,0266
00,0239
0,0222
0.0215
0,0218
0.,0203
0.0181
0,0197
0.0166
0,0203
0,0196
0.,0174
0,0187
0.0197
0.,0191
000227
0.0202
0.0235
0,0321
0,0303
0,0289
00,0310
000362
0.0509
040525
0,0551
0.0576
00,0590
0,0601
0,0608

061304

0,1303

Table 4. Continued

Axial
Position
4515544
4.18084
4020624
4023164
4,257064
4028244
4.30784
4033324
4,35864
4038404
4040964
4043484
4,46024
4,48564
4051104
6453644
4,56184
4,58724
4,61264
4063806
4466344
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Configuration No. 3

Part 1074

M_ = 0.599

Re_ x 10
PT

@

6 - g.224

= 75200.3
TS = 306.0

cp
0.0062
0,0052
00063
0.0029
06,0065
00,0010
0,0028
0.0034
0,0052
0,0003
=0,0003
=0,0024
~0.0020
00,0013
0.,0033
0,0008
00,0042
0,0013
0.0000
00056
0,0053

Re

=10
PT

Part 1083
M_=0.948

oo

-6 _ 5.099

= 57637.9
TS = 304.9

cp
0.0206
0.0194
0.0196
00165
0.0195
00134
040147
0.0167
0.0183
0.,0128
0,0132
0.0115
0,0125
0.0174
0.0209
0.0195
0,0250
0.0234
0.0245
0,0334
000386



Configuration No. 1

Part 1023

M =

=3

Re_ x 107 -

PT = 6
TS =

0.798
8.190
2746.7
305.4

Table 4. Continued

BOUNDARY-LAYER RAKE AXIAL POSITION = 2.8824

Y
0.,00038
0.00483
0.00991
0001549
002134
002794
0,03556
0.04420
0.05385
0.06350

PS =

PT101
47480.5
52387.2
547577
5705600
59358.8
61267,5
6247508
62672.8
62396.9
62698,9
37885,2

BOUNDARY-LAYER RAKE AXIAL POSITION = 3.5982

Y
0,00140
0.,00686
0401622
0.02184
0.03048
0,03962
0405004
0,06198
0.07518
0008966

PS =

PT211
47020.4
5231265
581777
57389.9
59637,0
61523.8
6255200
6271608
62764701
6270801
4062900

BOUNDARY-LAYER RAKE AXIAL POSITION = 3.7567

Y
0.00140
0,01067
0.02032
0.03048
0004318
0.05690
007214
0.08890
0.10770
0.12852

PS =

PT311
4651565
5010200
5328940
5610601
5870604
6113601
6260760
6279049
6279906
62804.0
4029800
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Configuration No. 3

Par

Mm=

Re_ x 106 =
PT =7

TS =

t 1074
0.599

8.224 Re,,

5200.3
306.0

AEDC-TR-78-49

Part 1083
M_ = 0.948
= 8.099
PT = 57637.9

TS = 304.9

BOUNDARY-LAYER RAKE AXIAL POSITION = 2.8824

Y
0.00038
000483
0000991
0001549
0,02134
002794
0+03556
004420
0005385
006350

PS =

PT101
64607200
677418
69565,4
712118
728191
7620109
7497844
75056.8
7498741
7520003
5668401

PTI01
394820
44853,7
477606
503868
5302200
555168
5726602
5770001
575599
5763749

PS = 28641.,7

BOUNDARY-LAYER RAKE AXIAL POSITION = 3.4313

Y
000152
0600711
001422
0002210
0003023
0003912
0.05131
0006274
0.07564
0.0894]

PS =

PT201
6413500
68164.8
70226408
717999
7320309
7455008
7503708
750992
75099.2
7511204
58243.3

PT7201
3094304
34533.4
46691005
48518.4%
5145705
5429908
56697.8
57370.9
5727401
5723405

PS = 31131.1

BOUNDARY-LAYER RAKE AXIAL POSITION = 3.5194

Y
0000610
0001524
002676
0003480
0004775
0.06198
0607671
0009373
0011278

asn

0013310

PS =

PT301
6062701
61205.6
66744,0
68943,.5
7146255
7360807
74851.8
751049
7503%9.4
78170.3
6063904

PT301
3119269
31018,8
3130460
33063.3
5069303
49505.6
5608544
5748100
57467.8

§7516.1

PS = 3141907
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Table 4.

