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NOMENCLATURE

ALPHA Angle of attack, deg

CONFIG Maodel configuration designation

CURRENT Anemometer heating current, mamp

DATA TYPE Code indicating nature of data tabulated:

SURFACE HEAT TRANSFER = Cold wall model surface
heat-transfer measurements

"2" - Model surface pressure and temperature
measurements

"4" - Mean boundary-layer profile measurements
using pitot pressure and total temperature
probes

"g" - Probe flow calibration data

"g" - Quantitative hot-wire anemometer data at

particular point locations within a survey
or within the free stream

DEL Boundary-layer total thickness, in.

DEL* Boundary-layer displacement thickness, in.

DEL¥*# Boundary-layer momentum thickness, in.

BITTD Enthalpy difference at boundary-layer thickness,
DEL, ITTD-ITWL, Btu/lbm

DITTL Local enthalpy difference, ITTL-ITWL, Btu/lbm

EBAR Anemometer mean voltage, mv

ERM3 Anemometer output rms voltage, mv rms

ETA Effective total-temperature probe recovery factor

ETA=(TTLU-T)/(TT-T) or (TTTU-T)/(TT-T)

HT({TT) Heat-transfer coefficient based on TT, QDOT/(TT-TW)
Btu/ft2-sec-OR

ITT Enthalpy based on TT, Btu/lbm



ITTD
ITTL
ITW
ITWL
LRE
LRED

LRET
LRETA

LRETD

M, MACH

Ma

MD

ME

MUTD
MUTL
MUTT

MUTTD

Enthalpy based on TTD, Btu/lbm
Enthalpy based on TTL, Btu/lbm
Enthalpy based on TW, Btu/lbm
Enthalpy based on TWL, Btu/lbm
Local unit Reynclds number, in.-'

Unit Reynolds number at the boundary-layer
thickness, DEL, in.=]

Local "normal shock" unit Reynolds number
{based on MUTTL), in.-!

"Normal shock" Unit ﬁeynolds number at
the anemometer location (based on MUTTL), in.-]

"Normal shecck" unit Reynolds number at
boundary-layer thickness, DEL (based on
MUTTD), in.-!

Free-stream Mach number

Mach number interpolated to the anemometer location

Local Mach number at boundary-layer thickness,
DEL, in.=!

Mach number at boundary-layer edge

Local Mach number

Dynamic viscosity based on T, lbf-sec/ft2
Dynamic viscosity based on TD, lbf-sec/ft2
Dynamic viscosity based on TL, lbf-sec/ft2
Dynamic viscosity based on TT, lbf-sec/ft2

Dynamic viscosity based on TTD, lbf-sec/ft2



MUTTL Dynamic viscosity based on TTL, lbf-sec/ft2

P Free-stream static pressure, psia

PHI Roll angle, deg

POINT Data point number

PP Probe pitot pressure, psia

PPD Pitot pressure at boundary-layer thickness,
DEL, psia

PPE Pitot pressure at boundary-layer edge, psia

PT Tunnel stilling chamber pressure, psia

PT2 Free-stream total pressure downstream of a

normal shock wave, psia

PHW Model surface pressure, psia

PWL Medel wall static pressure used for boundary-
layer survey calculations, psia

Q Free-stream dynamie pressure, psia

QDOT Heat-transfer rate, Btu/ftl-sec

RE Free-stream unit Reynolds number, in.-~!

RE/FT Free-stream unit Reynolds number, ft-!

RETD Local "nermal shock" Reynolds number based on

total temperature probe thermocouple diameter
and viscosity of MUTTL

RHO Free-stream density, 1bm/ft3

RHCD Density at boundary-layer thickness, DEL, 1bm/ft3
RHOL Local density, lbm/ft3

RHOUD (RHOD) * (UD), lbm/sec-ft2

RN Model nose radius, in.



RUN

SD PW
SDTW

ST(TT)

TAP

T/C

TCAXX

TD

TDRK

THETA

TL

TRAKE

TTA

TTD

TTE

Data get identification number

Curvilinear surface distance from model
stagnation peint, in.

Model wall pressure standard deviation
Model wall temperature standard deviation

Stanton number based on stilling chamber
temperature (TT),

ST(TT) = QROT
(RHO} (V}(ITT-ITW)

Free-stream static temperature, ©R, or OF
Pressure orifice identificaticn number

Identification number of model surface
thermocouples

Identifieation number of thermocouples on model
interior surface

Statie temperature at boundary-layer thickness,
DEL, OR

Temperature of Druck probe transducer, ©F
Peripheral angle on the model measured from ray
on model top, positive clockwise when looking
upstream, deg

Local static temperature, R

Temperature of survey probe rake, °R

Tunnel stilling chamber temperature, ©R, or °F

Local total temperature interpolated to the
anemometer location, ©R

Total temperature at boundary-layer edge thickness,
DEL, ©R

Total temperature at boundary-layer edge, “R



TTL

TTLU

TTTU

TW

TWL

uD

UE

UL

XC

XSTA

ZA

A

ZT

Local total temperature, °R

Uncorrected (measured) probe recovery temperature,
interpolated at ZP, ©R

Uncorrected (measured) prohke recovery temperature,
in free stream, °R

Coax gage surface temperature, CR

Model wall temperature used for boundary-laysr
survey calculations, °R

Local velocity component parallel to model surface
at boundary-layer thickness, DEL, ft/sec

Local velocity component parallel to model surface
at boundary-layer edge, ft/sec

Local velocity component parallel to model surface,
ft/sec

Free-stream velocity, ft/sec

Axial location measured from virtual apex of cone
model, in.

Calculated X locatlion of survey station, in.
Nominal X location of survey station, in.

Anemometer probe height, distance to probe
centerline along normal to model surface, in.

Pitot-pressure probe height, distance to probe
centerline along normal to model surface, in.

Total-temperature probe height, distance to probe
centerline along normal to model surface, in,



1.0 INTRODUCTION

The work reported herein was performed by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 61102F, Control Number 2307, at the request of Air Force
Wright Aeronautical Laboratory (AFWAL/FIMG) and AEDC Directorate of
Aerospace Flight Dynamies Test (AEDC/DQOF). The AFWAL program manager
was Kenneth F. Stetson and the AEDC/DOF program manager was Elton R.
Thampson. The results were obtained by Calspan Corporation/AEDC
Division, operating contractor for the Aercospace Flight Dynamics testing
effort at the AEDC, AFSC, Arnold Air Force Station, Tennessee, 37389.
The test was performed in the von Karman Gas Dynamics Facility (VKF)
Hypersonic Wind Tunnel (B) on February 12-15, 1985, under the AEDC
Project Number CDO6VB (Calspan Project Number V--B-0G).

This ftest was the fifth in a series of studies designed to
investipate the development of laminar boundary-layer instabilities on
sharp and blunt cones in hypersonic flow (Refs. 1-4). The present
investigation extended the studies into the region of Initial
development of the instabilities, that is, mnear the apex of the sharp
cone. Boundary-layer and free-stream flow-field data were obtained
using hot-wire anemometer-, total temperature-, and pitot pressure-
probes, Model surface pressure and temperature distributions, as well
as cold-wall surface heat-transfer measurements were obtalned. The
model configuration was a T-deg (half-angle) cone with a sharp nosetip
{0.0015- in. radius) only. The test was conducted at unit Reynolds
numbers of 1.0-, 2.0-, and 3.0-million per feot and angles-of-attack of
zero and -4 degrees with an equilibrium wall temperature ratic (TW/TT)
of approximately 0.82.

Inquiries to obtain copies of the test data should be directed to
AEDC/DOF, Arnold Air Force Station, Tennessee 37389. A microfilm record
has been retained in the VKF at AEDC.

2.0 APPARATUS
2.1 TEST FACILITY

Tunnel B (Fig. 1) is a closed circuit hypersonic wind tunnel with a
50-in.=-diam test sectlon. Two axisymmetric contoured nozzles are
available to provide Mach numbers of 6 and 8, and the tunnel may be
operated continuously over a range of pressure levels from 20 to 300
psia at Mach number 6, and 50 to 900 psia at Mach number 8, with air
supplied by the VKF main compressor plant. Stagnation temperatures
suffieient to avold alr liquefaction in the test section {up to 1350°R)
are obtained through the use of a natural gas fired combustion heater,
The entire tunnel (throat, nozzle, test section, and diffuser) is cooled
by integral, external water jJackets. The tunnel is equipped with a
model injection system, which allows removal of the model from the test



section while the tunnel remains in operation.

2.2 TEST ARTICLE

The basic LUBARD model (fabricated by AEDC) was used for this
investigation as well as for the previous tests (Refs. 1-4). The model
was a stainless-steel, seven-degree half-angle cone of 40-in. virtual
length and 9.823-in. base diameter featuring interchangeable nose
gections (Fig. 2). In the present study, a nominally sharp nose of
0,0015-in. radius was used.

The model was instrumented with 24 pressure orifices and 30 surface
thermocouple gages. Table 1 lists the instrumentation locations and
indicates that the top centerline (THETA = Q) of the model was the main
ray of pressure instrumentation, and the bottom centerline (THETA = 180
deg) was the only ray instrumented with thermocouple gages. Pressure
orifices were also installed on the THETA = 180 and 270 deg rays at
three additional axial stations. & model installation photegraph is
presented in Fig. 3.

2.3 FLOW-FIELD SURVEY MECHANISM

Surveys of the flow field were made using a retractable survey
system (X-Z Survey Mechanism) designed and fabricated by AEDC. This
mechanism makes 1t possible to change survey prabes while the tunnel
remains in operation. The mechanism is housed in an air lock
immediately above a port in the top of the Tunnel B test section.
Access to the test section is through a U0-in.-long by U4-in.-wide
opening which can be sealed by a pneumatically operated door when the
mechanism 1is retracted, Separate drive motors are provided to (1)
insert the mechanlism into the test section or retract 1t into the
housing, (2) position the mechanism at any desired axial station over a
range of 35 in., and (3} survey a flow field of approximately 10-in.
depth. A pneumatically-operated shield was provided to protect the
probes during injection and retraction through the tunnel boundary
layer, during changes in tunnel conditions, and at times when the probes
were not in use.

The probes required for flow-field survey measurements are rake-
mounted on the X-Z mechanlsm at the foot of a strut that is extended or
retracted to accomplish the survey., The direction of the survey with
respect to the vertiecal is fixed by manually sweeping the strut te the
selected angle between 5 deg (swept wupstream) and -15 deg (swept
downstream) and locking the strut in position.

A sketch of the survey probe rake is shown in Fig. 4. The top and
rear surfaces of the rake are designed to mate to the strut of the X-Z
Survey Mechanism. The rake is provided with four 0.10-in. I.D. tubes
through which are mounted the hot-wire anemometer-, the pitot pressure-,
and total temperature probes. The fourth tube was used in the present
test for housing a thermocouple te monitor the rake temperature. The

8



tubes were slotted to accommodate spring ¢lips attached to the rake which
were used to hold the probes in position.

2.4 FLOW-FIELD SURVEY PROBES

The hot-wire anemometer probes (Fig. 5a) were fabricated by the
VKF, Platinum-10% rhodium wires, drawn by the Wollaston process, of 20-
or 50-miero-ineh nominal diameter and approximately 150 diameters
"length, were attached to sharpened 3-mil nickel wire supperts using a
bonding technique developed by Phillco-Ford Corporation (Ref. 5). The
wire supports uere inserted in an alumina cylinder of 0,032-in. diameter
and 0.25-in. length, which was, in turn, cemented to an alumina cylinder
of 0.093-in. diameter and 3.0-in. length that carried the hot-wire leads
through the probe holder of the survey mechanism,

The pitot pressure probe (Fig. 5b) had a cylindrical tip of 0.006-
in. inside diameter. This probe was fabricated by cold-drawing a
stainless steel tube through a set of wire-drawing dies until the
desired inalde diameter was obtained. The outside surface of the drawn
tube was subsequently electropolished to a diameter of 0.012 in. teo
minimize interference with the flow field surveyed,

The unshielded total temperature probe was fabriecated from a length
of sheathed thermocouple wire (0.020-in. O0.D.) with two 0.004-in.
diameter wires. The wires were bared for a length of about 0.015 in.
and a Ythermccouple junction of approximately 0.005-in. diameter was
made. Details of this probe are shown in Fig. 5e, :

2.5 TEST INSTRUMENTATION
2.5.1 &8tandard Instrumentation

The measuring devices, recording devices, and calibration methods
for all parameters measured during this test are listed in Table 2.
Also, Table 2 1identifles the standard wind tunnel instruments and
measuring techniques used to define test parameters such as the medel
attitude, +the model surface pressure, probe positions, and probe
measurements, Additional special instrumentation used in support of
this test effort is discussed in the following subsections.

2.5.2 Model Surface Instrumentation

Thirty coaxial surface thermocouple gages (0.125-in. diam) were
used ko measure the cone surface temperature. The coax gage consists of
an electrically insulated Chromel ® center enclesed in a cylindrieal
Constantan ® sleeve. After assembly and installation in the model, the
gage materials were blended together with a file and fine sandpaper
creating a thermal and electrical contact in a thin layer at the surface



of the gage. A complete description and the data reduction procedure
for this gage can be found in Refs. 6 and 7. The recording and
calibrating procedurss are summarized in Table 2.

