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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 Dynamics Test (AEDC/DOF). The AFWAL program manager 
was Kenneth F. Stetson and the AEDC/DOF program manager was Elton R. 
Thompson. The results were obtained by Caispan Corporation/AEDC 
Division, operating contractor for the Aerospace Flight Dynamics testing 
effort at the AEDC, AFSC, Arnold Air Force Station, Tennessee, 37389. 
The test was performed in the yon 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-OG). 

This test was the fifth in a series of studies designed to 
investigate the development of laminar boundary-layer instabilities on 
sharp and blunt cones in hypersonic flow (Refs. I-4). The present 
investigation extended the studies into the region of initial 
development of the instabilities, that is, near 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 obtained. The 
model configuration was a 7-dog (half-angle) cone with a sharp nosetip 
(0.0015- in. r~dius) only. The test was conducted at unit Reynolds 
numbers of 1.0-, 2.0-, and 3.0-million per foot and angles-of-attack of 
zero and -4 degrees with an equilibrium wall temperature ratio (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. I) is a closed circuit hypersonic wind tunnel with a 
50-in.-diam test section. 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 Math number 6, and 50 to 900 psia at Mach number 8, with air 
supplied by the VKF main compressor plant. Stagnation temperatures 
sufficient to avoid air 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 jackets. 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. I-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 
sections (Fig. 2). In the present study, a nominally sharp nose of 
O.O015-in. radius was used. 

The model was instrumented with 24 pressure orifices and 30 surface 
thermocouple gages. Table I lists the instrumentation locations and 
indicates that the top centerline (THETA = O) 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. A model installation photograph is 
presented in Fig. 3. 

2.3 FLOW-FIELD SURVEY MECH;u~ISM 

Surveys of the flow field were made using a retractable survey 
system (X-Z Survey Mechanism) designed and fabricated by AEDC. This 
mechanism makes it possible to change survey probes while the tunnel 
remains in operation, me 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 40-in.-iong by 4-in.-wide 
opening which can be sealed by a pneumatically operated door when the 
mechanism is retracted. Separate drive motors are provided to (I) 
insert the mechanism into the test section or retract it 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 mechanism at the foot of a strut that is extended or 
retracted to accomplish the survey. The direction of the survey with 
respect to the vertical is fixed by manually sweeping the strut to the 
selected angle between 5 deg (swept upstream) 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 O.IO-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 to monitor the rake temperature. The 
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tubes were slotted to accommodate spring clips 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 ~he Woilaston process, of 20- 
or 50-micro-inch nominal diameter and approximately 150 diameters 
'length, were attached to sharpened 3-mil nickel wire supports using a 
bonding technique developed by Philco-Ford Corporation (Eel. 5). The 
wire supports were inserted in an alumina cylinder of 0.032-in. diameter 
and O.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 inside diameter was obtained. The outside surface of the drawn 
tube was subsequently electropolished to a diameter of 0.012 in. to 
minimize interference with the flow field surveyed. 

The unshielded total temperature probe was fabricated from a length 
of sheathed thermocouple wire (O.020-in. O.D.) with two O.O04-in. 
diameter wires. The wires were bared for a length of about 0.015 in. 
and a thermocouple Junction of approximately O.O05-in. diameter was 
made. Details of this probe are shown in Fig. 5c. 

2.5 TEST INSTRUMENTATION 

2.5.1 Standard Instrumentation 

The measuring devices, recording devices, and calibration methods 
for all parameters measured during this test are listed in Table 2. 
Also, Table 2 identifies the standard wind tunnel instruments and 
measuring techniques used to define test parameters such as the model 
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 to measure the cone surface temperature. The coax gage consists of 
an electrically insulated Chromel ® center enclosed in a cylindrical 
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 procedures 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 approve,mate diameters 
of 0.062-in., were connected by tubing either to Druck~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 is 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 
f in i te heat  capacity of the wire. A square-wave generator 
(Shapiro/Edwards Model G-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 Bell and Howell model VR3700B magnetic tape 
machine and to the tunnel data system for recording. The sensor 
response a-c voltage was fed to an oscilloscope for visual display of 
the raw signal and to a wave analyzer (Hewlett-Packard Model 
8553B/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 ra t io  of 35 db for a 1.000 volt rms output and a 
frequency response of +i 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 is periodically 
checked on 1, 10, and 100 volt ranges. The sensor heating current and 
mean voltage signals from the. hot-wire anemometer were also 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 lO-psid 
fu l l  scale. The small size of the pitot probe adjacent to the or i f ice 
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(Section 2.4) was characterized by time delays for the stabilization of 
the pressure level within the probe tubing between 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, oR V, ft/sec Q, psia T, oR P, psia RE/FT x I0 -6 

7.94 220 1280 3775 1.04 94.0 0.024 1.05 
7.98 440 1315 3827 2.04 95.7 0.046 1.99 
8.00 675 1330 3850 3.10 96.4 0.069 2.98 

A summary of the present testing is presented in Tables 3 and 4 
together with that of each of the four previous efforts, which are 
documented in Refs. I-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. 
I, RUN < 200; for Ref. 2, 200 < RUN < 300; Ref. 3, 300 < RUN < 400; Ref. 
4, 400 < RUN--5OO; and for the present testing, RUN> 500. 

In the continuous flow Tunnel B, the model is mounted on a sting 
support mechanism in an installation tank directly underneath the tunnel 
test section. 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 injected into the airstream, and 
the fairing doors 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 are deployed for measurements 
by the following sequence of operations: the air lock is closed, secured 
over the mechanism, and evacuated; and the access door to the tunnel 
test section is opened. The various drive systems (see Section 2.3) are 
used to inject the probes into the test section and position the probes 
at a designated survey station along the length of the model, the shield 
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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 concluded, the shield is closed over the probes and the 
mechanism is repositioned along the model. When the surveys are 
completed or when a probe is to be replaced, the X-Z Mechanism is 
retracted from the flow and the access door is closed. The air lock 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-vertical 
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 probe and 
model surface using computer-assisted image analysis techniques. The 
software for making these measurements was designed to locate the lower 
edge of the 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 accuracy 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 hardcopy 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 accuracy of 
this measurement technique was determined to be better than ±O.O007-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 vibrations and to calculate a correction factor for the 
measurements if required. However, vibrations of the model and probes 
were negligible when measurements were made under the present test 
conditions. 

The model was oriented in roll to avoid 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 prior 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 constant 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 unlocked 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 boundary 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 vicinity of the hot-wire. Surface pressure 
and temperature distributions on the model were obtained 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 4. 

3.2.1 Hot-Wire Anemometry Data 

The hot-wire anemometer data acquired during the present testing 
were of two general categories: (I) continuous-traverse surveys of the 
boundary layer to map the response of the hot-wire anemometer as a 
function of distance 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 case 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. 
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Quantitative hot-wire data (second category) were acquired at 
locations determined from the continuous-traverse surveys ( f i r s t  category 
data). The point of maximum rms voltage output of the hot wire, the 
"maximum energy point" of the profi le, 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-zero to obtain a measurement of the electronic noise 
of the anemometer instrumentation. Each wire heating current, wire mean 
voltage (d-c 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 t ime the parameters were being recorded 
(generally, 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 
layer. 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 Data 

Surface pressure and temperature distributions on the model were 
obtained to supplement the boundary-layer profile data. For surface 
heat-transfer data, the model was injected into the tunnel test section 
at a fixed attitude. The data were recorded continuously 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 quantitative measurements made 
using hot-wire anemometry techniques requires a knowledge of certain 
thermal and physical characteristics of the wire sensor employed. In 
application of the hot wire to wind tunnel tests, two complementary 
calibrations are used to evaluate the wire characteristics needed. The 
f i r s t  calibration of each hot-wire probe is performed in the 
instrumentation laboratory prior to the testing: the probe is placed in 
an oven, and the resistance of the wire is determined as a function of 
applied wire heating current at several oven temperatures between room 
temperature and 600OF. The wire reference resistance at 32°F and the • 
thermal coefficient of resistance, also at 32°F, are obtained from the 
results; ~he 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, i t  has been established that the 
exposure of the probes to the elevated temperatures of the oven 
calibration often serves to 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 
characteristics of the wire sensor as functions 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 various 
wire sensitivity parameters required in the reduction of the 
quantitative measurements. 

A calibration of the recovery factor of the total-temperature probe 
as a function of local Reynolds 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- 
wire anemometer data, only the basic measurements tabulated in the data 
package that accompanies this report will be considered. (Examples of 
these tabulations are shown in Appendix III.) The data processing 
associated with spectral analysis, modal analysis, and determination of 
amplification rates of laminar disturbances is beyond the scope of this 
report. Extended data reduction of the hot-wire results to achieve 
these analyses is planned for the present measurements. 

The basic measurements associated with quantitative 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 see for each nominal wire heating current 
employed, and the results were tabulated under the designation "DATA 
TYPE 9" together with certain associated model, flow field, and tunnel 
conditions. (See Sample I, Appendix Ill.) 

Free-stream tunnel conditions that are applicable to anemometer and 
total-temperature probe 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 included calculation of the 
local Mach number and other local flow parameters, determination of the 
height of each probe relative to the model surface, correction of the 
total-temperature probe using an appropriate 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 procedures are outlined as follows. 

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

The height 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 
vertical 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 from the vertical 
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 pitot 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 t o  the model surface), the corrected 
total temperature at the corresponding pitot 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 
essentially 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 Ill). 
These measurements were made each time that probe data were acquired and 
the 25 to 40 values for each pressure or temperature were averaged. The 
averaged values and their respective standard deviations are included in 
the tabulations of DATA TYPE 4. 

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 so as not to 
interfere with the measurements. These data are tabulated under the 
designation "DATA TYPE 2". (See Appendix Ill, 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 static 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. 8. 

The local model surface temperature, TWL, was determined for each 
survey from the measured surface temperature data in the vicinity of the 
survey station, using linear interpolation. A typical surface 
temperature distribution is shown in Fig. 9. 

3.3.4 Total-Temperature 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 local 
Reynolds number based on probe diameter. In the case of the probe used 
in the present test, the factor ETA was essentially independent of 
Reynolds 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 ), 

3.3.5 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 : Z(B + t95S) 

where B is the bias limit, S is the sample standard deviation, and ~ 
is the 95th percentile point for the two-tailed Students 
distribution, which equals approximately 2 for degrees of freedom 
greater than 30. 

Estimates of the measured data uncertainties for this test, 
including 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 fail outside the scope of 
this report. In general, measurement uncertainties are determined from 
in-place calibrations 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 reduction 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 basic 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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r.O 
O"1 

TAP 
NO. 

"1 

2 

3 

4 

5 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

TIIETA 
deg  

0 
! 

270 

180 

270 

180 

270 

180 

TABLE 

X j  

i n .  

39 .50  

38 .51  

38 .01  

36".03 

34 .04 

30.01 

28.03 

26.05 

24.06 

22.07 

20.00 

17.02 

15.04 

1 3 . 0 5  

11.07 

9 .08  

8 .09  

11.07 

II .07 

30 .01  

30 .01  

39 .50  

39 .50  

I. Mo de 1 

a. 

I n s t r u m e n t a t i o n  L o c a t i o n s  

P r e s s u r e  t a p s  

RN-O.O015 0.15 

39.790 

38.790 

38.290 

36.290 

- 3 4 . 2 9 0  

30.230 

28.230 

26.230 

24.230 

22.230 

20.140 

17.14 0 

15.140 

13.140 

11.140 

9.140 

8.140 

II .140 

II .140 

30.230 

30 23o 
39.790 

39.790 

38.796 

37.796. ;  

,37.296 

35.296 

33.296 

29 .236 

27 .236 

25.236 

23 .236 

21.236 

19.146 

16.146 

14.146 

12.146 

10.146 

8 . 1 4 6  

7 . 1 4 6  

1 0 . 1 4 6  

1 0 . 1 4 6  

2 9 . 2 3 6  

29.236 

38.796 

38.796 

• 'S, i n .  

0 .25  0 .50  

3 8 . 1 2 6  36.452 

37.126 35.452 

36 .626  34.952 
.34.626 32.952 

32.6£6 30.952 

28.566 26.8B.2 
26.566 .892 
24.566 '22.892 

22 .566 ~-0.892 

2().566 18.892 

1 8 . 4 7 6  16 . B 0 2  

15.476 13.802 

13.476 1 1 , 8 0 2  

1 1 . 4 7 6  9 . 8 0 2  

.746 7 .802  
7 . 4 7 6  5 .8O2 

6 . 4 7 6  4 .802 

9.476 7 . 8 0 2  

9 .'476, 7 . 8 0 2  

2 8 . 5 6 6  2 6 . 8 9 2  

28.566 26.892 

38 .126 36 .452 

38.i26 36 .4 52 

0 . 7 0  0.90  

35.113 33.774 

3 4 . 1 1 3  32.774 

3 3 . 6 1 3  32.274 

31.813 30.274 

29~613 28.274 

"25 .553  24".214 

23.553 22A214 

21.553 20.214 

19.553 18 .214 

17.553 16.214 

15.463 14 .124 

, 12.463 11 . }24  

10.463 9.124 

8.463 7.124 

; 6 .463 5.124 
I 

4.463 3.124 

3.463 2..124 

6.463 5.124 

6.463 5.124 

2 5 . 5 5 3  24.214 

2 5 . 5 5 3  2 4 . 2 1 4  

3 5 . 1 1 3  3 3 . 7 7 4  

35.113 33.774 

2 . 0 0  

2 6 . 4 0 9  

25.409 

24.§09 
22.909 

20.909 

1 6 . 8 4 9  

14 . 8 4 9  

1 2 . 8 4 9  

1 0 . 8 4 9  

8 . 8 4 9  

1 6 . 8 5 0  

1 6 . 8 5 0  

26.410 

26.4z0 



T a b l e  1 .  C o n c l u d e d  

b .  T h e r m o c o u p l e  l o c a t i o n s  

T/C 
No. 

