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Abstract

Skin friction coefficients were derived from measurements using
standard measurement technologies on an axisymmetric cylinder in the
Langley National Transonic Facility (NTF) at Mach numbers from 0.2 to
0.85. The pressure gradient was nominally zero, the wall temperature
was nominally adiabatic, and the ratio of boundary layer thickness to
model diameter within the measurement region was 0.10 to 0.14, varying
with distance along the model. Reynolds numbers based on momentum
thicknesses ranged from 37 x 10° to 605 x 10°. Reynolds numbers based
on axial distance ranged from 37 x 10° to 916 x 10°. These
measurements approximately doubled the range of available data for flat
plate skin friction coefficients. Three different techniques were used to
measure surface shear. The maximum error of Preston tube
measurements was estimated to be 2.5 percent, while that of Clauser-
derived measurements was estimated to be approximately 5 percent.
Direct measurements by skin friction balance proved to be subject to
large errors and were not considered reliable. The data lay above the
Karman-Schoenherr prediction by about 5 percent at R, = 362 x 10°.

constant in equation (4)

constant in equation (4)

coefficient of friction

coefficient of average friction, drag/(q x area)
coefficient of pressure, (p-p»)/q

parameter in equation (15)

parameter in equation (15)

outside diameter of Preston tube

du/v

model diameter (12.75 inches)

constant in Spalding equations, equations (3) and (5)

constant in East equation, equation (14)



h balance element height error (see Appendix C)

H shape factor, 870

U mixing length

L length of nose in equation (11)

M Mach number

p pressure

p’ (W(p* u.?) (dp/dx)

pwl, pw2, pw3 averaged pressures on model, see table 1(c)

Pr Prandtl number

q dynamic pressure

r radial coordinate, see figure 10(a)

I parameter in equation (11)

I parameter in equation (11)

R unit Reynolds number, pu/u, also D/2

] distance along surface of model

T temperature

Twl, Tw2, Tw3 averaged temperatures on model, see table 1(d)
u velocity

u, shear velocity, : T/

u u/u,

W Coles’ wake function, see equation (13)

X axial distance along model, inches, see figure 10(a)
x* Patel's Preston tube parameter, see appendix D

y coordinate normal to surface



y y u/v

y* Patel's Preston tube parameter, see appendix D

z lateral distance along model

V4 compressibility factor

a model angle of attack

[3' pressure gradient parameter, (0*'/ty)(dp/dx)

Y ratio of specific heats

) boundary layer thickness

Ou boundary layer thickness at u/u, = 0.995

Ry displacement thickness

5" value of y" at edge of boundary layer

Au/u, strength of the wake component

0 momentum thickness

K van Karman constant

u dynamic viscosity

v kinematic viscosity

IT Coles’ constant in equation (13)

p density

T shear stress

¢ roll angle on model, see figure 10(a)
Subscripts

aw adiabatic wall condition

e at edge of boundary layer

max maximum value

t stagnation condition



W at wall

X based on x coordinate
y based on y coordinate
0 based on the integral quantity 0
00 freestream condition
1,2 denotes conditions at Stations 1 or 2
Superscript
() reduced to incompressible form by Van Driest method for velocities and integral

quantities; also by Sommer and Short T' method for temperature-dependent quantities

U.S. customary units are used throughout this paper unless otherwise noted.

Introduction

The optimum design of transport aircraft requires that accurate predictions of turbulent skin friction be
made at flight Reynolds numbers and Mach numbers of approximately 0.8. Predictions are sometimes
made by first calculating the flat plate incompressible skin friction and then correcting for various effects
such as pressure gradients, three-dimensionality, surface roughness, and compressibility. In an attempt to
provide a more accurate basis for this prediction at high Reynolds numbers, an experiment was designed
to measure adiabatic flat plate skin friction values at Reynolds numbers as large as or larger than reported
flight conditions and Mach numbers approaching flight conditions for modern transport aircraft (M=0.85
to 0.88). The measurements would also be useful to verify the prediction of calculation methods at very
high Reynolds numbers. The most widely-used incompressible flat plate skin friction prediction method
is the empirical Karman-Schoenherr method (ref. 1), based on data at a maximum length Reynolds
number of 450 x 10°. Using a standard incompressible flat plate relation between R, and R,, the
maximum equivalent R, of the data is 380 x 10°. Flight Reynolds numbers are approximately 45 x 10° for
wing sections, based on chord length, and 380 x 10° for the fuselage of a Boeing 747 at cruise conditions,
based on a length of 225 feet. While the data of ref. 1 cover this range, additional data was desired in
order to validate the results of ref. 1 at very high Reynolds numbers.

To measure skin friction at Reynolds numbers close to flight conditions, the Langley Research Center
cryogenic transonic tunnels, the National Transonic Facility (NTF), and the 0.3-Meter Transonic
Cryogenic Tunnel (TCT), were used. Unit Reynolds numbers as high as 100 x 10° per foot can be
obtained in these tunnels, and length Reynolds numbers of 900 x 10° in NTF. Thus, Reynolds numbers
obtainable in NTF could nearly double the range of data of ref. 1. Unfortunately, it is very difficult to
obtain accurate skin friction measurements in cryogenic tunnels because the extremely low temperature
often leads to problems with instrumentation, and the high Reynolds number of the flow can produce wall
roughness effects if not carefully accounted for.

The idea of obtaining high Reynolds number c¢ data utilizing the Langley cryogenic tunnels is not new



and, in fact, a program to do so was outlined in ref. 2. Many of the ideas presented in ref. 2 were used in
planning the test described in this report, although the model to be used was different. It was determined
in the early planning stage that a two-dimensional flat plate, as proposed in ref. 2, posed too many
problems in mounting and maintaining the accuracy of the surface in the high dynamic pressure
environment of NTF. For this reason, an axisymmetric model was designed for which transverse
curvature effects were small, based on the thickness of the predicted boundary layer. In addition, it was
necessary to determine if compressibility effects could be accurately accounted for at Mach numbers as
high as 0.8. This was successfully done by applying the Van Driest transformation (ref. 3) to the data to
determine equivalent incompressible flow conditions.

Early in the planning stage of the experiment it was decided that only off-the-shelf skin friction
measuring techniques would be used. The program began in 1994, and this requirement eliminated the
use of the nascent technologies of the time such as MEMS devices. Instrumentation development was
considered too difficult, costly, and time-consuming to pursue in an already difficult and costly
experiment. It was also required to measure the skin friction as accurately as possible, a notoriously
difficult measurement to make at near-ambient temperature without the added challenge of making
measurements at cryogenic temperatures. Three different standard techniques were used with the
rationale that they would either provide consistency among themselves, or point out inadequacies in the
experiment.

A skin friction balance was used, since it provides a direct measurement of skin friction. The two
other methods used were Preston tubes and boundary layer surveys, from which skin friction was inferred
by a Clauser method (ref. 4). The surveys also provided the boundary layer integral quantities such as the
momentum and displacement thicknesses as well as the boundary layer thickness. It was known that
problems existed with each technique; therefore, a series of risk-reduction experiments was conducted in
the NASA Langley 0.3-Meter Transonic Cryogenic Tunnel. The range of Reynolds numbers of the
Preston tube calibration was extended by testing Preston tubes in the Princeton Superpipe (ref. 5), a pipe-
flow apparatus operating at high pressure and Reynolds number. These experiments are described in an
appendix to this report. A discussion of the general methods available for measuring skin friction can be
found in ref. 6.

The law-of-the-wall is used extensively in this report to present data and to infer skin friction
coefficients from velocity profile measurements. There has been a renewed interest in the validity of the
law-of-the-wall, as evidenced in the report of George and Castillo (ref. 7). The present data are examined
in the parameters of ref. 7, but discussion of the relative merits of law-of-the-wall or of the power-law
validity is not attempted.

This experiment extends the existing flat plate turbulent skin friction-Reynolds number database.
Increased accuracy in the prediction of high Reynolds number skin friction coefficients can translate into
savings in terms of fuel or increased payload. The monetary savings are directly proportional to fuel
costs, which have risen sharply recently.

Experiment Design Considerations

In order to analyze flat plate adiabatic wall skin friction data, it is necessary to compare the
measurements with the most reliable existing data and theory available. There are many theories for
predicting skin friction; however, if a theory has been derived based on a limited amount of data it may be
in error if extrapolated to other conditions.
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Extraneous factors can often affect experiments. Tunnel flow may not be uniform and, if an
axisymmetric model is used, the model must be large in relation its boundary layer in order to produce a
flow approaching the required two-dimensionality. Also, in many wind tunnels the total temperature of
the flow may change, producing a departure from adiabatic wall conditions.

In this section several factors pertaining to the analysis and measurement of flat plate skin friction and
errors and uncertainties are discussed.

Flat Plate SKkin Friction Methods

The most commonly used method for calculating turbulent incompresssible flat p1a6te skin friction is
that of Karman-Schoenherr, ref. 1, covering a range of Ry from 2.8 x 10 to 450 x 10 for the turbulent
data. The equivalent Ry is from 800 to 3.8 x 10 . The data were obtained by towing flat plates behind
ships and correlating the drag with length Reynolds number using an equation of von Karman. The data,
from a variety of sources, contains large scatter; however, the correlation has proved to be surprisingly
accurate.

The Karman-Schoenherr equations are:

0.242/+/c; =log,y(cR, ) =log,,(2R,) (la)
¢ =0.558 ¢, /(0558 +2:/c, | (1b)

where cr is the average skin friction coefficient, i.e. , total drag /(area x dynamic pressure). The local skin
friction coefficient, ct, was obtained in ref. 1 by differentiating equation (1a). Another more convenient
formulation can be found in ref. 8, which can be solved directly for c; in terms of Ry:

1/¢, =17.08 (log, R,) +25.11 log, R, +6.012 2)

Several other methods for calculating cf are discussed in Schlichting, ref. 9, and White, ref. 10. The
Spalding equation for skin friction from ref. 11, used extensively in this report, is based on a velocity
profile which includes the sublayer, buffer layer, and logarithmic regions, but not the outer (wake) region
of the boundary layer. The Spalding equation for the velocity profile, derived in ref. 12 is :

o outs 1 o 1t - (Ku+)2 ) (Ku+)3 ) (Ku+)4
E 2! 3! 41 (3)

where «k and E are determined by a fit to the law of the wall:

u'=Aln(y")+B
(v7) “

where A= l
K



The equations for skin friction, derived from equation (3) in ref. 11, are:

In these equations, k is the von Karman wall constant. In ref. 12 Spalding assumed values of 0.40 for
Kk and B=5.5 in the law-of-the-wall. The coefficient 1/E outside the brackets in equation (3) was set equal
to 0.1108 in ref. 12, and thus was not adjustable for other values of B. In ref. 11 the coefficient was
generalized to 1/E, and a value of E equal to 9.025 was used for the velocity profile, giving a profile
equivalent to that in ref. 12. If E = 9.025 is used in equations (5a) and (5b) however, the skin friction
prediction is too high. It was noted in ref. 11 that if E was taken to be 12.0 in equations (5a) and (5b), a
better value for the skin friction coefficient is calculated. Thus, it is possible to use equation (3) for
whatever values are required for k and E for agreement with inner velocity profiles; however, the
coefficient, E, also used in the skin friction equations (5a) and (5b) should be different in these equations,
due to the neglect of the wake component in equation (3).

The reason for the discrepancy can be explained by referring to figure 1. Velocity profile data from
this report taken at Mach numbers of 0.85, 0.6, and 0.4 are reduced to incompressible form by the Van
Driest transformation, described in appendix A. The data are plotted along with Spalding’s velocity
profile (equation (3)) with k= 0.41 and E = 9.535, and the law-of-the-wall (equation (4)) with ¥ = 0.41
and B = 5.5. The difference in u'/u, between the logarithmic law-of-the-wall and u.'/u, at the edge of the
boundary layer is due to the wake component of the boundary layer, denoted the “strength of the wake”
parameter, Au'/u,. If the strength of the wake component is constant over the complete Reynolds number
range, then equation (5b) with suitable values of ¥ and E should accurately predict u.'/u,, and thus, c;
This is not true for Ry > 25,000 (see section “Boundary Layer Profile Data Reduction™). Although
equations (5a) and (5b) were based on the velocity profile of equation (3), the value of E in the velocity
profile and skin friction equations should be considered separately. It is evident in figure 1 that law-of-
the-wall coordinates can be used to plot skin friction laws (u. as a function of 8"), as well as the velocity
profile. A skin friction law would appear as a locus of points defined by the edge of the boundary layer in
the figure. The use of 12.0 for E and 0.4 for x in equation (3) gives an equivalent value for B = 6.212 in
equation (4), which is the usual additive constant in the law-of-the-wall plus the strength-of-the-wake
component.