Eighteen surface pressure taps were located along the zero ray of
the model. Four additional taps were located on the 180-deg ray and
three taps on the 270-deg ray. These taps, having approxjmate diameters
of 0.062-in., were connected by tubing either tao Oruck 2 or Electronic
Scanning Pressure (ESP) transducers.

2.3.3 Hot-Wire Anemometry

Flow fluctuation measurements were made using hot-wire anemometry
techniques. Constant-current hot-wire anemometer instrumentation with
auxiliary electronic equipment was furnished by AEDC. The anemometer
current control {Philco-Ford Model ADP-13) which supplies the heating
current to the sensor 1s capable of maintaining the current at any one
of 15 preset levels individually selected using push-button switches.
The anemometer amplifier (Philco-Ford Model ADP-12), which amplifies the
wire-response signal, contains the circuits required to compensate the
signal electronically for thermal lag which is a characteristic of the
finite heat capacity of the wire. A square-wave generator
(Shapiro/Edwards Model G6-50) was used in determining the time constant
of the sensor whenever required. The sensor heating current and mean
voltage were fed to autoranging digital voltmeters for a visual display
of these parameters and to a 8ell and Howell model VR3700B magnetic tape
machine and to the tunnel data system for recording. The sensor
response a-¢ voltage was fed to an oscilloscope for visual display of
the raw signal and to a wave analyzer (Hewlett-Packard Model
85538/8552B) for visual display of the spectra of the fluctuating signal
and was recorded on magnetic tape for subsequent analysis by AEDC. A
detailed description of the hot-wire anemometer instrumentation is given
in Ref. 8.

The a-c response signal from the hot-wire anemometer was recorded
using the Bell and Howell Model VR3700B magnetic tape machine in the FM-
WBII mode. This channel, when properly calibrated and adjusted, has a
signal-to-noise ratio of 35 db for a 1.000 volt rms output and a
frequency response of +1 to -3 db over a frequency range of 0 to 500
kHz. A sine wave generator is used to check each channel at several
discrete frequencies, using an rms-voltmeter which 1{s periodically
checked on 1, 10, and 100 volt ranges. The sensor heating current and
mean voltage signals from the: hot-wire anemometer were alsc tape-
recorded using the FM-WBI mode. Magnetic tape recordings were made at a
tape speed of 120 in./sec.

2.5.4 Pitot Probe Pressure Instrumentation
Pitot probe pressures were measured during surveys of the model

boundary layer using a 15-psid Druck transducer calibrated for 10-psid
full scale. The small size of the pitot probe adjacent to the orifice

L
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{Section 2.4) was characterized by time delays for the stabilization of
the pressure level within the probe tubing bhetween orifice and
transducer, when the probe was moved across the boundary layer. In
order to reduce this lag time, the pitot pressure transducer was housed
in a water-cooled package attached to the trailing edge of the strut on
which the probe rake was mounted (Section 2.3). The distance between
orifice and transducer was approximately 18 in. The resultant lag time
was of the order of one second,

3.0 TEST DESCRIPTION
3.1 TEST CONDITIONS AND PROCEDURES

A summary of the nominal test conditions is given below.

M__ PT, psia TT, °R V¥, ft/sec Q, psia T, ®R P, psia BE/FT x 10-6

T.94 220 1280 3775 1.04 94,0 0.024 1.05
7.58 410 1315 3827 2.04 a5.7 0.046 1.99
8.00 675 1330 3850 3.10  96.4 0.065 2.98

A summary of the present testing is presented in Tables 3 and 4
together with that of each of the four previcus efforts, which are
doeumented In Refs. 1-4. This table provides a complete summary of the
various types of measurements made with each configuration for the five
tests. The individual tests may be identified by RUN numbers. For Ref.
1, RUN £ 200; for Ref. 2, 200 < RUN < 300; Ref. 3, 300 < RUN < 400; Ref.
4, 400 < RUN < 500; and for the present testing, RUN > 500,

In the continuous flow Tunnel B, the model is mounted on a sting
suppert mechanism in an installation tank directly underneath the tunnel
test seetion. The tank is separated from the tunnel by a pair of
fairing doors and a safety door. When closed, the fairing doors, except
for a slot for the pitch sector, cover the opening to the tank and the
safety door seals the tunnel from the tank area. After the model is
prepared for a data run, the personnel access door to the installation
tank is closed, the tank is vented to the tunnel flow, the safety and
fairing doors are opened, the model is injeected into the alrstream, and
the fairing docrs are closed. After the data are obtained, the model is
retracted into the tank and the sequence is reversed with the tank being
vented to atmosphere to allow access to the model in preparation for the
next run., The sequence is repeated for each configuration change.

Probes mounted to the X-Z mechanism arez deployed for measurements
by the following sequence of operations: the air lock is clesed, secured
over the mechanism, and evacuated; and the access door to the tunnel
test section s opened. The various drive systems (see Section 2.3) are
used to inject the probes into the test section and positien the probes
at a designated survey station along the length of the model, the shield

11



protecting the probes is raised, exposing them to the flow, and the flow
field is traversed in the direction normal to the model surface to the
probe height (or heights) selected for measurements. When the traverse
has been ocancluded, the shield is closed over the probes and the
mechanism is repositioned along the model. When the surveys are
completed or when a probe 1s to be replaced, the X-Z Mechanism is
retracted from the flow and the access door is closed. The air loek is
then opened for probe work.

The survey probe height relative to the model was monitored using a
high-magnification closed-circuit television {CCTV) system. The camera
for this system was fitted with a telescopic lens system which gives a
magnification factor of 20 for the monitor image. The probe and model
were back-lighted using the collimated light beam of the Tunnel B
shadowgraph system which produced a high-contrast silhouette of the
model-probe outline. The camera was mounted on a horizontal-vertiecal
traversing mount to facilitate alignment of the camera with the probe at
various model stations visible through the test section windows. The
video camera was interfaced with an image analyzer/digitizer system
{IADS) which was used to measure the distance between the prcbe and
model surface using computer-assisted image analysis techniques. The
software for making these measurements was designed to locate the lower
edge of Che probe and the upper edge of the model surface automatically,
thus minimizing inconsistencies associated with location of the edges by
an operator using a cursor. The measurement aceuraey was further
improved by calibrating the system prior to testing, using the automated
edge-location technique to locate edges separated by a known distance.

A hardeopy of the video image of the probes and model edge was
provided in near real-time showing, by means of a graphics line, the
location of the edges measured and displaying a printout of the measured
distance and other pertinent documentation (Fig. 6). The accuraecy af
this measurement technique was defermined to be better than *0,0007-in.
over a range of 0,003 to 0.2 in. under air-off conditions. Provisions
were made to determine the magnitude of edge movement caused by probe
and model vibraticons and to calculate a ecorrection factor for the
measurements if required. However, vibrations of the model and probes
were mnegligible when measurements were made under the present test
cenditions.

The model was oriented in roll teo avold interference of the surface
instrumentation with the boundary-layer probes. The flow-field surveys
were obtained only after the model had reached equilibrium temperature,
Initial probe positioning near the model surface priecr to each survey
was accomplished by manual maneuvers of the probe controller while
observing the CCTV monitor., The docking and surveys were accomplished
by the following procedures.
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After model injection, the probe mechanism was positioned by the
controller (in manual mode) to the count reading which corresponded to
the desired survey station location (X-position); the X-drive was
locked into this position and held censtant during the survey. The
probe mechanism was then slowly driven downward in the direction normal
to the surface until the lowest mounted probe was just above the model
surface as viewed by the CCTV monitor., At this time, measurements were
made using the IADS and were entered into the data reduction program as
manual inputs. The flow field was then traversed in selected increments
to acquire the desired data. At the completion of the traverse, the X-
drive was unlccked and repositioned at the next survey station on the
model.

3.2 DATA ACQUISITION

The primary test technique used in the present investigation of the
initial development of instabilities in a laminar houndary layer was
hot-wire anemometry. In addition, mean-flow boundary-layer profile data
(pitot pressure and total temperature) were acquired in order to define
the flow environment in the vieinity of the hot-wire. Surface pressure
and temperature distributicns on the model were cbtained to supplement
the profile data. Model surface heat-transfer data were acquired to
assess effects of model angle of attack on the location of boundary-
layer transition. The various types of data acquired are summarized in
Table 3. Model stations for mean-flow surveys are listed in Table §.

3.2.1 Hot-Wire Anemometry Data .

The hot-wire anemometer data acquired during the present testing
were of two general categories: (1) continucus-traverse surveys of the
boundary layer to map the response of the hot-wire anemometer as a
function of distanee normal to the surface and (2) quantitative hot-wire
measurements using the wire operated at each of a series of wire heating
currents at one location on each profile. The anemometer probes used
are identified in Table 3g.

Data of the first category were acquired with the hot wire operated
using a single heating current, in the present ecase the maximum
(practical) current. The probe was generally translated 'in a continuous
manner from near the model surface outward to a distance of
approximately 2 (DEL). These data were recorded as analog plots of the
hot-wire response (rms of the a-c voltage component) versus probe height
normal to the model surface. The plot was used primarily for the
purpose of determining the station in the boundary-layer profile where
the hot-wire output had a maximum level.

13



Quantitative hot-wire data (second category} were acquired at
locations determined from the continuous-traverse surveys (first category
data). The point of maximum rms voltage cutput of the hot wire, the
"maximum energy point" of the profile, was selected for quantitative
measurements at each model station. The quantitative data were acquired
using each of a sequence of two or more wire heating currents; one
current was nominal-zeroc to obtain a measurement of the electronic noise
of the anemometer instrumentation. Each wire heating current, wire mean
valtage (d-¢ component) and the rms value of the wire voltage
fluctuation {a-c component) were measured 40 times, using the Tunnel B
data system, at the same time the parameters were being recorded
(gqenerally, a five-second record duration) on magnetic tape with a tape
transport speed of 120 in./sec.

3.2.2 Flow-Field Survey Data

Mean-flow boundary-layer profiles extended from a height of 0.02
in. above the model surface to somewhat beyond the edge of the boundary
Jayer. A profile typically consisted of 25 to 40 data points (heights).
The probe direction of travel was normal to the surface.

3.2.3 Model Surface Jata

Surface pressure and temperature distributfons on the model were
obtained to supplement the boundary-layer profile data, For surface
heat-transfer data, the model was injected int¢o the tunnel test section
at a fixed attitude. The data were recorded continucusly for a period
of approximately five seconds beginning one second after the model
encountered tunnel centerline. The model was then retracted into the
test section tank and cooled with high pressure air.

3.2.4 Anemometer and Total Temperature Probe Calibrations

The evaluation of flow fluctuation guantitative measurements made
Jysing hot-wire anemometry techniques requires a knowledge of certain
thermal and physical characteristics of the wire senscr employed. In
appiication of the hot wire toc wind tunnel tests, two complementary
calibrations are used to evaluate the wire characteristics needed. The
first calibration of each hot-wire probe is performed 1in the
instrumentation laboratory prior to the testing: the prcbe is placed in
an aoven, and the resistance of the wire is determined as a function of
applied wire heating current at several oven temperatures between room
temperature and 6009F. The wire reference resistance at 329F and the -
thermal coefficient of resistance, also at 329F, are obtained from the
results; the wire aspect (length-to-diameter) ratio is determined, using
the wire resistance per unit length specified by the manufacturer with
each supply of wire. Moreover, it has been established that the
exposure of the probes to the elevated temperatures of the aven
calibration often serves tao eliminate probes with inherent weaknesses.
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Each hot-wire probe used for flow-field measurements is calibrated
in the wind tunnel free-stream flow to obtain both the heat-loss
coefficient (Nusselt number} and the temperature recovery factor
characteristies of the wire sensor as funetions of local Reynolds
number. The variations of Reynolds number in the free stream are
obtained by varying the tunnel total pressure (PT) while holding the
tunnel total temperature (TT) at a nominally constant level. The
resulting relationships are used to determine the values of the wvarious
wire sensitivity parameters required in the reduction of the
quantitative measurements.

A calibration of the recovery factor of the tokal-temperature probe
as a function of local Reynclds number was made in the free-stream flow
of the tunnel test section simultaneously with the calibration of the
hot-wire probes. The local total temperature for the probes in free-
stream flow was assumed to be equal to the measured stilling chamber
temperature, TT (see Section 3.3.4).

3.3 DATA REDUCTION
3.3.1 Hot-Wire Anemometry (Data Types 6 and 9)

In the present discussion, as it pertains to the reduction of hot-
Wwire anemometer data, only the basic measurements tabulated in the data
package that accompanies this report will be considered. (Examples of
these tabulations are shown 1In Appendix III.)} The data processing
associated with spectral analysis, modal analysis, and determination of
amplification rates of laminar disturbances 13 beyond the scope of this
report. Extended data reduction of the hot-wire results to achieve
these analyses 1s planned for the present measurements.

The basic measurements associated with gquantitative hot-wire data
are the following parameters: wire heating current, wire mean voltage,
and the rms value of the wire fluctuating response voltage. The average
value of 40 measurements of each of these three parameters was
determined over a period of 5 sec for each nominal wire heating current
employed, and the results were tabulated under the designation "DATA
TYPE 9" together with certaln assoclated model, flow field, and tunnel
conditions. (See Sample 1, Appendix IIIL.)

