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Introduction

As described fully in Ref. 1, an effort was begun in 1989 at the Penn State University
Gas Dynamics Laboratory to perform a critical review of the available hypersonic data and
to assemble a selected database for purposes of CFD code validation and turbulence
modeling. The effort was sponsored by the NASP Program through NASA-Ames Research
Center, and was a part of an overall task to develop compressible turbulence models. Ref.
1, a database report on hypersonic shock wave/turbulent boundary-layer interactions, was
the product of phase 1 of that effort. Phase 2 produced a similar database, reported in Ref,
2, covering the topics of attached hypersonic boundary layers in pressure gradients and
compressible turbulent mixing layers. The present report represents the result of the third
and final phase, namely, recent additions and corrections to the hypersonic shock wave/
- turbulent boundary-layer interaction database originally given in Ref. 1.

The new datasets included here are those which have come to our attention since the
completion of Phase 1 of the database effort at the end of 1990, and which were able to
pass the acceptance criteria originally applied in Phase 1. Those criteria are listed by name
below, but the reader is directed to Ref, 1 for details of their application:

(NECESSARY CRITERIA)

1) BASELINE APPLICABILITY

2) SIMPLICITY

3) SPECIFIC APPLICABILITY

4) WELL-DEFINED EXPERIMENTAL BOUNDARY CONDITIONS

5) WELL-DEFINED EXPERIMENTAL ERROR BOUNDS

6) CONSISTENCY CRITERION

7) ADEQUATE DOCUMENTATION OF DATA

8) ADEQUATE SPATIAL RESOLUTION OF DATA
(DESIRABLE CRITERIA)

1) TURBULENCE DATA

2) REALISTIC TEST CONDITIONS

3) NON-INTRUSIVE INSTRUMENTATION

4) REDUNDANT MEASUREMENTS

5) FLOW STRUCTURE AND PHYSICS




Discussion of New Data

Ref.: 3-6
Author: Kussoy and Horstman T
Geometry: 3-D Fin T e

Mach number: 8.2 M

Data: pyy ,Quw »<; , flowfield pitot surveys

Ref.: 7-9

Author: Rodi and Dolling
Geometry: 3-D Fin
Mach number: 4.9 AN

Data: pow, Quup surface-flow traces

Ref.: 10-11

Author: Lee and Settles

Geometry: 3-D Fin /’D\ L
Mach number: 3, 4
Data: ¢,

Ref.: 12-13
Author: Hsu and Settles N
Geometry: 3-D Fin /D N

Mach number: 3, 4 M

Data: flowfield density maps

Ref.: 14

Author: Kussoy and Horstman
Geometry: Crossing Oblique Shock Waves f/@

Mach number: 8.3 . }
Data: pyu, Quan flowfield pitot surveys h




Ref.: 15-17

Author: Garrison and Settles
Geometry: Crossing Oblique Shock Waves \)

Mach number: 4

Data: p,., ¢, flowfield pitot surveys

Ref.: 18-20

Author: Kuntz ef al.

Geometry: 2-D Compression Corner

Mach number: 3

Data: p,, mean & fluctuating flowfield surveys (2-channel LDV)

The new data since 1991 can be characterized in 3 groups as follows: 1} Mach 8
single- and double-fin (crossing-shock) interactions, 2) more advanced measurements of
supersonic single- and double-fin interactions, and 3) more advanced measurements of a
supersonic 2-D compression corner. _

The new Mach 8 data are the result of a concerted experimental program by Kussoy
and Horstman in the NASA-Ames Research Center 3.5-foot hypersonic wind tunnel (Refs.
3-6 and 14). These carefully-documented datasets fulfill several of the needs pointed out
in Ref. 1 and its companion technical paper (Ref. 21), including Mach number firmly within
the hypersonic regime, more-complex interaction types, and more emphasis on 3-D
interactions. :

The new supersonic single-fin-interaction datasets are the results of research
programs at Penn State (Refs. 10-13) and the University of Texas-Austin (Refs. 7-9) aimed
at providing advanced data for code validation and turbulence modeling. They feature heat
transfer data to supplement the skin friction data already including in Ref. 1, and flowfield
density maps obtained non-intrusively by conical holographic interferometry.

The new supersonic double-fin or crossing-shock interaction data (Refs. 15, 16)
feature surface pressures, skin friction coefficients, and one plane of flowfield pitot-pressure
data for this important inlet-type interaction. Readers interested in this interaction should
also see Refs. 14 and 22-23.

Finally, the new 2-D compression corner data listed here (Refs. 18-20) were actually
available previously, and were included in the literature search of Ref. 1, but, due to an
oversight, were not subjected to an evaluation. That was unfortunate, since this dataset
provides valuable LDV data to supplement the mean-flow and hot-wire data previously
available for supersonic compression corners.

However, the availability of Mach 3 LDV compression corner data in Refs. 18-20
creates the following dilemma: The LDV magnitudes of Reynolds stresses in these
interactions are 2 to 4 times larger than the levels found using hot-wire anemometry by
Smits et al,, Refs. 1 and 24) in a similar experiment. The LDV authors speculate (see
discussion just prior to Conclusions of Ref. 18) that this discrepancy is due to inherent errors
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in slanted-hot-wire calibrations. However, it is not reasonable to discount the hot-wire data
on the basis of this speculation alone. Moreover, discussions with D. W. Kuntz concerning
the LDV dataset appear to confirm that the higher LDV values of Reynolds stress are not
simply due to shock unsteadiness, since pdf plots of the data do not reveal bimodal
distributions. Though the hot-wire and LDV experiments were conducted in different test
facilities varying in size by a factor of two, the test conditions were similar enough that the
discrepancy cannot be thus explained. Given such an unresolved discrepancy, we have
decided to retain both sets of data in the present database with the following warning:

Note: One or both of the Smits (Ref. 24) and Kuntz (Ref, 18) 2-D compression
corner datasets is incorrect imsofar as the levels of turbulent Reynolds stresses are
concerned. Xt is not presently possible to determine where the error lies. Thus both
experiments are included in the database in order to show possible limits on Reynolds
stresses in such interactions, or possible error levels in the experiments. Beyond that, there
is only the time-honored disclaimer, caveat emptor.

Discussion of Corrected Data

Ref.: 25, private communication

Author: Zheltovodov, A. A, er al

Geometry: 2-D Compression Corner

Mach number: 3

Data: p,,, ¢ mean and fluctuating flowfield surveys (pitot and hot-
wire anemometry)

Two small but significant errors were found in this dataset as it is presented in Ref.
1. First, although the step height h = 15 mm, is correctly given for the mean-flow test
geometry shown on page 108 of Ref. 1, no value is given for h in the case of the heat
transfer model shown on the next page. Infact, h = 6 mm is the correct value for the heat
transfer model.

Second, in the tabulated data on page 119 of Ref. 1 and in the data file
ZHELT.DAT, a typographical error appears. In the heading:

*ttt!tt#tt*tt%tttlt*lttHeatTramferDataonMgdelFFszst*tlt#tt**ttttitt*tt#t!#t
M1 = 301, al = 280 W/m**2 K

The correct value of the incoming flat-plate heat transfer rate ol should
be 180 W/m’K. This correction has been verified by e-mail correspondence with A. A.
Zheltovodov. The diskette accompanying the present report contains a corrected data file
designated ZHELT2.DAT.



Ref.: 26

Author: Kim, K-S, et al
Geometry: 3-D Fin
Mach number: 3, 4

Data: p,,y ¢;, surface-flow angles

Based on a suggestion by D. J. Monson, the laser-skin-friction data reduction scheme
of Kim (Ref. 26) was re-examined by Garrison (Ref. 17). It was found that, in the case of
high peak skin friction levels in swept interactions where few laser interference fringes were
available, Kim’s approach led to a significant overestimate of the skin friction coefficient
(Ref. 27). Garrison then repeated experiments at the peak points of Kim’s strongest single-
fin interaction (Mach 4, a =20 degrees) and found lower skin friction values than those
originally found by Kim. Kim’s original skin friction distribution for this case, as tabulated
in Ref. 1, is:

MACH 4, ALPHA = 20 DEGREES
BETA CF  ERROR BAR
56.00 9.868E-4 2.774E-5

51.00 9.835E-4 4.131E-5

48.80 1.114E-3 4.380E-5

44.00 1.199E-3 4.645E-5

40.50 1.820E-3 8.979E-5

39.50 1.655E-3 3.913E-§

31.00 2.649E-3 9.820E-5

2630 9494E-3 6.718E-4

23.30 7.733E-3 5.920E-4

21.00 5.749E-3 4.377E-4

With Garrison’s correction of the 8th and 9th data points in this table, the corrected skin
friction distribution is:

MACH 4, ALPHA = 20 DEGREES
BETA CF  ERROR BAR
56.00 9.868E-4 2.774E-5

51.00 9.835E-4 4.131E-5

48.80 1.114E-3 4.380E-5

44.00 1.199E-3 4.645E-5

40.50 1.820E-3 8.979E-5

39.50 1.655E-3 3.913E-5

31.00 2.649E-3 9.820E-5

26.50 5.070E-3 S5.000E-4

22.00 5.510E-3 S5.000E-4




21.00 5.749E-3 4.377E-4

A corrected data file with the name KIM2.DAT has been included on the diskette
accompanying the present report.

This error is an unfortunate one, since it changes the conclusions of Ref. 26. In fact,
the computational solutions described there are in much better agreement with the
corrected data than they were with the original, erroneous data. However, an examination
of this dataset indicates that such peak-skin-friction errors occurred only in the strongest
interaction (Mach 4, @ =20 degrees), so that the results given in Refs. 1 and 26 and the
conclusions drawn in ref. 26 for the weaker interactions are still believed to be valid.

Ref.: 28, 29

Author; Smits, A. J., ef al

Geometry: 2-D Compression Corner

Mach number: 3

Data: pa., ¢; mean & fluctuating flowfield surveys (pitot and hot-
wire anemometry)

Since the publication of Ref. 1, several computational groups have made use of the
mean-flow component of this dataset, which was tabulated and appeared in the ASCII file
named SETTLES.DAT which was on the diskette included with Ref. 1. The dataset has
thus had a rather thorough "workout,” and several errors and problems were found as
follows.