I 
2 
3 
4 
5 
6 
7 

lO 

13 

15 

17 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

101 
1.02 
103 
Nt.YI*K~ : 

TIIETA, 
deg 

180 

J-,, 

X, S. l n .  
:1.11. Iuq.. 

0.0015 0.15 0.25 0.50 0.70 0.90 2 .00 
36~51 30.790 37,796 217.126 215.'452 34.113'  32~'/74 25.409 
38.01 38.290 ]1 .296  36.626 ] 4 ,952  33,813 ]2 .214  24.909 
37.32 37.590 36.59& 35.926 34.2S2 32.913 31.514 24.209 
36.03 3&.290 35.296 34.626 32.952 31.613 30.274 22.909 
35.04 35.290 34,296 33.6P6 31.052 30.613 =9.214 21,909 
34 .04  34 ,290  33 ,296  32 ,626  3 o , 9 5 2  29 .613  2 8 , 2 1 4  2 0 . 9 0 9  
33.05 33.2q0 212.296 31.676 29.952 28.613 2?.274 19.909 
32.00 32.230 31.236 30.566 28,892 27.553 26,214 IA.B49 
31.01 31.230 30.236 29.5&6 21.992 26.553 25.214 11.849 
29.72 29.930 28.9216 28,266 26.592 25.253 2.1,914 16.549 
29.02 29.230 28.236 27 .566 25 .892  24.553 221.214 15.849 

27.04 2"/.230 26.23,6 25.566 221.992 22.553 21;214 13.849 

25.05 25.230 24.23~ 221.566 21.692 20.553 19.214 11.649 

23.07 23.2210 22.336 21.566 19.892 18.553 1T.214 9.849 

20.99 21,140 20.1~6 19.4T6 ! ' / , 902  16.463 15.124 2.932 
20.00 20 . |40  19.146 |8 .476  16 .R02-15.463 14,124 0.9' /T 
19 .01  19 ,140  18 ,146  17,4"/6 15 ,802  14,463 13 ,124  
18.02 18,140 1 ? , 1 4 6  16 ,476  14 ,902  13.463 12 ,124  
1.7.02 17,140 16.146 15.476 13.602 12.d63 11.124 
16 .03  16 ,140  15 ,146  ) 4 . 4 ? 6  12,B(12 11.463 10 ,124  
1.5,04 15 ,140  14,14~ 13 ,476  11 ,902  10.463 9 ,124  
1.4.05 14.140 13,146 12.4../6 :10.802 9.463 8 .124 
13 .05  13 ,140  12 ,146  11,4../6 c ) , 8 0 2  8 .463  ? ,1~4  
1.2.06 12.140 !1.'14~. i | 0 .476  8.802 7,463 6.124 
10.77 .10.840 9.946 9.176 "/. 5 OR 6.163 4.924 
10.08 10.140 9.1,)~ 9.4../6 6.902 5.463 4.124, 

9 . 0 8  9 . 1 4 0  0 . 1 ~  7 . 4 7 6  5 . 0 0 2  4.463 3. J~24. 
8.09 B.140 7.14~ 6.4?6 4.B02 3.463 2.124 

18.5 37.3 "].7.7 ~7.0 1.5.3 13.95 12.6 
25 25.2 24 .2 ~3.6 21..9 20.55 1.9.2 11.8 
35 3~.3 34 .3 33.6 32.0 30.65 29:3  21.9 

' rhtJr l l lOC,()Ul lJt tR 1-- '12 W¢Sl'(J C t J i t X l ~ ]  stlr_lL'lt¢:o L I IL IJ ' In t )c i )UpJ( IH 
and t h e r m o c o u p l e s  101-103 were s | m p l y  a t t a c h e d  t o  
i n s i d e  o f  model s u r f a c e  (model  w a l l  t h i c k n e s s  ~ 0 . 2 5  i n . ) .  

,rt~.n~" ~ rtnm r~f thAvmr~r~rb~st~ ~A 1 N I - - I O R  A~'A n n t ~ ' ~ 4  n tn t  A .  



TABLE 2 .  E s t i m a t e d  U n c e r t a i n t i e s  

a .  B a s i c  m e a s u r e m e n t s  

C~ 
"4 

m 

m 

Parameter 
I ~ l t l n l t t O n  

STILLING CLIMBER 
PRESSURE (PT or PTR), 
)sla 

SII£CT so)  or Z 

STUDY" STAT F ]~3Ti IdA I"CD MEASURFJnlr:ITe 
Prec t s t  on Index BI*nO Uncer tu tn ty  

(S) Ca) ±Co + tesS) 

. 

t O . |  psla ~30 ~0.1 pi le  tO.3 pale 

TOTAl. TEMPERATURE ~ I" F ~30 i 2 '  F 
(TT). "F 6 1" F ~30 *0.376 

t4" F 
~(O.37SS a Z" F) 

PITCH A/iGLE (ALP|), 
(legs 

ROLL ANGLE (PHIl),  
degs 

• O.OZS" 30 

~O.IS"  30 

PnOT PRESSURE ( P P ) ,  

pals 
t O.OOZ psla .0.010 psia 

MxnAe Type of  
MexourJns Device  

O to gOD Paroaclentlrlc Olgl- 
psla quartz Pressure 

Transducer 

1TiU, *F t i . O  ,30 x ~ '  F 

.a. 1 .O ,30 s 0 . 3 7 5  

]Z" tO 
$30 ° F Chroae |-Al~nel 

530 ° to Thermocouplo 
~300"F 

SO.OS" t l5  ~ 

sO. 3" v 180" 

iO.014psl~ <i0 paid 

Potent Ioueter 

Type or 
Record|as Device 

a4" F 

a(o.31SS a Z'P) 

Potentloueter 

Digi tal  data acquisit ion 
system 

Druck ,15 paid strah 
gago transducers 

(530"F Dnshlelded Chromel- 

c2300"F Alum1 Thermecouple 

Digi tal  Thermometer and 
Micro Processor Averaged 
for Primary (TTp); Digi tal  
Thermometer for  Redundant 
(TTR) 

Digi tal  data acquisit ion 
system/analog-to-digital 
converter 

Analog to d ig i ta l  converter/ 
d ig i ta l  data acquisit ion 
system 

Method of  
System Cx | lb ra lSon  

in-place application of 
multiple pressure l ew is  
aeasured with a pressure 
~asurlng device calibrator: 
In the Standards 141mretor 

]hermocouples ver i f icat ion 
of NB$ conforming/voltage 
substitution cal ibrat ion 

I~ldel0haln votary encnder 
ROD7OO 
Resolution: 0.O006" 

Overall accuracy: 0.¢~1 

ht-place ai:Plkatlnn of 
multiple pressure Ivvrls 
mleasuled with a preSs,are 
pq;asuring device zdi ztrat,' 
in the standards iaNratnr~ 

The0pocouple re r i f l ca | lon  
of NO$ conlormic w l l ag r  
substitution cal ibrat ion 



TABLE 2 .  E s t i m a t e d  U n c e r t a i n t i e s  

a .  C o n t i n u e d  

C.O 
(7) 

w 

i 

u 

m 

m 

S.EZT ~ o . . z _ _ o F _ z  - 

J~STI H A T L D  MF.ASURLHLNT ° 
Pro© Set on laden  ~ Bias  

(s) (s) 
P a r a m e t e r  

Oestl innt lon ~ ~ ~ s..* o i. o, 

HOOEL pRESSURE (FH), t9.OOOT6 psi >30 ~ i . 0  
pals 

~O.002 psi >30 ~O.i 

t0.003 301 

HOWL TEHPCRATURE i ! "  F 
(TW), "F 

*1"  F 

,,]0 

,30 s0.3"/6 

,30 Z P ,  Z T ,  Z A .  I n .  *0.001 

(SURVEY STATION), In. * 0.OOS ~30 

CIUSS, ee I± 0.S 
CURREKT, m ~ O.S 
EBAR, my * O.S 

U n c e r t a i n l y  
i {B  • tgbS) 

~. ~ Rnogo Type o( 
~ o k ~ Hensurtn|  nevtn.i 

~ g o  

t(O.OOlSpsl * I,OZ) O (. P .< Drunk s lps ld  s t roh l - -  
O.ISpsl( gage transducers 

t(0.004 psi * O.IZ) 0.1$ .(P 
(. i.S pslc 

0.007 <2.5 ESI j'~) 2.S psld stra n 
gage transducer 

O.OO2 

s2.2"F 14.2 ° F 

tO. 380 

t0.003 sO.OOS 

sO.O2O sO.O)O 

0* t l  
0* t l  
O t t l  

(60O Chrome1Constanton 
coaxial  lhermcoup • 

<1600 

(O.S ~tentloueter and 
Optical 

(35 Potentlometer and 
Optical Grsdlcule 

HO'FBI + - B i a s  assumed t o  be ze=o.  

<1200 Phllco Ford Corp. 
< 5  I~del IAOP-12113 

<300 Hot-wire Anemmetel 
System 

Type u |  
RecordiNg Device 

~nalogto d ig i ta l  converterJ 
d ig i ta l  data acquisit ion 
system 

Digital  Data Acquisition 
System Analog-to-Digital 
Converter 

Digi tal  I~ta Acquisition 
System A.alog-to-DlgJtal 
Converter 

Digi tal  Data Acquisition 
5ystem A/O Cnnvcrter 
Optical ly Positioned Zero 

Digital  DAta Acquisition 
System Analog-to-Digits| 
Converter 

Method of  
Syotnm C a l i b r a t i o n  

In-place sppl ica i~n of 
nult lple pressure levels 
~asured with a pressure 
~asurlnq device caithratr,: 
in the standards laboratory 

Ihpreecouple ver i f icat ion 
) l  HilS conrormlc voltage 
substitution cal ibrat ion 

L == 

Precision MicrOmeter 

Precision Mlcroweter 

Precision Digital  
'ol tee te r 



TABLE 2 .  C o n t i n u e d  

a .  C o n c l u d e d  

P i r a n a | n r  
O r s t E n a t | o n  

FLou Turbo tuaco 

I 
" lo"r 'p . l~nt  . . . . . . . . n l .  

STEADY-STATE ESTIMATED NEASUEEXEN.T ~ 
P r e c i s i o n  Lndun 

(S) 

~O 

Unknown 

8 l i I  
(8)  

gl 
Q 

- -  Unknown 

i i i  

U n c e r t a i n t y  
2 ( s  • t esS)  

J1 " 
Unknown" 

Bingo ~ 

AMPL|TUDS PREQUEHCIr 

DC t o  L oC t o  gaD 
v o t e  Rife Ells or  SOD 
( l l e e t t u E  EIIZ ( f r e q .  
Cur roa t j  r l l p O f l l i  
up tO 3 ms) band d o t e r -  

mined by 
f i l t e r s  
unnd .  

Type o f  
NOmlurJnE Device  

Hot E t r e  Auumo- 
a c t o r  Eyetem ( ~  
s L ~ r o l s e b  wi re )  

Type o f  
S e c o r d t u e  D e v i c e  

oAneloE d a t a  r e c o r d e d  
on t ape  I o v  mubeo- 
ques t  p toybwck end 
r e d u c k t o s  

b qOloope  o f  dune 
r eco rded  on d I s t t n L  
d a l e  acqu laL tLon  
nyu teo  (AD e o s v e r t e r  
f o r  e t c h  r u n  

Method Of 
f lystuo 

C n | l b r e t i o n  

Wire e b u r m c t e r i o l i c u  
b j  oven c u L t b r m t i o n  

Heat t r a n s f e r  ©ba r -  
l e t e r l u t l c e  by r a i l .  
b r a t L o n  i n  t u n n e l  
t r u o - o t r e a o  



O 

TABLE 2.  C o n c l u d e d  

b.  C a l c u l a t e d  p a r a m e t e r s  

P a r a m e t e r  
Designation 

P,psia 
PT2,psta 0.86 0.25 ] .96 
Q,psia 0.85 0.25 1.96 
T,OR 0.36 0.25 0.97 
V , f t / sec  0.04 0.12 0.20 
RHO,lbm/ft 3 , 0.88 0.35 2.12 
H U , l b f - s e c / f t  = 0.36 0.25 0.97 
H 0.19 ++ ~ 0.38 
RE,per f t  0.53 0.44 1.50 

[ p ~ n d e x  Bi  a s  U n c e r t a i n t y  
( 8 )  ( B )  _+(B + t 9 5  S )  1___ I~o ~H4} t~ ho qH4} ~ b0 ~ 4 }  

~--~ .,-q ¢ ~ r-, "" ~ I . - ~¢~  k ,1 / -,--o c~ I~ 
4) 4} ~ ~ 4} ~ l ¢:: 4} G) G) i ~ • ~ =  ~ ~ I ~ - ~  ~ ~ / ~ =  x ~ o - o  

1.23 0.25 2.72 ] .0 

P,psta 0.82 0.25 1.89 
PT2,psta 0.57 0.25 ] .39 
Q,~sia 0.57 0.25 1.39 
T,UR 0.25 0.24 0.74 
V , f t / sec  ~ 0.04 0.12 0.20 
RHO,]bm/ft ~ 0.59 0.35 1.53 
HU, ]b f - sec / f t  2 0.25 0.24 0.74 
N 0.13 +~ 0 ~ 0.26 
RE,per f t  0.36 0.44 1.16 

P,psfa 0.82 0.25 1.89 
PT2,psia 0.57 0.25 1.39 
Q,psia 0.56 0.25 1.37 
T,OR 0.24 0.25 0.73 
V , f t / sec  ~ 0.04 0 . ]2  0.20 
RHO,lbm/ft ~ 0.59 0.35 1.53 
H U , l b f - s e c / f t  2 0.25 0.24 0.74 
H 0.13 *+ 0 + 0.26 
RE.per f t  0.36 0.44 1.16 

2.0 

3.0 

NOTE: +Bias assumed to be zero. 
++Determined from test section repeatability and uniformity 

during tunnel calibration. 