Free-stream tunnel conditions that are applicable to anemometer and
total-temperature prabe calibrations are tabulated under the designation
"DATA TYPE 6". (See Sample 2, Appendix III.)}

3.3.2 Mean Flow-Field Surveys (Data Type 4}

The mean flow-field data reduction ineluded calculation of the
local Mach number and other loecal flow parameters, determination of the
height of each probe relative to the model surface, correction of the
total-temperature probe using an apprepriate recovery factor, definition
of the boundary-layer total thickness, and evaluation of the
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displacement and momentum thicknesses. Sample tabulated data are shown
in Sample 3, Appendix III, and typical plotted results are shown in Fig.
7. The data reduction procetdures are outlined as follows.

The local Mach number in the flow field around the model was
determined using the measured pitet pressure (PP) and the local medel
static pressure (PWL) with the Rayleigh pitet formula.

The helght of each probe above the model surface, in the normal
direction, was calculated for each point in a given flow-field survey,
taking into consideration the following parameters: the initial
vertieal distance determined from the CCTV image, the distance traversed
in the vertical direction from the initial position employing the survey
probe drive, the lateral displacement of the probe froem the vertieal
plane of symmetry of the model, and the local radius of the model at the
survey station.

The height of the pitot pressure probe above the model surface (ZP)
was used as the reference for all probes because the pltot probe was
located in the vertical plane of symmetry of the model. The total-
temperature probe recovery temperature measurements (TTTU) were used to
interpolate (three-point} a value (TTLU) corresponding to each height of
the pitot probe. Correction of the interpolated recovery temperature,
using the probe calibration data, was achieved by iteration on the local
Reynolds number beginning with the value calculated using the recovery
temperature (TTLU) to determine an initial value for the local dynamic
viscosity (MUTTL). The iteration was continued until successive values
of the "corrected" total temperature differed by no more than 0.1 deg R,
For those surveys wherein the pitot probe was positioned below the
total-temperature probe (closer to the model surface), the corrected
total temperature at the corresponding pitet probe heights was
determined from a second-order curve fit using three points, namely: the
model surface temperature (TWL) and the corrected total temperature at
the first two probe heights, where it was available,

The total thickness of the model boundary layer in any given
profile was inferred from the profile of the total-temperature probe
recovery temperature (TTLU). Recovery temperatures measured above the
edge of the boundary layer (in the shock layer) remained constant or
essentlally independent of the probe height. There was generally a very
distinct "overshoot" in the recovery temperature profile immediately
before the onset of the constant portion of the profile. The height at
which this constant portion of the profile began was defined as the edge
of the boundary layer and the corresponding distance normal to the model
surface was defined as the boundary-layer total thickness (DEL).
Displacement and momentum thicknesses were determined by integration
accounting for the model cone angle and local radius of curvature.
Probe/model interference was noted for some of the data points near the
model surface; these points were omitted from the integrations.
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Model surface pressure and temperature distributions were measured
during mean flow-field surveys, "DATA TYPE 4" (Sample 3, Appendix III).
These measurements were made each time that probe data were acquired and
the 25 to U0 values for each pressure or temperature were averaged. The
averaged values and their respective standard deviations are included in
the tabulations of DATA TYPE L.

3.3.3 Model Surface Measurements (Data Type 2)

Model surface pressure and temperature distributions generally were
obtained when %the survey probe mechanism was located s¢ as not to
interfere with the measurements. These data are tabulated under the
designation "DATA TYPE 2". (See Appendix III, Sample 4.)

The local model surface pressure, PWL, used in the boundary-layer
calculations was determined using a fairing of the measured pressure
distributions (selected runs of DATA TYPE 2). The statie pressure was
assumed to be constant across the boundary layer and shock layer and
equal to the local model surface pressure at each survey station. The
fairing of the surface pressure distribution used for each test
condition is shown in Fig. §.

The local model surface temperature, TWL, was determined for each
survey from the measured surface temperature data in the vieinity of the
survey station, wusing 1linear interpolation. A  typiecal surface
temperature distribution is shown in Fig. G. .

3.3.4 Total—Temﬁerature Probe Calibration (Data Type 6)

The recovery factor ETA used in reducing the total-temperature
probe survey data is defined generally as a function of the loeal
Reynolds number based on probe diameter. In the case of the probe used
in the present test, the factor ETA was essentially independent of
Reynelds number; that is, ETA = constant for the test conditions being
considered,

Free-stream tunnel conditions that are applicable to the total-
temperature probe calibration are tabulated under the designation "DATA
TYPE 6" (Appendix III, Sample 2 ).

3.2.5 Surface Heat-Transfer Data

The basic heat-transfer measurement is the wall temperature (TW).
The heat-flux rate, calculated from the response of the coaxial
thermocouple gage, is used to determine the heat-transfer coefficient,
HT{TT}, and the Stanton number, ST(TT). These values are tabulated
under the designation "SURFACE HEAT TRANSFER". A sample tabulation is
given in Appendix III, Sample 5. -
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3.4 UNCERTAINTY OF MEASUREMENTS

In general, Instrumentation calibrations and data uncertainty
estimates were made using methods recognized by the National Bureau of
Standards (NBS), (Ref. 9). Measurement uncertainty (U) is a combination
of bias and precision errors defined as:

U = *(B + t95S)

where B 1s the bias limit, S is the sample standard deviation, and ¢ 5
is the §5th percentile pecint for the two-tailed Students "2'
distribution, which equals approximately 2 for degrees of freedom
greater than 30.

Estimates of the measured data uncertainties for this test,
ineluding the basic hot-wire anemometer measurements discussed in this
report, are given in Tables 2a and b. Estimates of uncertainties in
flow fluctuations derived from the hot-wire anemometer measurements and
in other calculated flow survey parameters fall outside the scope of
this report. In general, measurement uncertainties are determined from
in-place ecalibrations through the data recording system and data
reduction program.

The propagation of the estimated bias and precision errors of the
measured data through the data reductien was determined for free-stream
parameters in accordance with Ref. 9, and is summarized in Table 2b.

4.0 DATA PACKAGE PRESENTATION

Boundary-layer profile data, model surface data, probe calibration
data, and basic hot-wire anemometer data from the test were reduced to
tabular and graphical form for presentation as a Data Package. Examples
of the basie data tabulations are shown in Appendix III.

Figure 7 is an example of the plotted mean-flow boundary-layer

survey results for the sharp cone configuration at a particular survey
station which are included in the Data Package.
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TABLE 1. Model Instrumentation Locations
a. Pressure taps

TAP | THETA X, -8, in, X

NO. | deg in. | RN=0.0015| 0.15 0.25 0.50 0.70 0.90 2.00
1 0 |39.50 39.790 38.796 | 38.126 | 36.452 | 35.113 | 33.774 | 26.409
2 38.51 38 .790 37.796,| 37 .126 | 35.452 | 34.113 | 32.774 | 25.409
3 38 .01 38 .290 37.296 | 26 .626 | 34,952 | 33.e13 | 32.274 | 24 .909
4 36'.03 36 .290 35.296 | 34 ,626 | 32.852 | 31.613{ 30.274 | 22.%09
5 34.04 {- 34.280 33.296 |'32.626 [ 30.952 | 29.613 | 28.274 | 20.209
7 30.01 30.230 29.236 | 28 .566 | 26,802 | "25.553 | 24.214 | 16.649
B 25.03 | 26.230 |27.236 | 26.566 | 24.882 | 23.553 22,214 | 14 .849
9 26.05 | 26.230 |25.236 | 24.566 | 22.802 | 21.553 | 20.214 | 12.849
10 24 .06 24,230 23.236 | 22,566 | 20.802 | 19.553 | 186.214 | 10.848
11 22,07 22 .230 21.236 | 20.566 { 18.892 | 17.553]16.214 | 8.549
12 20.00 20.140 19.146 | 18.476 | 16.802 | 15.463 | 14.124

13 17 .02 17.140 16.146 | 15.476 | 13.802 | 12.463 | 11,124

14 15.04 15.140 14.146 | 13.476 |'11.802 | 16.463} 9,124

15 13.05 13.140 12.146 [ 11.476 | 9.802 | B.463 7.124

16 11.07 1L.140 10.146 | 9.746 | .7.802 |' 6.463| 5.124

17 9.08 9.140 8:146 | 7.476 | 5.802 | 4.463| 3.124

18 1 8.09 8.140 7.146 | 6.476 | 4.802 3.463 | 2.124

19 270 | 11.07 |- 11.140 10.146 | 9.476 | 7.802 6.463 | 5.124

20 180 | 11.07 11.140 10.146 | 9.476,| 7.802 6.463] 5.124

21 270 | 30.01 30.230 29.236 | 28.566 | 26.892 | 25.553|24.214 | 16.850

22 180 | 30.01 30.230 29.236 | 28.566 | 26.892 | 25.553 24 214 | 16.850

23 270 | 39.50 39.790 38.796 | 38.126 | 36.452 | 35.113] 33,774 | 26 .410

24 180 | 38.50 39,790 38,796 | 36.126 | 36 .452 { 35.113| 33 774 26,410}




Table 1. Concluded
b. Thermocouple locations

9¢

T/C | THETA, | X, 8, in.
No. deg in. HN= [
0.0015| 0.15]| 0.25 | 0,50 0.70 0.90 2,00

1 180 J8.51 | 39.790|37,796 [37.126 [35.952|04.113 | 32.774 25,407
2 38.01 | 30,290]37.296 | 36,5626 |34,952[ 33,613 |372.274|24.909
3 37.32 | 37,590|36,.596 35,926 [34.252]32.913 |31.574]24.209
4 36 .03 | 36,290(35.296 [ 34.676 (32,952]|31.613 {30,274 [22.909
5 35.04 | 35,290(24,296 33,676 |31.952{30.613 (29,274 21,909
6 34.04 | 34,290|31,266)32.626]30,952({29.613 | 94,_274(20.909
7 33.05 | 33,290|32,296{31.626 {29.952|28.613 |27.274]19,.909
[} 32.00 (32.230(31,.236|30,566{20,692|27.553 |26,214f10.049
9 31.01 | 31.230(30,234 | 29.566 |27.092{26.553 ]25,214{17.849
10 29.72 | 29,930 (28,936 | 28,266 | 26,592]|258.253 [23,934|16.549
13 27.04 [ 27.230|26.236 |25.566 |23.092{22.553 [21.214 13,8490
15 25.05 125,230 (24.23f |23.566 (21,692 |20.553 {19,214 |11.849
17 23.07 {23,230{22,236 {21.566 |[19,892|18.553 |37. 214 9,849
19 : 20.99 21,140 20,146 }19.476 [ 37,802]16.463 {15,124 | 2.922

20 20,00 [20.140|19.146}18.476 |16.0082].15.463 |14,124 | 0,977

21 19 0L [19.140 (10,146 [17,476 (15,802 14.483 [13, 124

22 16.02 |18.140 {17,046 16,476 |14,.802]13.463 [12,124

23 17.02 }17.140 |16.446 }15.476 | 13,802 12.463 [11,124

24 16.03 {16,340 015,146 [14.476 |12.802[11.463 [10,124

25 15,04 {15,940 14, 04p 13,476 | $1.802]10.463 | 9.124

26 14.05 |ra. 140 13,146 {12,976 {:10.807] 9.463 | B, 124

27 13.05 |v3.3v40 |12,146 13,476 | 9.902]| 8.463 | 7.124

28 12.06 {32,140 |11.14p |10.476 | B,802| 7,463 | 6,124

29 10.77 [$0.840 | 9,845 | 9476 | 1.502| 6.163 | 4,824

a0 10,08 {10,140 | 9,146 B.476 | 6.802| 5.463 | 4.124

31 9.08 | 9.140 | 8.146 | 7.476 | 5,802} 4.463 | 3,124

32 [ 8.09 | B.140°| 7,94 | 6.476 | 4,802} 3.463 | 2,124

101 - 18.5 [37.3 7.7 |[)17.0 15.3 {13.95 12.6 )
102 - 25 25,2 24 .2 |23.6 .21.9 _[20.55 19.2 11.8
103 - a5 35.3 34.3 {33.6 32,0 |[30.65 29,3 21.9
NorRd: 1, Thormocouplas 1-42 woro conxlpl surface Lhormacouplon

and thermocouples 101-103 were simply attached to

inside of model surface (model wrll thickness ®0.25 in.).
Q. f.nentiann af tharmaocaunlien 101107 are annroximata.
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TABLE 2.