To put the mean-flow dataset in perspective, note that it consists of 1970’s-vintage
2-D compression corner data taken by Settles ef al. This work was originally reported in
Refs. 30-33, which contain some discrepancies attributable to the original experimenters as
described below. It was also submitted as a test case for the 1980-81 AFOSR-HTTM-
Stanford Conference on Complex Turbulent Flows, whence Ref. 28 was prepared. Ref. 28
is still a complete and almost-up-to-date discussion and tabulation of the dataset, but this
reference is, by its nature, not widely available. Unfortunately, the later tabulation of the
same dataset for Ref. 29 involved re-reduction of the raw data by persons other than the
original experimenters, whereupon additional discrepancies occurred. An attempt is made
here to resolve these issues.

1) Tabulation of Freestream and Incoming-Flow Conditions

Ref. 1 contains no proper tabulation of freestream and incoming-flow conditions for
the four compression-corner cases included in the dataset. This information, from Ref. 28,
is now included in the present data file SETTLES2.DAT and in the printed tabulation
reproduced in this report, aleng with a list of definitions of terms. It should be noted that
minor revisions of some of the incoming conditions, especially PINF values, have been made
on account of a re-examination of the dataset after Ref. 28 was prepared.



2) Correction of Wall-Pressure Distributions

‘The manner in which the wall pressures were presented in Ref. 1 was inconsistent,
confusing, and erroneous in places. The revised distributions are presented in terms of
Pwall/PINF, with PINF tabulated nearby, and have been gone over carefully for errors.

3) Correction of Confusion Surrounding Skin-Friction Distributions

By far the worst problem with this dataset as presented in Ref. 1 concerns the skin
friction distributions. The problem arose because the original experimenters chose to
present the skin friction coefficient in two different forms: wall shear stress normalized by
P’ ("CFINF" in Ref. 1) and normalized by pogti..’ ("CF" in Ref. 1). In retrospect, the
former form is the proper skin friction coefficient, while the latter is confusing and
essentially worthless. This unfortunate situation has been cleared up in the present
tabulation and SETTLES2.DAT file by deleting the "CF" column and renaming the "CFINF"
column "CF," which is now unequivocally defined as the wall shear stress normalized by
Polly’ .

To make matters worse, early publications such as Ref. 33, due to a misunderstanding
between experimental and computational authors, compared properly-defined computed skin
friction distributions with the above improperly-defined experimenta)l values, Thus Figs. 3
and 9 of Ref. 33 show data points which are significantly smaller than they should be. This
mistake was later discovered and corrected, but the confusion factor still exists in the early
literature. Hopefully the present report will clear up this confusion.

4) Mean Profile Corrections

A recheck of the mean flowfield profiles of this dataset uncovered some minor errors
and needed clarifications. These have been corrected and implemented in the present
SETTLES2.DAT file.

Closure

The publication of this report brings to an end the effort by the Penn State Gas
Dynamics Lab, under NASA-Ames support, to establish a database for hypersonic boundary
layers, interacting flows, and compressible mixing. There remains only the necessity to
comment on the limitations of the present database for users of advanced turbulence
models.

In general, none of the experiments included in this database contains enough
information to properly specify the boundary conditions of any rurbulent-flow computation.
Assumptions must always be made. As an example of a reasonable assumption, Horstman
(Ref. 34) carries out a finite-difference boundary-layer calculation for the test surface ahead
of a shock/boundary-layer interaction. At the point where the computed boundary-layer
displacement thickness matches that of the experiment, Horstman uses the computed
boundary-layer turbulence quantities as input conditions. A similar approach is adopted by
Morrison et al. (Ref. 35), who attempt to find a location where all three computed
boundary-layer thicknesses and the skin friction coefficient are within 15% of the
experimentally-determined values.




Both these approaches are reasonable, and similar schemes may work as well, if it

is established that the incoming turbulent boundary-layer is in equilibrium in the experiment,
However, in shock interaction cases where the incoming boundary-layer is not in equilibrium -
(of which there are none in the present database), much more documentation and detai] of
the incoming boundary layer would be required in the experiment in order to provide proper
information for a computational simulation,
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Appendix: Data Tabulation

There follows a tabulation of pertinent data from the new and corrected datasets
which make up the hypersonic shock/boundary-layer interaction database. For each dataset,
a brief discussion of the data is given for the benefit of users. However, users are strongly
encouraged to consult the original references for more detail on what was measured and
how it was accomplished. Similarly, no attempt has been made to tabulate all available data
from each of these studies, but rather only those data most pertinent to the issues of
turbulence modeling and code validation. In several cases, additional data may be had from
the original publications. Moreover, of the data selected for inclusion, only initial profiles
and samples are printed in this report, since brevity is required and paper tabulations are
no longer of much use when machine-readable data are readily available. A 3.5" double-
sided high-density diskette is also provided in original copies of this report. This disk
contains the complete data-tables of this Appendix in machine-readable ASCII files,
formatted for MS-DOS computers. Individual ASCII files are given for each of the datasets,
with filenames keyed to first authors as follows:

New Datasets: Corrected Datasets:
GARRISON.DAT SETTLES2.DAT
HSU.DAT

KUNTZ.DAT

KUSSOY3 DAT (single-fin)
KUSSOY4.DAT (crossing-shocks)
LEEDAT

RODIDAT

11




Ref.: 15-17

Author: Garrison and Settles

Geometry: Crossing Oblique Shock Waves \)
Mach number: 3 and 4

Data: pg.y ¢, flowfield pitot surveys

The experiments were carried out using a double-fin test geometry mounted on a flat
plate in the supersonic wind tunnel facility of the Penn State Gas Dynamics Laboratory.
The flat-plate boundary-layers at Mach 3 and 4 are the same as those previously
documented in Ref. 1(KIM.DAT). These are equilibrium turbulent boundary-layers
developing naturally on a flat-plate at high Reynolds number, and are essentially adiabatic.

Opposing fins produced oblique shocks of opposite families, which intersected along
the centerline of the flat plate. All test geometries were symmetric about this centerline,
Fin angles-of-attack of 7x7, 9x9, 11x11, and 13x13 degrees were tested at Mach 3 and 4. A
15x15 degree case was also tested at Mach 4.

All data are described by a right-handed Cartesian x,y,z coordinate system. The
origin of coordinates is on the centerline of the flat plate at the location of the fin leading-
edges, ie 21.3 cm downstream of the flat-plate leading-edge. The x and z coordinates lie in
the plane of the flat plate wheny = 0, and in planes parallel to but above it for y > 0. The
z coordinate is positive in the downstream direction, while the x coordinate is positive to the
right of the plate centerline when viewed from the downstream direction. The z and x-
locations of points within a given interaction are normalized by a reference "incoming”
boundary-layer thickness, which is taken as &, = 3.5 mm for all test conditions.

The data file GARRISON.DAT contains tabulations of measured wall static
pressures, skin friction distributions, and a single pitot-survey plane in these interactions.
The wall static pressures were measured only on the centerlines of the symmetric
interactions studied. Skin friction data, obtained by way of a laser-based technique (Ref.
17) were measured both on the centerline and on certain spanwise ‘cuts" at specific
streamwise locations denoted by z/6, values cited in the data file. The flowfield pitot survey
data were obtained in a single x-y plane located at /6, = 32.33 in the Mach 4, 15x15 deg
interaction. While the flowfield features in this plane are discussed in Refs. 15, 22, and 23,
the procedure of these flowfield surveys has not yet been described elsewhere in print.
Interested readers should consult Ref. 16 when it becomes available.
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Ref: 12-13
Author: Hsu and Settles /_D\

Geometry: 3-D Fin .
Mach number: 3, 4 \/

Data: flowfield density maps

The experiments were carried out using a single sharp unswept fin mounted at angle-
of-attack on a flat plate in the supersonic wind tunnel facility of the Penn State Gas
Dynamics Laboratory. The flat-plate boundary-layers at Mach 3 and 4 are the same as
those previously documented in Ref. 1 (KIM.DAT). These are equilibrium turbulent
boundary-layers developing naturally on a flat plate at high Reynolds number, and are
essentially adiabatic.

The swept, single-fin shock/boundary-layer interaction was studied by way of conical
holographic interferometry, wherein the holographic test beam was focused at or near the
virtual origin of the quasiconical swept interaction. The light rays then coincided with the
rays of the interaction, rendering the interaction two-dimensional insofar as the quasiconical
approximation is valid. Users of these data who are unfamiliar with this approach should
first consult the cited references and Alvi and Settles, 4744 Journal, Vol. 30, Sept. 1992, pp.
2252-2258.

Holographic interferograms obtained as described above and in the cited references
were reduced to provide flowfield density data, assuming that each interaction was a two-
dimensional flow in the angular coordinates 8 and ¢ defined in the diagram below. 8 is the
azimuthal coordinate measured from the freestream direction, and is positive in the
direction illustrated. ¢ is the elevation coordinate measured from the plane of the flat plate,
and 1s also positive in the direction illustrated. Both B and ¢ have vertices at the virtual
conical origin (VCO) of the interaction, which is located on the flat plate ahead of the fin
leading edge, along a line extrapolated from the inviscid shock angle, B, The distance from
the fin leading edge to the VCO for the three interactions studied here were: 48+6 mm
for the Mach 3, & = 10° case, 33+3 mm for the Mach 3, o = 16° case, and 2143 mm for
the Mach 4, o = 20° case.