Figure 2 compares the values of c; obtained from equations (1a) and (1b) (Karman-Schoenherr) with
that from equation (5b) (Spalding), and with the results from a finite-difference calculation by the method
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of ref. 13. The large Reynolds number extent of the fit to data of the Karman-Schoenherr method and the
range of Reynolds numbers covered in this experiment, which are nearly twice that of ref. 1, are noted in
the figure. The Spalding equation was calculated with k=0.4 and E=12.0, mentioned in ref. 11 as a good
fit to data. It can be seen that the Spalding and Karman-Schoenherr methods agree at Ry of about 6000.
For larger Ry, the Spalding method is higher than the Karman-Schoenherr and agrees with the finite-
difference calculation. At Ry=300,000, the difference between Karman-Schoenherr and Spalding is
approximately 5 %.

Although not a consideration for high Reynolds numbers, theory should accurately predict low
Reynolds number effects in the range of Ry from 400 to 1000. The non-equilibrium turbulent boundary
layer effect is not adequately predicted by either the Karman-Schoenherr or Spalding equations. This is
illustrated by the data of Coles, ref. 14, and Purtell, ref. 15, shown in figure 3. The theory of ref. 7, also
shown in figure 3, does predict increased c¢ at low Reynolds numbers and agrees with the predictions of
Spalding and finite-difference calculations at high Reynolds numbers. Parameters of interest for the
method of ref. 7, calculated as a function of 8", are somewhat unwieldy. Refer to ref. 7 for the complete
equations and constants required to calculate parameters of interest.

Initial Finite-Difference Calculations

Finite-difference calculations were made by the method of ref. 13 in order to estimate the surface shear
levels required for designing a skin friction balance, to size a rake to capture the full extent of the
boundary layer, to estimate the physical thickness corresponding to y* = 5 at the surface for estimating
wall roughness effects, and to estimate the effects of transverse curvature. Sharp leading edge, two-
dimensional, fully turbulent calculations at Mach 0.03 are compared to the Karman-Schoenherr and
Spalding methods and the results of ref. 7 in figure 2. At high Reynolds numbers, the finite-difference
calculations agree more closely with Spalding’s theory, equation (5b), than with Karman-Schoenherr,
equation (1).

Existing High Reynolds Number Skin Friction Data

In ref. 16, Fernholz and Finley assessed incompressible zero-pressure-gradient boundary layers as of
1996. Two cases which they mentioned are of sufficiently high Reynolds number to be of interest here:
those of Fernholz, et al, in ref. 17 and of Gaudet in refs. 18 and 19. The data presented in ref. 18 is a
reexamination of the data of ref. 19, where ¢y was measured on the wall of a tunnel by floating element
balance. The data, taken at a Mach number of 0.8, were reduced for this report using the Van Driest
transformation for comparison with incompressible theories (see appendix A). The maximum
compressible value of Ry was 311 x 10° and the maximum transformed R, was 273 x 10°. For the Preston
tube data of ref. 17, no attempt was made to transform for compressibility effects since not enough
information was given to do so. The data of Nagib and Hites in ref. 20 were also examined. There was
no mention of how u, was obtained for these data; however, compressibility effects should not be present
because of the low Mach number. Finally, the data of Smith and Walker from ref. 21 were considered.
George and Castillo used the data of ref. 21, published in 1959, in deriving the constants for their skin
friction theory in ref. 7.

These data are shown in figure 3, along with the theories discussed in the previous two sections of
this report, an incompressible flow finite-difference calculation, the low pressure data of ref. 15, the low
Reynolds number correlation of ref. 14, and the data of this report reduced from velocity surveys by the
Clauser method (see Appendix B). In general, the agreement between data and incompressible theory is
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very good. The Spalding theory matches the data well at high Reynolds numbers and the George and
Castillo theory matches well over the whole Reynolds number range.

Factors Affecting Skin Friction Measurements

Six factors which affect the measurement of skin friction, apart from the errors associated with
instrumentation, are: compressibility, pressure gradient effects, heat transfer effects, transverse curvature,
surface roughness, and spanwise nonuniformity (three-dimensionality) of the flow. Each effect was
examined before the test was begun to insure that it could be minimized to the extent that a “flat plate”
skin friction could be measured.

Compressibility Effects

A range of Mach numbers from 0.2 to 0.85 was covered in the present data. Above approximately
Mach 0.3, compressibility effects must be considered in the flow. One approach, and the one used by
Allen in Preston tube reductions (ref. 22), is the use of the T' method in which temperature-dependent
quantities such as p and w are replaced by their values at a temperature intermediate between the wall and
freestream values, i.e., the “T-prime” condition. Allen used the Sommer and Short method, ref. 23,
which was a fit to supersonic data in air, and which works well for lower Mach numbers. The Sommer
and Short T-prime method was used in this report for all Preston tube reductions, as was done in ref. 22.
The equation defining T is

l=1.+ 0.035 M +0.45 (T—W—l.O) ()
Te Te

In order to present both velocity profile and skin friction data in incompressible form, velocity profiles
and related quantities such as 6*, 0, and Ry, were transformed using the Van Driest method of ref. 3,
which has been shown to work well for adiabatic wall boundary layers at Mach numbers as high as 10 in
helium in ref. 24. This method, the basis of the Van Driest compressible skin friction law, is discussed in
appendix A of this report. Spatial coordinates and T, are not transformed by this method. The
transformation is larger at Mach 0.85 than at 0.4, as demonstrated in the appendix.

By transforming compressible results to equivalent incompressible results, errors in the correlation of
skin friction by Ry are negligible. The inference of c¢ from profile data by the Clauser method is a
measurement error, and will be discussed in a later section.

Pressure Gradient Effects

Preliminary tests were run in the Langley 0.3 Meter Transonic Cryogenic Tunnel (see appendix C for
a description of the tests), and the effects of both favorable and adverse pressure gradients on measured
skin friction were made. This was accomplished by moving the upper wall of the test section to produce
pressure gradients of different magnitude on the flat side wall of the test section. Figure 4 shows the
effects on Preston tube measured ¢ in terms of B, the pressure gradient parameter used by Clauser to
generate self-similar equilibrium profiles in ref. 4. Data are shown at Mach numbers of 0.6 and 0.8 at two
different unit Reynolds numbers. B' is the transformed value calculated using the Van Driest transformed
value of 8 . Compressibility and Reynolds number effects are not completely removed using p'; however,
the correlation is adequate for estimating pressure gradient effects. For these test conditions
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If [3' == (.015, the resulting error in skin friction coefficient would be approximately + 1%.
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Heat Transfer Effects

The effects of nonadiabatic wall temperature (heat transfer) on incompressible skin friction, measured
by Preston tubes in the 0.3 Meter Tunnel and reduced by the T-prime method, are shown in figure 5. The
total temperature of this tunnel can be rapidly varied from above ambient temperature to 100 K, making it
possible to measure c; over a range of T,/T,,. The results are shown in figure 5 for Mach 0.6 and Mach
0.8. Two different runs are plotted to show the repeatability. The effects are larger at Mach 0.8 than 0.6,
and the error in c¢f/cf,taw 1S £ 0.5 % for Ty/T.w between 0.98 and 1.02. It will be shown in the Results and
Discussion section of this report that the actual variation was less than this amount. The effect of non-
adiabatic wall temperature on cf' is:

Ce

-=1.139-0.139(T, /T,,) for Mach 0.6 (10a)
CfT,aw
and
o =1246-0246(T, /T,,) for Mach 0.8 (10b)
CfT,aw

For most runs in the 0.3 Meter Tunnel, the wall was slightly off-adiabatic because of heat transfer
through the tunnel wall to a plenum chamber behind the wall, and then to outside the tunnel.

Transverse Curvature Effects

In order to assess the suitability of an axisymmetric model for measuring “flat plate” skin friction,
calculations were made to estimate the magnitude of the curvature effects to be expected in NTF. The
effects of lateral divergence and longitudinal curvature on the nose of the model, as well as the purely
geometric effect of transverse curvature on the cylindrical portion, are complicated by differences in
transition and the initial growth of the boundary layer at different tunnel conditions. In order to estimate
what these combined effects would be, boundary layer calculations were made using the finite-difference
method of ref. 13 — see section on "Initial Finite-Difference Calculations." Calculations were made for
Mach numbers of 0.2 and 0.9, covering the range of high and low Mach numbers of the test. At both
Mach numbers, calculations were made for a zero-pressure-gradient (c, = 0) fully turbulent flat plate and
for axisymmetric bodies having diameters of 6 and 12 inches with 24-inch long ellipsoidal noses. Simple
Newtonian impact theory, ¢, = Cpmax sin®(0), usually applied in hypersonic flow, was used to estimate
pressures on the elliptical noses of the cylinders as an input to the calculations. Model geometry and
pressures were generated by a simple Fortran program which produced the inputs in the required format
for input to the method of ref. 13.

Plotting skin friction coefficients as a function of s, the surface distance, points out the problem of

10



correlating cs with Ry or Rs. In Figure 6 the growth of 0 on a flat plate at Mach 0.9 is compared with that
on two axisymmetric bodies at Mach 0.9. Because of the initial development of the boundary layer in a
three-dimensional flow subject to pressure gradients, the boundary layer at a specified location on the
model will not be the same as that on a zero-pressure-gradient flat plate at the same location, even in the
absence of transverse curvature effects. The transition location was input as 0.1 inch for the 2-D
calculation and at 0.372 and 0.180 inches for the 12-inch and 6-inch diameter models, respectively. The
unit Reynolds number was the same for all three cases. The initial growth of the boundary layer over the
nose of the model is influenced strongly by the non-uniform external conditions from the stagnation point
to the shoulder junction. Past the shoulder junction, 6 diverges downstream between the 6-inch and 12-
inch diameter models due to geometry effects.

Correlation is properly done using Ry, which accounts for upstream history effects. This is illustrated
in figures 7(a) and 7(b) where flat plate calculations at Mach 0.2 and 0.9 are compared with axisymmetric
calculations for model diameters of 6 and 12 inches. The calculated values of R, at the measurement
locations for the NTF model, designated Stations 1 and 2 (see section “Facility, Model, Instrumentation,
and Data Reduction”), are noted on the figure.

For a 12-inch diameter model a maximum error of 1.17% occurs at Station 2 at Mach 0.2, less than the
probable error of the skin friction measuring devices used. The error decreases with Mach number,
corresponding to an increase in unit Reynolds number and the concomitant decrease in boundary layer
thickness, and increases with Ry, corresponding to downstream growth of the boundary layer. It was
concluded from these simple calculations that an axisymmetric model would be suitable for measuring
essentially flat-plate turbulent boundary layer characteristics, and that the maximum error in skin friction
coefficient between the actual model and a flat plate, when compared on an Ry basis, would be about 1 %
at the lowest Reynolds numbers. At high Mach numbers, the calculated error was on the order of 0.5 %.

The final model, as constructed, was 12.75 inches in diameter and the axial nose length was 25.951
inches. See table 1(a) and the section entitled “Facility, Model, Instrumentation, and Data Reduction” for
a discussion of the model design. The experimental value of /R was 0.15 at the second measurement
station at M = 0.2, where the boundary layer was thickest and the Reynolds number was lowest, as
discussed in the Results and Discussion of this report.

Surface Roughness Effects

In order to insure that the model was hydraulically smooth, finite-difference calculations were used to
determined the y" = 5 height normal to the surface. Figure 8 shows y in inches plotted against y* for the
most severe case, that at highest unit Reynolds number. To meet the criterion of roughness being less
than 5 wall units, it was decided that the rms wall roughness should be smaller than 30 win. When
constructed, the model and skin friction balance element had a measured roughness of 4 win.; thus, it was
felt that surface roughness did not significantly affect the skin friction measurements of this test.