Estimated Uncertainties

a. Basic measurements
sueer so ) _ or 2
SIFADY-STRTE _ _ ESTIMATED MEASUREMENT"
Precision Indes Bias Unceriainty
[£:]) *(D + 1p53)
Faranater . = : y Basge Type of Type af Kethod of
v - wv,. |°8 2 = . v o . Hesguring Device Recording bewice Zyutem Calibratlion
-3 uayg |85 5.3 -2 b3 ~ak
l-u-ﬂ= ::I h: l|°= - 1 =0a ﬂ-*
£°% | Ef |3zl 272 | 5F° | &% | i2
STTLLING CHAMBER 40.) psta p30 $0.1 psin $0.3 psfal 0 to 9004 Parpseiantific Digt- | O1gital data acquisition |Ln-place appltcation of
PRESSURE {PT or PTp}. p5is | quartz Pressure sysiem bultiple presture lavels
peta Transducer e asured with & pressure
- moaturing dovice calibeated] ™
In the $tandards ldburalory
. 32" To
TOTAL TEII’ER.IWI.E. £)* F » 30 ' F 4 F 530" F | Chrome]-Alume] bigital Thermometer and Thermncouples verification
(), °F 41" F p30 | 30.378 40,3753 + 2° F) 570" to | Thermocouple Micro Pracessor Averaged [of NBS conforming/voltage
2300"F for Primary (Tip); Olgltal [substitutfon calibration
Thermome Ler for Redundant
117a)
PITCH ANGLE (ALPI). *0.025° }X0 10.058° t15° FolenLlcreter Digleal data acquisition |Neldeubaln rotary encoder
degs systonfanatog-ta-digital  |ROD7OD
converter Resolution:  0.0ODQ6"
ROLL ARELE (PHII), #0157 PN 203" £180* | Polentivoeter Overall accuracy: 0.0
dege
PI10T PRESSURE (FP), 4 0.002psia 10.010 psia £0.014 psial<10 psid | Druck £15 psid strafifAnaleg Lo digital converler/|to-place spplication of
psln gage Lransducers dightal dats acquisition |multiple pressure Jevels
system reasu ed wlth a pressure
pedasuring dewlce valibrate
. in the siandards iabaralar
Ty, *r £1.0 b 30 s7* F t4* F ¢530*F | Unshielded Chrooel- Ther tocouple verificelion
£1,0 K] £0, 115 0. - <2300 °F| Alumel Thermocauple of KBS contoraic woltage
{0.375% + 2°F) ’ substitution callbration
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TABLE 2.

a,

Continued

SHEET MG+, 3 OF 2

Estimated Uncertainties

ESTLAATLDY MEASURLKLNT®

Precialion Indes Diam Uncertninty
Paramet {5} [{.}] 2{B » 1gs5)
aeiler
Typa of Type uf Hethod of
Designation v o 3 E“ % g H h=| u t - - % E“ Range Hessuring Devica Recording Device Syatem Calibratlon
HEvE was |38 Su% -ty fug “iay
I-D= -Ezl a: I-°= ==I I‘OI -8 g
s 2 > x= 4 & ax g & 3
WOOEL PRESSURE (PH], #).00075 psl 30 | £1.0 +0.0015pst +1,0¢) |0 5 P < [Oruck 11psfd siraln [Anelog Ladiglial converter/{in-place applicetion of
psln 0.15psfd gage transducers digiea) data mcquisition bultipie pressure levels
16.002 pai 30 | £0.1 £{0.004 psi + C.1%) *0.15 e system mcasured with a pressure
< 1.5 psid ing device calibratrd] ™
£0.003 10 4 D.002 20,007 | <25 |esH® 2.5 psid sera n In the standards 1abus alory
: gage transducer
HODEL TEHPERATURE v F & ] 2. 2°F W2 F |60 Chrome) Constantan | Dightal DataAcquisition [Ihrrmocouple verkflcation
(Tu}, °F coaxinl Thermacoup e | Syslem Analog-to-Digital |of KRS conformic vollage
1" F b30 | .36 D, 380 <1600 Converier subat$tutlon calibration
P, IV, IA, in. 19.001 f:o 10,003 £0).005 .5 Potentiometer and Digital llata Acquicition |Precision Micrometer
oplical Syslem Analoy-to-Digital
Cunverler
{SURVEY STATION), #n, 1 0.005 ] 10.020 $0.030 <35 Potentiometer and pigital Dats Acquisition |Precision Micrometer
- Optical Gradicule systea A/D Converter
Optically Posit{oned Iero
ERMS, av 195 o 11 <1200 | Philco Ford Corp. Digltal BAa Acquisition [Preciston Digltal
CURREAT, wa % 0.8 ot 1l ] Hode} ZADP-12/13 Sysiem Analog-to-Digital |Yollmeter
EBAR, RV tos ot 1} (D0 [Uot-wire Acemooeter | fonverter
. System
ROTE:1 + -pilas assumed to bs yero.
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TABLE 2.

a.

Continued

Concluded

ETEADV-3TATE ESTINATED MEASUREMENT®

l
.tglu

dats agquinition
syutem {AD copverier
Jor aach rua

N
Pracinion [Adan 11T Uncazisainty .
[{}] {b) {8 + tgy8) Rasge Nethod of
Parsunler ] . » iog Do 'IP. o L Srstes
Deslgant kos « gg- na ) u == - F 5‘ Menguring Dovice Hocording Davlca Calibeation
» » -l 3
Bu¥ | =83 |3% Ewd | 238 | §u3 | 428 |aemor  rmsqumer
£ s34 2°3 | i £°% | E%
| Ex L B B A &
= 4
Flow Turbulasce Uakaown — Unknown IaSnown Qe BC to 330 Hot Wire Anemo- lllMIl'Iv: data rocorded] Wire cherscterist icy
volt RMS SIS or 2400 |[meter Bystes (20 oa teps for subso- by oven cslibrarian
(loating KIZ {Ireqg. microlach wirs) quant pleybeck snd
Curreaty raspoanes raductian
wp to J ma} band deter-
wined by & %0 lacps of data Hert traosier char-
- tiltern recorded om digtitnl | acterlolics by call
uend.

bration In tunnel
iras-siveam

prmnl‘. nclsiruenty
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TABLE 2.

Calculated parameters

Concluded

STEADY-STATE

ESTIMATED MEASUREMENT®

Precislion Index Rias Uncertainty
(5) {B) *{B + tgs8)
Parameter i P I '
Designation FERE .Y Ll 1 (== FER LSl FUR ] “ o

a o O L S E o O ke g A O Rh¥

3wg 2o |69 oud - sug a8

H9a -gge b o L Cd "o E uog HUE mﬂfg

3 & S = §'r-. & & 52 & 5 x10
P,psia 1.23 >30 0.25 2.72 1.0
PT2,psia 0. 86 0.25 1.96
Q,Bsia 0.85 D.25 1.96
T,OR 0.36 0.25 1 0.97
V,ft/sec 0.04 n.12 0.20
RHO, 1bm/f 13 0.88 0.35 2.12
MU, 1bf-sec/Ftl 0.36 0.25 0.97
M 0,19+ ot 0.38
RE,per ft 0.53 L 0.43 1.50
P,psia 0.82 »30 0.25 1.89 2.0
PT2,psia 0.57 0.25 1.39
u.gm 0.57 0.25 1.39
T,%R 0.25 0.24 0.74
v, ft/sec 0.04 0.12 0.20
RHO, 1bm/ 13 0.59 0.35 1.53
MU, 1bf-sec/ ft2 0.25 0.24 0.74
M g.13" o 0.26
RE,per ft 0. 36 ' 0.44 1.16
P,psia 0.82 »30 0.25 1.89 3.0
PT2.psia 0.57 0.25 1.39
Q.psia 0.56 0.25 1.37
T.9R 0.24 0.25 0.73
V,ft/sec .04 0.12 0.20
RHO, 1bm/ft 0.59 0.35 1.53
MU, 1bF-sec/fté 0.25 0.24 0.74
M 0,13 o 0.26
RE.per ft 0.3 | | 0.44 1.16

NOTE: *pias assumed to be zero.

+tperermined from test section repeatability apd uniformity
during tunnel calibration.




TABLE 3. Test Summary

a. Surface heat-transfer runs

Model Config. ALPHA,deg PHI,deg RN, in. iféf RUNS
7-deg Cone 0 -90 0.0015 2.5 2
‘ 1.2 4
1.0 5
0.150 2.5 1
0.250 3.5 202
0.500 3.5 3
2.000 3.5 113,116,119
0 0 0.0015 1.0 401,402
+2 403
+4 404
-2 405
-4 406 .
+4 5271
+2 517
+1 515
0 513,522
-1 514
-2 516
-3 i 518
-4 ' 520
+4 0.0015 2.0 509,510
+3 507
+2 505
+1 503
0 501,511,547
548,549,550
-1 502
-2 504
-3 4 506
4 Y 508,512
+4 0.0015 3.0 544
+3 h42
+2 540
+1 538
0 536,545,546
-1 537
-2 539
-3 541
# -4 + + Y . 543

NOTE: Run numbers <200 from Ref. 1; Run numbers <300 from Ref. 2;
Run numbers <400 from Ref. 3; Run numbers <500 from Ref. 4;
Run numbers >500 are present test data.

317
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TABLE 3. Continued

b. Surface pressure and temperature
(Type 2 Data)

MODEL CONFIG ALPHA,deg PHI,deg RN, in. Hi/ff RUN
7-deg Cone 0 90  0.0015 1.3 358
0.150 2.5 72,73
0. 350 2.5 210,211
0.700 2.5 302,303,305
312,313,314
315,317,322
330,339,340,
' | 347,343,349
0 -85  2.000 3.5 120,131
0.0015 0.5 408,409,410
2.6 411,412
Y 1.0 429
-2 1.0 430
2 1.0 431
2 0.6 448,449
0 0.6 450,451
-2 0.6 452,453
-4 { ! 1.0 471,472
-2 2.3 477
0 0 0.0015 2.9 524
-110 525,526,529,531,
532,553,554 .564
5A5.577 578 .604.,
| 605,606,607
-4 20 0.0015 608,609
4 0 617.618
+4 0 ' 619.620
0 -110 0.0015 3.0 579,580,581,582,
l ‘ t 583.584.591.592,
595,596
' 0 0.0015 Y 586,587

NOTES: 1. Run numbers <200 from Ref. 1; Run numbers <300 from Ref. 2;
Run numbers <400 from Ref. 3; Run numbers <500 from Ref. 4;
Run numbers> 500 are present test data.

2. Surface pressure measurements are also included on Boundary-Layer
Survey Data (Type 4).
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TABLE 3. Continued

c. Mean-flow boundary-layer survey matrix
(Type 4 Data)

RN, RE/}I ALPHA, X STATJON (NOMINAI)
in. 1 x10° deg sl altoln|1511w6] 18y 20f24]125] 2| 28] 30| 31} 32] 3]36]3 237
0.0015 | 0.5 0 272
1.0 0 112 111 110 109 108 107 2862
1.0 |« 459" aseP ase
457"
1.3 ] 373 |372 n 370
2.0 601 602, 663
3.0 600-
0.15 2.5 106 [10% 76 103 75 74
104 102 101
0.25 2.5 2558 249 28 240
254 208° 242°
207"
0.70 2.5 376 377 378
0.90 2.5 257
256
2.00 3.5 124 123 122
Y i 125
NOTES: 1. PHI = -90 deqg except where noted.

2.
3.

Run nos.< 200 from Ref. 1; Run nos. £300 from Ref. 2; Run nos.<400 from Ref. 3;
Run nos. <500 from Ref. 43 Run nos,> 500 are present test data

Superscripts:

a - ALPHA = -2.0 deq, PHI = 0. deg, windward survey

b - PHI = -85 deg

c - Cold wall data; TWL=525-, 64Q-, §40-deg R. for Runs 207, 208, 242, respectively.

A1l other data obtained at hot wall conditions (TWL 2 860 deg R).
e - Extendad survey of preceding RUN, a1l outside boundary layer.




TABLE 3. Continued

d. Hot-wire qualitative survey matrix
(Type 3/Type 4 Data), runs

4’

RN, REJFT ALPHA, X STATION (NOMINAL)
in. | x10 deg- o T1a| 15| 17§19 | 20 |25 | 26 |27 | 28 {30 | 31 |32 | 33 |34 |35 | 36] a7
0.0015 1.0 0 51 | 46 42 3 26 21 16 |15 |12 | 11| 8
1.3 0 373 1372 321 370
0.15 2.5 a 96 | 88 84 79 | 67 64 60 57 54
0.25 2.5 0 2559 208 240
254 207 242
0.50 3.5 0 140 141 ] 142 139 |138 134
0.70 2.5 0 376 377 378
0.90 2.5 0 2579
256
2.00 3.5 0 129
132
NOTES: 1. RUN numbers < 200 from Ref, 1; RUN numbers < 300 from Ref. 2; RUN nunbers < 400 from Ref. 3.
2.  RUN numbers 4 200 obtained as Data Type 3; RUN numbers > 200 obtained as Data Type 4.
3. Superscripis:

c-- Cold Wall data, TWL® 525-, 640-, 540-deg R. for RUNS 207,208, 242,
respectively. All others at hot wall conditions (TWLZz 860 deg R).

e - Extended survey of preceding run, all outside boundary layer.