The data file HSUDAT contains
preliminary information and density data files for
each of these 3 interactions. The extensive
flowtield density data are given in columnar form,
the number of 8 columns ranging from 18 to 36
and the number of ¢ rows ranging from 58 to
100, depending on the overall angular extent of
the interaction in question. At each flowfield
location defined by a B,¢ pair, the measured
static density is given along with its normalization
by the freestream static density.
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Author: Kuntz, D. W, er al

Geometry: 2-D Compression Corner

Mach Number: 3

Data: pyap, mean & fluctuating flowfield surveys (two channel
Laser Doppler Velocimetry)

Kuntz, D. W., Amatucci, V. A,, and Addy, A. L., “An Experimental Study of the Shock Wave-
Turbulent Boundary Layer Interaction,” Presented at the Winter Annual Meeting of the American
Society of Mechanical Engineers, Miami Beach, Florida, November 17-22, 1985, and published in
the International Symposium on Laser Anemometry, FED-Vol, 33, ed. A. Dybbs and P. A. Pfund,
pp. 173-178.

Kuntz, D, W,, Amatucci, V. A, and Addy, A. L., “Turbulent Boundary-Layer Properties
Downstream of the Shock-Wave/Boundary-Layer Interaction,” AJAA Journal, Vol. 25, No. 5,
pp. 668-675, May, 1987.

Kuntz, D. W., “An Experimental Investigation of the Shock Wave-Turbulent Boundary Layer
Interaction,” Ph.D. Thesis, Dept. of Mechanical and Industrial Engineering, Univ. of Illinois at
Urbana-Champaign, Urbana, Illinois, 1985.

Experiments were conducted in a supersonic wind tunnel with a 10.2 x 10.2 cm test section.
The models were two-dimensional compression corners which spanned the test section.
Experiments were conducted with comer angles of 8, 12, 16, 20, and 24°.

The freestream Mach number, determined from surface pressure measurements, was
approximately 2.94, and the stagnation pressure was maintained at approximately 483 kPa (70
psia) for all data points.

The primary measurement tool used in this investigation was a two-color laser Doppler
velocimeter system. This system was used to obtain two-component mean velocity and turbulent
property measurements in both the upstream and redeveloping downstream boundary layers
within the flowfields. In addition to the LDV measurements, surface static pressure
measurements, surface streak pattern measurements, and high-speed Schlieren photographs were
also taken. ]

Measurements made in the wind tunnel in the absence of the compression comer models
indicated that the undisturbed turbulent boundary layer had a thickness of 8.27 mm
(ue = 0.99 u,.), a displacement thickness of 3.11 mm and a momentum thickness of .57 mm.

The tabular data includes the surface static pressure distribution, the LDV data from a single
traverse made upstream of the interaction, and the LDV data from the traverses made downstream
of the interaction. Each traverse made downstream of the interaction includes data taken at a
single point above the shock wave. The coordinate systems used are presented in the
accompanying figure, and the definitions of the quantities listed are included in the accompanying
table. The reader is referred to the AIAA Journal article cited above for a detailed discussion of
the corrections applied to the LDV data, the errors associated with the LDV data, and estimates of
the measurement accuracies. 17




Variable

Name

Vit
theta
VO

!

var{)

varl]
s01
s001
s110
sQU0
s1ll

sk{}

Definitions of the Tabular LDV Data

Descripti

Longitudinal Position

Vertical Position

Total Velocity

Flow Angle

Average Velocity, Ch 0

Average Velocity, Ch 1

Variance, Ch 0

Variance, Ch 1

Reynolds Stress Term

Triple Product

Triple Product

Triple Product

Triple Product

Skewness, Ch 0

Units

min

mm

Defiiti

See Figure

See Figure

J(voy2+ (viy?
See Figure
See Figure
See Figufc

¥ (v0-Vv0)?
n

n-—1

3 (v1-V1)?
1

n-—-1

(vO-VO0) (vI-VI)

(v0-vO)Z(vi-V1)

(vO - V0) (vl =VI)?
(vO~v0)3
(vi-v13

(s000) / (./var(})3




Variable Description Units Definition Note

3
sk1 Skewness, Ch 1 - (s111) / (Jvarl)
4
ku Flatness, Ch 0 . [ (s0000) / (Jvar0) '] -3.0 4

[(s1111) 7 (varh) ] - 3.0

kul Flatness, Ch 1

i

Notes:

1 V denotes average velocity, v denotes instantaneous velocity. Upstream of the
compression corner, Channel 0 is parallel to the tunnel floor and Channel 1 is
perpendicular to the tunnel floor. Downstream of the compression corner,
Channel 0 is parallel to the ramp surface, and Channel 1 is perpendicular to the
ramp surface.

2 The variance is the square of the standard deviation. The turbulence intensity
would be found by taking the square root of the variance and dividing by the
appropriate reference quantity (such as a reference velocity or a local velocity).

3 The overbar denotes a simple average of the instantaneous measurements.
The quantity s0000 was calculated in a similar manner as s000.

Flow Angle
: Ch.1 ggrlller
gle
Ch.1 [ Emow Angle Ch.0
Ch. 0

t

AR

l___’x

Coordinate System
19
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M- inf

0
delta-0

2,94

= 483 kPa
= 30 deg C
8,27 mm

Separstion Locatiom
R:f:uc)mn Location » 0.52%delta-0 {meapured parsilel to the rap surface)

= -1,63%dplen.0

Menn Surface Static Pressure Distrilution

x (mm)

pip-inf

e b e L L3 I R 0 T3 I o o o ko ot 1t for €3 € e S e
[ d
oy
h

A L LT e Lad L
e
o
o

Laser Doppler Velocimeter Data

Basic data, x = -20.0 =m.

ommeooBEELFR

order moment data, x «

DA L by

~2.

P

-1,
~3,
~a,

s001

- QR3SE+QZ
05638402
VETIREAD2
<3ZZIEH0L
3082402
- TLIBE4C2
IFIHEAGD

-6,26

~B.

L

CERETEHY

theta Vo vl
90.02  629.83  -0.24
80.97  £31. 0.31
90.01 631.064  -0.05
89.97 631.18 0.28
B9.98 630,37 0.25
B9.97  £28.37 8.3
90.02 B28.82  .0.18
90.05 625, -0, 54
90.02 624,47  -0.21
93,05  623.16  -D.55
89.94  621.40 9.65
B9.99  &16.%4 0.1%
89.90 609,40 1.62
90.03  601.19  -0.27
BS .96  58E.01 0.39
90.00 580,70 0.04
50.08  568.92  .0.80
90.12 555,81  .1.20
90.25 S&a 7B 3.8
90,21 52884 -1.9%
9021  5310.50  -1.B
56,38 2.73  -2.46
SC.28  490.30  -2.41
90,30 482.26  -3.29
9G.35 8.5  .2.83
-20.9 mn.
8110 #000
“9.3537E+0L  -2.2967E+03
~3.6B0KEH0 .1 0AA1E+03
-4 Q176E40L  ~1.1367E403
T BROZE4DL 7. 4730E402
-3, 2224E40) -1, 60BOKG3
-2.10315840% -3. 3750403
-1.6979FH01 -3, F62IE+G3
-5, 4D4BEHDZ -k, KOITESDT
-1.1794E403 -6.382BE+0)
-1.7881E403 -5, AGUOE+Q3
-2.36528403  «6.9227E+03
-2 B645E403 7. G463EH03
-2.2I5TE4D3 1. Z144E+04

NOTE: DUE TO SPACE
LIMITATIONS, ONLY THE 20° DATA
ARE TABULATED HERE. SEE
DISKETTE FILE KUNTZDAT FOR
COMPLETE TABULATIONS FOR
ALL FIVE COMPRESSION

CORNERS,

vard varl 501

123.974 87,884 32,16
82.210 74.888 1.03
83.26) 66.507 ~10.52
83,380 63.546 -5, 54
61.020 64.016 -3.13

144 .48 .541 ~1h. 42

139.109 93,333 11.20

179.863 T70 10.54

224,517 94.184 -0.82

268.612 109. 647 ~12.23

279,304 128.847 ~31,07

330.528 130.878 -18.25

50%.884 148.948 ~102, 43

592,225 181.28)1 ~-§7.81

Fofl, BEG 181.253 -120.55

$31.395 195.745 -183.73

945,322 225,213 - .33

1274k, 508 236,369 -211.54

1235, 185 245,164 -219.28

1530.378 278,494 -270.16

16L6,.05% 230,195 228,87

1738, 444 2.180 «203. 66

1962.803 235.178 ~324.92

1865, 482 237,170 ~291.9¢

1853.864 225.86% ~283.13

8111 =kt 1 ol

6.BESSE4D1  -1.6639F4+0C  1,2311E-01 3. 44BIEHG
~2.9269E+02 .1 4531E+00 -5.5183E.01  B. OS0RE+OC
7.3030E401  -1.4961R400  1.3465E-01 8. 9324F+00
4.3TE1EH0L  -9.9945E.01 3368, 0
<3 4204E+01 -1 B51TEH00  -6.6954E-02  9.2173E+00
~1.6216E+01  -1.93508400 -3.1202E-02  7.73a2Ke00
~1 ABZSEHRY -3 GEIEEO0  o1.6220F48C 7 ABRSELOG
-8, 4440B+02 -1, B2XEK -9 927BK-01 5. 80D3E
-6, 74998402 ), MGTIE ~7.3847E-01 5. S451%400
-6.2733X402 .1 24250400 .5.AG3DE-01  Z.02798400
~1. 37428403 -1, 48301F -1.0764Z400 3, 34182400
~1.364GE403 -3 33042400 -7.7B04E-0)  2.0930K+00
-4, LBA0E402 -1, 08008 ~2.3014F-01  1.3153F+00

ul

4. FP45E-01
2. 1114400
%, 7036801
3.4205E-01
~Z4A0E-01
SB8IE-D]
1.2167840)

~ASASE400

-
Lad
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Summeres SEEEERREYEERS
8