Spanwise Nonuniformity Effects

Turbulent boundary layers exhibit spanwise variations in skin friction coefficients and integral
boundary layer properties, even in flat plate experiments where great care has been taken to insure the
two-dimensionality of the outer flow. Spanwise plots of 8 for nominally two-dimensional flows are
always somewhat ragged, as are cf measurements. The reason may be because of the raggedness in the
transition process, and/or the presence of near wall structures in the boundary layer, inducing a standing
pattern in the flow. Added to this, when there is finite three-dimensionality in the flow, these effects are
11



added to the usual two-dimensional variations. In order to minimize the three-dimensionality of the flow
on the model, the expected droop because of the model weight was calculated and found to be
approximately 0.25 degree. Since the model could be adjusted within 0.01 degree, the effect should be
minimized by careful alignment of the model in the vertical plane. Initial runs were devoted to model
alignment. Rake, balance, and Preston tube measurements to determine skin friction were always made in
the same azimuthal plane.

When measurements are made on the sidewall of tunnels, the effects are larger than found on models
mounted in the freestream because of the initial establishment of the flow. In the Results and Discussion
of this report, the spanwise variations measured on this model were about 2.5%.

Errors Due To Above Factors
Extraneous effects from several non-measurement sources were quantified as follows:
* Correlation errors due to compressibility: negligible

* Pressure gradient effects: see eq. (9) and Results and Discussion

* Non-adiabatic wall effects on Preston tube data: see eq. (10) and Results and Discussion

* Transverse curvature effects, Ry dependent: 0.5t01.2%
* Surface roughness effects: negligible
* Spanwise nonuniformity effects + 2.5% max, see Instrumentation

Facility, Model, Instrumentation, Data Reduction, and Instrumentation and
Measurement Errors

Facility

The National Transonic Facility at Langley Research Center is described in ref. 25. This tunnel is
capable of Reynolds numbers as high as 147 x 10° per ft and Mach numbers as high as 1.22, using
nitrogen gas at cryogenic temperatures as the test medium. In order to maintain a very low temperature,
liquid nitrogen is injected into the tunnel through a set of nozzles. The nitrogen vaporizes, creating a
gaseous test medium at temperatures just above the liquefaction point. Intermediate temperatures are
achieved by allowing the flow to heat naturally during the run process, or by the use of a heat exchanger.
The tunnel can also use air as the test medium if ambient temperature is required. For the present tests,
both ambient and cryogenic temperatures were run to obtain the desired Reynolds number range.

The test section is approximately 8.2 ft square by 25 ft long, making it possible to mount very long
models in the tunnel to produce large length Reynolds numbers. The model described in this report was
17.28 feet long.

Model

The design of the model was a compromise among several factors. It was desirable to have a long
12



model in order to produce high length Reynolds numbers. The diameter was required to be large enough
so that the model would not sag significantly under its own weight and to allow room for the skin friction
balance and other instrumentation to be mounted internally. Also, it was required to be large enough that
transverse curvature effects would not be a significant factor affecting skin friction or boundary layer
properties. It could not be too large, however, since model loads and blockage effects could not be
excessive. A photograph of the axisymmetric 347 stainless steel model mounted in NTF is shown in
figure 9, and a sketch of the model is shown in figure 10(a). The model consisted of a cylinder 12.75
inches in diameter and 17.3 feet long, having a modified-elliptical nose with 7 cylindrical sections
downstream of the nose. Section coordinates are listed in table 1(a).

Instrumentation ports were mounted in the model at the stations listed in table 1(b). The model was
instrumented with 147 pressure orifices, most of which were located in a row along the primary
measurement ray of the model, although some were placed circumferentially around the model — see table
I(c). Thirty three thermocouples were located at various locations on the model with the thermocouples
embedded in plugs, pressed into the surface, and final-machined. Three thermocouples were attached to
the inner surface of the model, and two thermocouples were reserved for measurement of temperatures on
and within the skin friction balance, see table 1(d). Skin friction was measured by a balance and Preston
tubes at Station 2, and by inference from velocity profiles at Stations 1 and 2 (see figs. 10(a) and 10(b) for
model dimensions in the vicinity of Stations 1 and 2). Skin friction instrumentation was mounted at two
large ports four inches in diameter at Stations 1 and 2, and at six ports 1.85 inches in diameter at the same
stations. Preston tubes were mounted circumferentially around the model at plugs mounted in the small
ports at Station 2 for initial alignment of the model and to determine the symmetry of the boundary layer,
from skin friction data. Mounting arrangement of the Preston tubes on the model plugs is shown in
figures 10(c) and 10(d).

The nose was designed as a standard ellipse, blended with a super ellipse (ref. 26). The coordinates,
plotted in figure 10(e), were described by the following equations:

r=r, (1.0—%) +1, % merged (11a)
1
212
where 1, = 1.0—(1.0—%) R ellipse (11b)
1
33
and r, = 1.0—(1.0—%) R super ellipse (11c)

Tabulation of the nose coordinates used in the manufacture of the model can be found in table 1(e).

Locations of the rake tubes used for measuring velocity profiles are shown in figure 10(f). The tubing
tip was 0.0095 inch 1.d.—0.018 inch o.d. hypodermic tubing mounted in 0.0195 inch i.d.—0.032 inch o.d.
tubing. The larger tubing extended 0.8 inch from the tip of the rake body, while the smaller tubing
extending 0.2 inch from the end of the large tubing.
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The model was sting-mounted to avoid interference caused by strut mounts. The NTF sting mounting
mechanism had roll and angle of attack capability, which could be used to set the model at nominally zero
degree angle of attack in the vertical plane.

A preliminary estimation of blockage effects to be expected for a cylindrical model in NTF was made,
based on area considerations. The NTF test section cross section is 8.2 ft sq (2.5 m sq), giving a free area
of 67.240 ft*. Calculations were made for different model radii to determine the solid blockage effect
assuming a solid wall test section, even though the test section top and bottom walls are slotted with an
openness area ratio 6%. The percent solid blockage is defined as (model cross-section area)/(diminished
test section area x 100). Figure 11 shows the results with a blockage of 1.34% for the final model radius
selected, 6.375 inches. The influence of the model will obviously be a function of the freestream Mach
number.

Calculations of the flow over the final configuration were made by TLNS3D, refs. 26 and 27. It was
determined from these calculations and the finite-difference calculations of ref. 13 that the pressure
gradient would be close to zero at the first measurement station, and thus would not be a factor in
measuring “flat plate” skin friction. Measurements confirmed this, as shown in the Results and
Discussion section of this report

The whole model, including the nose, was polished to a surface finish of 4 win, measured by the
manufacturer and checked at Langley Research Center, and independently confirmed by optical
measurements done on contract. No transition trips were used on the nose.

Instrumentation

Measured tunnel parameters included total pressure, static pressure, and total temperature. Total and
static pressures were measured by fused-quartz pressure transducers having an accuracy of £ 0.012% of
reading plus 0.006% of full scale. Four transducers having ranges of 30, 50, 100, and 150 psi were used.
Total temperature was measured by two systems, (1) PRT indicators having an accuracy of + 0.05 °K, and
(2) copper constantan (type T) thermocouples having an accuracy of = 1 °K. The tunnel Mach number
was accurate to + 0.002 from Mach 0.2 to 1.2. Model pressures were measured by an ESP system which
was calibrated when the accuracy exceeded + 0.19% of full scale of the module. Module sizes of 5, 15,
and 45 psi were used. Model temperatures were measured by copper-constantan thermocouples having
an accuracy of £ 1 °K. See ref. 28 for a discussion of the tunnel transducers, data acquisition system, and
data reduction procedures.

As previously stated, a requirement of this test was that no instrumentation development would take
place because of time and cost constraints. Three methods of determining skin friction were selected for
the measurements: a skin friction balance, Preston tube measurements, and velocity profile measurements
from which skin friction was inferred by a modified Clauser method.

Even though skin friction balances have been used extensively for many years, the problems
anticipated by operating in a cryogenic environment required that a risk reduction experiment be
conducted in a smaller, less expensive tunnel to operate. The results of these tests are discussed in
appendix C of this report. The problems encountered were larger than anticipated, and greatly influenced
the design of the final balance.

The balance was constructed of series 300 stainless steel, as was the model. It was mounted in the
four-inch diameter ports at Stations 1 and 2. Its sensing element was 3 inches in diameter, with a surface
14



area of 7.075 square inches, subtending an angle of + 13.24 deg of the model. The gap between the
element and the case was 0.005 inches, and the lip thickness was 0.015 inches. It calibrated very
accurately under laboratory conditions with excellent repeatability and linearity; however, during tunnel
runs it often gave unreasonable readings. It was periodically disassembled, reassembled, and recalibrated
— each a very tedious and time-consuming process. In addition to a standard calibration, the balance was
subjected to vibration in the laboratory since it was anticipated that vibration would occur on the model
when sting-mounted in NTF. No vibration problems were found. It was suspected that the balance
material was a cause of erratic readings of the balance during tunnel runs due to the thermal cycling;
however, no problems could be directly attributed to material properties.

The Preston tubes required no special design considerations except for minimal flow interference and
sizing of the diameter for the boundary layer in which measurements were to be made. The tubes o.d.
were 0.058 inches. Only one set of data covering the range anticipated for the present measurements was
known to the authors (ref. 29). For this reason, a high Reynolds number Preston tube calibration was
made at Princeton University in the Superpipe Facility, described in refs. 5 and 30. Details of the
Princeton test are given in appendix D. Dimensions of the Preston tubes mounted on small and large
model plugs are shown in figures 10(c) and 10(d).

Inference of skin friction from velocity surveys also required no special design considerations except
for placement of the tubes at the desired locations within the turbulent boundary layer. The initial
boundary layer calculations by the method of ref. 13 provided the guidelines for tube placement. There
were 31 rake tubes with o.d. = 0.018, i.d. = 0.0095 inches. The lower 17 tubes were staggered, while the
upper 14 tubes were in-line. They were mounted in a post tapered at 22 deg to a sharp leading edge front
and back. The tip of the tubes was one inch upstream of the leading edge of the post. Measured tube
locations for the rake are listed in table 2 and plotted in figure 10(f).

Photographs of the instruments are shown in figure 12; the balance in figure 12(a), a Preston tube
mounted on an NTF model plug in figure 12(b), and the rake in figure 12(c).

Data Reduction
Calculation of Real-Gas Flow Properties

Properties of the flow in NTF were calculated using the Beattie-Bridgeman equation of state,
discussed in ref. 31. Since the Mach number was not constant over the surface of the model, a nominal
reference Mach number was calculated using the measured tunnel total pressure and an average of three
static pressures on the model at orifices 60, 61, and 62 on Section 3 (see table 1(c) and figure 10(b). This
Mach number was taken to be representative of the flow over the surface of the model for the purposes of
calculating the local velocity, unit Reynolds number, and dynamic pressure. Test section blockage
because of the model made this Mach number slightly different from the usual tunnel calculation of the
freestream Mach number.

For the most accurate measure of local values of flow parameters at survey Stations 1 and 2, the wall
pressure and local conditions were calculated from an average of data from 11 orifices surrounding the
survey locations. For Station 1, orifices 65, 66, 76-82, 84, and 85 were used; for Station 2, orifices 116,
117, 127-133, 135, and 136 were used. Similarly for temperature, the nominal model temperature was
found by averaging three temperatures at x = 69.95 for Station 1 and at x = 119.9 for Station 2. (See
tables 1(c) and 1(d), and figure 10(b) for these pressure and temperature locations.)
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Preston Tube Data Reduction

Four different methods of reducing Preston tube data were examined to determine the accuracy of each
method. The methods examined were: Patel (ref. 32), Allen (ref. 33), Bertelrud (ref. 34), and Bradshaw
(ref. 35). Since all methods had been derived using data at lower Mach numbers than would be
encountered in this experiment, the basic formulation of each method was retained and new constants
were fit to calibration data obtained at very high Reynolds numbers in the Princeton Superpipe (ref. 5). A
discussion of the Princeton Preston tube calibrations at high Reynolds numbers can be found in appendix
D. Using several input data cases, solutions were obtained for each of the modified methods and found to
give the same results. That is, one method did not appear to be superior to another in calculating c; from
the input data. The Patel equation (equation D3 from appendix D) was used for the final data reduction
since this equation was found to accurately predict the Princeton measurements with no modification and
is the most commonly used method. Ref. 34 suggests parameters other than Patel's as being more suitable
for data reduction, however Patel’s parameters (x* and y*, see appendix D) were used for the data
reduction of this report.