TABLE 3. Contilinued

. e. PART-I. Hot-wire quantitative run matrix
{Type 9 Data) for ALPHA = 0, runs

<k 4

- T STt I'l!l \'l'hll
M. | mEAFT §ALPHA, - r g —r Nrram
' |aanc® des aAlrlefepradufiafarden] ajoefarfumfosbsof ol nlnfs]aafarfoalodm|nlw 'wlujn|w|m iniwiw ju N L
a5l o — LU D T S T N TS N P70 O T N 1Y O 7R O POLE O T IO LY I 1 ) L Y N O Lkl
10 1 @ wiwlaluwlwlwlaluaiul ] nf eln]lwleloluaialaloa{o]o]lw o{wfxje] . [ RS
o.00L 1. . e i . - e N A n_Jr¥i
1.3 '] b= U SN B Y e bso Ly DazsfaeasLicgtipae | manf i ginns] e g -l ol
.0 | o peatseatsetinsetung® sntfusatfaset ant|sart Bastlsent sant banitlspriopt bt gt s | N Coam_ep
18 ] o Pl  Ewsmie? -1
0.5 | &.% ¥ ninwInlwjulwlwjajelafal waln] ofalejalaiglalw]a lu [} L "\ '-‘"”,
: . : ) -] —_f— LRI
m my 1y ten
oas |24 [ ol sory 3 8 S T gl P bl i "'Jm pial it (17 whall L
| " 132 b Lize fira Loro [t 2ae Dana [202 e |22
AN acg [Pl R g m 4
- -~ - - =] b
' 1) [TEN SN
9.% |18 | @ ‘\-\— =194 -1-I-F -~ ¥ ~ ne | wena
) m wa |32 W | e ’
) ' \ e n i ST 1) el e LA
anr|as j o, FUTRUTRT {n 131 sz Jo P fae s ;;;_ by v [us{iie
: AN A N U N N N N TR O
teg |38 fo! ur

T
1. Bail stcdawdel W3e 90 Jug  fur KUNS £ 5003 PHE = -L10 deg For BADNS 7 500,
3. LN omharas 100 from Aaf. 1, LN ayakegy ¢« J03 From Rof. ¥3 EUN nusbeye ¢ 600 Trow Bef, 3y R -.-nru’ﬂ Cict Ref. 4 ¢ ond BOY yambern > 500 sre present Lesg gete.
3 Tve dim Iu: aaaingm dIsturbsnce onargy poaln wersd nocad far aone teme, "Cutar Pesk™ EUM sumbers liatwd sbwre dushad fiwa,
sy lvl wnbite lloted balow deshed llnn

l [] un-lll'llr far LN wumbass w0 moted: Fex okl C0hdd FAS dotn bwew shrolusd sa 1) vire sensleiviplas.
4 we “lonar pesk” shvarvad, date shipinad ¢ agpraaista belpit vhera prak wit previeely sheacvad,

& FART-I1. HatMire Ql-llllllllllll Hum Matr
{Urpe & Bata) for ALPHA 4 0, & e

W, | RE/FT (AR, __ __ FALJON _{nming .
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ey sm) My bar| M| e [ and ez Jad b | Ras foslaas :
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TABLE 3. Continued

f. Hot-wire anemocmeter and total-temperature probe calibration
in free stream (Type 6 Data)

RUN  PT (range) psia RE (range]xw's, per in. Hot-Wire No.
6 202-355 0.75-1.3 6
7 150-352 0.56-1.3 7
37 152-352 0.57-1.3 7
52 352-579 1.3-2.1 B
77 349-577 1.3-2.1 14
80 300-582 1.1=2.1 15
g2 300-577 1.1-2.1 17
114 400-804 1.4-2.9 3
126 399-808 1.4-2.9 2
133 398-806 1.4-2.9 1
137 399-807 1.4-2.9 16
209 200-580 6.74-2.1 31
226 201-579 0.76-2.1 33
243 199-579 0.74-2.1 40
301 214-581 0.80-2.1 4
304 298-583 1.09-2.1 6
306 582 2.1 7
316 296-581 1.09=2.1 8
323 ° 583 2.1 8
329 298-582 1.09-2.1 11
331 302-583 1.10-2.1 15
333 582 2.1 17
342 360-581 1.32-2.1 16
350 360-582 1.31-2.1 52
413 226-601 0.8B5-2.2 33
454 22B8-602 0.84-2.2 33
523 220-440 0.84-1.7 54
552 300-440 1.1-1.7 76
NOTES:

1. Run numbers <200 from Ref. 1; Run numbers <300 from Ref. 2;
Run numbers <400 from Ref. 3; Run numbers <500 from Ref. 4;
Run numbers >500 are present test data.

2. Hot-wire probes were numbered independently for each of the five
test programs represented in this table. For example, Hot-Wire
No. & for RUN 6 was not the same sensor as that used for RUN 304.
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NOTES:

1.

w

TABLE 3. Concluded
g. Hot-wire identification

Hot-Wire No. RUN No. Wire Diameter
6 b 20 y-in.
7 7-51
8 52-71

14 77-7%
15 80-91
17 g2-100
3 114-121
2 126-128
1 133-136 #
16 137-142
HF-4 207-208
k1| 209-225 20 p-in.
33 226-239,250-285
39 242
40 243-249
Y
4 301 20 y-in.
6 304
7 306-311
8 316,318-321,323
11 324-329
15 331-332
17 333-338
16 342,344-349 |
52 350-357,359-378 50 y-in.
33 414-427,432-447 20 p-1in.
455,460-470,473~476
54 523 20 y=in,
76 551,552 ,555-5659 50 p-in.
561-563,566-576
71 585 50 p-in.
74 588-590 50 y-in.
177 597 © 50 p-in.
73 610-616 50 y-in.

Run numbers <200 from Ref. 1, Run numbers <300 from Ref. 2;:

Run numbers <400 from Ref. 3; Run numbers <500 from Ref. 4;

Run numbers>> 500 are present test data.

A hot-film probe was used for RUNS 207-208 {HF-4)

Hot-wire probes were numbered indenpendently for each of the
five test programs represented in this table. For example, Hot-
Wire No.6 for RUN 6 was not the same sensor as that used for RUN
304.
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TABLE 4. Stations for Mean-Flow Burveys

S,in.
X(STATION)| RN,in. 0.0015 0.15 0.25 0.50 a.70 0.90 2.00
6 6.00%
10 10.07 9.08 8.40 6.73
11 11.18
14 14.10 13.11
15 15.10,14.93*| 14.11 11.76
16 2.73
17 17.12 16.13 13.78
18 18.08
19 15.95
20 20.14 19.15
24 24.01*
25 25.18 24.19 | 23.51 21.84 : 19.16 | 11.80
26 21.51
27 27.19 26.20
28 28.20
30 30.22 29.23 | 28.55
3 26.55
32 32.23
13 33.24 32.25
K1} 34.25
35 35.25 34.26 33.59 31.91 z21.87
36 36.26
37 37.27 36.28 32.59

* Indicates present test data.

& X, in.

r—

40,00 1in.




APPENDIX III

SAMPLE DATA
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ARVI¥/CALSPAN FLIELD SERVICFES,]INC.

REPMC BIVIF M

VON KAPVA, A5 DYNAMICS FACILLTY
ARNULN AIR FOKRCE STATION,
pQIINDAP L LAYFR STARILITY InVESTIGATIDN

Fild NUVBFR 5%1
DAFA TYPE 9@
ML WIHE ANFMDMETFH DATA
POTAT CUBREFHT  FRAP
(HaNP) (*N
] 9,003 0,00
2 u, 511 FAPL] |
k| 1,030 4R _57
4 1.601 5.9
-] 7.00n7 95,54
o 2.498 119,30
? J.037 148 96
] 1.510 1.5
9 3,900 192,34
19 4,276 213,09
¥} 4,603 236 11
12 4,997 254,55
ALVHA = 0,00
Kllh NUMKRLP 551

PAGE 1

EPNR
{uyy

535,74
537,432
541,17
554,18
555,17
563,24
572,74
570,09
SH% 16
5491.08
597 A4
602,94

Sample 1.

Thuu

e
(4 1.0 ]

0,00
0.00
G.0h
[ 1]
¢.on
[
.00
g0
0.00
Q.00
0.00
o,ud

T
(PEIMY

4,4493E402
4, 40hF 202
4, 406402
4.495h+02
4, 406k « D2
4 406k 02
4 10RF+ 02
4407402
4,406K4+02
4. 40PF ¢02
4 44Tk su2
4 404k ¢02

TTT
(DEG R)

1,317E4013
1,¥17ke03
1, 112E«1}
1.317€40)
1317 ¢}
1.3512%403
1,512¢403
1.5172Fs0]3
1,312E40)
1.312E+03
1.312%+4p2
1,.312%401

P
(PR1A)

4,59Theps
4, AIME-12
4 600L=D2
4.590E-02
4 hnoe=02
4, 600F-02
1,600E~02
4 . FOLFR~D2
4, ROOF =02
4,602E-02
4.60VE=02
4,599E~02

XSTA

Q
{#51A)

2,018,400
2. 049K ,00
2.049F 00
2.04HELQ0
2.04YF 400
2.044F4 010
2. UANE 00
2.049¢ 400
2.049E+00
2.050E+00
2.049E+00
2.048E 00

CONEF1G: SHARP T=DLEG CONE
= 13,00

T
tREG R)

5.,55hFent
LS IR NN |
9550k e
9,550k 001
9,550k 401
F.550F 401
3. 5% Fept
B.5%{ K+
a9, . 55iFaD]

‘9,95¢E+0)

9,556€60)
B.55(Ee b}

Hot-wire anemometer data (Type 9)

DATE CAMPULIFD  13=FFh=i5
LATE BECOFDFD 13- =Rh
TINF RFCARDFD 21 .1lW
TIPE COPPUIED N214h

PRWJECT

LTI T

(AN = 0 IG5} IN.)

1,671+ +0S
1.6TIReNS
1.6T3F+ub
1. BT2F 4115
1,673 405
1.6TIF¢0L
1,67 +45
1.6TAF+05
1.6T3L+05
1.ATIE+05
1,6TI+US
1.6TZE405

ZA
118,)

A, 170F-03
H,020F-01
A.a20E=-0)
A N2U¥r=a3
H 1 720E=01
U,020E=-04
R.219E=0%
Ho}F0E~0)
A, 1 20F=01
ANL0E=0)
B,020k-01
H,219F ~03
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ARVINSCALSEAr FIFLD SERVICFS, INC,.

AEDC DT¥IE M

YUN KAPRMAM

1«5 DYHAHICS FarInITY

ARMDLD RTR FNPRCE STATINA, TEMN
HOUHPAPY GAYFR STARILITY [NVESTIGATIDN

RUE NUMBFR 551

PUTHT

.-

B O el PP b

npATA TYPE 9

PAGE 2

HOT WTFF AMEMDIFTER DATA

Pt
{PSTA)

4, 403F+07
§,408E 402
4,40hF 407
q4,4u5F 02
4 _A0&E402
4. 40FL 02
4,406F40?
4.407Ea?
4, 40AF 0?2
A 40PL4 02
4_ 407k 002
4 404E402

ALFHA = 9

LI 1.977

RUN NUMBER

00

E 1 ]

T
[NFG R

1.312F¢03
1.312F+013
1,312F¢03
1,312F10]
1.312Fe0)
1,312F 03
1. 312F 401
1. 12E403
1,312F+9)
1.312F+03
1.,312FE+N3
1,312F+03

P
(PEIAY

. 17TE=D])
6,017 =-03
6. 11 Te=03
F AT7E=-12
[N NI ALK
f.477F-013
6 1TTE=0D
6,171F=03
6,.1176=ul
6. 1775-03
6 _17E=01
6. 1776=03

™I
{DEG KD

8.621F102
A.65)F402
B.66TF402
.64k 402
#.300F 402
A,720%4072
A,74Rk 002
8,753F+02
8,779 «02
8,794F 4072
8,810F 02
8.020€402

ip
rIN)

2. 100F =02
2.3100F =01
2.300F=012
2. 309F =012
2. 100F =02
2, 100F =07
2.30N0F=11
2,100 =02
2. 100F=02
2. ¥00F«=N7
2.30arF=02
2,300K=073

CONFIG: SHAFP T=~DEG COHE

op
TPS1IA)

J.An1F 00
1. RSk sUD
1.A0AF 00
I ALRE+CO
1. 91000
J.9)0e Q0
1,87VErU0
3. 020 p00
1.8720f +00
1.R72E +u0
I RTIR40Q
A.871L+00

Sample 1. Concluded

BATF
NATE.
TIHKE
TIKE

raOveuTed
PECDHODF I}
HFCNPDE D
COMPUTED

PRIGIEFT RIb ¥

KSTA = 13.00

ML

2.2N24F+01}
2.72036F4+0]
2.2039hL+01
2,2039K+01
2,2050k+001
2.72050F+0}
2,2053k+01
2,2050F+01
2,205%0L101
2,2056E+0]
2,2053+401
2,2053E401

TTIU/TTE

9, YeSE-01
9,310KE=0]
9, 310E=01
9, 174K-01
9,37iF-01
9,37k =01
9, ¥72e-01
9,373L~uI
9,3170F-01
N, 3Tuk=01
9,370E~01
9.31DE~01

TTL/TT

§ L ONGF + 00
} o (HYOL o (1D
t 090+ U0
PG00 GO
} MOk GO
101G U
[ R RH
t.AUGE » 04
| »00GEs0D
1 .900L 400
1,000k +00

1,000k +00

LY=F " =hs
13- ~HY
23 1A
az:4b

H=uG

(RN = 00,0015 IN,)



cs

ARVIN/CAIRPAN FIELO SERVICES,.THC.

AEDC DIV ON

VON KARMad GAS DYNMAMICS FACILITY
ARNDLD ALR FORCE STATION. TENN
BOUNOARY LAYER STABILLTY IMVESTIGATIDN

RUN" HUMBER 552 PRGE 1

DATA TYPE:Z 6, PAUBE FLOW CALIBRATION

POIANL N PT T RE
{PSTA) (NEG R)

T.97 I98.44 LILK.67 1.51SE+05
7.97 198.44 FILE.AT 1.515E+05
T.96 j48.84 1312.67 1.)29E#05
T.96 J48.84 1312.67 1.329E+05
7.95 7968.94 13:0.567 1.143E403
T.95 198.94 131k.47 1. 143E+05
7.94 438,74 1309.67 J.569E+05
T.99 436,84 §1309.8&7 1.670E+03

L R T

RUN NUMBER 552

Sample 2. Probe

DATE CORPUTEDR |} rHens
DATE RECHRUED b i-rEB-HY
TIME RECNHRUKY 2:13118
TIME CUMPUTED 02t36
PROJECT NO ¥V B=UG

CUNFIG) SHARP T7-DEG CONE (RH = 09,0015 IN.)