21

=T SSA0EH0L  -3.669E403  -1.2941E+04  -2,65SBE+03  ~8.2B53E.0% ~-3. 088K

1.5719E+03 «3.3634E403 ). 6ASBE+O4 w7, TO0SEH02 -7, &6638-01  .2.9114E.01
175498403 -2, 5216E403 -], SR25F: ~1.G705E40} -5,.5672E-01 -6.09958-07
6.9012E+02 ~3.B577E403  -1.5033E404 0.24A8E402 ~5.1729E-0) -2 5627E-01
-6.0964E+02 2. 1747E403  -1.BUA2E404 440238402 -4.1633E-D1 1 2359801
L.OSLIE+03 -2.0205E403 .1.5478E+04  3.8577E4+02 -3.70S6E-01  1.D049E-O1
L 1746E403  -2.0313B403 -1.3114E+04 -6.7744E400 -2.1605E-01 1. £576E-03
8.3028E402 -5.51B4EH01 -7.5547E+03  0.3189F+00 -1.16208-01 2. 5191%-03
L.64TREA03 5. 1679EH02 .1, 3A47E404 6.5 +02  ~1.B352E-07 -~1,6353E-01
2.3778E+03  -5.0284E402 -1.17208+04 1.&881.8.*02 ~L ATTE-01 4. 1262E-02
1. G4P0K+03  -1.G535E+D3  1.9106E+03 -2 3046E+D2 7. 38ISE-D2 -»5 J09BE-02
2.334BE+03  -1.3341F403 -5 4361E4DI  1.1719F403 -1.1BODE-D1 3. 4524E-0L

data, x = 15,0 mm

vt theta Vo Vi varQ varl 0

.64 110.04 588.69 ~234.76 9. 4RE B3.653 =40, 67
560,13 103.0B STA.82 -133.58 138.608 1179.9 ~k}.62
584.99 101, 572.88 -118.42 143.080 12200481 -85 g2
579.89  100.38 570,40 -104.46 346483 1324, 39 ~381.28
573.35 99.45  565.36 -94.) 702,691 1821.974 =437, 51
562.01 98.48 S55.88  .B2.87 1556.716  2070.95 ~1091.02
934,57 97 530.45 66,26 4223 317.85 ~2184, B8
523,41 97.25 519, ~66.07 5794362 657,32 ~-2B46. 59
#57.37 96.88 455.77 - 3B.BB 9134, 2521.92 ~3574.867
415.16 33.62 418, -26.43 10370.281 2475, 44 ~3922.39
389.49 93.14  3aa. -21.33 11522.217 2797.428  -4310.20
364,97 83.54  364.28  .22.54 12004.065 2504.220 -41p3.

356, 5¢ 94.25 383,52 2630 } 2700.931  .4253.
331,587 94.79  330.41 27,71 12784.378 1.589  <4324.B7
201,62 93.95  290.9 -20.10 1A428.071 3244977  -4959.70
231.80 93.48  231.37 -14.05 11345,315 P99 4142,
217.13 93,14 216.7 -11.87 10872 880 B8.062  -4195.36
207.76 92.54  207.55 -.22 1003}.171 5.84 -3868.81

1. 24 92.78  01.01 ~9.76 9D21.62F 2923.%9 ~3668. 4]

179.28 81.23  179.24 ~3,86  7698.342 897 .3053,32
Higher order moment data, x » 15.0 my.

5001 1110 000 sl k0 13
3.B656E4H02  -2.34BOF402  -7.6307F402 02 -0, 0240E-01  1.84132-0}
~Z2 63322400 -5, 4163E403 -2 34308403 .1.3041%404 1. 43408400 .3.435EE.01
-5.35308+02 -3.55128+03 .1.9059E+03 -1.7907E+04 -1.1136B400 ~4 . 1986E~01
2.9727E404 -2, 7298F404 -3 3BGIEH04  -K.9064EHID  -5.2ATAE400 ~1.0075E-0)
7.057ZE404 -5 4221K+04 9. 3617E+04  1.1285B+04 -5, DZSBEHO0 1.4510E-01
1.129GE+05  -6.2639E404 -2.0633B4+05  6.5404E+02 ~3.3501F+00 6. 9390E-03
23912405 9. 7T0YE+D4 -6, 1925E408  5.47T7OE403 -2, 25?7E+60 4. 9DBIE-D2
3.6G22E405  .1,.3606E405 -0.3000F+05  B.2362B403 2. 2230R+0 6.03125E-02
2.273BE405  -7.2436E+04 -B.1353E405  6.0788T403 .9, 3183B-D1  4.9553E.02
2.13165405 -9.3639EH04 -8.0677E+05 5, 4406E+04 -7.6395F-0) 4. R174E-D1
2.CO0TEVOS  -9.9943E404  -7.$6225405  7.0847E+04 6. 437TE-DL 4. THBIR.G1
1.5087EH05 7. 482TEHOA -3, 010LE4O6  6.2538E+04 6.B106F-O1 4. 7330E-01
1.6260F+05 -8. 12408404 -6.2072E405  5.T436EH4 -4, 7937E-01 4. 091BR-01
1.3333F405  -8.80BSE+D4  -6.9643E+05  7.3656F404 -4, 0262801 4, 0671E-01
3.7100E+04 -4, 41208404 -3.736BE+05  5.A335E+D4  -7.1562B.0% 3. D47 EE-0]
-1.27B2E405 2. 4610E404  3,B752E+Q5  1.4066F+04  3,2068E-01 8. 620BE-02
-1 BR93F+08 & B723F404 G.6173F4+05 -4, 9383E403 4. 0726E-01 -2 B63BE-D?
-1 G670E+05  6,7295E404 4, A413E405  oB. SOREE+03 4. 42088-01 -5 2022E-02
-1, G442E4+08 7. 3B13E4+04 &.9625E+0GS  ~1.7954E+04  S.7912E-01 -1.1357E.01
-1.6831E+05 7, 2885E+04 3.BOISEHDS 2. 4550B+H04 5.6311E-01 -1.7886E-01
date, x = 20.0 gm,

vVt thets vo Vi ward varl 801

§25.05  1i0.03  587.25 -214.08 136, 945 126.725 -77.50
582.26 100,97  571.61 -110.8} 119.17% 047,670 ~B4. 41
579.03 .93 57G.3  .99.87 118.294  1259.2 ~135,87
576,45 JBZ  568.01 .5B.29 189.0 1855.030 ~130.32
571.51 $7.78  566.75 .77.36 159.283  1546.215 -180.19
566.68 97.12 562,32 -70.22 358,370  1451.326 -432.08
560.13¢ 97.06 556, ~68.84 979.371  1%23.282 ~775.4%
546,04 96.17 542,88  .58.68  2660.936 2009.867 -}433.50
526.37 95.67 523,79  .52.03 5194.213 2545, ~2422.73
536,33 95.3% %14, «&8.15 352 .667 1901.04 -1930.74
W43, 56 93.B6  439.56 .25 67 47.953  1522.597  2681.29
4310.01 94.06 408.9% .20 10749.257  2177.9%4  -31260.18
i93.82 94,34  392.89 ~29.80 9239.213 2076.666 -2929.18
378.32 94.12  377.34 -27.20 B944. 463 2288 416 -3042.51
335,24 93.23 336,71 -18.90 11318.128 2961.173  -R106.47
308,70 92.79  308.34  .15.06 11482.291 3121, ~4045,75
263,00 92.83 262,77 -13.00 10810.626 303B.14%  -3933.9%
244,09 91.B6 243,98 ~7.92 10332.898 927, ~3753.18
23B.82 91.89 238.69 «7.87 98 B9  3076.8B81 -376z.51
222.19 91.21 222, ~4.71  B94D.622  2750.721  -3424.42
209,10 .03 208,10 -0.32  7419.993  2305.558  -2686.20
crder moment data, x = 20.0 me,

s00L 8110 s00C £111 okl [+ 43
1.9534E+05 -1 859K+03 -2, 5761E+03  1.7093E403  ~1.6074E400  1.1982E5400
~9.8253E+02 -7 .965SE+02 -1.5060E403 3.1 +04 -1, 1582B+0C  -9,.1674K-01
-7 AE33EH0Z  4.900SE+32 3, 5741E401 -4, wmm 2. 77719R-02
-6 210402 .2, N 1. 0007
2 1RB1EHDY -2, . . OSCE
A.B3ISGE+D4 2. . .

B.D443E+D4 w4, . . . -5 874BE-01
1.7635E+05 -7 .48B1E+04 3.G77SEHS  .2.6 -2.897 -2, 9410801
3.6153E405  -1.5396E4D5 B, 946BE+05  7.39538403 -2.4534FEH00 5. 7590E-00
1 6BEORH0S .5 73028404 -4, B785E+05 -1.2573E+04 -1.6930K -1.5169E.0]
Z.0158E+05 -8 01BTE+04  -B.52Z4E+05  3.2897E+04 -9.9033E-01  3.9023E-G1
L.773EH0S -6, B434EH04 7. 0B53E+05  3.4743F+404 -£.3396E-C1  3.4181E-01
130438405 -6.94568404 -6, 0370E+05 4. 677HEH04 ~6.797BE-03F  &.9427E-03%
1.592284+05  -E.G1128404 .6,08588305  6.2820F404 .-7.1943E-01  5.7385K-01
L. 3Q4BE4ADS -5, B76EEH04  -5.3530E405  B,57SOW404 -4, 4464E-D]  5.3215F.01
6. SUA0EH04 6. 7144EHY -2, G54ZEY §.26510404 <2 4263E-0] 5, 3000E-01
-5, S026EMG 1 TEHM  2.37A2EH05  3.3472%404 pa bl 1.99888.9]
-1 1349E405 34203404 2.9572F ~1.42628+02 2 RS3SE.01 .9 D025K.04
~1 4336EHD 4 BLIEEH04 4 0IGTEHOS  1.7771E403  §.G721R-01  1.6271K.02
~3.5916EH05  £.7E28EH04 4. OS4SE40S .1.7408E+04 4. 76BEE.O 1.2064E-01
-1, 4929E405  B.123ZEH04  3.50U7EHDS .3 9%35E404 5. 481RF-01 -3, 57128-01

5. 5174E-QL
5. 9426801
9. #430E-03
3. 4463E-01
1. 1514801
6. hB45E~07

~2. 1967!‘:-01
=1, 9256801

ad
2.9275E+0
7. +00)