Three of the methods are for incompressible flow, the Bradshaw method being the exception, and the
T' method (see discussion of compressibility effects) was used to account for compressibility effects as in
ref. 22.

Boundary Layer Profile Data Reduction

The reduction of boundary layer pitot profiles to velocity profiles and the calculation of properties
such as the displacement and momentum thicknesses are simple and straightforward, however, it is
necessary to use care in the reduction scheme or the results can contain potentially large errors. For
example, the survey points closest to the wall sometimes contain spurious effects caused by the
interaction of the probe with the flow. In addition, it is necessary to provide a reasonable estimate of the
profile between the wall and the first good data point in order to accurately calculate the integral
thicknesses. The compressible routines used for the data reduction of this report, developed over a period
of several years for the reduction of high Mach number profiles in helium, contain features which provide
the means to evaluate experimental profiles for spurious effects and an accurate calculation of the
boundary layer properties. The ideal gas assumptions of the program, originally used with fixed-gamma
equations from ref. 36, were replaced with the real gas routines described in ref. 28 in order to account for
the flow properties of nitrogen gas at very low temperatures.

Basic survey data consists of pitot pressures as a function of y along with the surface static pressure in
the vicinity of the survey. It is assumed that there is no pressure gradient normal to the surface. Mach
number profiles are calculated using the real gas method described in ref. 28. A Crocco relation [i.e., (T
Tw)/(Tee-Ty) = fn(u/u.)] between the velocity profile and the total temperature was assumed in order to
calculate the velocity, total temperature, static temperature, density, and velocity. The equation of Rotta,
valid for all Mach numbers, from ref. 37 was used. This equation allows for non-adiabatic wall
conditions and a smooth transition to the edge total temperature.
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where (Pr)"” has been substituted for the turbulent recovery factor
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If the flow is turbulent, the profiles should be compared with the law-of-the-wall (equation (4)). The
value of  in equation 5 is usually 0.41 in the literature, however B varies considerably. The von Karman
constant, k, and the additive constant, B, in the law-of-the-wall are inputs to the data reduction program
so that a “best fit” to the profiles can be determined.

The profiles should also be compared with the law-of-the-wake (ref. 38) to insure that there are no
points with probe interference near the wall or that secondary flow effects are not present.

t_aA ln(y+)+B+Hw(§)

u, K

where A and B are the same as in equation (4) (13)

and w is Coles's wake function

w=1- cos(:rc g) for the present data reduction

The law-of-the-wake and the law-of-the-wall components are sensitive indicators of secondary flow
effects in boundary layers. Coles’s IT for the law-of-the-wake is an input to equation (13) when data are
plotted in these parameters. Coles determined that IT= 0.55 described equilibrium law-of-the-wall
turbulent boundary layers for Ry above 5500. Bull (ref. 39) finds values of I1 lower than 0.55 for his data
for Ry from about 10,000 to 30,000. A good physical description of the strength-of-the-wake component
can also be found in ref. 39. Reference 40 discusses the dependence of the strength-of-the-wake
component on Reynolds number. Above Ry of about 15,000, Au/u, begins to decrease. The value of 2.2
found for the present data are characteristic of other high Reynolds number data. II is then calculated to
be 0.451 for the present data instead of Coles’s 0.55. From equation (13), the sensitivity of c to IT is
about 1.9 % at 8" = 1000 and 1.35 % at &' = 100,000 for a change in IT of 0.10. An example of
transformed profile data at Station 2 in law-of-the-wake coordinates is shown in figure 13(a) with Coles’
IT of 0.55 and also with a value of 0.451. The agreement between theory and data is excellent, especially
for the value of IT of 0.451.

The flow between the wall and the first data point is calculated using the profile of East (ref. 41). The
East profile is

ut = Lln [%(y*)z +1.0

_y+
1.0-exp| =

+F
ok (14a)
where K was 0.4 and F was 9.0 in ref. 41
at large y*
u’ =ilny+ +iln LA
K 2x \F (14b)

and in the parameter, B, of the law of the wall, Eq. (4)
B= ' In|X|+F
2k \F
This equation gives a sublayer-buffer-log profile which merges with the law-of-the-wall having x =
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0.40 and B = 5.108. It gives essentially the same results as the Spalding equation, equation (3), however
is easier to implement in a data reduction program since the solution for u" is a direct function of y’,
instead of vice-versa. As for equation (3), the wake region of the boundary layer is not calculated in
equation (14a).

Experimental profiles were filled between the wall and the first data point using equation (14a) for
accuracy in calculating integral quantities. Figure 13(b) shows the East profile calculated for k=0.39,
0.41, and 0.43 and B=5.5, for k=0.40 and B=5.108 as used by East, and compared with the law-of-the-
wall with k=0.41 and B=5.5. The profiles for k=0.40, B=5.108 and k=0.41, B=5.5 are almost
indistinguishable in the range of y" from 100 to 10,000. By specifying only the two constants k and B, a
smooth profile from the sublayer through the buffer region to the logarithmic portion of the boundary
layer can be used to accurately fill the profile between the wall and the first experimental point.

The Van Driest transformation was applied to the profile and the integral quantities 6 and d* were
calculated for both compressible and incompressible profiles. Finally, the surface shear was determined
by fitting the transformed incompressible profile to the law-of-the-wall by a modified Clauser method. A
detailed discussion of this method can be found in appendix B.

Iteration was involved in that a preliminary reduction of the profile was first performed and the
boundary layer thicknesses, 8 and ., were determined. Delta is defined as the edge of the boundary
layer which, for low speed flows, can be measured from the velocity profiles. In compressible flow this
may not be the case, especially for gases such as helium where the thermal layer can be much thicker than
the velocity layer at high Mach numbers. In this case the pitot profile is the proper indicator of the
boundary layer thickness, being a function of both the velocity and density variations. At a value of the
Mach number equal to approximately one the velocity and pitot thicknesses are equally sensitive
indicators of the boundary layer thickness. The edge of the velocity layer is used in the definition of the
wake profile. It does not depend on the thickness of the temperature layer, but only on the velocity. Thus
it is necessary to define it separately from o if the wake profile is to be considered. In addition, at high
Mach numbers, the difference between d and 8, can be significant.

Edge values were calculated from the pitot data based on the input value of §. Integration was carried
only to 9, not the full measured profile, since the boundary layer code was developed for use in cases
where there could be considerable variation in flow outside the boundary layer in the y-direction (e.g.,
hypersonic flow). The profile was examined in law-of-the-wall coordinates, bad points near the wall
(because of plugged or partially-plugged orifices) were noted and removed, and a final reduction was
made. At each reduction the value of u, was determined by iteration using interactive plotting.

Since the profiles were obtained on the external surface of an axisymmetric body, the axisymmetric
definitions of integral quantities were used (ref. 42).

Instrumentation and Measurement Errors
A summary of errors due to instrumentation and data reduction is as follows:
*  Pressure Measurement:
o Model Pressure: +0.01, 0.03, 0.09 psi, dependent on ESP module

o Tunnel Pressure: + 0.03 psi, max
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* Temperature Measurement: +1 °K

* Mach number calculation +0.002
* Inference of c; by Clauser method — human bias: 0.5%
e (Calculation of ¢f from Patel equation (see Appendix D) 0.15%

Results and Discussion
Local Flow Conditions

Data were taken at the conditions shown in figure 14 at 7 nominal Mach numbers and 5 nominal
Reynolds numbers per foot. The figure maps the conditions at which three different skin friction
measuring techniques were used. Rake data were taken at model Stations 1 and 2, while balance and
Preston tube data were taken at Station 2 only. Actual tunnel conditions for all runs, reduced by the
method discussed in the section entitled “Calculation of Real-Gas Flow Properties,” are listed in table 3.

Model Alignment

Before skin friction measurements were made, the model was aligned. The NTF sting-mount
mechanism is designed so that the angle of attack can be varied during a tunnel run, and the model rolled
360 degrees as desired. The model cannot be adjusted nose left or right except when the model is initially
mounted. The model roll was set to 0° and Preston tubes at Station 2 located on the model in the upper
and lower vertical planes (¢ = 0 and 180 deg) were used to measure cr as the angle of attack was set at
small angles around 0°. The method of finding the vertical alignment is shown in figure 15 for Mach 0.4
and Mach 0.85. The figure shows c; from the Preston tubes plotted to determine at what angle c; would
be the same on both the top and bottom tubes. The model was aligned when the angle of attack
mechanism read —0.07 deg, and this value was used for all data acquisition. The angle setting could be
read to = 0.01 deg.

In order to determine if unexpected effects would be found with the model set at different roll angles,
measurements of the boundary layer were made using the boundary layer rake mounted at Station 2.
With the model at nominal 0° in the vertical plane, it was rolled in 15° increments to determine the state
of the boundary layer away from ¢ = 0°. A pattern in the radial variation in c¢ and Ry, similar to the
patterns found on the wall of low speed wind tunnels (ref. 43) is shown in figure 16. When c¢ increases,
Ry decreases. Based on an angle of + 13.24 deg. subtended by the balance element, the maximum
variation in ¢f over the element would be 2%, integrated over the element surface. By plotting c against
Ry these effects are minimized, as shown in figure 17, validating the correlation of c; with the boundary
layer momentum thickness. The reason for the variation in c¢ and Ry with roll angle is not known;
however, it appears that the variations found are not a reason for concern. Based on figure 17, the
boundary layer is not perfectly symmetrical, but this was to be expected.

Model Pressures and Temperatures

Representative plots of model pressures and temperatures are shown in figure 18 and listed in table 4.
Figure 18(a) shows measured pressure coefficients on the model at four different Mach numbers. The
suction peak at x=13 inches was Mach number dependent; however, pressure coefficients on the
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cylindrical portion of the model were not a strong function of Mach number. f' was determined to be
zero at Station 1, and —0.0088 at Station 2, giving a maximum error in c¢ of about + 0.6 %, based on
equation 9 in the “Factors Affecting Skin Friction Measurements” section of this report.

Figures 18(b) to 18(f) show model temperatures for an ambient run and for several cryogenic runs. As
expected, model wall temperatures were more uniform at ambient temperatures than at cold wall
conditions since the wall was near T; at the beginning of the run. Based on the results shown in figure 5,
cf will be within £ 0.5 % of Ceraw' if Ty/Taw is between 0.98 and 1.02. The values of T,/T; for this
variation are shown in figure 18 (b) using Pr'"¥ for the turbulent recovery factor and an ideal gas
calculation. For ambient conditions, at T; = 120 deg. F, the wall would have to be held between + 11 deg
of T,w, while for cold conditions, at T; = -250 deg. F, the wall would have to be held between + 4 deg. of
T, to meet the desired criterion of 1 % or less error in adiabatic wall c{/. Temperatures at Stations 1 and
2, the average of three T, measurements were, in most cases, within £ 1 % of calculated ideal gas
adiabatic wall conditions, see table 3. Seven wall temperatures were recorded and plotted in the vicinity
of Stations 1 and 2, giving the variation of T, around the full circumference of the model; however, only
temperatures on the centerline and + 30 degrees off-centerline were averaged for Ty, and Ty,.

It is evident from table 3 that temperature effects are negligible on Preston tube data at ambient
temperatures. For cold runs, temperature effects may contribute errors of £ 0.5 % in the cf data from
Preston tube measurements. The effects of non-adiabatic wall conditions on c; inferred from rake data
were not quantified; however, a source of errors might be because of the Van Driest transformation.