KS5TA

4 ML TTTU
tPSIAY (BEG R)
3.5144 T.9320 12208.11384
3.5)44 7.9320 12268.13484
1.0R41 T.9279 12268.54%58
3.0841 T.9279 1228.4515
2.6476 7.9248 1227,3076
2.6496 T.9234 1227.1344
3.8542 7.9391 1436.5072
3,852 7.9371 1126.6943

flow calibration (Type 6)

= 13.00

TITU/TT

0.91363
0.9343
0.93%4
0.93494
0.9357
U.9356
02,9365
0.9366

IH.
ETA RETD#2.5
0.9313 9.04IE+0Q

0.%11)3 9.04JE+0D

a,%930Y 8. 4H0E200
0,.9304 B, 4BCKY00
90,9306 1.810F+00
0,9345 7.817e+00
0,9315% ° 92.4H0c+00

0.9317 9. 4Y1E+DD



€9

BEVIN/CALSPAN FIFLD SFPVJCFS, INC,

BEDC OIV15T
VUN KAPFAN .

» DYNMMICS FACILEITY

ARELLY AIR FNECE STATIAN, TEMN
ROUNDAPY LAYFE STARILITY JW¥ESTLGATINH

RUN NUMRFR 603 PAG

QMCA TYPE 4
Fl¥ FLELD SURVEYS

POINT T Tr
(PSIR)  LOFG R)
1 4)19,°n §3n9,7
2 40,10 1309.7
3 439,90 1310,7
4 439_.F0 1309.7
5 A39.A0  13ny. 7T
t 439,90 f3uy9.7
1 3G .80 13179.7
g 4)0_.80 1309.7
? 439,490 131097
19 439,70 13in9.7
11 4. fu 14097
12 439,70 13097
11 4)9.60 1310.17
14 439,50 11149.7
1% 4319.40 1410,7
i 439,40 1310.7
17 439,50 131u.7
14 449,10 1310, 7
19 440,10 13109.7%
2 440,50 1109.7
Fd | 449,60 1309.7
72 4,70 13a4,7
23 440,50 ]13n9.7
24 &aa,Fu 130y, 7
79 410,90 13097
26 130,90 130v,.7
71 aan,TH 13097
28 44n,R0 1309,.7
29 441,10 1310,7
I 441,10 109,77
I &4n,10 BI0G.7?
32 440 R0 14097
33 440,90 1309,17
M 411,00 1309.7
315 441,00 1309.7

FHI =«109,9

M= 1.98

ALPHE = L ]

bFN = =pu,

PUN MUMEFF 6021

PT2

(PRTL])

DFG

1.781
3,708
3,191
1,787
3.787
1,101
3. 742
1.187
3,131
1,787
3. 182
1.782
3.7561
1,780
3.779
3,779
1.7h0
3.735
1.78%
3.7499
3.78%
1.7%0
3,784
3,791
3.7197
3.197
3,79¢
1N
1.791
1,191
3.796
1,191
3,192
1,792
3,192

[
(PRIA)

B _r1b
0 046
0,046
0,46
[ TT S
a.04¢
D_ndk
(I TTS
[N TTY
N_04b
& _aqh
004k
T
8,016
0,046
& _04b
0_n46
D adh
[T
0,046
o _a46
H_Mg6
9. 046
LYY
b_04k
D_d4qb
0,046
WYL
0,015
0,045
LT 1Y
0,016
B ndk
0, udh
9,046

P PP
tiF) (PRIR)}
n_ 0150 0,205
n 470 G.312
0,0508 N, 408
H,0el% p.5%0
n.0tie  o.RER
n.NKkl4 1. 24h
&, 090G 1,914
0.1ul3 2.F55
B.1120 4,069
G.1721% 5.43)
D, 1315 &.Tod
o 1414 7.414
0_14R7 7.551
D_1514 7.575
0 15R2 T1.5H8
D 1513 71.554
O _1oho 7.5y
N,1704 1.5%
O 1757 71.512
H,IE1] 7.513
O_1ERT 7.5006
0_1%17 T.50%
0,2016 1,503
n,2111 T7.50e
0.2214 71.508
n,2315 7,508
n,2411 T.5UL8
6.2611 7,505
n,?h12 7.500
0, 3009 T.499
n.3209 T.d8b
0. 3411 T.4H5
n,isln 1.4Th
0,811 1,474
o, 4013 7.4bR
PT = 4403
™ =1309,9
PT? & 3.18b
KF = 1.AT5R4DS
Al = 1.RBUI=0R
RN = 4, 9b5L400
Flow-fie

Sample 3.

Pl THI.
¥E1AY  (DREG R)
0,127 1N98,5
0,171 10992
0,12} 14y97,4
p_121 In9&_n
0. 172 In9g_7?
0,17 1097
0,121 1097 ,%
o127 LUK 0
D.12% 1u9H,.@
0,021 1HUR,T
G121 1097.%
t.023 N1, 9
0.121 1097}
0.121 1097.3
0,123 pu2 .
.71 10970
0.2t 1097,1
0,123 V07,0
8,127 097
4,121 §9%8,0
B 071 197,90
0,121 1998 ,1
v 1?7y L1096 .1
0,123 In91 .9
0,121 1499 0
0,121 }0N95,%9
0.123% J09R.9
G, 071 10YR &
0,123 13942
D127 1697,9
0.12% 10978
D124 VDR G
N2 109 .6
¢,123 1097.4
.12 1097.9

MFAN

FRIA
nEn A
PSS
PR N
LBF=-SEC/FT2
LRH/FT)

1d survey

CONFIGE SHARP 7=DEG COFF (RN = 0,0013 Lu.)

zZr
(IN]

v, 0114
U, UtaH
0. 0544
0,0R41
0., uTa2
[INTLY Y]
v.p93s
.14t
B 1146
1240
U.] 4L
6,1439
v, 14492
v, 153y
0.)547
U 1R}
N, 1hy]
V T2y
v, 1782
IS LETS
['PS L 7
v, 142
UV LLY
U 2130
B.7749
U, 2340
U,.2941
U.273%
0,296
U033
v.3233
.343%
0, 3R34
/PR LEL]
V. 4036

VALMES

data

XSTA = 24,00 IN,
TITU 2A TTA
(DEG R) (IMY I'FG R)
117,08 0, 0176 117).5
1162.6 D, 0446 LIRI_H
I1&R, T ©.0514 1195.8
t1Hd,3 D w61t 1216,
1194,.5 0,.0%472 1244,.7
1712.% .04 17488,.9
12301 8,095 129% .6
1247, 0 01040 1320.1
1294,2 6,004 1332.6
1240 6. 1240 1330.2
1238.% O_1344 1321,
1232.0 O0.1439 1314.3
122%,9 ¢.131972 1312,%
122%,.4 6.1539 13110
§226.4 0,.1%87 1310,9
1227.v  ©,.in3d  1310,2
1227.4 O,.1691 13In%.9
1221,6 4.V329 1309.9
1221.% 4,182 1309,9
1227.1 @, 1AR36  13INY,.6
1227.2 0,1892 309,60
1228 0,1942 139,13
1220.8  0,201) 130%.7
1726, A 0,213 13042
1?7n0.9 09,2219 13093
12h,9 00,2340 13v49.3
1221.6 Nn_2441 13109,.4
1227.y @0,2635 1309,5
1226.% 0.2834 13NH.9
1726,8 G, 4033 1309,
12271.4¢ 0,3233 [3INnT.4
122,23 0,341 13n%.|
1276, 0,3In34 130K.9
1226, 0,343 |y, 2
J22h .8 04036 1ANY,}
P = 0,040 TSIA
Pl = w120 PRIA
Twl = 1098,72 nFG R
¥ = 3870,1 FT/5EC
a= 2.047 TS5ia
T = 95,4 PEG R
(Type 4}

DATE COMEDTED  2)=AR- =KL
DATE. BECORDFU  15-F] i5
TIRE RFCORDFD G354314b
TIMF CUMPUTFD 22142
PRILIECT NO ¥ p~ub
[} LRETA
9,01F~-D1  1.TPRF+0]
1.3IFenn 2, 117874013
b,k 400 .42 «0]
$.93Es0 3,5 30F4+0)
2.39F 000 R,DTIEs03
P.9%F B0 R,29%GF 1))
A,61F 400 1.131Fe08
4.0 ] 502401
S,2%Fv0A  2.140r 404
E GRF 0N 2,707 404
6. 0F s 3,343 404
A HTFe00D 3, 5NRF 404
6. MENT T bk INE 404G
G E s Y 448401
B, 9UrINY)  1.642r ¢ 14
6, 89F e00 J,e2H) 404
B, AGF 00 3,825F ¢4
b HEF RO I bEYr enid
B, 67F 0 J.nEIL ¢4
FLHTE RO 3,615k 404
. HTE +00 J.60L L e0g
6, ATFrA0  J,611F¢04
R HTP OO I 60 3 +04
G, AFEFGD I . 6)ARe04
F,ATF 00 X, A141 048
o, ,hTEFAD I .46 3 +04
6,HTF 10U 3, h12F 404
A, HTE 0N 3.6L2ne04
f.ATF 1O Jun ] Ir 404
A, HIFENO 3. 6LUF sud
6. BBF N0 Y, AG3Fe04
fLRRF 00 .00 egd
h hub 00 Y. hbak 04
L RSEeON 3, 5975 09
6, ASL00 3 ,590F 404



2

ARVIP/CALSPRY FREELD SEHVICES,. [HC,

AEDC DIVIS 7

VUil KARMAE -5 DYKEMICS FROTLLTY
ARNULL Al FARCE STRYiINN,
BAULNARY LAYFR STRRLLLTY INVFSTLIGATINM

RUN HUBEFR .1}

PAGE

DATR TYPE 4
FLUY FIFLDh SUBVEYS
POINT P P /FPF
(1)

I A.0350 0,024
2 B 043D 6,087
1 A,n50B  O,uln
4 O a01S ¢.n79
S 8.07e D.b0n
a N _NEYY 0,172
7 0_n909 G, 25n
"IN TP T T B, 3R}
9 0_41da o heS
[ HUNEL S I 3 & 8,124
[ A R L] w304
12 0,314 [0 L
b1 A_§ER1 [T ]
14 #1504 1,004
19 D 1582 1,016
In % _Jo1l} T3
1?7 D16k 1,810
1 & 1704 | LA
19 6,135 1. 004
20 a,td1l IPOLIS
2L N 1sk] t, 605
2?7 6.191) [ 1]
21 o.2ile L.00%
24 00,2111 1,605
235 No2ivd [ETT]
6 8_2)115 1,008
27 60,2442 1.6G0%
24 B_7oi} k005
29 0, P} 1,604
19 09,1009 1.064
31 B _3208 1,007
12 ¢,.7411 1,002
33 f_.3a10 [P
314 60,3411 }.004
315 0. 4011 1.G00

PHI E==10%_9

LI
AlLPHAs

RUN NUMBFR

7.9%4
-h 0

any i

1A+

pEG

TE N

1

ML

F,41F=0}
1. 725F + 00
1. AHF 040
1.RPIF(ND
2.20F #0040
7. T19F 4N}
1,.43KsNq
4,21k +CI0t
5. M1F 4+ 04
S.RAF 0y
h,S2F 00
6 _RAF s ha
&, Pa0 B
A HOF D
& ,91LF + 00
&  AGQF ¢l 0
& B9 g
A ERFNQ
6 B7F+UQ
6, RIF400
A RIF Y
A& _A7F 100
A RIFENQ
A.RIF4NQ
fLRILNG
G RTE ¢010
n h7F+00
A HIF 00
6 ATF N0
A RTFENU
b, HRF+D0
h AnF+N0
A.AnE4NO
&, RRE40D
i ANF+00

k1./ME

0.1
112
a.214
0,247
0,11
a.407
w5401
Q.61
a.71a
n.k%2
uLa5i
a,.9'H
1 il
100l
1.608
1.060a
. 005
L .00
1,043
1.0
[ILLE ]
1.0U2
1.002
1.003
1.003
1002
1.0032
1.002
[
] .02
1.001
1.001
1.001
1.G10
1.6Md

PT
T

TN L
(LFG R) (DFC P)

11411 §172.1
11615 11010
1166, 6 11%).h
11717.0 12108
1190,4 12131.9
12n0k,1  14bl, b
1425,9 12RR_ 4
1213.% 1115.3
12538 134,22
250,77 1331,%5
Pran,b 1123.2
1211.4 tn .}
12%u.b  KIVY.S
1272%,.4  1312,0
1228,7 1311.3
1227.% 1110.5
1227,.4 L1D9 . 9
1227.4 1309,%
$227,6 1344.0
1223,2 1109,.6
1227,.3 130%.7
1227, b3va 4§
12726 ,8  1309,.2
1220, 8 1309,.2
$296.9 138913
12%0,9 34169.3
Lz27.06 13109.4
1227.1 L3044
16,5 13164.%
1326.7 13089.1
122706 11094
12260 13049,
1226.6 13089
12260 1349.2
1224 ,8 13092

WEAH
40,3 PS1A
a9.9 nFG R
0, 0460 PSIA
95,4 DEG R

Sample 3.