TABLE S. Test Summary 

Surface heat-transfer runs 

Model Config. ALPHA,deg PHI,deg RN, in. 

7-deg Cone 0 

I 
0 

+2 
+4 
-2 
-4 
+4 
+3 
+2 
+l 
0 

- l  
-2 
-3 
-4 
+4 
+3 
+2 
+l 
0 

-I 
-2 
-3 
-4 
+4 
+3 
+2 
÷I 
0 

-I 
-2 
-3 
-4 

-90 O. 0015 

0.150 
O. 250 
O. 500 
2.000 

0 0.0015 

RE/F~ 
xlO-O 

2.5 
1.2 
l.O 
2.5 
3.5 
3.5 
3.5 
l.O 

0.0015 2.0 

0.0015 3.0 

RUNS 

2 
4 
5 
1 

202 
3 

ll3,116,119 
401,402 

403 
404 
405 
406 
521 
519 
517 
515 

513,522 
514 
516 
518 
520 

509,510 
507 
505 
503 

501,511,547 
548,549,550 

502 
504 
506 

508,512 
544 
542 
540 
538 

536,545,546 
537 
539 
541 
543 

NOTE: Run numbers ~200 from Ref. l ;  Run numbers-C300 from Ref. 2; 
Run numbers<400 from Ref. 3; Run numbers,C500 from Ref. 4; 
Run numbers ~,500 are present test data. 
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b. 

TABLE 3. Continued 

Surface pressure and temperature 
(Type 2 Data) 

MODEL CONFIG 

7-deg Cone 

ALPHA,deg 

0 

-2 
+2 
+2 
0 

-2 
-4 
-2 
0 

REIF~ 
PHI ,deg RN, in. xlO-~ 

-gq 

-85 

0 
-110 

-~ 20 
-~ 0 
+4 0 
0 -110 

0.0015 l .3 
0.150 2.5 
O. 350 2.5 
O. 700 2.5 

2.000 3.5 
0.0015 0.5 

2.6 
l.O 
l.O 
l.O 
0.6 
0.6 
0.6 
l.O 
2.3 

O. 0015 2.0 

l 
0.0015 

0.0015 3.0 

0,0015 

RUN 

358 
72,73 

210,211 
302,303,305 
312,313,314 
315,317,322 
330,339,340, 
341,343,349 

130,131 
408,409,41 0 

411,412 
429 
430 
431 

448,449 
450,451 
452,453 
471,472 

477 

524 
525,526,529,531, 
532,553,554,564, 
5~5,577,578,604, 
605,606,607 

608,609 
617,618 
619,620 

579,580,581,582, 
583,584,591,592, 
595,596 

586,587 

NOTES: I. Run numbers <200 from Ref. l ;  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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0.0015 

RE/F  
xlO-O 

0.5 

1.0 

1.0 

1.3 

2.0 

3.0 

ALPHA, 
deg 

0 

0 

+2 

0 

TABLE 3 .  C o n t i n u e d  

c .  M e a n - ~ l o w  b o u n d a r y - l a y e r  s u r v e y  m a t r i x  
( T y p e  d D a t a )  

m s m l m  - -  m I m 

:oN i 
6 16 18 

601 

600. 

112 111 110 109 108 
[ 

459 b 458 b 

602. 603 

373 372 371 

107 

456 b 

457 b 

370 

272 

286a 

t..o 0.15 

0.25 

2.5 

2.5 

106 105 " 76 103 75 
104 102 

I 

;255 e 249 i241 

254 208 c 

207 C 

74 
101 

240 

242 c 

O. 70 

O. gO 

2.5 

2.5 ;sF 
_~56 

376 377 378 

2.00 3.5 124 [23 
125 , 

122 

NOTES: 1 

2. 

. 

PHI = -90 deg except where noted. 
Run nos.¢ 200 from Ref. l ;  Run nos. ¢300 from Ref. 21 Run nos.¢400 from Ref. 3; 
Run nos.<500 from Ref. 4; Run nos.~500 are present test  data 
Superscripts: 
a - ALPHA = -2.0 deg, PHI = O. deg, windward survey 
b - PHI = -85 deg 
c - Cold wall data; 1~L~525-, 640-, 640-de9 R. for  Runs 207, 208, 242, respectively. 

Al l  other data obtained at hot wall conditions (TWL ~ 860 deg R). 
e - Extended survey of preceding RUN, a l l  outstde boundary layer. 



d. 

TABLE 3. C o n t i n u e d  

H o t - w i r e  q u a l i t a t i v e  s u r v e y  m a t r i x  
(Type  3 / T y p e  4 D a t a ) ,  r u n s  

¢= 

RN, RE/ET ALPHA, 
in .  xlO -b deg. 

0.0015 1.0 0 

1.3 

2.5 0.15 

0.25 2.5 O 

0.5O 3.5 0 

0.70 2.5 0 

0.90 2.5 0 

2.00 3.5 0 

NOTES: 

X STATION (NOMINAL) 

10 14 15 17 19 20 25 26 27 28 30 

51 46 42 34 26 21 

31 32 33 34 

16 15 

35 36 37 

12 11 8 

|~I |)k~ I|)~ I I  I ~ I 

,umumuumumummulmmml, 
:  i/II/II///tI;IIIIt,!111 
t a l l m l B / m m l l l l l  

II III - , -  ,-=, 

257 e 
256 

129 
132 

1. RUN numbers ~ 200 from Ref, 1; RUN numbers < 300 from Ref. 2; RUN numbers ~ 400 from Ref. 3. 
2. RUN numbers ¢ 200 obtained as Data Type 3; RUN numbers > 200 obtained as Data Type 4. 
3. Superscripts: 

c--  Cold Wall data, TWL ~ 525-, 640-, 540-deg R. for RUNS 207,208, 242, 
respect ive ly ,  A11 others at hot wall condit ions (1WL~860 deg R). 

e - Extended survey of preceding run, a11 outside boundary layer.  



d~ 
C J3 

@. 

TABLE 3 .  C o n t i n u e d  

P A R T - I .  I [ o t - w ~ e  q u ~ n t S t a t i v e  ~ u n  m & ~ x  
( T y p e  9 D ~ t ~ )  ~ o ~  ALPHA = 0 ,  ~ u n s  

~ ALl;HA. • StATIOn 

4b& &) iS !1 14 ]HI ~lll | l  

- .C ..... ' -"-'--~-- 

U ~ N 8  

I ,  k l l  a l l l t ~ d e !  ~11 * -90  do I ~ | e  tUNS • S00I PHI • =IIW dog f 0 r  BUNS ? SO0. 
I .  t im  u ~ b e c n e  1 N  I r u  8=1. l ,  W,Y a ~ b e f e  4 N2  f r u u  de'f,  I t  I/Jd n d o Y s t i Q O  I f ~  I l l .  4l libel O d b H e t l S n O  f t*v  lOBe, i ~ |  ~ I~H 0 J ~ r ~  > ~ e l l  p lwsen t  t e s t  d a t e .  
J ,  h d | e ¢ | s c t  u a t u  4 |4tu~k4nce a u r | y  polka were ~oze4 leo eo~e |lmo~ SOurer r i s k  e K'II 41~dll | i  l i e | e l  = ~ e n  desired l ima ,  

" t u e v  Peek q BUd e v n h t a  l i s t e d  b l m ~  da ihed  I l h .  
4 .  j e l i c f l e t o  l 

I l i | l e  I l l a | l l f l l ~  I l l  I ~  tUmbrIl me U I I ~ ,  I l l  I I I  I l e a l  Io.NI data w l e  I ~ l l l l d d  B I I  M I l l  I o ~ e l l l v l l l l l ,  

I.O01j 

O.N. 

eo FART-II. ffet .Wl~l Quanl l tat lve ~ lqelr la 
(|/l~e | Oat8) for ALPHA F O. ItuxS 

at0" del I~11 I I I I ] | l e l | s  I | [ 17 l  I I ~ t g , ~ o  zt t ~ i ~ ]  24 2s!16_!1 ,10121130 

'l~'ll t~:i ' * i  "' l "  ''~ .4, . , ,  ~"i I I'~ o.s a.o I | I. 
: i1~ ~tu ~ .  r , , . . . :  

'-"-"' .11': "~"":_ 1 "~'"I.. .."' i 
' " ' " ' I  I I I I 

NOTISI t ,  INN 1 8 3  ( 300 from I ~ f ,  | |  M l u ~ b e ~  b e l d a m  400 M d  ~ f l  Jhlf,  4 |  
M euebe r l  ) SO0 e re  p r e sen t  t e s t  d a t a .  

| ,  S1nlle Qllro laAI IK IV | I I  for leCh MUll, • 

L44 

!18o z;! zll 
Oil 

l i !  (|4 

]4 )S I ~  J ] / ~  

""9"11 
417 616'415~4141 

161!4$1t46C 
t e l  j 

I 

i 
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TABLE 3. Continued 

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

RUN PT (range) psia RE (range)xlO -5, per in. Hot-Wire No. 

6 202-355 O. 75-l. 3 6 
7 150-352 O. 56-I. 3 7 

37 152-352 O. 57-I. 3 7 
52 352-579 l .  3-2. l 8 
77 349-577 l .  3-2. l 14 
80 300-582 I .  I-2. l 1 5 
92 300-577 I.  I-2. l 1 7 

l l 4  400-804 l .4-2L9 3 
126 399-808 l .  4-2.9 2 
133 398-806 l .  4-2.9 l 
137 399-807 l .4-2,9 16 
209 200-580 O. 74-2. l 31 
226 201-579 O. 76-2. l 33 
243 199-579 O. 74-2 ..l 40 
301 214-581 O. 80-2. l 4 
304 298-583 I .  09-2. l 6 
306 582 2. l 7 
316 296- 581 l .09-2. l 8 
323 583 2. l 8 
329 298-582 l .09-2. l I l 
331 302-583 l .  10-2. l 15 
333 582 2. l 1 7 
342 360-581 I.  32-2. l 16 
350 360-582 l .  31-2. l 52 
413 226-601 O. 85-2.2 33 
454 228-602 O. 84-2.2 33 
523 220-440 O. 84-I. 7 54 
552 300-440 l .  l - l .  7 76 

NOTES : 

I .  Run numbers <200 from Ref. l ;  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 f ive 
test programs represented in this table. For example, Hot-tJire 
No. 6 for RUN 6 was not the same sensor as that used for RUN 304. 
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TABLE S. Concluded 

Hot-wire identification 

NOTES: 

Hot-Wire No. RUN No. Wi re Diameter 

6 6 
7 7-51 
8 52-71 

14 77-79 
15 80-91 
17 92-I00 
3 114-121 
2 126-128 
1 133-136 

16 137-142 

20 u-in. 

HF-4 207-208 
31 209-225 
33 226-239,250-285 
39 242 
40 243-249 

20 ~-in. 

4 301 
6 304 
7 306-31 l 
8 316, 318-321,323 

I I  324-329 
15 331 - 332 
1 7 3 33- 338 
16 342 , 344- 349 
52 350- 35 7,3594378 

20 u-i n. 

50 p-i n. 

33 414-427,432-447 20 p-in. 
455,460-470,473-476 

54 523 20 u-in. 
76 551,552,555-559 50 ~-i n. 

561-563,566-576 
71 585 50 u-in. 
74 588-590 50 I~'in. 

177 597 50 p-in. 
73 610-616 50 u-in. 

I .  Run numbers ~200 from Ref. l ,  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. A hot-film probe was used for RUNS 207-~08 (HF-4) 
3. Hot-wire probes were numbered indenpendently for each of the 

five test programs represented ~n 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 .  S t a t i o n s  f o r  M e a n - F l o w  S u r v e y s  

¢,, 
O0 

X(STATION) 

6 
10 
11 
14 
15 
16 
17 
18 
19 
20 
24 
25 
26 
27 
28 
3O 
31 
32 
33 
34 
35 
36 
37 

RN,in. 0.0015 0.15 

6.00* 
10.07 
I1.18 
14.10 

15.10,14.93" 

17.12 
18.08 

20.14 
24.01" 
25.18 

27.19 
28.20 
30.22 

32.23 
33.24 
34.25 
35.25 
36.26 
37.27 

9.08 

13.11 
14.11 

16.13 

19.15 

24.19 

26.20 

29.23 

32.25 

34.26 

36.28 

0.25 

8.40 

23.51 

28.55 

S,in. 
O. 50 

6.73 

11.76 

13.78 

15.95 

21.84 

33.59 3].9] 

O. 70 

21.51 

26.55 

32.59 

0.90 2.00 

2.73 

19.16 11.80 

21.87 

Indicates present test data. 
/ 

I 
X, in. I 

I • i 40,00 in. .- 
- I  



APPENDIX III 

SAMPLE DATA 
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ARVIN/PAI.SPAN PLELI) ,~ERVICF..S,]MC, 
AEPc IPTVl~ o.i 
VUN KAPP"A~ tS DYhAHICA I rACII .  L?Y 
AHNUI.It AIR FHXf'F] 5TAT I I )~ ,  ?t'qf.I 
oOnll,,D-,~t I.X¥FR A T A n I L I ? ~  l l ' lV f iS ' r l¢ATlON 

PUN HU~HFA 551 PAG[ I 

o ~ r A  TYPE: q 
H~II ~]KE ANFM~MLTFM I ~ T A  

PO|hT rIJPRFhl '  I.F&P E:PI~ XC 
( x a q p )  (ivVl ( " V I  ( l i d . )  