Boundary Layer Rake Data

Following the alignment of the model and the measurement of model pressures and temperatures, the
boundary rakes were installed at Stations 1 and 2 and the boundary layer pressure profiles were measured
at different Mach numbers and Reynolds numbers. Nominal Reynolds numbers were set by manually
adjusting the tunnel total temperature and pressure while holding the test Mach numbers constant, a
procedure that has since been automated in this tunnel. Table 5 summarizes the integral and derived
boundary layer properties, both in compressible and transformed form, while table 6 summarizes the
velocity profile data at Stations 1 and 2. Figure 19(a) shows the difference in transformed skin friction
coefficients inferred from Clauser plots using two different values of B, the additive constant in equation
(4). The data were originally reduced using B = 5.0 and the result lies above both the Karman-
Schoenherr and Spalding curves. A later reduction using B = 5.5 shifts the transformed data downward to
within 3% of the Spalding curve at all Reynolds numbers. Figure 19(b) shows transformed profiles at
Station 1, while figure 19(c) shows the profiles at Station 2 in law-of-the-wall coordinates. Also shown
are the strength-of-the-wake component, Au/u, = 2.2, and the East profile used to fill between the wall and
the first data point in data reduction.

Transformed shape factors are shown in figure 19(d) compared with the data of refs 14, 15, 17, 18,
and 21, finite-difference calculations for a sharp leading edge flat plate at Mach 0.03, and calculations by
the method of ref. 7. Although not shown, an analysis of the data shows that §*/0, 6/9, and H are not
well-predicted by the method of ref. 7, even for the incompressible data of ref. 21. However, cf as a
function of Ry is well predicted and R, as a function of 8" is accurately predicted. Transformed shape
factors for the present data are independent of the value of B used to infer skin friction.

Profiles at Station 1 are shown in figure 19(e), and Station 2 in figure 19(f) in velocity defect
parameters. Also shown are predictions from equation (13) for I1=0.55 and I1=0.451, which was

determined to be appropriate for the present data (see section on Boundary Layer Profile Data Reduction).
20



Figure 19(g) shows the Station 1 data in the parameters of ref. 44, and figure 19(h) the profiles of Station
2. The parameters of ref. 45 give an excellent correlation of all profiles. (It has been shown in ref. 45
that there are only three profiles for all boundary layers when plotted in these parameters — zero-pressure-
gradient, favorable pressure gradient, and adverse pressure gradient, independent of the magnitude of the
pressure gradient.)

In order to plot Preston tube and skin friction balance data reduced to incompressible form by the T-
prime method as a function of the transformed momentum thickness Reynolds number, transformed
momentum thicknesses obtained from rake data were plotted as a function of Mach number and unit
Reynolds number. Transformed Ry's should also be a function of location on the model (Station 1 or
Station 2); however, Preston tube and balance data were taken only at Station 2. Thus, only rake data at
this position need to be considered. The following equation was found to predict Ry with an average
error of 1% in Ry’ for Mach numbers from 0.4 to 0.85:

C2
R,'=C1[R/ft]
where C1=0.1508 -0.2883 M +0.1732 M? (15)
and  C2=0.7939+0.2822 M-0.1718M’

Figure 20 shows Ry’ from the rake at Station 2 along with the predicted values from equation (15).

Some balance data were taken at nominal Mach 0.2 and a simple linear relation was used to fit this
data:

R,'=0.0078 [R/ft] + 8785.0 (16)

Preston Tube Data

Measurements of skin friction by Preston tube were made at Station 2 for 7 different Reynolds
numbers and 4 different Mach numbers. No data at Mach 0.2 were taken. The data are listed in table 7
sorted by “hot” (i.e., ambient) or “cold” tunnel conditions, and then by Mach number. Listed are the
compressible and transformed skin friction coefficients calculated by the T-prime method (equation (8)),
and transformed values of unit Reynolds number by the Van Driest transformation. For plotting the data
as a function of the transformed momentum thickness Reynolds number, values of Ry were found by
applying equation (15) to the measured values of compressible unit Reynolds number and Mach number
for each Preston tube point.

Preston tube data are shown in compressible form in figure 21(a) at the four different Mach numbers
of the test, and in figure 21(b) in transformed variables compared with the Karman-Schoenherr, Spalding,
and George and Castillo incompressible theories. The data are 3 % higher than Karman-Schoenherr at Ry’
= 30,000 and 5 % higher at Ry’ = 362,000, the valid extent of the Karman-Schoenherr theory. There does
not appear to be a significant, consistent difference in the data between ambient and cold wall conditions.

Balance Data

Balance data show large variations in measured c; compared to rake and Preston tube data, both for
ambient and cold tunnel conditions. This is illustrated in figure 22. Most of the data lie above the
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theories, with no discernible difference in ambient and cold tunnel runs. Some few data points lie on or
below the Spalding curve. Because of the large discrepancy between these data and the other two sets,
the balance data were discounted when analyzing the cf measurements.

An extensive development program would be necessary to produce a direct-measuring skin friction
balance suitable for measuring ¢ under cryogenic conditions. Initially, the present design looked
promising and the instrument calibrated accurately in the laboratory under cryogenic conditions. In
practice however, the instrument proved to be unreliable, possibly because of a combination of tunnel
vibration coupled with the extreme temperature variations to which it was subjected. No indication of
vibration/cryogenic problems were found during laboratory calibrations. The balance tended to give
larger errors the longer it was run at cryogenic conditions.

Comparison of Preston Tube and Rake Data

A summary of rake and Preston tube data are shown in figure 23 compared with the Karman-
Schoenherr, Spalding theories, and George and Castillo theories. Figure 23(a) shows the rake data as
originally reduced with B = 5.0. It is obvious that the value of B = 5.0 for the rake data produces good
agreement with the Preston tube data, although it is slightly higher than the Preston tube data at all
Reynolds numbers and both measurements lie above theory. At Ry' = 30,000, where agreement between
data and theory should be good, the rake data are high. For this reason, the rake data were again reduced
with B = 5.5. The results are shown in figure 23(b). Here the data lie slightly below the Preston tube
data, but agree well with the Spalding curve near Ry' = 30,000. It is not possible to determine the correct
value of B without a direct, accurate measure of the skin friction. A rake reduction with B = 5.5 was
considered here to be the more nearly correct reduction for the reasons stated above.

Skin friction coefficients derived from rake data with B = 5.5 and the Preston tube data were fit in a
2™ order polynomial in In(Ry") between Ry' of 30,000 and 300,000, and are compared with the above
theories in figure 23(c). The Spalding and George and Castillo theories agree closely. These theories lie
1.9 % above the Karman-Schoenherr theory at Ry' = 362,000 and about 1.5 % above at Ry' = 30,000. The
Preston tube data are 2.9 % higher than the Spalding/George and Castillo theories at Ry' = 362,000 and
1.4 % higher at Ry' = 30,000.

Summary of Errors
The sources of errors in this experimental program include: 1) errors associated with the calibration
and sensitivity of instruments, 2) errors associated with data reduction, and 3) errors associated with
model geometry and construction and flow non-uniformity. These errors have been discussed in previous
sections, and are summarized as follows:
Errors due to extraneous effects:
Pressure gradient effects on c{, based on eq. (9) and Results and Discussion, + 0.6 %
Non-adiabatic wall effects on c¢', based on eq. (10) and Results and Discussion, + 0.5 %

Span wise non-uniformity for balance: <2.5 %

Transverse curvature effects: 0.5 % to 1.2 %
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Errors in measurement:
Pressures: + 0.03 to 0.09 psia
Temperatures: + 1 °K
Balance: unknown large errors
Errors in calculating skin friction related to Preston tube calibration and law-of-the-wall:
Preston tube from eq. (D3): 0.15 %
Rake, B and k dependent:
Variation in B from 5t0 5.5, 3%
Variation in ¥, probably negligible
Human bias in estimation of ¢ by Clauser method, + 0.5 %
Maximum cumulative error in Preston tube measurements: 2.5 %

Maximum cumulative error in rake-inferred measurements: 5 %

Conclusions

An experimental program in NASA Langley National Transonic Tunnel has extended the data base for
skin friction at very high Reynolds numbers. The maximum equivalent incompressible Ry obtained for
the data were 605,000. Data were obtained by two basic methods — the Preston tube, and a modified
Clauser method. The Preston tube data are considered the least subject to errors in data reduction since
they are based on a high Reynolds number calibration with no “adjustable” constants. The two sets of
data agree well with each other when reasonable values of law-of-the-wall constants are used in the
Clauser reduction for the velocity profiles. It is generally agreed that ¥ is not Reynolds number
dependent, and is equal to 0.41. There is no generally-accepted value for the additive constant in the law-
of-the-wall for canonical flat plate boundary layers. For the present study, the absolute level of skin
friction using the Clauser method is bounded to within about 3% for values of B between 5.0 and 5.5.
The data lie above Karman-Schoenherr theory at the highest Reynolds numbers, and closer to theories of
Spalding and George and Castillo. Measurements by skin friction balance were attempted, however
unreasonable balance reading were often measured during tunnel runs. The problems were assumed to be
associated with thermal cycling of the balance from ambient to cryogenic temperatures; however, no
reason was found for the erratic behavior of the balance, and these data were not considered valid.

Tests were performed for Mach numbers as high as 0.85, and the skin friction coefficients, when
reduced to the incompressible case by Sommer and Short T-prime method and Ry' by the Van Driest
transformation, compared well with existing incompressible data at lower Reynolds numbers. Velocity
profiles transformed by the Van Driest transformation gave values of shape factor and strength-of-the-
wake component which agreed well with other reliable incompressible turbulent boundary layer data.
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Appendix A

Transformation of Compressible Boundary Layer Profiles to Incompressible
Profiles

The law-of-the-wall can be derived for both incompressible and compressible flow and the
compressible boundary layer velocity profile can be transformed to an incompressible velocity profile if
the following assumptions are made:

1. For turbulent flow the mixing length hypothesis can be used to calculate the velocity profile from
the definition of the turbulent shear stress.

2. The shear stress distribution through the boundary layer for both laminar and turbulent flow is the
same for incompressible and compressible boundary layers up to Mach 5 (ref. 46).

3. The density distribution through the boundary layer or the temperature distribution, its equivalent
in law-of-the-wall flows, is known. This is the same as assuming that the relation between the
temperature and velocity profile is known.

Van Driest assumed that the velocity profile is modified by the density change through the boundary
layer and used this in the formulation of his compressible skin friction theory in ref. 3. Maise and
McDonald (ref. 46) called a resulting equivalent incompressible profile a “generalized” profile. Bradshaw
also relied on the insensitivity of flow structure to changes because of compressibility in ref. 47.

For turbulent boundary layers the mixing-length definition of turbulent shear stress provides the
necessary relation between velocity profiles in compressible and incompressible flows. In the case of
laminar boundary layers, the compressible flow can be calculated accurately and transformation functions
can be derived from relations between the calculated boundary layers and calculated incompressible
boundary layers. Ideal gas properties are assumed; thus, the density change between the wall and
freestream can be calculated for different gases using the appropriate y. Transformation functions, if
determined by a series of calculations of compressible and incompressible profiles, can be used in a
manner similar to the reference temperature methods used by Eckert (ref. 48) and Sommer and Short (ref.
23).

The turbulent shear stress, defined in terms of the mixing length, ist = pL? (du/dy) . Where the
mixing length is usually defined as U= ky for the log region and Ud= 0.085 for the wake region.

Equations for the velocity profile in terms of y" are:

incompressible flow compressible flow

du® = \/%% d(ln(y+)) \/% du® = : % % d(ln(y*)) (A1)

If it is assumed that % is the same for incompressible and compressible flow, the only difference
‘CW

between the two equations is on the left hand side. An equivalent incompressible velocity can be defined
in terms of the compressible velocity and density as
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u u

(u+)'={ %dw or u'={ %du (A2)

Compressible flow with different temperatures and densities at the wall and in the freestream is thus
transformed into a flow with constant density and temperature equal to that at the wall.