TTL/TTE TL
(DEG R)

a,A95 juli,é
[T Y Hog .0
0,910 A29 .1
0,925 724,7
0,942  hHb9,2
f,9% 3 493.6
f1.9R4 g, 4
[T Y FLL |
tLf87 218,19
VL.017 17,4
.0k 1314%,1
N 005 1271.2
1.a0) 125,1
b, 002 124K
1,002 124,1
1,061 174.8
1,00 1725.0
1.00G] 125,1
1.060] 145.4
1 .00 12%,3
1,000 125.5
1.000 145,5
1.000 175.5
1. 060 125.4
1,000 125.4
1.000 125,4
1.000 125.4
111 ] 17%.5
1,000 125,5
1,000 125.5
1,000 125.7
1.000 125,17
1,000 1258
1.000 125,9
1,000 126.0

VALUES

THL./TTE B
Phl. =

XATA

LA
(FT/8EC)

1,394E4+03
1 .HI4E e}
PR LTYEY E]
2. 4175403
4. T4UE 0
EPU R TAR R
3,297K403
1,50 E403
J.690E+03
4,79k 40}
3, 1172403
I, THuUE +0}
1, 774E403
3,7717e401
3,770
kP T IETE
3. 11IE+R]
3,771E+01
3, 7T7TIE203
I PR 0]
I TI2E40)
1, TTIE+0]3
3.771E+0]
3. TI2E+0)
kA FIXYILE
3. 112E403
3,712k +03
3, TT2F+00}
1, 7HE+0)
3.1T1E«)
3.T11E«03
3I.1TIE+D]
3. 1TuFR+40)
E N Y ATE ]
I.THE»0)

O.elgh
0.172

Tl =1094.2

Continued

/1€

0.3-9
B,44b
0,533
8.h1)
0.727
1, R
0,874
H_ 4911
4,310
LU RYY
b, 00
b 002
1,802
[ S ¥
1,042
1.40401
1.1
1,011
1.00%
[T
). 600
) L1040
1,00q
1000
1.0un
1,000
1.1H10
1,000
1,000
1,00
1.0u0
1.und
1.000
1.0unQ
1.0Gun

PS1A
NFG R

CUNFIGE SHARP T=-DE: COKE [(R¥ = 0,001% IN.}
= 24,00

DATF COBRUTFD  Z23=APN=Bh
DATE RFCORDFD  15-1 thh
TIWE HFrORGED H1hwilb
TIKEL COMPUIFD 22142
PROJECT NI ¥V B~

l“-

LRE LRET ERMS
1,951F00) 1.711E+03 2, 889902
J L2420} 2+812E40 1) 2,HRY91Fs02
A MEZE+0] . 206k+0) 2.88T1F4N2
5,959 ¢ 3 4. 212k4013 2, 0HT Ak 210
9. 12LE+0) S.611E01 2.8902¢ s112
L, 4hTF g4 T.5T11E+0} LYY

2.504F 004
4,571 404
A,.1350.404
].3n4F +05
2.0708E4+0%
2. 4FHE +05
2.570E+0%
2. 964 +0Y
?,601F +0%
2.580F+0%
?.573k s05
2,567+ 405
7.5558F 0%
?2.5%7F 4 0%
2.5952F+05%
2.550F ¢ 0%
2,552 40%
2.554F 405
2.554F ¢« 0b
2.953R 405
72.552F10h
72.5%2F+05
72551 Renb
?.549E4ud
2,544k 105
2.540L405
KR LT AT -]
2.53tF 405
2.5301 +0¥5

EDGE

PPF
¥R
TIF

V.04 e0dd
1.4513r¢004
1907k
2.bvhke0d
1,232k a i
J.559F 404
1.621E ¢4
JoniTe+0d
J.hdhe 04
EN R FIXTL ]
1,077 404
V,ht3r.404
J.bldE4048
J.015E 404
3,617 4014
I.ol1b04
361204
3.619k+04d
3,614k ¢n4
1.613ks0d
1,012k 4014
J.612F 244
1.617L+04
Y .61k +04
1. 504 404
3.ANAE+0O4
. BuIEe04
1.59Trqud
1.%96k+04

VALUES

T.4hAF40C PSTA

A HB2F400
1.,I0%F+03 NIG R
G.ITTF404 FT/SFC

P HINIF 402
2 . MhRYr b2
7. .HiABEFe0?
FLLYIRT
2.0eackin)
2.0 1ukEei)}
FELLELY XYY
£ RHESE DD
T.Mdd5re02
2. K0T e 7
FILL RN T ¥
2.,Hndng e}
2., HnThE ety 2
2.Ak11Fe012
2.unihkefi2
2.nhbhksd?
2. Anbrken2
2.98dF 0
2.6R%4F v
2. hdAddl a0 )
2.68501Fe02
FLLE ST W
rL L LT RN
2,Aonzutu?
2. kM ANk (2
2. HB2BF e,
FS L R TF]
2.m82]E402
.88k 0}



ge

PRVIN/ZALSPAN FIELD SeRVICRS.INC.

PEDC DINIS?

ViIN KAPMALE 3 PYHAMICS FACILITY
Mreuldy 1R FNrCE RTATINN, TELN
FOULDARY LAYFK STARELITY JNYFSTIGATINN

RUR HunKER an3 PAGE k|

NATA TYPE &
YALFL SIIKFACE MEARUPLMENTS

CONF1GY SUARP J-DEG CNHF (AN < aQ,001% 1IN,}

Thv & THETA [ s PW pAasp T/C L]
BT (hERY (PSIA) tFsI) [Y)
L] 19,150 0 n.1259 0.0001 2,.7596 1 16,790
4 190 n n 12083 D.0ND2 2,15086 2 1, 390
k] IR_2I0 L] n_ 1342 0,bN0? 2,750 3 17,4990
4 JE.2 0 n.145h 0.0002 2.15%n 4 16,290
5 34,240 1} 0.1242 n. 0002 7.759. % 15,2090
[ 14, 2%0
7 0, 7310 n N, tINg 0. 0002 2.15496 7 11,299
? 28,210 0 0,124 O.0003 7.1546 ] 17.710
4 26.24D n n,125R8 D.NOLI 2.15496 2 1.2
14 24.731p o 05151 - Q.udud 2.7596 10 24,430
bt 27.730 [ 0,t17S 0.0642 2,759 i LR
12 IR EL o a1 0. 02 2.1T0296 12 M,
11 17,140 [} 0, 1270 0. 6601 2,.1%9 1] 24,34
14 15,140 a 0,119) 0.ulul 2.7598 1] 76,2340
) 13,1160 ‘0 o111} G U002 2.159 1% b,
16 Li. a0 [|] 16 ?4.23u
1 9,144 n N, 129 0.0007 21,7596 1? ?1.23%0
L] 2,110 n 0.1315  G.u0u? ?2.71%4b '
19 H 110 270 0,1272 G000l 2,7504 ' 19 ?1.140
70 .11 180 0,1299 a.uno?2 -2,.15%6 20 70,140
21 3n_ 214 2in 0.135%4 0.004G5 2.759% 21 19,140
27 16,7310 1B 0.130] n.u00l ?.75%6 22 19,140
23 A9 40 210 n_1301 G.0002 2.19%% 23 17.140
24 38 794 180 n.1406 f,0n1? 2.75%
25 27.7130 180 0,t183 a,0002 2.75496 25 15,140
26 14.140
?7 13,140
Y20 120140
79 10,640
30 fu_.14u
k1 4,140
32 B.)d0
THE VALUES OF THE FOLLOWING THERKOCODPLFS HAVE BEREM JHTFRPNLATED [}
MEAN VALIES
ril =s«jice.9 DFG PT = 440,1} psIA THRK = S507.1 DEG K
H = 7,96 T =1In9,9 DFG; R
ALPHA 3 =0,0 DHG P e 0,0460 PSIA T = gh.q4 DLG K
¥ w 2.40L2E4 01

RUN HUMAFP 6013

Sample 3. Continued

X8Th =

THETA
¢DFR)
180
10
180
160
LY
1k0
16
1nh
1R
LR
L1
[ L]
|1
180
188
180
180

180
18a
1840
180
1da

180
1480
1A0
(11}
IR0
Ian
180
j80

29.0n 1IN,

TH sh TW
{DFEG R) {(DEG M)
100413 0,22
1021,0 .31
1035,7 .43
1047,y 0,55
FILLL TR O | 0,60
105%9 & 0,A13
1069 4 1.00
INTE k .17
10k3, 9 1.18
11 6 1,7k
1030 1.23
109),2 1.0
1875,.9 0,712
L7, 0.4%
10%1,2 0,44
1013 .4 0,62
1101.8 1,47
1a93.% 1,69
toRi,5 1,97
1n73.5 1.R%
147%5.6 1.71
1072.8 .ol
197),0 1.52
10kl ,4 1.4

25 27

DATE
DATE
TIFE
TIKE

COMPIITFD
RFCARDFD
RECAKLED
CN#PUTFD

PHOMECT NO ¥

THATT

0,107
0,774
0,11
0.799
0,004
L
f.41lb
0,523
0,427
0.311
n,847
0.81%
n.837
Q.18
o.84R
[ ¥ L]

6,841
0,639

a,B211

0.82)
u.B23
0,819
u. 817
v,8]]

23R -5

15=F 5

5543126
22:42
H=0G



ag

ARV INATALSPAM FIFLU SeRYICFS, INC.

AEDC DLIVIS!

YUN KFAPMALH 3 DYKAMICS FACILITY

ARNULD ATR FDRCE STATION, TENM
BULHDAMY LAYFH STANIGITY (MVFSTIGATION

RUN NUMHER 603 PAGE 4
DATR TIPE 4
INIRGRAL FYRLUATION
POINT ZP/DEL PRZEPD

1 3,73af =02 ?.750L=02
4 1,03?F=-n]  4,179F=02
3 1.,2fnfF=0N] S.461L=0%
4 1.933Fk=0] T.940AkeN7
L 1, 7N1F=01 1.163E=-01
[ 2.078E=011} 17172k =91
7 2,205F =0k 2,96 k-0
] 2979k ~ir} 1,R22E=u|
] 2.7918 =03 5,949 -0l
10 J.078¥ =0} 7,275 -4l
1" 1.271F =01 .05 7t-01
1? 1.924E=0)  B,.955H-0)
11 J,aint =01  1.001reud
14 1.113F=p1 1,014} 00
1% 1,8%2F =01 1.MAF+0D
1é Q.0 18F=01  1.011F4u0
12 1, 152F-D1 1.A010r 400
L 4 2ABE=]  1.PUArR 00
19 4. 3THE=01 1 DuRE 0D
29 4,51 9F=n)  1.D0uRFauf
21 §,652F =N} 1 NS 00
22 4, T7k=0] 1 ,.N0AReQN
21 5, u?4F =01 1,00%E:00
24 Y. 2Rk =01 1. 00%+0N
5 5. 517F~-01 1.008E:00
76 S,709F =01 1.0uSK 0l
27 n24F =01 | B0S5F 04
2R 6,500k =0 L.008F ¢u®h
29 7.607 =0  },009Ee00
n 7,474k =0} 1.00LAC 0D
3] 7,991 =0} |66 00
3? u S00F =0t )02y «+00
33 9.994F =D 1N E40D
14 9,491 =01 | N0NE¢HY
% 1.0G0OF4D0  1,00DEEDD

PHI ==]03,9
H 7.,ue
ALPHA -0,0

RUN NUMRFR &03

I FG

DFG

HL/PD

1,30)5 =01
1.6I9F =01
2, 155F=11
2.673¥-0j
3,304k =li)
4,070~}
%, GN51=N1
CPEELE
7. 1S5AF«N1
H 91 Tk=i1]
a,.4) 3k -0
9. 4717 =0}
} UGl 400
t.a0TF 40
1. NRE gt
1 .006F o+ N0
1 RF 0D
1.004F 10
1,003k 0D
b OF N
Joua3dl 400
1. 062F 3800
1,502k 4110
] b AF 0
1.003F 400
1,002k 400
LufZL 400
1,.002F N0
| LO02E 400
1 .uN2F 010
L, 0N |F400
L ON{EeNG
1,00 F 400
§.O00F 400
10006400

TTL/TTD

R.9%5F-~U1
T,.021t.-01
9. 1u3r=01
9,249E=01
9,4251.-01
9 AIGE-UL
9, R45E-01
1,005 +04
1.0) M +00
1.017F+00
I.ALEQ0
1.00KF ¢UD
1,043L+00
0025400
1,PUZE+UY
1.001F+00
1 AUTF 4 O
1.001E+0U
1, 10tF 00
t,00F 40D
1.00aL 4OV
1 N a0
1.000F 404
1,000k 00
1,000k 40U
1.000F ¢00
1.000p 00
1,600 ¢
9,9Y8E-~-01
1,000k + B0
1.000F + 00
I . DUaE 4 G
9,949AL~D)
t.udEe U
) LOONE4DD

nFL = 4.01E=01 1N
nFLes & %, 004F~02 TH
PELesx 3 Abhr=03 TN

TL/TN

4.024F+00)
T 182F «010y
b .hA6F 00
S, 752E400
4.8145F N0
3. MuE N
1,081F+00
2,297F N0
1.737F 010
135300y
1.10uk + 282
1 009K v 1)
9. 93)IF-0)
9,59 )IF-0y
9. hTaf-ay
9,906F-N1
3,419 =11
9,929k -ny

LRED = 2,530E405 PER IN

Sample 3.