I 0 . 0 0 3  o .O0  5 J ~ . T x  0 . 0 0  
2 u . % l l  ? 1 . q l  ~ J T . t ~  O , 0 0  
3 1 . 0 3 0  4 A . 5 7  5 4 1 . I ~  0 . 0 0  
4 1 .6n3  TS.qb 5 5 4 . 1 8  0.(~0 
5 2 . 0 n 7  g ~ . 5 5  5 6 5 , ~ 7  0 . 0 0  
b 2 . 4 ~ 8  I I q . 3 0  5 A 3 . 2 6  0 . 0 0  
? 3 .~12  1 4 ~ . q 6  5 7 2 . 7 4  OoOn 
@ J . 5 1 0  | ~ I = ~ U  57Q.AQ O. t ln  
9 4 . 9 0 0  192 .3P  5 N 5 . 3 6  0 , 0 o  

I 0  4 . 2 7 6  2 1 3 . 0 9  5 9 1 . n 8  0 . 0 0  
l [  4 . 6 0 4  23Ao~1 5 9 7 . R 4  O.On 
12 4 . 9 o ~  2 5 4 . 5 5  6 0 2 . 9 4  0 . 0 0  

Ai, I~HA : 0 . 0 0  

CONI' IGI 511ARP "/-D}:G CONE: 
XSTA = I 4 . 0 0  

DATE. rn l4pu iv l )  I )-YF'i~- rib 
LIA'r F] P I. ('rip II1.'1) 13- -x.% 
T]~IF: FlYrAI}LiFI) 2 ;  -81~ 
? i I.'1' cnPPII ' I  } 0 I)214h 
i~PnJk,C"r , i l l  V it-OG 

(RI'J = 0,11015 I N , )  

PT "TT  P O T ~E. ZA 
( P S I A I  (nEG R) ( P ~ I A )  (P~LA)  (p~(;  I I )  I l S , )  

4,403E.z.02 1,317[ ' :403 4,5Y71' . -0~ 2 , 0  t IF'4.no q ,  55f.[-: 4.01 I ,6" / I t "  , 0 5  ~.  I ~nl. '-n3 
4 .40hF ~o2 I ,  | 12 t . tU3  4,5U01::-1)2 2 ,  O 4qf.:4 IsO Q.55t.F.}O I I .  b'/3F..405 g,  O~(q.'-a) J 
4 .  4061"~02 I .  312E#(,11 4.60¢1E.-02 2 . 0 4 9 F ~ 0 0  q .  55(.P.* 01 I .  (,'/3[,'4 u~) 6 .  (120F:-03 
4.  4051".i 02 I .  3121r.:* 03 4.59qi"--O 2 2 . 0 4 H E , 0 0  q ,  55f.i'.~0 t 1,67~)F +05 A, It2l l l . '- (~ J 
4 .40hF tO2 1 . 1 1 7 F t 0 3  4 , h t i O k - 0 2  2.04Y~. tO0 q,sse.F.¢OI I ,67  li. +(15 ~,  I ?')F.-O3 
4 .406F 002 I .  312 i . t03  4.hOOF:.-U2 1.04~F..t glO q .55t .F  } 0 |  I .573I- '4Ub IJ.O)OF.-O J 
4.40hFeO~P I ,  J l2k:e03 4 ,600~ ' -02  2,O.|~JF+O0 9 . S b t  ~'4,~1 1 . 6 7 i b e O .  s f l .  2 I c/F:-O i 
4 .  4071".+0~ 1 ,317 f .403  4 ,FO IF . - 02  2 ,  (i4L/r'+O0 g . q s f  f '~OI 1,5131" tO5 H. I 2nF.-b3 
4,4051":402 I ,  3121~t(13 4,6001~.-02 2,0491.'+00 q . 5 5 t  t . ' tOl I , b ' / | l . . t  0% P. l iOF' -O I 
4 ,400k '+02 1,312E.~03 4 . b O ~ E - 0 2  2.  050[-:4.00 "q, 55(" F:. ~.01 I ,6"/3F.t  05 A.  l) ,~()F'-O .~ 
4 .4071 : t o2  1 . 3 1 2 L ~ 0 3  4 . h 0 1 F - 0 2  2.  U4~)k:t 00 q . s s f E : + o |  1.6"/3F +05 8 . 0 2 U L - O J  
4 .404k  tO2 1.3 |212403 4 o 5 9 0 £ - 0 2  2 , 0 4 f l [ t O O  9 . 5 5 ( f : ¢ 0 1  I . h T 2 k t O 5  X . 2 l g k - 0 3  

1411~ NUklahP 551 

Sample  1 .  H o t - w i r e  anemometer  d a t a  (Type  9 )  
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A~Vltt/~AI,S;'41' FIPLD SE~V|cP~, iHC,  
A[OC UTVlF  *t 
VUH FAP~A~ IS DYIIAHICS FAC|r ,  i T ¥  
~HHUI,~ A]k  FnHC[ S?ATI~H, ~hHN 
~OI~flDAPY LAYFfl &TA~ILITY INVESTIGATION 

RU/I IIU.I~PR 551 PAG£ 2 

DATA 'ryPt: g 
linT NIFF AIIF.lt(IIILPTER DATA 

PUIhT PT 1T PNi. THI, ZP 
(PSIA !  (nFG ~1 (p.51A| (PEG I~1 f i X 1  

~'onFIGI SHAPP 7-DEr. CODE 
XSTll = 13.no 

I ;AIF ('rlWPllTI. D I 3-1. " q - k 5  
I)ATF. PFCOHUFI) 13- -Xb 
TII4P HF('I1PDFD 21 , l i b  
Tim+: cnMPUTEU 02.'4b 
PpIh.IK('T tll) Y I}-UG 

(RN m 0 . 0 0 1 5  I N , )  

Pp HI+ 
I P s I A )  

TT1U/Tr TTI, ITT 

I 4.40"¢F:tO~) I .  I I ) F ' t 0 3  (,. 177F'-U! 8.6~1F402 2.  3011F-02 3 . q h l f  ~UO 2.  2024F:.+ 01 9.  365f:-OI | .O00YoO0 
2 4 .40 f ' t  tO~ ) 1 . 3 1 2 r t f l ] i  6 .171t ' -OJ  R.~SIF' t02 2.  I001"-02 3.Rb~f eO0 2.  ?i),lhl" tO I q.3?OK-01 I .I)OUt *UU 
J 4.4Ohi-" t 0~ I . J12P40$  6.117b°U3 8 .bh ' /F t02  2.1DnE-0~ 3. Abt, I. t O0 2.2D$ql'.~01 q.  )?DE-O! I.OqOhtOO 
4 4.4,)=.F tO2 I . J l 2 F f f l ]  F. I "/7k~-1)3 fl.6A4[" 40~ 2.  ]OOF-fl2 3. Rhf~i"tO0 2.2f lJq~;t OI 9 .  174E-O| | .OOCI%+ OO 
S a.4Of.F ~tb2 | .  J 12F'+ rl3 (~. 117E-It ! 8.71~0[" t ¢~) 2o l~ f lF- f l2  ] .RTnKtuD 2.205nho01 q.  17 I F:.-U I I .OcJOt:+ O0 
6 4.40~.b+o2 l . ] 1 2 F t n $  6.177F'=O3 8.72OF~02 2.  IO1~F-O3 3. ~lTne.too ;m. ?.OSI)E+O I q . 1 7 1 t - u |  l .Oe}ohtuo 
1 4.4Of, F+O? I . J l 2 r t O ]  (~. 177f:-03 8.74Pbt(12 2.  l nnE-n2  3.RTIKtOO 2. 2051k.¢()1 q.  ]72k.-OI I .OOt)E.OO 
B 4. aOTf;Q.)? I .  312f;,i03 6.  | ' / T E - o ]  8 ."/~,3t"t 02 2.  iOnf ' -o2 3.flTnl' 0uO 2. 205ni-'tOI q .  373F.-uI I .OUnt  tO0 
g 4 .406E.07  I .  J12P+95 6.  l?T t . -u3  8.779t '¢O2 2.1s lo t ' -02 ~1. n 1Ai. t oo  2.2f lbf l t .oUl q .  J70E-OI I .ofl¢)t.+uo 

I0  4.40Pit. t 02 I .  | l ?F tO . I  6 . 1 1 7 [ - 0  ) , 8.Tq4F' t02 2.  t(InF;-02 ] . rd ;~k tuO 2,2oSf~Eq.U I q .  )7UI..-U I I .  0~101..+ O0 
I |  4.4O'/k. tO2 I .  ] 121C.,D03 (~. 1 "/? k'*-i, ) 8 . A l O F t 0 2  2.  lOaF-02 ] .  q71 [,.4 ()0 2.20~3~+01 q.3?OF:-Ol I .O00htOO 
12 4o404E, t02 I . J l 2F ' tO , !  6 .177K-03  8.R2UE;t02 2.3001"-02 3 .ATIL tUO • 2o20S3£¢01 q . ) ] O E - O I  . I . O 0 0 L t O 0  

AhPHA • O,O0 

M m 7 . 9 7 7  
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Sample 1. Concluded 
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ARVIN/CArqPAN r lEbO SEkVICES,INC. 
AEDC 011 ON 
VON KARN~ GAS OYNANIC5 FACIL|FY 
ARNOI.D AIR FORCE STATION. ~ENN 
BOUNDARY bAYER 5TA6ILIrY INVESTIGATION 

RUN' NUHUER 552 PAGE | 

OATA ?YP( I  6,  PROBE FLOH CALISRATtON 

POINt M P r  TT 
(PSIA)  (D~G R) 

t 7 .97  390.44 ~ 3 1 f . 6 7  
7 .g7  398.44 ~311.67 

) 7 .96  348.84 1312.67 
4 7 .96  348.84 1312.67 
S 7 .95  298.94 1 3 ) 1 . 6 7  
S 7 .95  298.94 l ) l l . 6 7  
7 7 .98  438.74 1309.67 
O 7 . 9 e  436 .84  1309.67 

RE PP 
(PSIA)  

I .S lSE*OS 3 . 5 | 4 4  
1.51SE*OS 3.5144 
~.329E*05 3.0841 
) . 329E*05  3.0841 
i . 3 4 3 £ ~ 0 5  2.6476 
| . | 4 3 £ ÷ 0 5  2.6496 
J.669E~OS 3.8542 
1 .670E t05  3.N552 

DATK C|JNPIITF;D i ~H~U 5 
I)ATI." R('~(~IINtJEU I J- r  I'.lI-H~J 
TIME R EPIIRIJ(.tU 2 :11118  
TIME. CUI4pIITI-'I) 021:16 
PROJECt NO V H-UG 

CUNF|G! SHARP 7-DIG CONE (RN n 0 .0015  I N . )  
XSTA = 13 .00  1N. 

Nb TTTU TTTU/TT F 3 ' A  RETI)O~.5 
(OKG R) 

7 .9320 1228 . |384  0.9363 0 .9313  9 .043E ,00  
7 .g320 1228.13d4 0.g363 U . g J l 3  9.04JE*UO 
7.9279 |228 .5bSb O.g3bq O.9JQU 6.4HO~.tUO 
7 .g279 1~28.4b15 O.gJb8 0 .9308 U.400Et()U 
7.9248 1~27.3076 O.qJb7 0 .9306  7.87#K*00 
7.9234 1227.1344 0.~366 0 ,9305  7.877b+00 
7 . 9 3 9 |  | 226 .5072  0 .9365 o . g ) l $  9 .4H0£*u0 
7 . g 3 9 |  1226.6983 0 .g366 0 .9317 9.481E~00 

RUN NUNBER 552 

Sample  2.  P r o b e  f l o w  c a l i b r a t i o n  (Type  6)  



01 
¢4 

A~VI,I I¢ALSPAIt F IFL~ 5FpVICrG, |NC.  
~[~C OIV131 
VON KAP~A~ . , DYKAMJC~ FAPII, ITY 
ARhuI.~ A1~ FORCE &TATIflN, TFNN 
BOtlh~AP¥ LAYFh 6TAPII,ITY IhVF~T|GATI~f l  

BUN NU~RFR 603 PAGK i CQNF'IGI 

oArA TYPF 4 
FI,U w FIELD SIJI~VEYS 

DATE Ci'.4PItTFO 2 | -AP . ' -X5  
BATk. Pf ('fqq~1.'U 15-FI 15 
T I F'I.~ PFCrlPI)i,'O 5164146 
T|~,F CI);4PUTrO 72:42 
PPKhlECT Ill1 V Is'b(; 

SHARP 7-DKG COt'E: (PN = 0.OOi5 1# . )  
XSTA : 24 .00 1N. 