6. B50%E-01

-4, 7732E-01

1.3360E-01

1
-3 2403E-03

o1
~§.5127E-02

7. 2079!"&00

loal
1 128801

~1.776BE-01
=1 FAN0E-51
~2.T334E-QL
w2 GIGTE-O1
=2.1235E-01

[ SH
S.5ATAEHQD

1.4733E-01



Basic dats, x =

ot ot
L A

Higher

3bis8Yeugagharais

SEEEEREEEERE

L
o0

A~
o

25.0 mn.

v theta v Vi varD varl 1253
6§26.37 110,03 SBB.AB  -214.53 116.729 12.293 ~61.,55
582.87  102.00 570.12 .121.03% 1535.986  1425.718 ~-150.71
570.86 98.35  564.7 -83.02 LA55 108,978 ~1B3.06
369, 84 97.8B0 564.57 ~77.36 123.037  1127.853 ~184,15
368,04 97.67 562.9% -75.83 116,420  1092.B64 -122.31
568, 34 9.3k 363.68 -72.64 127,254 1287.95) -194, &4
363, 44 96.28 S60.06 -61.64 313.507  1293.462 ~246. 48
559.69 95.54  356.48  -53.96 636 543 1326 822 -479.81
553.18 §5.34  550.78  -51.44 2. 1755, 841 843,11
542,42 94,90 S40.44 A6, 34 054,674 2145133 .1830.%7
533.09 94.43  531.40 -41.20 425, 7 1713.136  -1468.81
494,13 92.88 423.71 -24.B5 67B1.%67 7. h36  «2372.84
&66. 01 . 465.46  -22.73  MRSS.2L5 189,046  -2634.51
425,61 91.99% 425,36 -14.75 11422.480 966 -3540.95
395,42 91.44 205,30 -9.53 10005, 2461.667  -3628.717
3¥0.5: 90,98 310,45 -6.35 10252.772  2483.062 -1573.02
4,15 90.94 345,30 -5.73 10A81.388  2750.578  .38%%. 10
27.7% 0. 327. -3.79 21.1 2886.565  -3720.7%
287.47 91.72  287.34 -8.64  9915,507 2609.335 -3329.53
262.50 §0.60 262,49 -2.7& B279.328 2605.460  -3027.7%6
256.57 90.98  256.53 ~4. 41 B133.527 2522 247 -297B.68
243,29 90.1% 43, ~0.B1.  TAKD.19G 2347077  ~2612.77
FLY G B0.94 242,02 -3,.97  6012.335 2183.103 .2368.04
242,77 90.98  242.74% -4,16  6219.900 2728.734 .2177.42
order moment dsta, x = 25.0 mm.
$00] all0 s000 [ 3853 kG sl
1. 0B48E403 -0 .0001E40Z -1.45)15E+03  §.76BTEHD? -1.1S500E 7. 3690,
-3 D9I6EFO1 -5 6806E+01 -2.B102B4+03 -3.2378F404 1. 4425E+00 -6, O14SE-OL
-1, 0316E403  H.7804E+03 1 9B78E+02  -3.9193B404 4669801 -3,
-2.3350E+02  4.1905EH03 -1.1169E+03 -3.2028E+04 -8.1840F-01 -1.3736Z+00
-& 9211 7.3083E401 1, 0166E+03 ~5.20268404 -B.09Z7E-0]1 1. 44D0R400
-8 66318402 71117403 17772 ~6.73718404 -1 2A80B-0] -1,4407E+00
1.17728+04 ~5 33878403 -2 2419E404 -5.9640F+04 -4.0370E+00 -1.2774F4+00
4.943T7EH0G -3 1A7GE404 -7 3126E+04 -3.6655B404 .4 5534EH0C -7.SSATE-0
8.3165E404 -4, J205E+04 -1.5214%405 -3.6103E+04 -3, 51ATECO0 4. 9070E-D1
2.3224B405 -1 Q227EH05  .5.28418+05 -2.0284E+05 -3.2063FH00 -2.0416%.81
1.B708E405  -6.93B0E404 -5.3534E+05 -2.0070K404 -2.6699E+00 -2.R305E-01
2. 4055SEH0S  -1.0187F405 -B.SS30E+05 4 4B02E+04 -).6033F+00 5.5 -0l
2.5415E405 -1.02538405 -1.O23TFH06 3, 7820F+04 -1.20B0K+00  &.5743B-0%
1.9004E405 ~7,29118404 -B.3207E+H05  3.4392E+04 «6.B156E-01  3.0D09RE.0
1.1536E4+05 -7.5145E+C4  -3.68148+05 5. H04 -1 8304E-01  L.1437E-O1
6.BBEOEH04  -C.6SHTE404 ~2.5183F+05  6.03B2E+04 -2.42108-01 4.8 ~
4 IAGOEA04  -4.3360E+04 -1.6556E505  4.9100E+04 -1.5425B-01  3.3014E-01
-3.BIS3E404  -1.4301E+04  B.BIB6E+DY  4.3708F404 A.9230B-03  D.@241%-01
-1O579B4H05  1.3224E404 3. 3166E+05  3.6363E+04  1.3500E.0F 1.2277E.01
<1 40798405 S.1260E+04  3.9152E+0% -1,3609F404  5.1970E-01 -1.03008-01
-1.3313E405  5.0441E+04  4.0582B+0% -1.6BS7E+04  §.8323E-0]1 -1.33158-01
~1.2533E4D5  5.18SHE+04  3.6B42EH05  -1,780SE404  §.7303E-01 3. S6AE.O1
-1, 345BE+05  6.7742E+06  3.6316E405 -3 SI108E+04 6. 3191E-0]  -2.8535E-01
-1.3023E+05 7.0130E+04  3.233BE+05  -3.7301B404 6. 5023E-01 -3.5451E-01
data, x ~ 30.0 mm
vt thets vo Vi var( varl 801
624 . 48 169.98 5B6.90 -213.34 129,288 125,765 -69.78
57%.9%  101.54 S6B.F7 -116.02 143,331 1552.255 -172.52
57%1.9% 95.36 564.34 -92.99 130,643 1521.52% -189.30
567.87 S8.11 362.i8 -BO.16 129,080 1504.931 ~166.65
562,10 96.01 I59.01  -53.8% 125,275 928. 4317 ~164.27
355,45 65.83 557,35  .K3.¢2 160.173 985.826 ~184. 43
358.72 §5.60 356.06 -54.49 244115 1305.696 ~233.82
BE7.58 96,46 584, ~82.69 784,258 2502344 -689.92
s51.23 96.49 547,70 -52.3C 1904.88%  3403.986  -1418.14
547.59 94.88  5&0.63 -45.14 998 .4 2489, 68 -1275.58
#96. 65 92.19 496,28 -1B.9% 7133.023 74%1.691 -2877.18
418,02 92,21 477.67  -18.41 306.9 2661.572  3114.20
454,17 91.87 454,00 -12.43 10484.967 2334.930 .3267.19
422,31 91.06  422.23 -8.01 10E59.162  2457.900  .3625.82
375,68 B88.8B% 375,61 7.53 2L, & 2650.711 -3580.15
85, 44 g9.%6 365,43 2,78 10246.301 732,756  -3765.0%
338,30 90.G7  3%8.30 ~0.43  9307.591  2465.418 -2368.13
335.83 89.96 135,43 .25 9540.7313  257¢.665  -3416.0a
316.01 89.96 315.01 0.22  B714.416 265B.002 -3243.98
g2 89.60 302.78 2.30 788.780  2472.11%  -2764.58
280.01 $0.97  279.47 -4.76 FO7.948 238,537 L2517.17
284,63 90.31 264,62 -l.44  GH33. 139 2307.003 -2270.47
255.88 89.94  25% 0.26 GG 8B5S 2051.967  -2044.61
ALY 90,49  254.14 «2.18  8046.320  1999.30 -1 el
order moment data, x = 30.0 mm.
8001 aLis 8000 alll %0 [ 43
9.T2H0E02 -7 AT0AEH02  -1.3AG5EA03 5. V09TEM0Z  -9.1SB2E-01  4.7607TRE-0L
~8.7636E402  4.9649E407 -1.7122E403 -4.S565E404 .9.075RE-Q1 -7.4S05E-01
~1.6812F+03  £.2221F+03 -5.8093E+02 .7.3279B4D4 -3 BR04E-01 -1.234TE+00
-1, BAGSEAD3  9.0030E+03 -9, 7353E#02 -9.B8014B+04 -6.637SE-0% -1.5789E+00
-3 GBSEE402  B.0793E401 .4.)297B401  -5.66B1B+04 -2.9R52E- ~2.0037E
~5.9273E402  5.1960E+03 .Z.392iE+03  -5.7184FE+04 -1.1B0LE ~1 . BASHESDD
1.56B0E+03  §.9504E403 6.5136B4+03 -7.77808+04 -1, 7078E0D -1 GASTESDD
6.24738404  -3.2703E404  ~B.BBOOE4O4 -1.1277EH05 -4, D4TIESO0 -5, 2E-C1
1.88562405 -9, 2930E404 .3, 3020B+0% -B.0955E+0: .3.9717F+00 4. 0783801
LAZSFEHQE -4, 4055E+04 2. 40638405  .9.72263F4+04 -2. 89153400 -7, 4270801
330048405 -1, 17BIE+DS LG AGREREL0S 5 TBOSEHO3 -LAANEAO0 4, TSIEE-02
2.5610E+05  -7.0B448+404 -9,3344E405 .3.5630F404 . 1.2328E+00 -2.5955E-0%
2.21208405  -7.7147E404 -9.9B93E405  1.2785E+04  -0.3044E-01  1.1332E.01
1. 1595E405 -4 0623E+04 -4, TBSTENDS  L.O9TEIOA  -4.5736Z-01 8.6147E-02
305218404 -5.205KEH04 <1, 6U520408 5 00OBE404  -1.6974E-01 320
2. 21238406 -4 6O0IEH04 -0, 23LAEH0E  4.7952K404 -8, 9005E-02 2. 3567E-01
~3 LAS4EHDL L1 TIIOE404 -4, 2607E404  2.91608404 -4, 72278-02  7.3821E-01
~6.8719%+04 1 07B4E+04 1. CI02E40S  1,6315K 1.08460E-0]  1.2452R-01
~7,8654%+04  1.6350E404  1.5007F405 1. 4025E4D4 1.9554E-01  1.0234E-01
~9.0231E+04 222448404 1. 9670KH05 -3, 0661F: 2.83258.01 -1.2267E-02
-1. 35348405 A G7338404  3.6008E+05 1. 445AR+04 5, 334301 -]1.2B64E-01
~1. A1G6E405  6.0004K+04 3 Q0AEE405 -I.U56AX404  6.9127E-0%f -1.7656E.01
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Basic data, x =