Configuration No. 1

Part 1023
¥_-0.798

Re_ x 1026

= 8.190
PT = 62746.7

TS = 305.4
BOUNDARY-LAYER RAKE AXIAL POSITION = 3.8405

Y PT411
0400114 483246
0.,00914 5079549
0.01854 540354
0402972 5676247
0.04166 59021,6
0405537 613901
007010 6265009
0008636 627909
0010541 6276042
0.12573 627559

PS B 43822.4

Concluded
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Configuration No. 3

Part 1074

M_ = 0.599

Re_ x 10°° = 8.224
PT = 75200.3

TS = 306.0

Part 1083
M_=0.948

Re =10 " = 8.099
PT = 57637.9

TS = 304.9

BOUNDARY-LAYER RAKE AXIAL POSITION = 3.5982

Y
0.00114
0500914
0,01854
0.02972
00.04166
0,05537
0.07010
0.08636
0,10541
0012573

PT411
6342707
64905.4
6797501
7050501
72223.8
7392267
7504307
7520047
7519644
7520047

PS = 61758,.6

PT411
340744
34088,1
35018,7
38417.3
4647646
5106406
55389.6
5760308
5766906
57625,7

PS = 33345.5
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 Table 5.

Two-Dimensional Boundary-Layer Integral Parameters

Configuration No, 1

Configuration No. 3

M = 0.8, Re_ = 8.2 x 10%/m M_ = 0.6, Re_ = 8.2 x 10%/m M_ = 0.95, Re_ = 8.2 x 10%/m
Axial % Axial % «

Position § ] e Re Position 8 8 ce Re S ] ce RS
2.882 14,3972 | 207673 | 2.2073 | 2.351% | 2,882 [4.36373 | 3.0087 | 2.2573 | 2.616% | 535173 | 3.12073 | 2.0573 | 2.636%
3.598 |6.9870 | 4.317> | 2,007 | 3.556% | 3.431 [6.39073 | 4.33773 | 2.0073 | 3.580% s $ s s
3.757 [1.1907% | 7.13872 | 15573 | 5.917% | 3.519 * S s S s S 3 s
3.840 [1.26672 | 7.5877° | 1.457° | 5.934% | 3.508 [1.57772 | 8.83773 | s.507% | 6.684% s s s S

* Axial position is distance from model tip = MS -~ 0.0183, m; all dimensions are in meters.

#*% S indicates that the profile is considered to be separated.
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BTS

CcPp

MS

PS

PT

NOMENCLATURE

Boattail axial coordinate with origin at forebody

boattail junction, cm

Local skin friction coefficient

Pressure coefficient, (PS - P_)/q_

Model maximum diameter, 25.04 cm (9.86 in.)
Length of boattail, cm

Tunnel (free-~stream) Mach number

Model axial coordinate with origin 0.0183 m ahead

of model nose (origin of conical section of model

nose), cm or m
ES

Tunnel (free-stream) static pressure, pascals
Local static pressure, pascals
Tunnel (free-stream) total pressure, pascals

. 2
Tunnel (free-stream) dynamic pressure, PS - M _“/2
Local model radius, m
Unit Reynolds number, m
Reynolds number based on local boundary-layer edge

conditions and momentum thickness
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SPS

TS

Ui

>

§*

AEDC-TR-78-49

Solid plume axial coordinate with origin at

boattail-plume junction, (cm)

Tunnel (free-stream) static temperature

Uncertainty in parameter i

Velocity

Boundary-layer edge velocity

Nondimensional boattail location (MS-331.29)/D

Boundary-layer coordinate normal to model surface

Two-dimensional displacement thickness, m Jj}l - pv/peve)dY

Two-dimensional momentum thickness, m Jﬁ}l - v/ve)pv/pevedY
e

Ratio of specific heats

Density

Boundary-layer edge density

* 2
1 pascal = Newton/m
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