For laminar flow the shear stress is defined as t = u (du/dy) and the following equations result for
incompressible and compressible flow:

incompressible flow compressible flow
dut =% dy* or du= x dy [p—w) dut =% dy* or (p_w) du=-" dy (A3)

and, as for turbulent flow,

(u*)y = t‘{(pi) du* or u = j(i) du (A4)

o \Pw
where w = 0.76 for air (ref. 36)

As assumed for turbulent flow, the laminar incompressible and compressible shear stresses are
assumed to be the same in both cases in order to transform the compressible flow. For laminar boundary
layers, or in the sublayer of a turbulent boundary layer, a slightly different transformation from the
turbulent transformation applies. But since the region for which (p/py)” changes is very small, the
turbulent transformation is used throughout the boundary layer in this report.

Figure Al (a) shows the shear stress distribution through a laminar boundary layer from Howarth’s
calculations (ref. 9), and figure Al (b) shows the measured turbulent distribution from Klebanoff (ref. 49).
Simple approximations to the distributions are also shown in the figures. While it is not necessary to
know the distribution of shear stress through the boundary layer for the compressible-incompressible
transformation, the distributions are different in laminar and turbulent flows. Using analytical
expressions for the shear distributions, simplified calculations of both incompressible and compressible
boundary layers can be made by integrating equations (A1) and (A2) with the proper definition of mixing
length for the logarithmic and wake regions of turbulent boundary layers.

The edge velocity is different for the transformed compressible and incompressible cases, as is the
edge density and viscosity. The y-coordinate remains unchanged. The compressible unit Reynolds
number, p.u/U. becomes pyu./u, for the transformed flow. Not only is the unit Reynolds number
different between the two flows, but the integral quantities 0', 8*', and H' must be calculated using the
transformed velocity profile, not the compressible profile without the density term. The skin friction
coefficient is different because of the difference in dynamic pressure between the two flows.

The following table compares some quantities between compressible and transformed flows:
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Quantities Transformed by Van Driest Method

Compressible Quantity | Transformed Quantity
cr o
H H
M
q q
R/inch R'/inch
T Ty
u u'
u/u, u/u,
5 5"
0 )
p Pw
p/Pe 1.0

Not transformed are x, y, p, 8, T, and u,.

It is possible to assume a Crocco relation between the velocity profile and the temperature through the
boundary layer for compressible flow, such as that used by Rotta (ref. 37), or to use a linear or quadratic
Crocco relation in performing the transformation. Of course the method can be applied to more general
cases. No attempt is made here to calculate the transformation functions between Ry and Ry’ and c¢f and cf
for a range of Mach numbers. Rather, for the boundary layer reduction used for the data of this report, the
incompressible transformation is calculated at the same time that pitot profiles are reduced to Mach
number and velocity profiles. The transformed incompressible parameters are calculated for each profile.

The application of the method is shown in figure A2 where compressible profiles are compared with
their transformed profiles and with the incompressible law-of-the-wall. For adiabatic wall and cold wall
compressible flows the density increases from the wall to the freestream; thus, the transformed turbulent
velocity profile is fuller than the compressible profile. This is evident in figure A2. The shear velocity,
u,, is obtained iteratively, as explained in appendix B, and incompressible and compressible skin friction
coefficients calculated from the result.

Two profiles are shown: point 927 at M = 0.4 and point 856 at M = 0.85. In the absence of measured
T profiles for the present data, a quadratic Crocco relation was assumed in the data reduction. At
adiabatic wall conditions and the Mach numbers of this test, the variation in T, through the boundary layer
is small, and it was found that constant T, could be assumed with insignificant effect on the final result.
Also shown is the profile of East modified for the data reduction procedure used here (see section
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“Boundary Layer Profile Data Reduction,” equation (14)). Figure A3 compares the compressible wake
profile with its transformed profile and the law-of-the-wall wake profile of Coles (ref. 38) with IT= 0.451.
See main text “Boundary Layer Profile Data Reduction” for discussion of the strength-of-the-wake
parameter and its relation to Coles’ I1. The comparison is very good.

An early check on the validity of the present method was made using the thirteen profiles of Gaudet
from ref. 18. The measured values of skin friction were an input to the reduction, and transformed values
of ¢ were an output of the program. Integral quantities were derived from the transformed velocity
profiles. The method appeared to give excellent results, and the data are discussed and presented in the
“Results and Discussion” section of this report.
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Appendix B

Inference of Skin Friction From Velocity Profiles — The Clauser Method

The inference of skin friction from boundary layer profile data, presented in a paper by Clauser (ref.
50), consists of plotting the experimental velocity profile, u/u., against R, and finding the best fit of the
data to a series of theoretical profiles calculated for different values of c¢r. The profile in this form is
different from a law-of-the-wall profile, and the different regions of the boundary layer (sublayer, buffer
layer, log layer, and wake) may be hard to determine. If the unit Reynolds number is high enough it may
be difficult or impossible to obtain measurements in the sublayer, as was the case for the experiments in
NTF, so that only the outer part of the boundary layer is present. It was desirable to look at profiles
having different degrees of compressibility in a standardized way so as to be able to identify their
different regions. To accomplish this, velocity profiles were transformed into equivalent incompressible
profiles using the Van Driest transformation and then plotted in law-of-the-wall coordinates.

Values of u, required to fit the data to the theoretical law-of-the-wall were obtained by trial-and-error.
A first guess for incompressible c; was made using the transformed value of Ry for the profile and a table
lookup from Coles (ref. 14) for the incompressible c¢r. The compressible value of ¢ was then calculated
from the Van Driest transformation. In appendix A it is noted that T, and u, are the same for both
compressible and transformed flows; however, c; is different, because of the difference in dynamic
pressure between the two flows. By iterating on u,, a value was found which collapsed the data onto the
incompressible law-of-the-wall. Values of c; obtained by this method were consistently within 0.5 %
when the fitting was done by different people, giving confidence in the accuracy of the procedure.

The application of the original Clauser method to the present data would be applied by plotting the
transformed u/u. profile against the transformed y-Reynolds number. An “incompressible” value of c
would be obtained by this method. Note that here is a difference between the compressible and
transformed u/u, profiles, as discussed in appendix A.

Profile 856 is used to illustrate the application of the Clauser method, as usually applied and as applied
herein. Figure B1 shows the Mach 0.852 profile plotted in law-of-the-wall coordinates, both as
compressible and as transformed data. Also shown are the East profile (see equation (14a) used to fill in
the profile between the wall and the first data point, and the strength-of-the-wake component (ref. 40)
with Au/u,= 2.2. Figure B2 shows the application of the usual Clauser method applied to the transformed
data of this profile. The incompressible value of c¢ was 0.0015087, and the compressible ¢ was 0.00139.
Figure B3 shows the same profile plotted in law-of-the-wall coordinates as done for obtaining u, by the
present method. Different values of u,are chosen using an interactive plotting-data reduction program to
fit the data to the law-of-the-wall. The result is the same as for the original Clauser method, however,
plotting the data in law-of-the-wall coordinates gives a clearer picture of the different regions of the
boundary layer.

The Clauser method of extracting skin friction from velocity profiles (finding u, iteratively) is not a
primary method for measuring skin friction since two constants must be chosen to define the law-of-the-
wall. The von Karman constant, x, is generally accepted to be 0.41, the value which Clauser used. The
additive constant, B, is known to vary with flow conditions such as inflow/outflow conditions and other
nonuniformities in the flow, and varies considerably in the literature. Clauser used a value of 4.9,
whereas a value of 5.5 was used for the present data.
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A problem in inferring c; from boundary layer rake data is that the rake body causes a pressure
disturbance in the immediate vicinity of the rake. This could cause a local thickening of the boundary
layer. The rake design was optimized for minimum pressure disturbance effects during risk reduction
experiments in the 0.3 Meter Cryogenic Tunnel, discussed in appendix C. Disturbances can be
minimized, but not totally eliminated, by performing a survey with a single tube traversed through the
boundary layer; however, such a survey was impractical for the NTF test.

In many tests, boundary layer surveys are necessary to establish important parameters of the flow such
as 0* and 0, which are used to calculate the momentum thickness Reynolds number. The Clauser method,
or a modified Clauser method used in this report, offers extra and useful information obtained from the
profiles. The c; obtained is subject to human bias, the assumptions that the profiles are accurately
transformed to incompressible profiles, and the assumption that the theoretical values of k and B are
correct in the law-of-the-wall.

A few caveats and a detailed description of the Clauser method can be found in ref. 51; however, the

only experimental example discussed concerned low Reynolds number effects, which are not a present
concern.
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Appendix C

Risk Reduction Experiments in 0.3 Meter Transonic Cryogenic Tunnel

A series of risk-reduction experiments was performed in the 0.3 Meter Transonic Cryogenic Tunnel
(TCT) as a necessary step in preparation for runs in NTF. Many issues regarding instrumentation, test
techniques, and data reduction were identified and several problems were addressed before runs in NTF
were made. Not all problems with the skin friction balance were solved, attested to by the unreliability of
the balance data in NTF. For short periods of time the balance appeared to be stable and very repeatable;
however, over a longer period of time, it is evident that the operation of the balance was adversely
affected by the cryogenic environment of the flow. Only one entry was originally planned for the TCT;
however, because of the many problems found during this test, two other entries were required before
runs in NTF were made. A final entry was made after the NTF test was completed.

Tunnel

The Langley 0.3 Meter Transonic Cryogenic Tunnel, described in ref. 52, operates at Mach numbers
from 0.2 to 0.95 and unit Reynolds numbers as high as 100 x 10° per foot. The stagnation temperature is
usually 100 K. Based on a preliminary reduction of data presented in ref. 53, boundary layer profiles
measured in this tunnel appeared to be near-equilibrium, showing law-of-the-wall constants in good
agreement with the majority of reliable flat plate boundary layer data. Because of this, the tunnel was
considered suitable for testing instrumentation and checking techniques to be used in measuring skin
friction in NTF.

The 0.3 Meter Tunnel utilizes adaptive upper and lower walls in the test section to control the flow for
airfoil testing. Thus, it was possible to set desired pressure gradients to determine their effects on skin
friction measured by various techniques.

The test section cross-section is 13 by 13 inches. The right sidewall section 60.2 inches long was
replaced with a new aluminum test surface designed for mounting Preston tubes, a self-nulling aluminum
skin friction balance of the type described in ref. 54, and a boundary layer rake.

Because of the variation in tunnel Mach number, a transformation technique was used to reduce
measured parameters to an equivalent incompressible condition — see appendix A. The flow properties
for cryogenic nitrogen were calculated by the method described in refs. 28 and 31. Local flow parameters
were calculated using measured total pressure and local pressures on the test surface.

Test Surface and Instrumentation

The overall dimensions of the new sidewall are shown in figure Cl(a). The test surface and plug
inserts were constructed of type 6061-T6 aluminum. The skin friction balance was mounted in a 4-inch
diameter plug, which could be mounted in one of three survey locations. The balance was calibrated in a
cryostat at ambient and cryogenic nitrogen temperature. The boundary layer rake and Preston tubes were
mounted on 1- by 3-inch plugs, which could be mounted off centerline as well as on centerline by
mounting the small plug in a larger 4-inch plug.

The plate was instrumented with 58 pressure orifices as shown in figure C1(b). An additional 12
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orifices were installed in a 4-inch diameter plug in which the rake was mounted, and one orifice on the 1-
by 3-inch plug in which the Preston tubes were mounted. Top thermocouple locations, numbering 22, are
shown in figure Cl(c). Another 10 thermocouples measured temperatures on the underside of the test
surface and at other locations on the balance, rake, and a terminal strip used to connect the thermocouples.
Locations of plugs, pressure orifices, and thermocouples in the vicinity of survey locations are shown in
figure C2. Also, locations of the survey stations, plugs, and pressure and thermocouple locations are
listed in table C1. Tube locations of a 30-tube boundary layer rake are listed in table C2.

Tunnel Entries — Purpose and Results
First Entry: Tests 357, 358, 359, and 360.

Test 357 was run to measure flow properties using the new test surface and to check data acquisition
and reduction techniques using routines developed for use in a cryogenic nitrogen environment. Surface
pressures and the spanwise non-uniformity in surface shear across the test surface were measured with a
Preston tube bar containing eleven Preston tubes.