-1.2296E405  6.3514E4D4  3.2242B+05 -1, 0446E404 6, 2519E-01 -3.2755E.C1
-9.BE29E406 574308404 2.90BZEHOS -3 3400E+04  6.1858E-01 3. 7460F-01
gata, x = 35.0 pm,
ve theta Vo vl warl varl 01
624.59  110.05 586.74 -214.13 104.275 313 46,82
570.76 99,95 562.18 -98.63 130,849 171 & =230, 35
566,15 of.46 560, «83.25 L2485 1475 569 ~195, 48
4,98 #1.85  559.7¢  -77.05 152,145 1774380 =207 .48
559. 86 96.3¢ 556, -52. 34 125.394  1716.906 ~188.26
257,41 95.4% 584,85 -%1.36 152.618 1.892 -1/9.61
554.63 9.7% 852,70 48529 235,107 15.710 -211.62
550,83 @k 96 SA8.75  -AT7_66 980,085 2147.5 ~5686.17
549.09 94,52  547.39  -A3.2%  1180.417 936 -800.86
543,60 94.13 542,19  -29.11 1840.980 2338.756 -1151.68
533,18 $4.00  331.88 -37.1B  3342.002 31S.914  -2057.17
514.75 92.37 51431 -21.25 10.062  1899.13%  -]A25.1¢6
KB T4 92.06 498.41 -17.95 5884.182 1B2B.73%  .1997.69
67,22 91.61  467.03 -13.16 7993.190 Z348.656 -2800.77
42,71 90,40 442,69 «3.73 2. 855  2261l.464  -3178.73
£13.25 90,84 £13.23 ~4,61  8873.327 24090.175 +3257.43
7.03 B9, 387, 2,30 9124,133  2426.867 -3296.7%
372.22 89.43 372.20 3.73 B740.143  24B9.362  .3251.54
362,23 89.98 362, 0.14  BAB2. 447 7 -3142.15
370 89.13  337.17 332 7849.018  2513.630 -2861.06
5. &6 89.45% 328, 4.85 12.124  2459.199  -2857.15
8.0 8%.08  317.95 5.12  6655.4)5 L2893 L2330.65
310.95 28.9% 310,91 5.80 6396128  Z134.501 .2232.57
108 B W e peoe s gwnn
4. 82 B8.78  204.75 6.30 5694,945  1858.64 ~1690. 62
order moment data, x = 35.0 mm.
001 8310 8OO0 5111 k0 ekl
5.5544E+07 -4, 7BBAEHZ  -B. A2 3. BIRDE€Q2  -7.97 2.82328.03
~1.6641E+03  5.9072F403  1.4294E407 -6.6337E+04  §.5406E.02 -§.3777E.01
~2.6085E+03  8.0258E+03 .5, 3078E ~7.GOSEE+04 -3 1214E-01  ~1.3418E400
~2.3016E+03  7.9948E403  5.8320E+07 -1.0800E405  5.3302E-01 -1.A451F+00
=1, 6154403 1 025QE+04  2,3172B407 -1,21BBE+D 1:6307E-01  -1.7132E+00
-8, 4129E402  7.7B41E+03  -1.2433E+03  -7.7126E404 -6, 59 =1.8B0SEH0D
7.7657E+03 -2 .2230E+03  ~8.23B3E+03 -B.5458E404  7.2852B+00 ~1.7907F+00
712358404 -2 AG40EHIE 1. 4792E405 0. 77248404 -6, 903IB4O0  -0.8107E.0)
8.8420E4040  3.5904E404 -1 6QALEH05  -1,0815K405 4. 2836R400 .1 .00BAKHOD
1.3737E+05 -4.6383E+04 -2, 850BE4+05  -4.57ATE+DL 408 ~B. 6125801
2.847BE405  .1.3029E405 -5.3B0CE+05 -7.1411B404 ~2.78458400 -4, 10S7E-01
1.9883740% 7.8 ~5.73ILIE405  -2,0476E403 BOE -3, 5616X-02
1.9652E405 -7, 50468404 -6, 65168405 5. QISRE403 .1, 5340E400  7.S5907K.D3
3. BIOSEHOS -4 OB3SE+D4  -6,8592E405 .3, 6030E+04 -»9 SYB3E-0) -3.1854K-0%
1. 26228405 -3,1055B404  ~6.3440F405 -3.6224E402 -6,3511E-01 -3.3683E-03
S.0434E404 -2 B590E404 -2 ASS0F+05 7, 8855845 -2 SAI9E-01  6.66858-02
§.3623K404 -4 9B4JEH04  -1.3376EH05  4.2069B404 -1, 5118E-01  1.S5941E-O1
«7.8561E+03 -2 6BSER404 -2 4030B+04 4, 3433F404 -3.0512K-02 1. A9TOR.GI
~14TT4E4D4 w1 47BOE+04  -2.3431E+04  2.BOSSE+04 ~1.2667E-02  2.2455E.0
-1 GATSEADS  3US1TGE+04 1L USG0E+0S -3, D202B+03  7.B283E-D)  -2.498%R-02
-G, 92128404 3.5533E404 2. 00CLE+0S  -3.B544B402 3.6377B-01  -3.1608E-03
-1, 10338405 4.6596E+04  1,9052E+05 -4, 2296E403 3, 5089E-D1 -1 BESOE-D2
-1.18648+05  6.3450B4G4  2.0898E+05 -3.7303E+04 4. D8SAE.O] -1 7S41E-81
-1.0816E+D5 6.08;5E+04  1.9599E+05 ~1.9205E+04 4. 27TDE-01 -1.9682E-01
-1.0545E405  5.3177E+Q4 1 B243IEH05 -2 041BE+D4 4. 2294E-G1 -2, 1503E-0]
-B.7247E+04  5.3625E+04 1.5297E405 -2.66B4EH+04 3.5594E-01  -3.3301E-01
450 mn,
vt theta Vo vl vard varl 801
§19.79  109.82 583,10 .210.10 160.3290 184. 30% ~104,23
560, 67 97.67 555,85 .74.B2 139.489  1BOG.708 284,53
561.47 98.31 5%%5.58 -B1.14 254,355  2700.398 ~398.69
554,82 93.1% 5%2.5%  .%0.23 118.039 929.978 ~-138.67
556.79 95,56 554.17  .853.%0 162.386  1626.057 ~278.28
553.98 94.66 552, «4%.03 18%.133  1539.031 ~239.81
531.96 94.29  350.42 43,29 226,265  1iBB. 627 ~237.17
549.03 94.80 547.10 -45.0¢ B78.172  2446.083 -818.2%
564,12 94,85 542.33 44,14 232 2976.643  -13%6.43
533,08 3.6 532.07 -34.67  3495.716  272R.747 -17hR. 10
5i6.06 63.80 326.91 -34.82 4116.333 48 -2454. 41
312,80 91.84 512,66 ~16.50 4196.119  1606.409 -1712.48
505.23 91,70 505,01 ~15.01 4245.289  1381.263  .1491.23
478,59 $1.32  47B.46  -11.04 6529.830 1759.626 -2159.98
464 .82 91.56  &64.65 -12.45  6774.542  1711.446  -2028. 38
418,31 B9.80  4)L2.31 i.46 9337.557 2167.280 -3OGS.90
a76.83 52 376.70 9.74 9282.037 2341.569 -2976.25
357.26 B7.79  356.9% 313,80 B143.57F  2432.743  -2889.51
342,47 B7.76  342.21 13,41 7I56.4B5  Z280.957  -23542.66
328,48 B7.44 328,15 14.68  6552.400 2296.314 -2392.16
315.11 87.68 314,85 12,73 Sp20.797 012.192  -1964.18
308.10 B87.95 nrT. e 11,40 5438.109 G.308 -1792.37
302,80 87.96 302,81 10.61 5031.649 1894.254  -1620.49
299,45 87.82 209.23 L1.38  4677.565  1724.18% -1419.77
08, 18 i 298.08 8.84 4560.933 1603.4862  -1262.32
286.28 88,86  206.23 5,36 4656.34)1 L9009 -1308.3)
order moment data, x = 40.0 mm
8001 E110 8000 w11l sk skl
2.786SE+03 -2, 69B0E+03  -3.0090E+03  2.771AE+03 -1, 4823E+0C 1. 1250E+00
~3.03522E+03  1.3991E+04  5.0481F+02 -1.0102E+05  3.0648E-O1 ~1.3)53E+00
~6.6475E4+C3 1 D742E+04  5.6B5BE+GZ  ~1.Z70VE+OS 1. 4036E-01  ~0.(0554E.01
~2. 20408403 1.0293E+04 A 2514E407  -6.2722B404  3.3151R-01 -2, 21168400
-2, 7T956E+03 1. 7665E+) 3. 4196E402 -1.205BF+05  1.6528¥.01 -1.8380%400
1.5204E403  1.01918404 ~2.7967E+03 -9 ABIGE0L  -1.1472E400 ~1.5T08E+00
2. 64438403 7.4575E403 -5, BEFIEH0Y B AE+04 -1, 6065E400 -1.7635E400
7.82118+04 3. B038EH04 -1 LILARH0S -9 BOSYEHO4 -4 270TEA00  -8.1053E-01
1.5293E+05 -6.B416E404 -2, 7B40E+05 0. 6091404 -3, 4158E+00 -5.9726E.01
2. 36B2E+05 -7 7ZB8E ~6.ADLZES0N  -B.BC3EKH0Y4 3 0O72RH00  -6,19328.01
2.982ZE+05  -1.0BZAEH0S -6 496TEHD5 o 04 -2, 45008400 - .ams-az
1.7 +05  «6.6306E+04 -5 4704B405 403 -2, 01250400 1.1790K-01
1.5097E+08  -65.04588404 -4.BOOGEHDS 1 5503404 1. ?353!!400 31.03048.01
1.6367E405  -6.2344E+D4 -5 Q53IEHS 1.6192E404 1012 2.19378.01
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12485405  ~B.7302E404 -4, BTSSE403  2.7115B404 -B.7AIVE-OL  3.BXOTE-01 -2.76Q0E-03  1.5Z46R400
20.00 3. 4BT0EH4 -%gggelgﬁg —%.253?!105 2.61742406 -2 50BEE-01  2.5942F.01 -9, 6050%-01  4.1185K-01