POINT r ' r  Tr PT2 P IP  Pp Phi, THI. ZT TTTU 
(P .~ IA)  (OFG R) (P .~ IA)  (P .~ IA)  f IR . )  ( P S I ~ )  ( V ~ I A I  (i)F.G R) ( l t i )  (DF:fi H) 

O.0150 
000470 
0 . 0 5 0 8  
0 . 0 o l 5  
0 . 0 7 1 ~  
O.nHI4 
0 .0909  
O. 015 
O. 120 
O. 21b 
n.  J I 5  
0 .  414 
0.  467 
0.  514 
O. 5~2 
0 .  613 
O. ~ o  
O. 704 
O. 7~7 
O. U t l  
0 .1~67 
O . l q  1 
0 .20  6 
0.71 1 
0 .72  4 
O.23 5 
0 .24  ? 
0 .76  1 
0.2~12 
O.)Oi iq 
0.3209 
0.1411 
0 . 3 6 1 0  
0.1811 
0 .4013 

O.205 O.171 
O . J I 2  O.171 
0.408 O.121 
o .5qo  O.171 
0 .868 O.121 
1 . 7 x h  0.171 
1.914 0 .121  
7.255 0 .171 
4 .n60 0 . 1 ~ i  
5 .433 0 . 1 7 1  
6.704 O.123 
7.414 O.171 
7.551 0 .171 
7.575 O.121 
7.5#q 0 .121 
7.554 O.171 
7 .540  0.171 
7.531 0.121 
7.512 0 .121 
7 . 5 1 |  0 ,171 
7 .506 0 ,121 
7 .5Ol  0 .121 
7.503 O.171 
7 .5o6 0.121 
7.~Ob 0 . 1 7 1  
7.5o5 o .121 
7.505 0 . 1 2 1  
7.5o5 0 .121 
7 .500 0.121 
7 .409 0 . 1 2 1  
7 .4~6  0 . 1 2 1  
7.4~$ 0.121 
7.4'16 0 .121 
7.471 0 .173 
7.46R 0.121 

IO9R.5 
t)q�.2 
IJqT.4 
~0~00 
0q8.2  
¢J~H. 7 
Oq7.~ 
(J '~ It. 
I lgS.0 
OUll. 7 
0?7.9  
Oq7.g 
O q l . l  
097.3 
0~17.1 
I1q7.U 
'1q7.1 
0q7.0  
O97.q 
OqH.O 
Q07.9 
' 1 0 8 . |  
OqS.I  
')qT.~ 

OOd.q 
oqP.9 

306.2  
O97,9 
f lqT.8 
*19~.9 
; I07.6 
097°8 
09?°9 

309 .7  t . 7 8 1  0 .n46  
M'9.7 1.7P5 0 . 0 4 6  
310.? ~.783 o0n46 
309 .7  t . 1 8 7  0 . 0 4 6  
3oq.7 1.787 0.O4F 
JiJY,7 1 .7R)  0 .04~ 
109.7 3 . 7 8 )  O.i146 
309.7 1.787 O.041, 
J(,9.7 3.781 0 . o 4 ~  
Jng.1 ~.?P7 0 . ~ 4 6  
~n9.7 3.78~ ,ipO4~ 
3n9.7 3.762 O.0.16 
310 .7  3.781 0 .046  
110.7 I , 1 8 0  0 .046  
J I 0 . 7  1.77q 0 . 0 4 6  
J10.7 3.77q ~.O46 
310.7 l .?RO 0.n46 
) l i J . 7  1.705 O.~46 
]~9 .7  1.7~5 0.~46 
]119.7 3 .78a  0.046 
3n9.7 3.7~9 O.~46 
309.1 1.790 0 .046  
3n9.7 1o78~ 0 , 0 4 6  
3~9 , ?  3.7q1 0.~46 
i ( .9 .7  3.792 0 .046 
|0~ .7  3.797 0 . 0 4 6  
]O9.7 1.790 0 . 0 4 6  
IO9.7 1.791 0 .046  
310.7 1.7~1 0 , 0 4 6  
J09.7 3.791 0 .046  
31,9.7 1.7q0 0 .046 
Jo9.7 ! . 7 q l  0 .046 
J(,q,? 3.797 0.O46 
3~q .7  1.797 0 .o46  
)09 .7  3.792 0 .046  

I 43q. °(* 
2 41f l .10 
3 43q.qo 
4 439.20 
5 4 3 9 ~ t l  
b 4 }q .o ( I  
7 41§.80 
8 43~.~1i  
9 430.00 

t, I  4 ) q . a o  
I1 43'J.~o 
12 43".1'1 
I ! 4 )q.SU 
14 4 | a . 5 0  
15 4 | q .40  
16 4 3 q . 4 0  
17 43o05~ 

IQ 44q.10 

?i 440.69 
~2 41d.70 
? i  440.50 
74 44floF~ 
?b 410.~O 

77 4 4 0 . 7 9  
28 44~.A0 
29 441.10 
10 441.10 
]1 44fl ,10 
32 440.GO 
33 4 4 0 . q 0  
14 411.00 
35 441.n0 

O.OI76 
0 .0446 
0 . 0 ~  | 4  
0 .0641  
0.o7~2 
tI.OR4(I 
0 .0q33 
U. t i l l  
O. 146 
0 .  348 
U.  140 
O. 43q 
u.  492 
0.  ~J9 
O.15U7 
0 . I ~ 3 0  
0 . 1 6 v I  
U,1729 
U,1782 
U . J R 3 a  

0 . 1 9 4 ~  
0 .2041  
0 . ~ 1 5 6  
0 . 2 7 J 9  
0 .J140  
O.2441 
0.2~5 
0 . ~ 3 6  
0 .10J3  
0 .3233 
0 . 3 4 J ~  
0 . ) ~ J 4  
U.1~J4 
U . 4 n j 6  

1167.e 
116 2 .6  
116R.7 
11~0.1 
I I 0 4 . 5  
1712.q 
1730 .4  
124701 
1 ~ 4 . 2  
1?4P.A 
I 1 3 8 . 5  
1232.0 
1229.q 
1229.(I  
1226.4 
1277.~ 
1227.4 
1217.6 
1~J7.5 
1727.1 
1727.2 
1726.0 
127,~.8 
172~ .q  
12Ph.9 
17~h.9 
1227.O 
1227.1 
12V6.5 
1 ~ 6 . P  
1227.0 
1276.1 
1226.6 
1226.8 
12~h,R 

ZA TTA ~A 
(1111 UF(; P) 

0.O176 
0.0446 
0 . 0 5 ) 4  
O.O611 
~.0742 
O.OA4O 
fl.(0q15 
0 .  O41 
0 .  146 
O. 240 
n.  J4o 
O. 430 
0.  4g7 
0. b19 
0.  587 
i l . i ~ 3 q  
O. 691 
O. 12Y 
0.  7R7 
(J, fl~6 
~. Pq2 
O, 94~ 
0 .2041  
O.213~ 
0,7210 
11.~J40 
O.7441 
0,2615 
O.2816 
f l , 1 0 ) J  
0.3213 
0 , 1 4 1 5  
0 , 3 ~ i 4  
O , J g | 4  
0.4036 

117105 9 . 0 ] I ' - O 1  
l l g 3 . R  I . ) I F * O O  

l q b .  A I .561" +00 
21~.1 I .QJE 0Oo 
741J.7 ~. 3qf *OI) 
7614 .q  ~). 0%1" tO|l 
2qb.t) 3.611 ,i0,) 
370.1 4.411..* (1,! 
332.6 5 .~5 t  0oO 
130.2 [". |;~21" lo l l  
371.J  6.(~ IF lO '1 

1314.8 F.  I}7F'i OI1 
31 ~°13 6.qoE IOIi 
311.~ I~.~ll" .OO 
310.9 6 . q u r  too  
310.2 6.8ql-" t O(J 
3flY.9 b.  SEf *00 
30Y.9 h.~l-~,oO 
)oq ,O  6.G1F*O0 
lO9 .6  f,. HTF *OO 
"t O'). I, 6 . X 7 f * 0 0  
3,10.3 6 . 8 7 F , 0 0  
309 .7  6.  X'll. ton  
3nY.2 6.  A II. t(,O 
i l i a .  ) F.R7F tOO 
3 t l q . }  o .h  /[-. 100 
) f l q , 4  6.811. , 00  
3o9.5 6.87F *00 
)oH.9  6 . 8 J t  ,o0 
~*)q. I 6,~4 I F t 0 0  
309.4 6.86~ tOO 
3Oq.1 6.ghF tO0 
3Oi;.q h.bt.~ ~0 t) 
) f lY. 2 F.PSF ti l t) 
In9 .1  6.RS~ t o n  

LRETA 

I oTPgk *O] 
7. 177F403 
3 . 4 7 1 f * 0 3  
4,55o1. *03 
6.O71t 4(13 
11.75Oi" ¢O1 
1.1311",O4 
I .%?,H" *04  
7.14014a14 
2 . 7 ~ t  404 
3.143~ tO4 
3.SqRf tO4 
) . b  Jill" 4114 
3.h44t. t04 
3. h4 ;*1, tO4 
| .  t,)~l, tO4 
).b. 2 ~  *04 
3.bILIF t,)4 
3 .h 131~.t i)4 
) .h lSF~U4 
1,61 IF 404 
3.~11~ +04 
] . f ' J  11 *04 
1. t~ 141-.* O4 
] . F I 4 i  ,04 
3 . h l  Jv404 
) . t ,  17V*O4 
3.6121... 04 

3.61i)F to4 
I . f ,03F*O4 

3.61,Oft~4 
3. ,~7t "  tO4 
) .~qt. f  4U4 

PHI : o t 0 9 0 9  
M : ? .qR 

AI,PHA : o0 .0  
DFh = - S o .  

PUq N 0 Mr.P:,p 603 

OF(; 
HF'AN V A bllE.{~ 

pT = 440.3 P,~IA P = 
TT = i l O q . Q  nf.~ It PWi, = 

P17 = J .796 pRfa l"kh -- 
kF -" | .67564o, ' ;  p~P IN V : 
t|lJ uc "/.68(Jf-OP [,~F-e,[CIFT2 Q = 

Ptln = 4.765L~00 |.R~II~T) T "- 

O.0460 r S I A  
O.127 PSIA 

InqR.?  DFG R 
3820.1 ~TIX~C 

2.o4", rSIA 
qS.4 PEG P 

Sample  3 .  F l o w - f i e l d  s u r v e y  d a t a  ( T y p e  4 )  



O! 
liu 

AP..VIt'ICAI,~.PI+ti FIFbP' SI'IIV[CI. 6 ,1 t lC.  
At'DC D IV I~  "' 
VUtl KAP~4AN .S DYfiP.HICS VArTI.1TY 
I~I~NLII,L) 0111 I.,'ll~r'f" ,.%TAI'IIIN, Ti, lli'| 
60111.DAHY I, AYf'R SI 'Af l l I .  ITY |HVFSTICATICill 

RUN H tJu h~..H 6 0 3  p A ~, I." 2 

DAIA TYPE 4 
l.'h(*W l'll"L,h 5iJPV£Y$ 

POltl ~ ZP PP/PPE gL MI,/HE TTI.II TTi. 
(I+FG R) (~FG PI 

| f l .  OiqO O.1128 
2 O.n470 0.04? 
3 o ,nSOX 0 . u 5 5  
4 O.CJbl5 0.1179 
5 O.O71~ 0011~ 
o 11.0P14 0 . 1 7 {  
7 0.09119 0.~50 
e I i . I " 1 5  f l .3~? 
q f l .  I t ? +  0.545 

IO 11.1215 0 .73+  
11 0 . I ) 1 5  u.an6 
17 11.1414 (,.9~5 
11 n.14f i7 l . b l l  
14 11.1514 1.014 
15 0 .15h2 1.016 
I~ O . l o l J  1.011 
17 0 .1661 I . i+ IO 
Id 0 .17~4 l .uOa 
19 0.1757 1 .006  
71) ~ . I ? I I  1.00h 
21 n . l u ~ 7  I.OO5 

23 0 .201~ 1.0115 
74 ~ .2111  1.605 
25 o .7214 1.~P5 
?b 0.2115 I .O05 
77 . . 7 4 1 7  1.005 
?u + . 7 0 1 1  1.O05 
?9 n.?+12 1.004 
10 O.30og 1.004 
31 0 .3209 1.007 
37 0.1411 1 °(l(l? 
] J  O . 3 o l o  l . b ~ l  
}4 6.3~11 1.000 
35  0 . 4 0 1 3  1 , 0 0 0  

1 .95F ,00  
1 .48F t00  
I . P I F , n O  
2.?hF+AO 
?. I~F+ Il l l 
3.43V401) 
4.?11. tltO 
5.114F400 
q.A4F,OO 
A.q2FtOO 
F .P4FI~d  
~°Pql'44)O 
6.+( IFt  1)O 
6.qlF~110 
&.RqFtO0 
6 .~q~ tn0  
A.&RPtOO 
A.~7F.OO 
A . n T ~ n O  
A.ATEOOO 
6.A7FtOO 

6.n7E+nO 

F.RTF tr io 
h.kTF tOO 
A.HTFtOII 
A.ATFtIIO 
A.RTF+00 
6 . g h V , o 0  
6.AnF*O0 
~.Ah~*~0 
6.R~EtO0 

O.110 I 1 6 1 . I  1172.3 
O.IH2 I 1 6 1 . ~  1181 .0  
O.216 I I 0 6 . 6  l l q l . b  
O.207 1177.O 121u.R 
0.3311 11q11.4 1213.9 
o .4n7  1 2 n ~ . I  I ~ h J . h  
t i .~01 1175,9 12~P.8 
0 .h14  1213.9 1315.3 
0 .716  12~3.8 1311.2 
f l .£52 12qn07 1311.5 
0.~51 I7401.8 1373.2 
O.9*)X 1213.4 1310.1 
I . ( ,~o  12+o.G 1311.5 
I.fl117 127q.4 1317.0 
I .On8 1~78.7 1311.3 
I .OJIo 1777.q 1310.5 
I .On5 1737.4 I l n q . q  
I . A n 4  1+77.4 13n9.9 
1.1103 1277.h 1310.0 
I . o 0 1  1277.2 1309.6 
I .OiJJ 1277.3 1309.7 
l . ( l u2  I ~ ? 7 . 0  131,q.4 
I .O02  127b . 8  13oq.~ 
1.003 12~ . . 8  1309.2 
I.I)133 I ~ ? b . 9  13nq.3 
I .~O2  127o.9 13o9.3 
1.0A2 1377.0 13o9.4 
l . n o 2  1777.1 130q.h 
I . ~ n 2  I~?h .5  130~.9 
I .On2  122K.7 1309.1 
I .GO!  1 2 2 7 . 0  1309.4 
I .O01 1226.8 130q.1 
1.0'11 I V 2 6 . 6  1308.9 
1.0~O I?~h .~  13119.2 
l . r ,  ou 1226.8 1309.2 

TTI,/TTE T[, 
(Dkr, n) 

0.A95 1011.6 
O.OA2 9111.O 
O.q l , )  82q. R 
f l .a?5 7 2 4 . ¥  
l ) .q4J 0 0 9 . 7  
O .qh4  4Y3.6 
O.qA4 3H4.4 

. I11,% 2Hq.4 

.017 218.8 

. o l 7  170.4 

. f i l l  l J q . 1  

.o05 127.~ 

.An3 125.1 

.oO2 124.A 

.002 174.1 

.n¢,L I74.11 

.nOl  175.n 

. I1oi I ~ 5 . I  

.O(,l I L 5 . 4  

.AliO 1 ~ 5 . )  

.or,  O 120.5 

.0OO 125.5 

. 000  IY5 .5  

.~100 125.4 

.ql ,  O 125.4 

.Oleo 125.4 

.nGO I 4 5 . 4  

.OI10 | 7 ~ .  N 

.0110 1~5.5  

.flOG 125.q 

. 0 0 .  1305.? 