Test 358 checked the operation of Preston tubes in a cryogenic environment, along with the sensitivity
of the measurements to non-adiabatic wall temperature and pressure gradient effects. Preston tube
diameters of 0.059 and 0.083 inches were tested. Preston tube data were reduced using Patel’s method
and the calibration constants from the Princeton calibration before it was determined that roughness
effects were present in the data (see appendix D). Thus, the absolute levels of the Preston tube data are
inaccurate, as determined from later Princeton measurements; however, for comparative purposes the data
are valid. For the compressible flow Mach numbers of this test, it was found that for p' as large as = 0.06,
cr measurements will be correct to within + 5 %. ' for the NTF test was much less than this. The Preston
tubes were found to be sensitive to non-adiabatic wall temperature effects. For temperature effects, if Ty,
= T.w within 5 % at Mach 0.8, then c; measurements will be correct to within 3 %. In most cases data
acquisition was taken with T, = T, within 1 % in NTF.

Test 359 checked the operation of a skin friction balance designed for use in a cryogenic environment,
considered the primary, direct measurement of skin friction. Sensitivity to gap effects (the space between
the edge of the sensing element and the case) and the effects of element tilt, vertical misalignment, and
pressure and temperature gradient effects on the output were determined at Mach 0.6. Balance gaps of
0.035, 0.015, and 0.005 inches, and height mismatches of 0.006, 0.003, 0.0, -0.005, and —0.0025 inches
were tested. The Preston tube bar, used to measure the spanwise skin friction in the TCT, indicated that
the reading of the skin friction balance should be very slightly higher than that of a Preston tube reading
at the center of the balance sensing element because of the spanwise variation of c¢f across the tunnel. The
balance integrated the shear levels over a three-inch diameter sensing area.

For a gap of 0.035 - Runs in which the balance was removed from the tunnel and reinstalled repeated
within about 1 %. When the balance element element was raised above the case, crincreased: when it was
lowered, c¢ decreased. For most runs, the element was not perfectly aligned with the surface, i.e., setting
the gap perfectly uniform was a difficult trial-and-error procedure. When it was aligned, it agreed well
with the misaligned runs, showing that misalignment was not important for this gap size. This is in
agreement with the results of Allen, ref. 55, which show that sensitivity to misalignment to be less with
large gap size.

For gaps of 0.015 and 0.005 — As gap size decreased, the measured value of c; decreased at nominal h

=0. Allen’s data at a lower Reynolds number did not show a gap size effect (ref. 55).
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Test 360 checked the performance of a boundary layer rake for measuring velocity profiles, necessary
for determining boundary layer integral quantities and to infer skin friction by the Clauser method.
Pressure disturbances on the wall in the immediate vicinity of the rake were measured, which could
produce possible errors in the profile data. Obviously, the pressure disturbances could distort the
boundary layer and it was not known how to estimate the errors which this might produce. Also, the
tubes were not located as accurately as would be required for the NTF test. The rake was redesigned with
less frontal area for lower pressure disturbance, and refabricated with improved accuracy in the tube
locations.

Also, the suitability of reducing compressible data to an equivalent incompressible condition was
checked using the Van Driest transformation, discussed in appendix A.

Second Entry: Test 365.

The purpose of the second entry was fourfold: 1) to check the operation of a new steel balance, 2) to
resolve the effects of gap size on c¢; measurements, 3) to check the operation of a new rake design, and 4)
to check the sensitivity of Preston tubes to mounting arrangement. A mounting arrangement different
from the one used in the first entry was used for this test.

Gap size studies were made for the steel balance at ambient conditions for the following conditions:
Mach 0.6, and 0.7, at R/ft = 20 x 10° and Mach 0.8 at R/ft = 22 x 10°. Gap settings of 0.005, 0.0075,
0.010, 0.0125, 0.015, and 0.020 inches were tested.

The Preston tube data were reduced using Allen’s (ref. 33) and Patel’s (ref. 32) methods modified by
the Princeton initial calibration (see appendix D). The tube outside diameter was 0.058 inches. Both
modified (ref. 56) and standard Preston tubes were used. Three tubes were run in the modified mode to
check mounting sensitivity. Two tubes were run as standard tubes to check the sensitivity to mounting,
pressure gradient, and T,,/T; effects.

Major problems appeared when the balance was run cold. The balance worked until its temperature
reached about —180 F. Skin friction data were higher than for Test 359, the first entry.

A new boundary layer rake worked well. The frontal area was less than for the previous rake design,
and this design was adopted for use in NTF.

It was found that standard Preston tubes showed less sensitivity to tube mounting than did modified
Preston tubes. For this reason it was decided to use standard Preston tubes for the NTF test. The
sensitivity to T,/T,, and pressure gradient effects was the same as for the first TCT entry.

Third Entry: Test 372.

The purpose of the third entry was to resolve effects of gap size and element misalignment on c
measurements. The balance was laboratory-calibrated cold many times before the TCT test with no
problems. Height and longitudinal element misalignment studies were made at the following tunnel
conditions:

(a) M =0.4, R/ft=6, 10 and 15 x 10°

(b) M = 0.6, R/ft = 6, 10, 15, and 20 x 10°

(c)M=0.8, R/ft =6, 10, 15, and 22 x 10°
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(d) Gaps were 0.005, 0.0075, 0.010, and 0.0125 inches
(e) Longitudinal offset was 0.0029 inches
(f) Height offsets were 0., +0.001, and —0.001 inches
Problems appeared immediately when the balance was run cold in the tunnel. The problems may be
associated with the rate of cooling or the temperature difference which exists between the flow side of the
plate and the back side. The effect of longitudinal offset on the element was probably negligible. The
effect of height offset was very large. The worst case was for negative height offset.

Fourth Entry: Test 502.

The final risk reduction experiment was made in the 0.3 Meter Tunnel after runs in NTF had been
completed. The purpose was to further quantify element offset, lip thickness, and height effects for a
balance gap of 0.005 inches, as run in NTF.

Offset Effects — The element was offset 0.0025 in a 0.005 gap, both upstream and downstream. The
effect was to decrease the reading by 2.5 % in both cases at all Mach numbers, and decreased with
increasing Reynolds number.

Height Effects — Five cases were run; h = +0.001, -0.001, +0.002, and -0.002 inches, and a curved
element simulating the element used in NTF; i.e., h = -0.001 inch on the center and +0.001 inch on the
edges parallel to the flow.

For positive heights, 0.001 produced very little effect at all Mach numbers, however 0.002 produced
an increase in c¢ of 5 %. For negative heights, -0.001 produced about the same effect as —0.002, with a
change in the slope of c; with Reynolds number. Max error was at low Reynolds numbers, being about
2.5 %. Repeat runs for h = - 0.001 showed excellent repeatability. For the curved element, the effects of
low center (-0.001) and high edges (+0.001) are an increase of 2.5 % at low Reynolds numbers and 5 % at
high Reynolds numbers. The change in slope with Reynolds number is the opposite of that for a flat
element.

Lip Thickness Effects — Lip thicknesses of 0.005 and 0.015 inches were tested at a gap size of 0.005
inch. When the lip was decreased from 0.015 to 0.005 inch, the skin friction coefficients decreased by 2.5
% over the Mach—Reynolds number range. While this is significant, it is much less than the large skin
friction coefficients measured in NTF
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Appendix D

Preston Tube Calibrations At High Reynolds Numbers

Only one Preston tube calibration known to the authors (ref. 29) covered the range of Reynolds
numbers as high as estimated for the NTF test, in terms of X from about 7.5 to 10.0 The calibration was
augmented by testing Preston tubes in the high pressure pipe flow apparatus at Princeton University, the
Superpipe described in ref. 5. Tube diameters of 0.058, 0.083, and 0.203 inches were tested. Skin friction
coefficients were obtained by the usual measurement of the longitudinal pipe pressure gradient. Figure
D1 shows a Preston tube mounted on a wall plug for the Superpipe.

The data were published by Zagarola in appendix A of ref. 5 and in ref. 30. The original data were
taken before it became apparent that the roughness of the pipe might be an issue. The data were
compared with the Patel calibration (ref. 32) and, based on the initial results, it appeared that Patel’s
equation should be modified at very high Reynolds numbers. This modification was made along with
modifications to three other methods, which were considered for reducing the data of the NTF test: those
of Allen (ref. 33), Bertelrud (ref. 34), and Bradshaw (ref. 35). The coefficients for all methods were
determined by fitting the Princeton data at high Reynolds numbers in the parameters of the several
methods. Essentially identical answers were obtained when reducing several data test cases by the four
methods. Since no one method appeared to be superior to the other, the method of Patel was selected for
data reduction as being the most commonly used method.

Patel’s presented three different equations for different ranges of X" as follows:

y =0.5x +0.037

. . (D1)
fory <1.5;x <293

* * %\2 %\3

y" =0.8287-0.1381x" + 0.1437 (x) ~0.006 (x)
(D2)

for 1.5<y < 3.5;293<x <56
X =y +2.0log[1.95y +4.10

Y +2010g[195y" +4.10] o

for3.5<y <5.3; 56< x <76

2

2 +

where x =log [%}=log Ap d—)
4pv T, \ 2

T,d =log d—+2
4pv? 2
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d*=ud/v

1
Ap = Ppreston ~ Pstatic = Epuz

in incompressible flow

In ref. 32, Patel gives the limits on p* for which T will be within 3% of the correct value in pressure
gradients:

for adverse gradients, p’ <0.010, d"<=200

favorable gradients, p* > -0.005, d" <= 200

w_dp
p’u dx

where p* =

The results from a risk-reduction experiment, wherein errors in ¢y were correlated with ' are used in
this report, rather than Patel’s p* criteria. The maximum error on this basis amounts to about 0.6% at
Station 2 — see the section “Pressure Gradient Effects” and figure 4 in this report.

After initial Preston tube data were taken, analysis of velocity profiles taken in the pipe indicated that
the pipe might not have been hydraulically smooth. The pipe was rehoned and more Preston tube data
taken, including data at higher values of X" and y" than originally taken. This data set agreed closely with
the original calibration of Patel. Accordingly, equation (D3) was used for the final reduction of the
Preston tube data from NTF. As noted in ref. 5, this equation fit the Preston tube results from Princeton
within 0.15 %. A slight modification to equation (D3), which fits the data to within 0.10 %, can be found
in ref. 5. Figure (D2) shows the Princeton data compared with Patel’s unmodified high Reynolds number
equation and the data of Ozarapoglu, ref. 29. Also shown is the range of x covered in the NTF
experiment. Both sets of data agree well with equation (D3).

The data reduction at Princeton used the virial form of the equation of state (ref. 5) to calculate the
compressibility function, Z, and a real-gas calculation of the viscosity because of high-density effects (ref.
25). For the pressures encountered in the Superpipe, Z ranged from 0.98 to 1.05, and the viscosity was as
much as 30% higher than the Sutherland air value at the highest pressures. It is evident that Patel’s
method, unmodified, is applicable to very high Reynolds numbers. The data extends the upper limit in y"
of the Patel calibration from 5.3 to 8.7 and x from 7.6 to 11.3.