19.50 -3.9356E404 OBBOE+O4  1.2684E404  2.3348%-02  1.1194K-01 -8.8203%-01  1.7675E-01
39.00 .7.3300E+04 B 1.610BE405  2.0135E+04  2.1915E-01 1.690E-01 -7.B6BIE-01 -1.93452-01
18.50 -8 1ABBE+D4  1.GOISEHG4  1L.BOYIEV0S  1.Q073EM04 3. 133SE-O01 1 DO73E.O) -5.2962E-01 -6.8673E-02
IB.00 -9.3809EHD4  3.71LAEHM  2.2273B405  -7.2389E+03° 4.1993K-01 -6.57B3E-02 -2,7256E-01  1,20858-01
17.50  -1.0R27E+05 4 1RTOEHD4 2. 1804F -1 4725E404  5.0598E-D] -1.6314E-01 -1.0Z0BE-01  9.4&43E-02
17.00 ~E.5101E+G4 &, L269B+04  1.G546KH05 -1,.5034E+04 &, BTAQE-01 .).78604E-01 -6.4057KE-02 .2.3280E-02
16,75 -9.2866E+04  5.1DBAE404  1.97AOEH0S  -2.0349K404  5.5308E-01 -2 BA21E-0] 1. 8%6E-0F 5.7218E-01
16,50 -7.0653EH04 & J242E404 1 GASAEH0S -2 DOGEE404 5 JABAE.01 -2 9280F.01  5.83128.02  §.7952%.01
16.25 -£.4385E+04 4 03168404 1 5437X405 -1 BL2ZB+04  A.996TE-01  ~2.B224E-01  1.18589K-01  5.5506K-03
15,00 -6.73138404  A.5256E404  1.5913E405  -1.9708B+04  5.0082%-01 -3.105BE-01 7.7204E.-02  ©.0249E-01
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Ref.: 3-6

Author: Kussoy and Horstman
Geometry: 3-D Fin
Mach number: 8.2 ,

Data: p,.; Quan - » flowfield pitot surveys

A detailed investigation of hypersonic sharp-fin interactions on a flat plate was
carried out by M. L. Kussoy, K. C. Horstman, and C. C. Horstman of NASA-Ames Research
Center (Refs. 3-6). Since a detailed data report (Ref. 3) has already been prepared on this
experiment, the present treatment will be brief. The data included in the file
KUSSOY3.DAT are exactly those given in Ref. 3 for sharp-fin interactions, plus some
additional data (notably skin friction) supplied by the experimenters after Ref. 3 was

ublished.
d The data were obtained in the NASA-Ames 3.5-foot hypersonic wind tunnel, using
a flat-plate model with a length of 220 cm. Natural transition occurred on this plate for all
test conditions. While no turbulence data are available to establish the condition of the
incoming boundary layer ahead of the interaction, a mean profile included in this dataset
shows typical law-of-the-wall behavior, albeit with a lower wake-strength parameter than
usual.

Fins of 5,7.5, 10, 12.5, and 15 degree angle-of-attack were mounted on the flat plate.
The fin leading-edge position was 176 cm aft of the plate leading-edge. The x,y,z coordinate
frame used to describe the measurements is indicated in the sketch below. Given this
information and the table of freestream properties in the data file, most of the measured
distributions are self-explanatory.

One feature of this experiment is redundant data, considered a desirable aspect of
benchmark experiments in Ref. 1. Similar heat transfer data are obtained by two different
techniques. Redundant pressure and heat transfer data are included in the data file to
establish the repeatability of the experiment.

Users of these data should note that this
fin interaction involves a relatively-thicker
incoming boundary layer than the supersonic fin
interactions included elsewhere in this database.

A A 1em  The reason for this is the long flat-plate run
/ L@Z " required to naturally establish a turbulent
a

120 = boundary-layer at Mach 8. Thus the present fin
cm ] ’ s .
/ is only 8 incoming-boundary-layer-thicknesses
long, compared to relative fin lengths 5 times
larger in the Penn State experiments at Mach 3
o and 4. The net effect is that the present
Lt 75 o interaction lies entirely within its turbulent
boundary-layer, while the supersonic interactions
just referred to extend far outside their respective
boundary-layers. The supersonic and Mach 8
cases are thus not directly comparable.
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Ref.; 14

Author: Kussoy and Horstman
Geometry: Crossing Oblique Shock Waves
Mach number: 8.3

Data: p,.y, Quay flowfield pitot surveys

A detailed investigation of hypersonic crossing-shock interactions on a flat plate was
carried out by M. I. Kussoy, K. C. Horstman, and C. C. Horstman of NASA-Ames Research
Center (Refs, 14). Since a detailed data report (Ref. 14) has already been prepared on this
experiment, the present treatment will be brief.

The data included in the file KUSSOY4.DAT are exactly those given in Ref. 14.
These data were obtained in the NASA-Ames 3.5-foot hypersonic wind tunnel, using a flat-
plate model with a length of 220 cm. Natural transition occurred on this plate for all test
conditions. While no turbulence data are available to establish the condition of the
incoming boundary layer ahead of the interaction, a mean profile included in this dataset
shows typical law-of-the-wall behavior, albeit with a lower wake-strength parameter than
usual.

Opposing pairs of fins, each having either 10 or 15 degree angles-of-attack were
mounted on the flat plate as shown in the sketch below. The x,y,z coordinate frame used
to describe the measurements is also indicated in the sketch. Given this information and
the table of freestream properties in the data file, most of the measured distributions are
self-explanatory.

As in the case of the Mach 8 single-fin interaction, Refs. 3-6, users of these data
should note that this crossing-shock interaction involves a relatively-thicker incoming
boundary layer than the supersonic crossing-shock interactions included elsewhere in this
database. The supersonic and Mach 8 cases are thus not directly comparable,




= NNERET N M P My

AREARGRERIRZY

EJBSSRES
e T e e

o
o

FLI-7{-]

SEVOO0MNIRL MO 4
3i¥ld 1¥1d NO BIISNVEL 1V JOVINNS SNETUZINGD ISIMNVIELS
BOLVNANGD XOOMS FIUB3IC Q4 ¥ Of

576
Leall
261k

4282

BEASERERRE 20BN EREE
DD OGOO0 R ™ wow DT P W WO

4N d/d

AUNTd IV KO SIWISSTUD IINSANS INITWTIRID IS IANVIHLS
BOLYRAKID XDOHS IUDIG DL K o

92
FLN+4

041

83338808
~n Do

wa) ¥

026

(wd} X

HOTINBIXEISTO WI4SNWNL IVER ONV JMISSINA 3DVIENS 3NIIMFINED IS IAWVINLS

[

LR R e E I TR R L I Yy

000° 1 S00°4 28670 2.0 1] 6097t fLE €278 OiE°K
0974 0eaTs 1004 1007 ¢ 68676 11081 SIZ'R 0%
Lot P66°6 208" ZLets #8670 BOOT L 6278 fe%L
42071 2244 et 11104 2960 0007 L 6819 0E0°%
et ¥R ki A N6 99678 51200} eEi'e ave?
£2674 %0 {6471 £90° L %M 0001 708 0%ET
&0t £¥4°8 65670 65074 ki Y] 000°% o' oLl
555008 (133011 670 a9a’i 940 8L areTL 05¥°2
€604 240 560 B60° ¢ 8i8°0 Q0601 gigty 08672
0L RO A8 ottt s [2.71 2 [v1:: R A8 A4
$00°1 Py 26670 25174 Ll ] 1110 P2 AV SN 5 A4
P6EC ZER'D gD 98l o GOG 4 LA S ¥ A
Bod fa8"0 L8670 wEdL F41 ] LUl $48°4 0 9%
16870 FA7A8 ] ogs'e T £8170 wha‘t AP 14 4
S66°0 28270 19670 el evl G o601 002 05671
L6670 8970 84670 "4 1Y 0840 21 A STV BRETL
886°C i59'g W31} 2674 04979 00671 12579 AL
|0 "e'o 9960 I8 FEFD G004 iy e
29670 ey S56°0 18571 290 6ot 8279 09874
556°8 950 %60 ¥R 51,011 40071 4507 DYw'i
%0 570 Y66 B 2857 adn't EE8TE oL
12670 ne'n &6°0 8471 (-1 00071 75 T 4 F Y
igé'g Lp ] s 0674 28 o P72 20 S ¢
206G By 0 85870 00 56570 000" 1 478 8D
et 1191 14870 Lr6°e 84970 6064 G188 0%6°e
6BE 8870 280 29572 2% ooty 370 S TS 1
&80 {8870 ¥oR0 Wy 0% oot 048"y 8D
45870 02879 ee g9 08L°D De0°L 82y D90
oY 0 £82°a £2e°n ez P00 o004 Bi3'Y 02570
S64°0 R92°Q 58270 24672 B0 0agy LLTE Ye
4Ll¢ £9z2'e gsita sy gl1e's GG s GE8°E 0%
£54°6 nHee 0rs"a Lyt k-] 8003 Ze2°E e
609 BEL°G $4L70 [0 o atntt wgEE 8o
17X 81] 0G0 800670 R4 i%¢ o 6oL 4p0’8 0070
4R 1L 4RI NOHN  4NT N NP L AT OHN dNE 4
/il / 0dy / 7t / OHy /4 W Wy &
HIA¥T AUYCRNOE R¥ZRiSdn
“¥EE * hEbEs el

10-3395°9 = ELIIE

£0-33867°0 = EETREE]

FOLIIEG = W73

2.WIE ot ELIN ]

Fa 7E BN AL T ¢

Y CHO°G = 0 ¥idki

WIS = O «¥i130

LA ¢ ¥il3¢

S/W SBYL = H.Im

*00E = Hi

PR TEr I T ELIReH]

Z.NFK 0%y = N4

X 68 = ELTI

BEg = ELTIE ]

sxmphy .