BATE
DATE
TIMF
TIhE
PPOE

COMPUTFD 2
RECORDFD |
RECORDED

CNupuyEd 2
T WO ¥V b=

£ONE JGz SHARP 7-DEG COHE {RR = 0,0015% IN,)
KSTA = 24,00

RUOL/RHD

1.245K=0]
I.Y9HE=-1]
1.51Hk=N1
1.73%.~m1
2.0AHF=N]
245 3F=
3.2775-10]
4, 3% iF=n|
5, I5HE=N1]
7.392k-01
G a159k =01
4,49048~0]
I .391100
1.91LR#*N4
$.00 ey
J1.0OYEs Y
1.00KE4 00
1.007f¢00

LT

3, AR6F-M
A Hnde=-01
5,.531F~0)
B.410E=01
T.2hhE=-0
B, 0%7~01
0,744L=0)
F.312-001]
Y hy9nE-ul
9,.90nE=01
1. 0unp g
1.002F+00
1.Qu72Ff Ny
1. UU?F +04
104U 2k 00
[ LU R
1.OUVIF el
L.ODIFRG
L. E ey
Y .OuRFs B
L rudkefin
1.0uDE40D
1_nanEi00
1. 00NF 400
1.0unfE 400
1.M00k+0U
1, d1UF +00
1. 0UOE +O)
1.000F+00
1 . Ny e0N
1. 000k +00
1 ,0U0uE DN
) ,UUNF N0
1. 90NE +Q0
1,0JUE+0Q

1, 20UF 402 OFG ®
1.3094F403 DFG R
1, TT{F¢u3 FT/SFC

g _U53IE=-01 1.005%E400
q9_,9449F-01 1.002F1 D
g _YSkk=01 1,04 +0)
9,9¢2F-01 1.004Le )
9. 49%3k - 1, DU0&E N0
9.954F N1 1.00%F40u
9.,953F-N1 1. A058E+00
49.956F=-01 |, ,004F4N0
Q. 95IF=01 I, 004Ky
G4.454¥ =01 | JNNAE ¢ NU
G 959K =i} 1, NU4E Y
S.962F =0t 1, 004K+
5. 980F~01 1,002 00
9. 979E=01 1.002E00)
9_988F~01 1.00|F+00
G.99TF~01  |,atHIF 00
1.000E:00 1 NOUEENY
VALUFS AT DFLTA
PPN = T ARUF 480 PSR
HD = h, B524p 400
™ =
TTHh =
i =
Concluded

NUTL/MNTRH

5,953k 00
2,507k + 00
5 .204F +04
a4, 73 F 00
A, 108K +dd}
3.547k 00
2. 844400
? . 299F ¢ 1t
1oldbksuw
1350460000
f I ObF 408
L UBOF Ltk
9.9 1=}
. 09I =0y
Q_ Rk =111
9, 9Nk -01
9. %19F =01
9,524y =01
9.9%% =1
5,914k =-01
5,95%RF =01
Q. YA2EF =01
9,9%kk =01
9.,49%aF -1
9,953F -0}
9, 95%hE =l
9,495 -01
LY T Y|
9,499K <]
9,49hIF =yt
9, 9R0F -1}
9.979E =1}
9,9AAF +3 1}
9,171k -41)
(WL YT

1IN,

PRI AT +]
§=F EY-]
5154126
2142

oG

LPEFLFED  PITTL/RITTD ERET/LKEID

7. 711F=03
1.235F-02
) A1AF =02
2.396F~02
J.,A05F=02
Y. 79kE =02
9.90ut-42
1.1493E-01
1, 216F=u]
5,413F=01
HoLRIE=0)
Y,HITE=ul

LoObak el

1.024F ¢ 0
1. 02nF 0D
1,070k a0
1017400
|, 0145F N0
1.010F 00
1.011F 00
1009 00
1,0inF 400
) LUNVE 308
1, 0609F 00
1., 0DINE 400
1.N09F+ 00
1., UNSF 100
| .ONYE 40U
1, u08F LU
1, ultgk s+
] LONGF U
] LUN4AE+00
1 .A02F 00
§ . 001F¢00
§ LUQOE + Q0

RUND = 2,626
RHNil = 9,907
|urTD = 1.014
BITTD = 5.407
LRETD = 3,590

3,4n9K~-0]
3,A0ALE=01
4, 400k=-01
5, 111L=-01
6, 399L=01
T.692€ =01
9.629L=01
1.,029L+00
1.1 0AL+OD
b 103k 00
1.067E100
1.048F400
1 ,02hke i}
1,01 30
108041
LU e0D
1.0udkeDD
1.004E U0
1.00%ke0D
f.Pu2R 0N
1.003FKs0n
1000k 4920
o Yiehk=(1
1.0udlE sl
9. 960k =111
O, 94%Hr =0}
Q_ YyHE=1}]
1.60ZEL+00
#.93Te=-u1
1. G00r400
1.002r400
3,%53c~01
1.000L+UD
{.UuiE+00
1.00uUL+00

E=0) LAN/FT

4,9260F~02
T.20k =02
B, 916E=02
1.L716=01
JY900E=0)
2, L0%-0}
2.494F =0}
4,042k =u1
5,.575E=01
T.7445F =01
B MK IE=-0]
G, HGE~01
1.00TE+0OY
1011+
1 U L4F o Uik
1.0 1OF w1
1. U9 U
1,007 00
[ LY Y]
. Ofthy u0
1,004k +00y
J L HRAF 0
| -LN4F 00
[T R XY L]
1. UUSE Ul
1.00%E+00
1,005%k¢00
1.003r 200
1, 0UF 00
1005400
1.002Fsud
1.900000
} LU LE+0D
} 000K +00
1 aN0O0E U0

FeOD LAH/NFC=FTZ
p=07 LPF=SFCAFT2
Fe01 BTU/ZLBY

Fed I'FR IN



FA]

BAVINACALSPAN FIELD SERVICFS,.INCG,

REQOC CIVET"MH

VYIN XKARMEL ;A5 DYHANICS FACILITY
ARNOLD AIR FORCE STATEO#. TENN

BOLNDARY LAYER STABILIFY ‘IVWESPIGATION

RUN NUMBER  §91 PAGE
DATA TYPE 1
MOLEL SUAFACE NEASUREMENTS
‘TAP s THETR PY pu/p 1/C
SeL} ILDEG) (PSIRY
39,7190 ° OJEHGE  2.7195 "
2 18,190 v 0s1H9% 2,7313 2
3 in.290 D 0.1993 2.8192 3
L 36 . 290 1] 0o 441 2.1344 &
5 34,290 [ O.1066  2.69b6 5
]
L) 33,130 [ 0.19E5  2.BbES 7
8 208,230 ° 0.1974  2.8524 B
9 26.230 D 0.19h% 2.0455 9
10 24,230 0 0.1013  2.6491 )
1L 22.230 v 0.YR5R  2.6B1O 11
12 20.)40 D D.1BD2  2.5038 12
t3 11,4 ] 0.1903  2.T499 13
14 is.140 Y 0.1830 2.6443 14
13 11,140 [ o.1t98 2,585 L5
16 11.140 D 15
Li 9.ido 0 D.1944  2.8094 17
e E.140 0 0.7032 2.9358
19 11,140 270 0.2032 27,9161 14
0 11.140 {ao a,1946 2.81113 24
21 30.230 270 0.1959  2.H111 21
22 30,230 140 0,199 2.8736 ¥
23 3%.790 270 0.14928 2,7664 23
24 319.790 1ed 0.1886 2.7251 24
W 22.330 ., 180 0.1894 2.7359 30
26
21
28
19
30
31
32
IC10L 1134.670 TCLO2 134T.670
PHT ==109.9 DEG PT = 676.2 PSIA
M= 3,0009 T = 1331.7 OLG R
ALPHA = 0.0 DEG P = 0.0692 P51
DEW = =57, RE = 0,249E+06 PER IN
- PE2 = 5.736 PSIA
Sample 4,

RUN RUMBER 591

CONFIG: EHARP 7=DEG CONE.(RN = 0.0015,I4.}

5 THETA ™
‘{IN) (UDFG) (DFG R)
in. 790 1HO
38.290 "1HG 1036.1
37.590 ‘1o 10%54.5 -
16.290 1HD
35.290 ‘1RO 1078.3
33.290 1RD
33.290 100 1R B
32.230 180
31.230 10O 1107.1
29.930 1HO 1112.3
29.210 1AD 1121.7
26.230 1RO 1128.6
27.2130 10 1129.8
26.230 1HE 1137:89
25,230 140 11341.5
?4.210 (L1 1145.8
23.2130 1RG 1169.1
21.180 140 1149.6
20,140 180 1147,1
19,140 1€0 11417
1d.140 1R0
17.140 1440 1135,3
16.140 Lho
15.140 180 1125.5
14.140 140
13.140 180
12.140 14O 1133.2
10.840 180 110t.9
10.140 VA0
9.140 180
8.140 180
103 1072.670

TORK = 501.7 DEG R

TuiTT

a.740
0.792

0.810
0.A14

0,831
0.415
0.842
0,847
0,848
0,854
0.451
0.860
0.863

0.8563
0.861
0,857
0,853
0,645

0.836
0.827

Model surface measurements (Type 2)

DATE COMPUTED
BATE RECOHRDED
TLIHE RECOWDED
TLIKE COMBPUTED
PROIECT NO ¥

15=""H=H%
[E-] J=H5

2193 9
02:20
B=-03



8¢S

ARVIN/CALF™AN FIELD SERYICES. THC.

AEDC DIVI o .

VOH KARMAN GAS DYNANICS FARCILITY
TENNESSFE
BONNDARY LAYFR STABILITY IHVEST

ARNOLD AIR FORIE STATION,

RUN NUMBER 550

OATA TYPES SURFACE HFAT TRANSFER

GAGE s THETA onoT ™
NO I DEG BTU/FT2=5EC DEG R
Y 382790  180.000 ' 1,223 ¢ 56,89
2 36.290 180,060 I.185 500.66
3 37.590 180.000 5.(11 S94.00
4 36,290 140,000 L2112 600,20
5 35,298  180.000 d.91s sul.08
6 34,290 180,000 1.268 603,75
? 33.2%0  180.000 f.114 606.43
g 32.230  [RO.00D 1.163 610,62
9 31,230 JRO.000 1.238 612.15
10 79,930 tu0.0on 1.235 612,45
1 29,230  1HD.0AD 1.436 613.95
12 28.230  §BO.0L00
13 27.230 1BD.00D 1.102 613.38
14 76,230  1HD,000 1.311 618.24
15 25,230, 182,000 1.217, 617.6%
16 24.230 180.000, 1,.325 616.51
17 23.230 180,000 §.913 11768
13
19, 21,140 180,000 1.021, 6OB.37,
20, 20,540 160,009 0.811, 404,32
2], 19.140. 180.000 0.941, 599,.0%
22 14.440  1HO.0DO, 0.687 592.64
23, 41.140, 180.000, 0.789, 589.18
24
25 15.140  1BO.OGO 0.573, 582.33
26 14,140 ' LHD.u00 g.624, S80,.2%
27, 13.140  180.000
28, 12.140 188.000 0.405 578,52
29, 10.A40  1B3.000
30 10,140  ¥BD.00O 0.1,72 576.05
1, 9,14p 180,000 0,475 57t 10-
¥ B.140  18p.000, 0.532 57723
PHI, = 6,02 DEG PT, 2 440,94 PSIA
% = T.98 I a 1310.67 GEG R
ALPHA = =0,.06 DEG P = 4.AD3E-02 PSIA
DEw = =155,40 LEG F, RE 2 2.011E+06 BEH FT

RUN NUMBER 50

WUz, 7ub84E=0B LBF~SEC/FI.

Sample 5.

SHARP 7-DEG CONE (RN=0.0015 IN,)

HI(IT) ST(TT)
BTU/FT2=SEC-R
' 1,704E-03 1.3716E-03
Y.bAZE=0J 1.326E-03
1.63%E-01 1.320E=-03
1.707e-03 .3177€-03
{.290€=01 -B41E-03
.794E=-03" 1.447E-01
SH2E-D3 $.276K=03
1.948E~03 1.5T1E-03
1.769E+D3 1.42bE-01
1.770E-03 1.427€=03
2.061E-03 1.662E~03
1.581E=03 1.275E-03
1.BY3E=03 1.526E=-0)
1.442E=01] 1.485E~03
k.¥10E-01 1.540E~03
5.795E=-03 4.802E-03
1.453E-03 1.172ED3
L.LeayE~03 9.26RE-04
L.323E-01 b.UB7E-03
9.50TE-04 7.7231E-04
L,093E-0 8.029E-04
7.BaBE~(4 6.355E-04¢
H.545%E-04 6.904E-04
5.532E~04. 4.469E-04
2.33HE=04 1.99RE=04
6.472E-04 5.2296~-04
7. 24RE-04 5.0856E-04 -
% = 3821.19 FT/SEC
G = 2.050 PSTA
T o= 95.49 UEG R
vz = v 8 PS1A
RHO = 1.301E-0J LBM/FI}

Surface heat-transfer data

DATE COMPUTI I=-FER=8Y%
TIME COMPUNEL. D1343301
DATK. RECORDED 13-FEM-H4
TIMNFE RECURDED 1:43:22
PFHUJECT NUMHER V B+GG