.nO0 1~5.7 

.O(JO 125.A 

.flC, O 1 2 5 . q  

.nr+~ 126.o 

I)ATF CHFsPLil f'O 23-AP~-80 
I)ATIP I~ I.*(',1ii D V U 15-1 ,l~b 
TI~+" P Fr,iHP, F 11 5 lh~s~o 
T I HI., i*ilMPlll FD 7 ~ 4 ~  
pit(1,1kCT I10 V It-OG 

CUNFIG! SHAPP ?-OK;  ~nhE IPN = 0 . 0 0 1 5  I N . )  
XSTA • 2 1 . 0 0  | S .  

11 h I IL I , I£  LP£ I.RET 
IFT/SEC) 

I .  3911£401 0.3~q I .q511.'*O J I . 7 " / IE ,03  
I ol114k t03 I) .4+b 3.1~14L+Oi 7.617K*O3 
2.Ui~l~F.+ 03 0 .553 4.0671.,03 3.21,61.*0 ) 
~ .417£*03  0.h11 5.qSa[ , *03 4 .~12Lt l )1  
J .'/4Of'..* O ! O.7~7 9 . 1 2 1 F * 0 |  %.611F~IJI 
3.11"101 t O3 0.R16 1.407F ,04 7.5711-',113 
3.2971~01 0 .814 ?.~(14FtU4 1 .1141~" 1414 
3 .511110)  I ) . q i l  4.51'11104 1 . 4 5 1 r * 1 4  
3.6%hE+O3 0 . 9 / 0  8.  I 1"h. 104 1. ql~ 7i*+ +114 
J .  7 ~,~k .413 ( i .q  II  I .3oql '  *05 ? .  l+**hl-., 04 
3.117F+03 I.O,111 ?. A'/OI:.+ 115 ) .  ~1371' * +J4 
3.ThlIF. tO |  I .0,17 2.4 P HI-. l I'l.~ " 1.55q1" * 04 
3.779~103 I .O,17 7.57*'JK *l)~ I . b ~ I  i:" i l l4 
3.7771:.101 1. A.),~ 2..~6')= t(Ib 3.h J*/l" 4 L)4 
3.  7771..403 I .O~2  7.FOIF+OS 3.6,|ht.4114 
] .  174i~4d) I .0,11 7. S 8i)[.** 11~ 3 . h t ~ r  +1J4 
3.1131103 I .O,)1 ~.STlk+OS 3.~?7~ +(,4 
3.77 IF.+O! I .O*11 7,567i- +05 l .hJ3r.+Q4 
3.77 ik':.* O3 1.O,]1 7.5h51. 4115 ) . b l 4 F o u 4  
3. 117£*(i3 I .(h)C) ? .557 f  tof3 I . ~ 1 5 0 * 0 4  
.~. "/? 2i":* O 3 1 .11OO p.b5~F 4Oh ~).b 1 ?e.tfl4 
3.777£*03 I . I , .O 2.550k * l+~  3.~111- *04 
3.77 IE'+I)3 1 .O*~O 7.qb?F *0.~ 3.617~+04 
J.7720'*03 1.0,t0 ;).Sb4F ,05 3.614F.+04 
3.77~f.~113 I .n,)O 2.554F *0.'. 3.b14F *rl4 
3.  777L.113 1.0,10 2.b$3F *1J5 | .61  1i~ t04 
J . 7 1 7 k , o 3  I. I) ,)O ?.55:31., ob 3 .t,121. 4 r~4 
3 o 777["*113 1.0i)O ?.b%?F ~ (,5 3 . h l  ?F ,1~4 
3 .711£ ,03  I.(,110 ?. ~511..4 (Ib 3.61 ~)b*(,4 
3./711.:*O1 1.0lJO 7.S4qEtU~) ) . 6 1 1 k * 0 4  
3.771K*03 I .DIIO 2.b40[. ,10% 3.A04c+64 
3. 7711.:*O3 1 . |lifo ?..q4Ol.* O5 3.6n4~ t (~4 
3 . 7 7 0 £ * 0 3  1 .O110 ? . 5 1 5 L + 0 0  3 . b u i F , i 3 4  
3.771£+1)3 1 . 0 . O  ?.S31F'*OS 3.597P 11*4 
3 .771£ ,03  1.0110 7.,~ 10[" *O~ 3..~96k 404 

2.SH�YF*O2 
2.XN�IF*u+ 

7.HX2 IF * l , )  
2 .8907 f  *112 

?.N'}II JPilI~ 
2,gkH~t *Oi 

2.Veo+V++2 

2,x~%V*U2 
Z.S.~%~+(12 

2,UN4.t*O~ 
2 . .~ThL~U)  

2.,hh%k*,l? 
~,Pmhe£*IJ2 

2 . b ~ l i Y * h 2  

2.GH1~£,02 
2 .X~Jb¥,0~  
~.Hsh4E+b~ 
2 .h~b lk* l~2  
~ .bB7uF,O/  

/- 

PHI ~ -1oq .q  DEC; 
u = 7 .OH 

AI,PHA¢ - A . 0  DE~ 

RIIN NU~FR 6~3 I 

14 F. AII ¥AI,UgR 

PT = 440.3  I 'RI~ TWI,/TTK - 0 .~388 
TT 31309.q  .VI ;  R Pkh = 0 .172  
P = 0 .0461!  P ~ I A  T~b alOqH.2 

T = 9 5 . 4  DEG R 

~DGt VAI,It£~ 

PPF = 7.4hkFtOG P6~A 
P$1A ~K = h.  Hb?F*O0 
DPG R T I E =  I . ) O a F e O |  DFG R 

U£ = 0 .377F*04  YT/6FC 

Sample 3. Continued 



¢.11 

AI~VINICAI,~PAN F IFbD SkPVICF.S, INC.  
A(DC O i V l S '  
Vl)X ~ A P ~  ~ ~Y~AMIC~ F A ~ I L | T Y  

FOUhOA~ GAYFK 6TARII ,  IT¥ |NVFSTICATI~N 

RUI'I fl'.lHhF R 603 PAr, [  3 

f)PTA TyPI." 4 
MriUFL 51ixF4C F" k[ARllPhXk'NT$ 

TAP S 1'11 t':T A Pk ~l! pW [ )d iP 
f l a i l  I f~F ~,) ( P ~ I A )  11'.~1 ) 

1 19 .700  o 0 . 1 2 5 0  O.0001 2 . 7 5 q 6  
4 3P.TqO ~ 0 . 1 2 8 3  0 .00 : )2  2 . 7 5 q 6  
3 3 9 . ? ) 0  O 0 . 1 3 4 2  o.(J0o;) 2 . 2 5 q 6  
4 3F.  ;) )~1 0 0 . I ~ 5 6  0 . 0 0 0 2  7. '15qh 
% 3 4 . 2 9 0  0 0 . 1 2 4 2  0 .000 ; )  7o 75qt, 

7 1111. ;) 3o o 0 .12H5 0 .  clrlo2 2 .TKqh  
a, 2~.;~ in  o o .  1771¢ O.Ouo3 7 . 7 5 0 6  
q 26. ; )  In  0 n . 1 2 5 A  0 .0Oh3 7 . 7 5 q 6  

IO 2 4 . 7 3 0  0 n . l l S I  ( I . O O u 4  ? . 7 5 q 6  
11 77. '730 o O.1175 0 . 0 0 o 2  2 . 7 5 q 0  
12 2¢1.140 0 f l . l l l )  0 . 0 0 0 7  2 . 7 6 9 6  
I J  17.14r ,  o o .127R 0.OOOl 7 . 1 5 q b  
lq  1 5 . 1 4 0  0 (J.1101 O . .Ob2  2 . 7 5 9 6  
I~, I "i. I ~il ~ ' 0  0 . 1 1 1 3  o . u o o ; )  7 . 7 5 0 h  
Ib  I I . I 1 0  0 
!1  q . 1 4 0  iI 0 . 1 2 0 h  o . o o o ;  ) 2. '75q6 
IH f l . l  1~ o 0 . 1 3 1 5  5 . 0 0 0 ?  ;).  75~b 
19 I I . I I 0  ?'/~ 0,.12"/2 0.o1101 2 . 7 5 0 6  
:)o I 1 . 1  10 I~O 0 . 1 2 9 9  (I .  0r~02 • 2 . 7 5 q 6  
;)1 3 n . P l ~  21,~ 0.1:154 O.dO05 2 . 7 5 q 6  
~7 3 0 . 7 3 n  IxO O.13~1 O.U(,OJ ~.75'~6 
; ) |  3 9 . 7 q o  210 0 .1301  0 . 0 0 0 2  2 . T b q b  
24 3 a . 7 q o  I~O 0 . 1 4 0 5  h . 0 0 1 7  2.7596 
25 2 7 . 7 3 0  1~0 0 . 1 1 8 3  0 . 0 0 0 2  7 . 7 5 q 6  

T/C 

t 
2 
A 
4 

-/ 

A 
9 

I0  
I I  
12 
13 
14 

16 
17 

Iq  
~0 
71 
72 
21 

25 
26 
77 
2A 
?q 
30 
31 
)2  

THe" VAb|fE..q CII." THI': FilL, I , f )k|NG THF:RMOcOIJPlaF6 HAVE BI..EII ]NTF..RPr)I.ATI.:D 

COI~FIGI 

( T N )  
38 .7q0  
1B.2qU 
t 7 . 5 9 U  
3 6 . 2 q 0  
i b . 2 9 0  
14 .29U 
] 1 . 2 9 0  
12 .230  
3 1 . 2 3 0  
?q. YJu 
? ~ . 2 3 0  
~ H . 2 | U  
; ) 1 . / $ O  
; )6 .230  
~b .4JU  
74o23U 
) 3 . 2 3 0  

~ 1 . 1 4 0  
; ) 0 . 1 4 0  
I q . | 4 0  
1 d . 1 4 0  
1 7 . 1 4 0  

1 5 . 1 4 0  
1 4 , 1 4 0  
1 3 . 1 t 0  
1 2 . 1 4 0  
10 .B40  
l U . 1 4 0  

9 , 1 4 0  
8 . 1 4 0  

4 6 a 

DATE. CIIMPIITVD 23-AJ" -Bb 
DATI.: PF'('nRUFI) 15-F  US 
TIPk: I)l:'('rik 1) I. |1 5 1 ~ 4 1 2 0  
T l I.' F, C(IpPUTF 0 2 ; ) |42  
PH(J,II. CT N(I v [4-OG 

~IIA~P 7-DKG Cn~fl (RN : o . o n l ~  I N . )  
XSTA a 24.011 I N ,  

TIIET& 
(nFr , )  

I 8l) 
180 
I dll 
180 
tt~O 
I HO 
IhO 
IHO 
140  
I140 
IHO 
IHO 

• 10to 
IOn 
InO 
INo 
IRO 

180 
180 
I~O 
100 
I rio 

180 
180 
IPO 
180 
1A0 
180 
180 
180 

TH 8D I'W TH/TT 
(DEG R) (DF:G P) 

1004 .3  0 . 2 2  0 . 7 h 7  
1021 .0  0 .31  O . / T q  
10.15.7 G.43 0 . 7 ' i l  
1047.1  0 . 5 5  o . / q q  
1053 .3  O.bA O.Xl i4 
10.%9,6 0.83 ( I , 8 0 q  
100q .4  I . 0 0  O . H l b  
1 . 7 8 . h  ! . 1 " /  O.G;)3 
I n k 3 . q  l , I B  0 . 8 2 7  
IN ' ) I  .0  l . P k  0 . 8 | 3  
1 0 ~ , 0  1 .23  0 . 0 1 7  
10"13.2 1.01~ " 0.8J% 
I n':lS. 9 0 . 7 2  l l .t~37 
10 ' !7 .1  0 , 4 0  O,dJX 
IOYt~,2 0 . 4 4  0 .83P  
I oq ' ) . h  0 . 6 2  O.RJq 

1101 .5  1.4"/  0 . 841  
I 0 0 1 . 5  1 .69  O.HJO 

101~3.5 1.9"/  0 ,831  

1073 .5  I .H5 0 . 8 2 3  
I 0 7 ~ . 6  I .71  0.8131 
I01  ~).8 l . b l  O . u l O  
1 0 7 3 . 0  1 .52  0 , A 1 7  
I 0 0 1 , 8  1°41 0 , b 1 1  

2,* 2 /  

14EAN VAhlIF ,S 

P i l l  =-IOC~.q DFG PT = 4 4 0 . 3  PSIA TIIHK • 5 0 7 . 7 0 F ; G  k 
14 = " / .q8  TT = 1 1 0 q , q  DV(; H 

ALPHA : - 0 . 0  OFU P : 0 . 0 4 6 0  PSIA T : 9%.4 DiG H 
](~ : 7 ,40~F : tO I  

Sample 3. Continued 



r j !  