SROLLTONGD WYI§iSISHS

reay

£°0 HOWNW LY ROTIIWHZINT MIAWT- ANVONIOR LRI WNGENE
RN XDOHS SN ISSONT ¥ KO
SOGECL WL WSWN WONL S31id Yivg

1¥GT HASSERN

- (23] 2]

30



LVAPAOSSITY

3714 vIvd 338
ATINO 1L4d930XH e zseg
4850 ustee
55 or'E 0% 45
I o6 i T
&2 8z 6% 25°¢f
59z 092 T TR o
0"y 0z E9°9 #5Ef
592 0f'Z L3 T Yo
T 1'% 199 g5y
wez 091 29 svig
55 e $1°01 egof
$0°E o5l St svor
9L 1270 TR VR
0y§ 20 Sl ever
94°§ g 888 098z
wg e 26°05 sveR
89 452
P %) 1 & srn
ev2 259
(0 2°95 ¢ K} SeanEsaLg "L pgez
0 gesz
5l gssz
§ HOLL¥IS ‘SILLLINVOG Z3VIMIS 3SHURASHYAL %'l RGeg
BOLVHINGS XOOHS 336030 01 ¥ 1 BSTLE 05w
A AT
202 09z
€162 pgz2
S psiz
NGILINBINISIG F34SNWNL 1VIK QNY ‘1M MY '3WNSSIYd TS FSAIASNVAL 155813 [T
9L 48l
g% it a7
26 0548
'y 03'0§ @2 05°%1
¥i'g 24792 Wi w9l
19 %22 06°¢ 0575
e 1242 5879 ¥§
8oL s6w 509 2
&L s 0s5°s e
607 W 89y w2
0 fa0z g s2° L3
06°'% 26741 6z $2°6
94 ] it 52°g
959 oo'gl 7 52°¢
229 6711 6ii 279
9 1891 sLL 2%
0zs 96°%4 £0°1 w2y
2y 86751 804 Wg
W'y %651 s0°1 £2°2
09y 151 1074 se'i
Sy ey 6071 520
20y 20" %1
b4 3 5421 i d/d w3y x
092 6714
78 £5°0¢ 3L¥Id 1¥13 RO 53FNSSTed AVEBNG INITHILINTD ISIRNYINLS
6576 5678 SOIVEINID XJ0HS 33w036 St % 4
RS0 76!
%0 26°9
LTAN £6°%
40 Fre 92's 05788
w0 e s §v4g
) 86°2 ) 9r9¢
e o2 572 §1'ge
278 S gg
1R] OSp (®3) X 1272 EY Y
817y [L SR
STHOIONEILL WOES &5°% |5 >
AWV IVIE NO WIASKYEL IVIH IDVIMRS ANETEFINTD ISIMNYINIS tg°s 4 08-
w6y 12T

UOLYHINID X00HS O30 Si ¥ gt

31



Ref.: 10-11

Author: Lee and Settles -
Geometry: 3-D Fin /""J S
Mach number: 3, 4 R "
Data: ¢,

The Ph.D. research of Yeol Lee in the Penn State Gas Dynamics Laboratory involved
measuring the heat transfer distributions beneath several sharp-fin interactions. The test
conditions at Mach 3 and 4 and the fin angle-of-attack range were the same as those already
documented here and in Ref. 1 for the Penn State series of sharp-fin experiments, which
also includes surface pressures, surface flow directions, skin friction distributions, and
flowfield density profiles. The present heat transfer data, listed in the file LEE.DAT, are
thus supplementary data.

These heat transfer measurements required the development of a special heated-
model technique for steady-state heat transfer in an otherwise near-adiabatic wind tunnel.
The technique is discussed at length in Refs, 10 and 11. It was assumed, for simplicity of
the instrumentation layout, that the quasiconical-flow approximation is valid for sharp-fin
interactions (see, eg, Alvi and Settles, AI4A4 Journal, Vol. 30, Sept. 1992, pp. 2252-2258).
37 RTD heat transfer gages were thus arrayed in two adjacent circular arcs, centered at the
fin leading edge location, with radii of 86.4 and 91.4 mm. The fin leading edge was 22.16
cm aft of the flat plate leading edge. The lateral spacing of the gages was such that their
resolution was 2 degrees of the azimuthal interaction angle 8 over a 8 range of 6 to 78
degrees. the radii of the two gage rows was chosen to place them well outside the inception
zones of all interaction cases studied.

A special feature of this dataset is the fact that adiabatic wall temperatures were
actually measured rather than inferred, so the data are presented in terms of true heat
transfer coefficients rather than dimensional heating rates. For more detail on this issue,
please see Refs. 10 and 11.
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Ref.: 7-9
Author: Rodi and Dolling

Geometry: 3-D Fin ,,.//{M_f\
Mach number: 4.9 \.‘M

Data: p,,, Quaus surface-flow traces

In this experiment, a single sharp fin was used to generate an attached oblique shock
wave which interacted with an incoming turbulent boundary layer formed along a flat plate
test surface. The freestream Mach number was 4.90, the nominal total pressure was 315
psia (2.7 MPa) and the nominal total temperature was 760 degrees R (422 K). The
freestream Reynolds number was 11.7 x 10°%/ft. (38.4 x 10°/m). The model was at ambient
temperature before each run. This combination of tunnel total temperature and model
temperature resulted in a cool wall condition with a wall temperature /recovery temperature
ratio of 0.8. Pitot pressure surveys were made of the incoming boundary layer just ahead
of the fin and are included in this dataset.

Mean surface heat transfer (using Schmidt-Boelter gages) and surface pressure data
(using pressure taps and a scani-valve) were measured on the test surface along spanwise
rows for a range of fin angle of attack. The kerosene-lampblack surface tracer technique
was used to visualize the distribution of the local shear stress direction. Data were collected
at six different fin angles of attack (6-, 8-, 10-, 12-, 14- and 16-degrees). Additional heat .
transfer data were taken along conical rays from the virtual conical origin (VCQ) for fin
angles of attack of 8- and 15-degrees. The investigator reported an error band of + /-8%
for the heat transfer data and +/-3% for the pressure data.

The X-dimension is the downstream direction measured from the fin leading edge.
The Y-dimension is the cross-stream direction measured from the fin leading edge, in the
spanwise direction towards the compression side of the fin. The Z-direction is the vertical
direction above the flat plate test surface.

Three different rotatable instrumentation "plugs” were used to make the present
measurements. The "plug" used for wall pressure measurements had four rows of taps which
were initially oriented in the spanwise (Y) direction (see diagram 1). The spanwise pressure
data for 6, 8, 10, 12, and 14 degree fin angles were taken on the two downstream tap rows
(rows 3 and 4 in diagram 1). Then, by rotating the instrumentation plug clockwise, the
pressure-tap rows were reoriented to better approximate conical cross-planes (see diagram
2). For 8 and 16-degree fin angles, the plug was rotated 15 and 30 degrees clockwise,
respectively, from its initial position. For these two fin angles, three rows of pressure data
(rows 2, 3, and 4) are tabulated for both spanwise and rotated orientations of the
instrumentation plug,
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Diagram 1

Plug
Rotated
Ciockwise

Diagram 2
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Author: Settles, G. S., ef al

Geometry: 2-D Compression Corner
Mach number: 3

Data: p,... ¢, mean flowfield pitot surveys

Settles, G. S, Fitzpatrick, T. J. and Bogdonoff, S. M., "Detailed Study of Attached and
Separated Compression Corner Flowfields in High Reynolds Number Supersonic Flow,"
AILAA Journal, Vol. 17, No. 6, June 1979, pp. 579.

Settles, G.S., Gilbert, R.B. and Bogdonoff, S.M, "Data Compilation For Shock
Wave/Turbulent Boundary Layer Interaction Experiments On Two-Dimensional
Compression Corners," Princeton University Report 1489-MAE, Princeton Univ. 1980.

The data consist of both mean surveys of flow properties before and after two-
dimensional compression corners at Mach numbers in the vicinity of 2.9, Compression
corner angles of 8, 16, 20, and 24 degrees span the range from attached flow to large
boundary-layer separation. Two-dimensionality of the experiments was demonstrated by
studies of spanwise oil-flow patterns for all but the largest compression corner angle, where
significant 3-D perturbations were observed.

The mean data include surface pressure and skin friction distributions, as well as pitot
and static pressure distributions from which velocity and Mach number were deduced (the
total temperature distribution through these interactions was nearly constant). Note: the
fluctuating data corresponding to this mean dataset were presented in the file SMITS.DAT in
Ref. I and remain unchanged. The present correction and re-tabulation covers only the mean-
flow data. I is given as file SETTLES2.DAT on the accompanying diskette.

All units in the tables are SI. The x-coordinate is defined in the streamwise direction
along the wind tunnel floor and compression corner surfaces. Thus locations upstream of
the corner have negative x-values and those downstream have positive values. The
compression corners were all located at 1.205 m downstream of the wind tunnel nozzle exit
with the exception of the 24 degree corner for hot-wire measurements only, which was
located 1.17 m downstream of the nozzle exit. The y-coordinate is measured upward from
the test surface with its origin at that surface. The origin of the z-coordinate is on the wind
tunnel centerline. It is taken positive to the left when looking downstream. See the
diagram of the flow configuration reproduced below.

Users are encouraged to consult the cited references for detailed discussions of the
data and their significance, which are beyond the present scope, as well as estimates of the
various errors and discrepancies which serve to set confidence limits upon the data,
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