ARVIN#f 'AI.SPA li r i f b l ,  Si- . I 'VlCI . '5 ,1NC.  
AE.DC U / V I S E  
VUN IrApHt, fl .i D Y K I I t ] C ~  F A C | h l T Y  
AkNI I IO A | H  I"f l l l( '0. S T A T I r l q l  TI';NN 
Bt} l l l i l~ l l~¥ I ,AYf ' l l  6 T ~ " I I ,  I T ¥  l t lV I . ~? IGA I " ION 

RilN Ntit~hER 603  PAGE 4 

U A f A  TYPE: 4 
! N'i EGI~AI. FVI~i.IIA F l o l l  

PU INT  ZP#1,£1. PP/ I 'PD Hh#t' i )  T T I . / T T [ I  T I ,#TI I  

I i . 7  InF - 0 2  
2 t . o $ 7 F - n l  
3 1 . 2 F ~ F - O I  
4 1 . 5 1 ) f  on1 
q 1 . T f l  I f - I l l  
t; ~ . u T d t ' - O l  
7 2 .2 , . 5F  - I l l  
(4 2.%79[ .  - ( , I  
q 2 . 7 q 1 [ .  - O I  

IO J . O T H F - O i  
I !  ] . 2 7 7 F - n l  
17 J . 5 7 4 f  - O i  
1 1 ) . l i 5 , f  - 0 1  
14 i . 7 7 1 1 f - O l  
15 3 . f l q z F  - O I  
IF. 4 . 0 1 q F - O l  
17 4 . 1 % 2 [ . - " 1  
| i l  4 .2 ,5  flL ~ - ( l |  
19 4 . 3 7 H F - 0 !  
20 4 . 5 1  l t : - f . I  
21 4 . 6 ~ 2 t  - f ' l  
27 4 . 7 7 7 t  -n| 

2 ) ~ o 1}74[. --iT | 
14 ~i. 2#, i l l  - n l  
2% 5 . 5 i 7 1  - n l  
26 5 .  "/hg[. - O I  
27 ¢~.O? J r - O l  
2A 6 . 5 0 , 0  - O l  
29 7 . 0 o / f  - n l  
3n 7 . 4 " l , t  - n l  
31 7 . 9 q 1 0 - O l  
37 e . S n o F - O l  
31 8 . g q b f - O I  
] 4  9 . 4 q / F - i l l  
15 | . O O O F t O 0  

7 o 7 5 O L - O 7  
4 . 1 7 o f ' - O 7  
q .  461 t-,-O? 
? . ~ 0 4 ~ . - q 7  
I . 1 5 1 B - 0 1  
I . ? ' ! l f - O I  
7 . 5 6 1 t . - 0 |  
] . i 2 ? E - i l l  
5 . 4 4 q i  • - i l l  
7 . 7 ° / ' i k  - q l  
i ) .  li.~ 7 f . . i }  | 
q . q 5 % f : - O I  
I . O I  I~ t o o  
t .  0 | 4F, i , iO 
I .Ol l~FtOf l  

. i l l  I f  4tit1 
~,11 ' i t  tUO 
. Ouili'.i O0 
. i'lilA f" i 0 fl 
iO i l ~ l  " tU f} 
o 13 fll~l'. ! I |0 
, Oli41f. iO l i  
o fill~.E t I i0 
o I'l lillE. 4 Oil 
, 0  f l l i t :  t O0 
. Oilr l l .  IuO 
o l~l | i l i  I:" } I~l I~ 
. o I ) r , r  4 IJ#li 

. (i(J ~ [.. t ~/I 

. O h 4 i ' t O 0  

. OIITf: # El/) 

.0071" l o l l  

.Oi) l  Li i )O 

. fl|iiil- t O0 

. OOl'ii. # OO 

1 . 3 n l F - O I  R . q ~ S F - o I  
I • b I r l f ' -O ! q . O l  I i . - 0 1  
2 . 1 % S F - i l l  9 . 1 ( i i t - O I  
2 . 6 7 ] F - 0 1  q . 2 4 q E - O I  
] . J o 4 f  - i l l  q .  4~.5[..-0 I 
4 . 0 7 0 F  -~)1 q .  & ~i( , i:-O I 
,%. G,151"-fi i q .  A4%i-.-01 
i~. 1441--01 I . i ) 0 % F 4 0 0  
"/. i ' i P ~ ' - l l i  I . O l i l ' , o O  
i l . S i  7i - l l l  I .0171, IT)iT 
9 .  ~.i I Ji- . i t  I I .O11i ' ] tOO 
q . ' i 771  -O1 I .Oil'i[" IUO 

, i i l I&F t i lO  I .  flO 11. TOil 
, I I l l l  f" 4 I10 | . 0117i'.40 I) 
, l lOA f  t l l i l  I , l l i )2F.4 IIU 
. O 0 6 f  iO0  1 . 0 0 1 f : * 0 0  
, i l i l % f  t I10 I e* l l l l  t l ( I  0 
,0041 tO0 I , O 0 1 f : t O I }  
, l l l i  ~i  t l l ( I  I , ~ O I E , O 0  
, O l l l f ' i l l i i  I ,O0.1f i 0 0  

l . o n I t  ~Oo I . n O o f  , 0 0  
1 .OOTFtOO I .  ol'Flt, t O0 
I . 0 0 2 i "  ToO I . O . O F  i o i l  
I . l i f t  ;ll; i l l ( i  | o l l f l l l l -  iO0 
I . O O I f  tOO I . n O o f  4UO 
I .  Oft2t t l iO  1 .  OOI1F t Oil 
I . ' i 0 7 l .  t i }O I .I)(nOf. t O0 
I , i }021" t  f i l l  I , O l l O f ' l i ) O  
I .  OnTF.4 O0 q . q g R £ - O I  
| . i iO21-' t  I)O I .  qOOI-. I.(lO 
1 . 0 O J F t O 0  I . f lOOFtO0  
1 . 0 O I E t O 0  I . / l i i O f . i  OO 
1 . 0 0 1 F R O 0  9 . 9 q A E - 0 1  
I .  l l l lOF f OU ! .  IIU/ll'- t UU 
I . on0F4110  I .  0001-'tOO 

l i . 0 2 q E i O 0  
7 .  157t" t l l i l  
b . b A b F i O 0  
5 . 7 5 " ~ E i  O0 
4 . 8  I ~ E  t O0 
l .  91 l t l ' : t l iO 
3 .Oq  i[. ' .OO 
2 . 2 q ' l [ .  tO0  
I .7371'  i l i O  
I .  35 I F t O 0  
I .  I OI,f i o n  
| . 0 0 9 F * ( I q  
q . q % i F - O I  
q . b q  I F - I t  I 
g . i~7*)E-n I 
9 .qOl~F ' -d  ! 
9 . 9 1 q F - O I  
q , 9 7 o i f  - i l l  
9 . 9 5  I E - i l  I 
q .q4. iO"-O I 
9 . U f G f . - O I  
9.91~ 7i ' : -01 
9 o9.~8k - ~ 1  
q . 9 5 4 f ' - 0 1  
9 . 9 5 1 [ . - 0 1  
q . q s ~ f ' - ( I  I 
9 . 9 ' ~ 7 F - 0 1  
9 . 9 5 H f ' - ( i l  
9 , 9 5 q i . ' - o  I 
9 .96,10 - r t l  
q . 9 8 0 f ' - O I  
9 . 9 " / 9 K - 0 1  
Q . g R S F - O I  
q . g q T F - i ) l  
i . 0 0 0 E i o n  

l l l f l l , l R H l l l  

I . 2 4 5 f : - 0 1  
I .  T i l t h - i l l  
1 . q  I ill. - f i t  
I .73~iv - h i  
2 . O h e F - n l  
2 .%b 31.'-Ol 
3 . 7 7  I F , - . I  
4 .  I'~ I E - n t  
5 . 7 5 d F . - n l  
7 . ] q i f - o i  
q . ,1451.- I I1  
q .  t¢ lb l . : - I I  I 
I . O O i E i f t O  

.O I I f ' i q o  

. O f  |F4 I)U 

. i i l l q E t  (IQ 

. l i~ l l l t : i  OO 

. 0 , ) 10  , n o  
• i ' l ll t l~ t i l l )  
. OO~)F. t flu 
. l l ' i  4 f'.t Oil 
. l l l l 4 L f q O  
. iiO 4f. f flu 
o/lii%F', t Ilii 
.OOS[.. tnU 
• OO4f  t nO 
. O O 4 t . v q o  
. l l i l 4 ~ t o O  
. , i 0 4 i : i n o  
. l i O 4 f ; t ~ U  
.O02 f : tOO 
. O 0 ~ E t O O  
.OOIF . tnO 
. Olli}l" tO0  
.O000. tnO 

C O N O I G |  

l i b / i l l )  

3 . 6 d h F - O l  
4 .  i iO41..-O I 
5 . 5  i l l . ' - n l  
6 . 4 1 0 t ; - i )  I 
7 . 2 h h E - O  I 
8 . 0 % 7 1 - - 0 1  
B . 7 4  10 , -n l  
9 . 3 1 2 0 - 0 1  
q . h , I . E - O I  
9 .  qOt.l.:-O I 
i .  O u n F t O I )  
I ,  OuTI. ' ,OO 
I .  ( h i l l  tOu 
I .  OOTF t ( l l l  
I .  OU 2t,1 Oil 
l . d O I E  t r io  
I . O u I E t l I O  
I . O O I E i O t i  
I ,lEO I E t I iO  
! . Oil fie t IIII 
I .  l iOOl"t rio 
I .  OollF t O 0  
I . I]iiil[.' * OO 
I =Ui)'IO 4 0 0  

I .  o O O F . t i ) o  
! o a , l I F  t l iO 
I . l i U O F t O o  
I .  OOOF t O0 
| , O i lOf  # r io 

I i OOUF. t O0 
I = iiOOl.: tOO 
I . O O O E , O O  
I .  O 0 1 ) £ t o 0  

I I~TE CilMPLITFI) l J - A P , ' - d b  
D I T F  HKC~Pl iFU I 5 - F  I b  
T I I I K  R O C ~ I I F D  S 1 5 4 i i b  
T i M E  C n q P l i T f I )  2 2 i 4 2  

SHARP "/-DE'/]. CEil10: (RI~ • O . i )O IS  I N . )  
X.~T& = 7 4 . 0 0  i N .  

HI IT I , /HI ITD LPE/I. l~[. : f  l 

5 . 0 5 3 [ . . t l l i )  1 . 7 1 1 F - O 3  
S .  5 0 7 1 . i l l o  I .  2 iSF - (12  
q . 2 1 i 4 F t O O  | . ~ 1 4 f - O 2  
4 . 7 ] i f t O 0  2 . $ 5 h 0 - O 2  
4 .  I ~1~[.',OO J . & O 5 1 - - O i  
] . 5 4 7 F  ,OO b . ' / q k f  - 0 2  
2 o ll 'Ibf,  t i)O q .  ciOll[. - 0 2  
7 . 2 5 a f ] t o 0  I . ' l q 4 f - O I  
I . / 1 6 f  t u o  J . 2 1 h [ . = O l  
I .  i S . I f . o n o  5 . 4 1 1 0 - 0 1  
1 . 1 0 5 f . t d O  9 .  I A t l . - O I  
I . llOQF i{ 'El 9 . H  37F - i l l  
q . 9  i ~ h - l l l  I .0161" *O0"  
q o XLI I1.'-O I i .  0741"- t O(i 
q .  117OI- .IT I I . i'1214 k" ifl O 
9 ,  q ( I b E - ( l l  I . I l l f l l -  tLIU 
1 , 9 1 l f - I I I  I , , l l t ~ l i O  
q , q 2 q f ' - O I  I . i l l % F t O 0  
q , q ~ l [ . - O I  I . O I O t ~ U O  
q . t  l q t . - l i l  I . ¢ i l l l i O 0  
Q. q~lill ' -O I I . i i i lq f  t o i l  
9 . 9 ( 1 7 f  =(,I  I .l')(llil" 400  
9 .  (JbbF. -h l  I . i lOOf  t l )O 
q .q¢)d f ' ' f , I  I . ii(ISli" t OII 
q . 9 5 ) F ' O l  1 .0101  cot;  
9 .  t.%hF - i I i  i , I l i l l l ~  # O0 
q .  957 i ' - / 11  I .  Ui~ql"t OU 
c,. ~t51q -OI  i . 0 fir'J E4 Oil 
9 .  qSql'] "El I I .  liOlIF i rio 
q . ~ h 2 t "  -UI  I .  UflbF:i (nO 
9 . 9 R O F - O I  I .O04FioJO 
q . q T q l £  - i l l  | = OO4 f.'t fl0 
9 . 9 i l A E - O i  I .OO2f . tOO 
9 .  q ' l i E - O l  I . O O I F i O O  
i .O00F. tl)O I .UOiI I ' i  O0 

O i i T h l l i l T l [ I  i.ltlr.T / hl~ f. TI) 

1 . 4 b q E - O I  
) . A 4 1 1 k - O l  
4 . 4 0 0 1 - 0 1  
h . ) l  4 t . - O l  
6 .  l Y q L - O l  
7 . 1 . 9 7 0 - u l  
q .  (12qt.-O | 
I . 0 2 q L i O 0  
I • I Ohf. iOfl 
| .  IUi l ' . tOO 

. O b 7 E i O f l  

. O J a f  tOO 

.o2 iO.  tO0 

.013~.6 lEO 
, II 101". 4 l l l l  
, IIIi 1 f." i ilO 
. Ou 41r.40fl 
. iiO 4 [': t I.III 
. OOi~ f. i ilO 
• 0117t. t III1 
. 0 0  iE t i }O  
. OilOI t l iO 

U o q ' , l ~ L - ( i l  
I • OI j i lL' t IIII 
q .  gilO[. = I l l  
q .  q % ill. - I l l  
q .  q i i l t i . -  (I I 
| . ~ l lT i ,  i O~i 
9 . q 3 7 L - O I  
i . O(illr. i O0 
I . O02r, tO0 
9 . 9 5 1 r ' 0 1  
! .O0054oO 
I . ( i u l  i'.'t 00  
I .OOill'. t rio 

4 . 9 2 ¢ . f . - 0 2  
7 . 2 h 4 t  =02 
I I .  q I b l " - I I 2  
1 . 1 7 1 # - O I  
I . b t ,  O L - O !  
2 .  i o%i ' . -o ! 
~ . u g l ~ - o t  
4.0471" - , i t  
5o525E-0| 
7 . 7 4 5 f  - 0 1  
H.,4H I t - o I  
O , t 4 q l f - O I  
| . lEO ~t. 4 fIQ 
I .01  I t  t i i l l  
I oi l  I 4 t ' t l l l l  
I , i l I OF'triO 
l . O l i q f  iUO 
I . O O / f : , O O  
i , l l f lb l  t l iU 
| . li8%# i ilO 
I . ( i O l f  tOQ 
I . I l l i4 I" t Ill) 
I . l lO '~F" t oO 
I • IIQ I~l" # I|i) 
i . u u ~ . t  vO 
I o 00%1~t Ou 
I .  OO~)h* uO 

, I / f i l l  tOO 
, 0 l l 4 t  tOO 
. O O l L i O 0  
, i l O i  f ] IuO 
.OOi f .  tOU 
. o i r l l L t o o  
. OOOl] .oo 
. O 0 0 k  +00 

P i l l  " - - 1 0 ' ) . 9  l i t ' ( ]  
H -- 7 . u #  

ALPHA -- o 0 , 0  O["G 

PUN NUURYR 603  

PFI,  i 4 . n l l E - i ) l  i N  
nFl ,  i i 9 . q , i 4 f - 0 7  I l l  
U I : L . t =  3 . 6 b ~ r . - O i  IN  

hl lEi )  = 2 . 5 3 i ) K ~ 0 5  PEA IN  

VAhUFS AT Dr l ,  rA 

ppP z " /oq6HFtO0  PSIA  
HI) a h . H % 2 4 t  tUO 
TI) = 1 . 2 ~ v F ' t O &  Of'G It 
TTD = I . J f l v ~ ' t O 3  Df'G R 
I l l l  = i , 7 7 1 F . i l i j  t ' T / I f C  

Sl , l l~  u 2 . 6 7 h E - 0 1  I . P M I t ' T I  
p i l l | f i l l  r. 9 . q i ) ? f 0 0 O  I . f tH / .~VC- i "T2 

t411'rl) -- 1 . 0 1 4 [ . - 0 7  I.PF-.'%[.CI~'T2 
I I | T T D  = 5 .407 [ . ' o01  BTUII . laq 
LHETP : } ,5~hF ' t114  i 'F f  4 IN 

Sample 3. Concluded 



03 
-4 

AAVIh/CAI.SPA~ FIELO S~RVICES.IqC. 
AEOC 01VI~"1H 
YON KARRZ ;AS OYXAMICS FACIG|TY 
ARNObU AIR FORCE STATIOH. TEHN 
BOUNDARY bAYER 5TAHZLIFV 'IqVESPIGATION 

RUN NUHBER 591 PAGE '1 

OATA TYP£ 2 
ROt)EL SURFACE NEASUXEMENTS 

?AP S THG?A 
' ( I N )  *(O[~1 

'1 3 9 . 7 9 0  0 
2 3 8 . 7 9 0  o 

3H.290 o 
~6 .290  0 

5 34.290 0 

PR 
, (PS[A I  
O.' lXq6 
O.' IH') I  
0 .1993 
O.ilNq3 
O.IR&h 

30.230 
8 28 .230  
9 2 6 . 2 3 0  

!0  24.210  
!1 22 .2J0  
12 2 0 . 1 4 0  
t J  1 1 . 1 4 0  
~ t 5 . 1 4 o  
15 i 3 . 1 4 o  
16 I t . i 4 0  
1~ g . 1 4 o  
|8 8 . 1 4 0  
19 1 1 . 1 4 0  
20 1 1 . 1 4 0  
21 30.230 
22 30.230 
23 39 .790 
24 39.790 
30 22 .~30 

0 0 .1985 
0.1974 

0 0 .1969 
0 0.1A13 
0 O. IASh 
0 0 .1802 
0 0 .19o3  
o 0 . 1 8 1 0  
0 O. i~qR 
0 
0 0 . 1 9 4 4  
0 0 .2032 

270 0.2012 
|80 0 .1q46 
270 O.1959 
190 0.1989 
270 0 . 1 9 2 8  
180 0 . 1 8 8 6  
180 O.1894 

rC lOt  

PHI z - 1 0 9 . 9  D£G 
R = 8 .0009 

ALPHA : 0 .0  DEG 
DE# : -63=  

pwIP ,?IC S 
, ( I N )  

2.7395 t1 38.790 
2 .7323 2 38.290 
2 .8792 ~ 37.590 
2.7364 4 36.290 
2 .6966 5 35.290 

6 34.290 
2 .8685 7 33.290 
2 .8524 8 32.230 
2 .8455 9 31.230 
2.6491 Iu  29.930 
2.6910 IL  29.210 
2.6038 |2  28.230 
2 .1489 13 27.230 
2 .6443 14 26.230 
2 . 5 ~ 8 5  15 25.~30 

Jfi 24.210 
2 . 8 0 9 4  17 2 3 . 2 3 0  
2.9350 
2.9161 19 21.140 
2 . 8 1 1 3  20 2 0 . 1 4 0  
2 . 8111  21 19 . 140  
2.8736 22 18 . 140  
2 . 7 8 6 4  23 17 . 140  
2 .~2S1  24 16 . 140  
201369 30 l b . 1 4 0  

26 14 .140  
22 13 . 140  
28 12.140 
29 10 . 840  
30 10 . 140  
31 9 . 1 4 0  
32 8 . 1 4 0  

DATE C(|qvIIT~:n 15- - "R-H~  
OATE ~E~ORIIF:I) Ib  4°85 
TIRE HECIIHI)EU 2119l  9 
TIME CnRPUTEU 02|2~ 
PROJECT NO V U-0~ 

CONFIG| SHARP 7-0£G CONE.(RN = O . 0 0 1 S , I N . )  

TH£TA ?d ~TMITT 
,|DFGi (OEG R) 

IHU 
'IHO 1038.1 O.280 
1180 1 0 5 4 . 5 "  0 . 7 9 2  
I~0 
1#0 1028.3 0 .810  
I80 
190 IO88 .8  0 .618 
~80 
I# f l  1107 .1  0.831 
tHO 1 1 1 2 . 3  0 . 9 3 5  
180 1 1 2 1 . ?  0.842 
180 112H.6 00847 
tgO t 1 2 9 . 8  O.848 
1HO 1137 ;8  0 . 8 5 4  
IHO 1 1 4 1 . 5  0.857 
JHO ! i 4 5 . 8  0 . 8 6 0  
19o ! 1 4 9 . 1  0 . 8 6 3  

190 1 1 4 9 . 6  0.863 
INO 1147 .1  0 . 8 6 1  
180 1 1 4 1 . 7  0.857 
190 
180 ! 1 3 5 . 3  0.8S3 
1~0 
190 ! 1 2 5 . 5  0.845 
IHO 
1#0 
tNO 1 1 1 3 . 2  O.836  
180 I 1 0 1 . 0  0.827 
I80 
180 
INO 

1134.670 TCI02 ! i 4 7 . 6 7 0  TCI03 1 0 7 2 . 6 7 0  

PT u 676.2  PSIA 
TT = 1331.2 DLG R 

P • 0 .0692 PSIA 
RE • O.249E*06 PER IN 

P~2 u 5 .736  PS lk  

TURK : h O t . 7  DEG R 

RUN NUMBER 591 

. S a m p l e  4 .  Model s u r f a c e  m e a s u r e m e n t s  (Type  2)  



¢jn 
GO 

ARVIN/CAbF"4N FIELD SERVICES. INCo 
AEDC OIVJ N 
VUN KARNAN GAS DYNAMICS FACILITV 
ARNULD AIR FORCE STATIOn. TENN£SS~E 
DOll.DART ~AYER STABIblTY INVEST 

i 

RUN NUMBER 550 

DATA TYPEI SURFACE HFAT TRANSFER 

GA~( S THETA 
NO IN DEG 

1' 3B~790 180 .000  
2 3 8 . 2 9 0  180 .000  
3 37 .590  1 8 0 . 0 0 0  
4 36 .290  IRO.OOO 
5 35 .296  1 8 0 . 0 0 0  
6 ~ 4 . 2 9 0  ~80 .000  
? 33 .290  f 8 0 . o 0 0  

32.230 '  rRo.0nO 
9 31.~30,  f a O . O 0 0  

! 0  2 9 . 9 3 0  lUO.OOO 
11 2 9 . 2 3 0  i'HO.O00 
12 28.23'0 1160.UO0 
13 2 7 . 2 3 0  IBO.O00 
14 2 6 , 2 3 0  l, HO.O00 
~5 25 .230,  ~ 0 3 . 0 0 0  
16 2 4 . 2 3 0  1 8 0 . 0 0 0  
11 ~3 .230  ~80 .000  
l a 
19. 21,.!.4o 1,8o.o0o 
20. 2 0 . 1 4 0  1 6 0 . 0 0 0  
21, ~ 9 . 1 4 0  J.HO.OO0 
22 ~ . 1 , 4 ~  1 0 o . o o o .  
23, ~. lm4~, 1.80.000, 
24 
25 ~ 5 . 1 4 0  1 8 0 . 0 0 0  
26 !,4.1.40 ' l , qO.dO0 
2 ~  1,3.140 1,R00000 
2a. 1.2.1.40 1 ,80 .000  
29, 1.O.840 l.RO.OOO 
3o 1o .14p  1OO.OOO 
31, 9.1,4~ 1,80.000 
3~ 8.1,4q l~p.  OQO, 

OOOT Tk 
BTU/FT2-SEC D£G R 
' 1 .233  ' 586 .89  

~ .185  5 8 8 . 8 6  
f . f 7 1  594 .08  
{ . 2 1 2  6 0 0 . 2 0  
d .915  6 0 1 . O 8  
| . 2 ~ $  6 0 3 . 7 5  
f . 1 1 4  606 .~3  
f . ~ 6 3  6 t 0 , 6 ~  
f . ~ s  6f2.15 
.23~ 6~2.~5 

11.436 61,3.95 

~ . 1 0 2  6 1 3 . 3 8  

~ .27~  61.1.65 
~ .3J5  6 1 6 . 6 1  
6 .913  LLZ.u8 

~ .02L  6 0 6 . 3 ~  
Q..UL~ 604 .32  
0 . 9 4 ~  599 .O~ 
0 . 6 8 ~  592 .64  
0.Z89, 589.L8.  

0 .573.  582.33,  
Q.624, 5 8 0 . 2 ~  

0 . 4 0 5  S?B.S2 

0.1,72 57,6.05 
0 . 4 7 5  57~..1,0. 
0 .632  5 7 ~ 2 3 ,  

PIl l, m 0 . 0 2  OEG 
N u ?a9B 
AbPHA u - 0 . 0 6  DEG 
OEk = - I ~ b . 4 0 , D ~ G  
RUN NUMBER b50 

~T, m 

T,T, : 
P : 
RE u 
HU, =, 

SHARP ?-UEG CONC (RN=0.OOIS I N . )  

R T ( r r )  ST(TT) 
BTUIFT2-SEC-R 
* 1 . 704E-03  1 .376E-03  

~ .642E-05  ! . 3 2 h E - 0 3  
1 , 6 3 6 E - 0 3  | . 3 2 0 E - 0 3  
1 .707E-03  t . 3 7 7 [ - 0 3  
~ . 2 9 0 E - 0 3  . 0 4 1 E - 0 3  

I , 7 9 4 E - 0 3 '  1 . 4 4 7 E - 0 ]  
. $ 8 2 E - 0 3  t . 2 7 6 E - 0 3  
. 9 4 8 E - 0 3  1 . 5 7 1 g - o 3  

1 . 7 6 4 E - 0 3  1 . 4 2 b E - 0 3  
1 . 7 7 0 E o 0 3  1 . 4 2 7 E - O 3  
2 . 0 6 1 E - 0 3  1 . 6 6 2 ~ - 0 3  

L . 5 8 1 E - 0 t  1 . 2 7 6 E - 0 3  
l . R 9 3 E - 0 3  1 . 6 2 6 E - 0 3  
L . 0 4 2 E - 0 3  | . 4 8 6 E - 0 3  
~ . 9 1 0 ~ - 0 3  1 . 5 4 O E - 0 3  
5 .TqSE-03  4 . 8 0 2 £ - 0 3  

L . 4 5 3 E - 0 3  1 . 1 7 2 E - O 3  
L . L 4 8 E - O ~  9 . 2 6 O E - 0 4  
k . 3 2 3 E - 0 3  L . Q 6 7 ( - 0 3  
9 . b h T g - 0 4  7 . 7 2 J E - 0 4  
k .O93 ( -03 ,  8 . 8 2 9 E - 0 4  

~ . 8 6 8 E - 0 4  6 . 3 5 5 E - 0 4  
8 .546£ -04 ,  6 . 9 0 J £ - 0 4  

5 .532E-04 .  4 . 4 6 9 E - 0 4  

2 . 3 3 6 E - O 4  ! . 8 8 H E - 0 4  
6 . 4 7 2 E - 0 4  S . 2 2 9 E - 0 4  
7~24RE-04  5 . 8 5 b E - 0 4  

4 4 0 . 9 4  PSI& ~ u 
1 3 1 9 . 6 7  DEG R O s 

4 . h 0 3 E - 0 2  PSIA ~ = 
2 . R I l E + D 6  ~ER VT PT2 = 
7~&B4E-O6 bUFoSECIFT, HHD = 

3821 .19  FTISEC 
2 . 0 5 0  PSIA 
q b . 4 9  UEG R 

o.  OI PSIA 
i . 3 0 1 £ - 0 3  LUM/FT3 

UAT ~" C[IMPUTi 3-F El4- ~lb 
TIME C(IHPUI E~ 0 1 : 4 1 : b 1  
DATE NECONI)~.D 13-F'L~-H4 
T 1Miq. RF:COHI)ED 1"-43:23 
PH|JJECT NURUER V 6-0G 

S a m p l e  5 .  S u r f a c e  h e a t - t r a n s f e r  d a t a  