Controversy concerning the scaling of the pipe velocity profiles and the hydraulic smoothness of the

pipe can be found in refs. 57, 58, and 59; however, the Princeton group believes the pipe to be
hydraulically smooth.
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Table 1. Model and Instrumentation Locations
(@) Section Coordinates, Inches

r=6.375 at end of Section 1
see Figure 10(a)

at end of section
Section X S

1 25.951 27.877 nose

2 55.951 57.877

3 79.951 81.877 Station 1
4 103.951 105.877

5 127.951 129.877 Station 2
6 151.951 153.877

7 179.376 181.302

8 207.376 209.302

Table 1. Continued
(b) Plug, Preston Tube, Rake, and Balance Locations

see Figures 10 (a) and (b) for coordinate definitions

Device | X | S [0) | | Device X S [0)
SECTION 3 - STATION 1, x = 73.95 SECTION 5 - STATION 2, X = 121.95
LARGE PLUG LARGE PLUG
73.951 75.877 oo | | 121.951 123.877 0.00
SMALL PLUGS SMALL PLUGS
1-3 74.951 76.877 0.00 1-5 122,951 124,877 0.00
23 74.951 76.877 45.00 25 122,951 124.877 45.00
33 74.951 76.877 135.00 35 122.951 124.877 135.00
43 74.951 76.877 180.00 45 122,951 124.877 180.00
53 74.951 76.877 -45.00 55 122,951 124.877 -45.00
63 74.951 76.877 -135.00 65 122,951 124,877 -135.00
PRESTON TUBES, TO TIP PRESTON TUBES, TO TIP
1 73.140 75.066 0.00 1 121,140 123.066 0.00
2 73.140 75.066 45.00 2 121.140 123.066 45.00
3 73.140 75.066 135.00 3 121.140 123.066 135.00
4 73.140 75.066 180.00 4 121.140 123.066 180.00
5 73.140 75.066 -45.00 5 121.140 123.066 -45.00
6 73.140 75.066 -135.00 6 121,140 123.066 -135.00
RAKE NO. 2, TO TIPS RAKE NO. 2, TO TIPS
[ .. | 73140 | 75066 | | | .| 121140 | 123066 |
BALANCE BALANCE
[ .. | 73951 | 75877 | | | .. | 121951 | 123877 |

40
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Table 1. Continued
(c) Pressure Orifice Locations, Inches

see Figure 10 for coordinate definitions

SECTION 1 - from NASA drawing LD1079601

Orifice X r ©
1 0.000 0.000 0
2 0.957 1.779 0
3 2.652 2.971 0
4 4,533 3.848 0
5 6.495 4,527 0
6 6.495 4,527 30
7 6.495 4,527 330
8 8.502 5.058 0
9 10.537 5.472 0
10 12.590 5.788 0
11 14.654 6.021 0
12 14.654 6.021 30
13 14.654 6.021 330
14 16.724 6.183 0
15 18.798 6.288 0
16 20.874 6.345 0
17 22.951 6.375 0
18 22.951 6.375 30
19 22.951 6.375 330

SECTION 2 - from NASA drawing LD1079606

Orifice X S ©
20 26.951 28.877 0
21 26.951 28.877 30
22 26.951 28.877 60
23 26.951 28.877 90
24 26.951 28.877 120
25 26.951 28.877 180
26 26.951 28.877 210
27 26.951 28.877 240
28 26.951 28.877 270
29 26.951 28.877 300
30 26.951 28.877 330
31 28.951 30.877 0
32 28.951 30.877 30
33 28.951 30.877 330
34 30.951 32.877 0
35 32.951 34.877 0
36 34.951 36.877 0
37 34.951 36.877 30
38 34.951 36.877 330
39 36.951 38.877 0
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Table 1. Continued
(c) Continued

40 38.951 40.877 0
41 40.951 42,877 0
42 40.951 42,877 30
43 40.951 42,877 330
44 42.951 44.877 0
45 44.951 46.877 0
46 46.951 48.877 0
47 46.951 48.877 30
48 46.951 48.877 330
49 48.951 50.877 0
50 50.951 52.877 0
51 52.951 54.877 0
52 52.951 54.877 30
53 52.951 54.877 330

SECTION 3 - from NASA drawing LD1079606
54 56.951 58.877 0
55 58.951 60.877 0
56 58.951 60.877 30
57 58.951 60.877 330
58 60.951 62.877 0
59 62.951 64.877 0
60 64.951 66.877 o
61 64.951 66.877 20!
62 64.951 66.877 220
63 66.951 68.877 0
64 68.951 70.877 0
65 70.951 72.877 o
66 70.951 72.877 AP
67 70.951 72.877 60
63 70.951 72.877 90
69 70.951 72.877 120
70 70.951 72.877 150
71 70.951 72.877 180
72 70.951 72.877 210
73 70.951 72.877 240
74 70.951 72.877 270
75 70.951 72.877 300
76 70.951 72.877 =
77 72.451 74.377 AP
78 72.451 74.377 -
79 73.951 75.877 AP
80 73.951 75.877 -
81 75.451 77.377 AP
82 75.451 77.377 "
83 76.951 78.877 0
84 76.951 78.877 AP
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Table 1. Continued
(c) Continued

85

|  76.951

78877 |

330?

SECTION 4 - from NASA drawing LD1079606

86 80.951 82.877 0
87 82.951 84.877 0
88 82.951 84.877 30
89 82.951 84.877 330
90 84.951 86.877 0
91 86.951 88.877 0
92 88.951 90.877 0
93 88.951 90.877 30
94 88.951 90.877 330
95 90.951 92.877 0
96 92.951 94.877 0
97 94.951 96.877 0
98 94.951 96.877 30
99 94.951 96.877 330
100 96.951 98.877 0
101 98.951 100.877 0
102 100.951 102.877 0
103 100.951 102.877 30
104 100.951 102.877 330
SECTION 5 - from NASA drawing L D1079606
105 104.951 106.877 0
106 106.951 108.877 0
107 106.951 108.877 30
108 106.951 108.877 330
109 108.951 110.877 0
110 110.951 112.877 0
111 112.951 114.877 0
112 112.951 114.877 30
113 112.951 114.877 330
114 114.951 116.877 0
115 116.951 118.877 0
116 118.951 120.877 03
117 118.951 120.877 203
118 118.951 120.877 60
119 118.951 120.877 90
120 118.951 120.877 120
121 118.951 120.877 150
122 118.951 120.877 180
123 118.951 120.877 210
124 118.951 120.877 240
125 118.951 120.877 270
126 118.951 120.877 300
127 118.951 120.877 303




Table 1. Continued

(c) Continued

128 120.451 122.377 203
129 120.451 122.377 2303
130 121.951 123.877 203
131 121.951 123.877 2303
132 123.451 125.377 203
133 123.451 125.377 2303
134 124.951 126.877 0
135 124.951 126.877 203
136 124.951 126.877 2303
SECTION 6 - from NASA drawing LD1079606
137 128.951 130.877 0
138 130.951 132.877 0
139 130.951 132.877 30
140 130.951 132.877 330
141 132.951 134.877 0
142 134.951 136.877 0
143 136.951 138.877 0
144 136.951 138.877 30
145 136.951 138.877 330
146 138.951 140.877 0
147 140.951 142.877 0

Notes: 1 = averaged for p1
2 = averaged for pwl
3 = averaged for pw2

Table 1. Continued
(d) Thermocouple Locations, Inches

see Figure 10 for coordinate definitions

SECTION 1 - from NASA drawing LD1079601

Thermocouple X r (0]

1 15.688 6.110 0
SECTION 2 - from NASA drawing LD1079606

Thermocouple X S (0]
2 27.951 29.877 0
3 39.951 41.877 0
4 45.951 47.877 0
5 45.951 47.877 30
6 45.951 47.877 330
7 51.951 53.877 0
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Table 1. Continued
(d) Continued

SECTION 3 - from NASA drawing LD1079606

8 57.951 59.877 0
9 63.951 65.877 0
10 69.951 71.877 ot
11 69.951 71.877 20t
12 69.951 71.877 90
13 69.951 71.877 150
14 69.951 71.877 210
15 69.951 71.877 270
16 69.951 71.877 330t
SECTION 4 - from NASA drawing LD1079606
17 81.951 83.877 0
18 87.951 89.877 0
19 93.951 95.877 0
20 93.951 95.877 30
21 93.951 95.877 330
22 99.951 101.877 0
SECTION 5 - from NASA drawing LD1079606
23 105.951 107.877 0
24 111.951 113.877 0
25 117.951 119.877 Q2
26 117.951 119.877 202
27 117.951 119.877 90
28 117.951 119.877 150
29 117.951 119.877 210
30 117.951 119.877 270
31 117.951 119.877 2302
SECTION 6 - from NASA drawing LD1079606
32 129.951 131.877 0
33 135.951 137.877 0

THERMOCOUPLES ON INNER WALL OF MODEL

at Sections 3, 4, and 5

34 69.951 71.877 0

35 73.951 75.877 0

36 117.951 119.877 0
THERMOCOUPLES ON BALANCE

37 on base of balance

38 internal, at linear differential transformer

Notes: 1=averaged for Twl, see Figure 10(b).
2=averaged for Tw2, see Figure 10(b).
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from NASA drawing LD1079602

Table1. Concluded

(e) Nose Coordinates, Inches

Point X r S
1 0.0000 0.0000 0.0000
2 0.1924 0.7890 0.8121
3 0.6104 1.4158 1.5655
4 1.1978 1.9928 2.3889
5 1.9292 2.5351 3.2994
6 2.7877 3.0443 4.2976
7 3.7598 3.5217 5.3806
6 4.8337 3.9649 6.5423
9 5.9988 43722 7.7766
10 7.2448 4.7417 9.0762
11 8.5627 5.0723 10.4349
12 9.9426 5.3629 11.8451
13 11.3757 5.6126 13.2998
14 12.8527 5.8224 14.7916
15 14.3648 5.9929 16.3133
16 15.9032 6.1267 17.8575
17 17.4591 6.2264 19.4166
16 19.0240 6.2959 20.9830
19 20.5891 6.3398 22.5488
20 22.1464 6.3634 24.1062
21 23.6873 6.3731 25.6472
22 25.2041 6.3750 27.1640
23 25.951° 6.3750 27.9109

Notes. * at junction of section 2
sat end of nose (x=25.500) = 27.426
sat junction of sections 1 and 2 = 27.877




Table 2. Boundary Layer Rake Tube Locations

Rake No. 2, astested in NTF

USED IN DATA
DESIGN AS CONSTRUCTED LATE MEASUREMENT REDUCTION
Tube z,ideal y,ideal zmeasured | y, measured | z, measured | y, measured y
1 -0.1500 0.0230 -0.1500 0.0229 -0.1500 0.0218 0.0240
2 -0.0630 0.0320 -0.0634 0.0312 -0.0625 0.0300 0.0330
3 0.0150 0.0400 0.0147 0.0390 0.0163 0.0417 0.0420
4 0.0850 0.0490 0.0843 0.0496 0.0854 0.4730 0.0500
5 0.1500 0.0570 0.1493 0.0578 0.1502 0.0583 0.0580
6 -0.1100 0.0690 -0.1092 0.0690 -0.1095 0.0698 0.0700
7 -0.0300 0.0820 -0.0298 0.0816 -0.0297 0.0826 0.0840
8 0.0400 0.0950 0.0393 0.0951 0.0393 0.0932 0.0960
9 0.1100 0.1080 0.1086 0.1092 0.1110 0.1075 0.1100
10 -0.0800 0.1250 -0.0814 0.1255 -0.0802 0.1256 0.1257
11 -0.0050 0.1450 -0.0051 0.1444 -0.0051 0.1445 0.1470
12 0.0600 0.1750 0.0592 0.1745 0.0607 0.1735 0.1760
13 -0.0650 0.2150 -0.0643 0.2148 -0.0640 0.2142 0.2150
14 0.0400 0.2650 0.0389 0.2655 0.0403 0.2644 0.2660
15 -0.0300 0.3250 -0.0306 0.3253 -0.0297 0.3241 0.3260
16 0.0300 0.3950 0.0302 0.3950 0.0293 0.3944 0.3960
17 -0.0250 0.4750 -0.0262 0.4761 -0.0249 0.4749 0.4750
18 0.0000 0.5550 -0.0012 0.5558 0.0005 0.5538 0.5660
19 0.0000 0.6350 -0.0006 0.6354 -0.0012 0.6347 0.6360
20 0.0000 0.7150 -0.0005 0.7157 -0.0008 0.7141 0.7165
21 0.0000 0.7950 0.0000 0.7950 0.0003 0.7938 0.7960
22 0.0000 0.8750 -0.0012 0.8756 -0.0005 0.8753 0.8780
23 0.0000 0.9760 -0.0017 0.9769 -0.0007 0.9749 0.9770
24 0.0000 1.0760 0.0000 1.0767 -0.0002 1.0753 1.0770
25 0.0000 1.1990 -0.0005 1.2000 -0.0001 1.1981 1.2010
26 0.0000 1.3230 0.0000 1.3228 -0.0006 1.3220 1.3240
27 0.0000 1.4750 0.0000 1.4750 -0.0002 1.4748 1.4755
28 0.0000 1.6270 0.0000 1.6270 -0.0005 1.6269 1.6280
29 0.0000 1.8140 -0.0013 1.8145 -0.0008 1.8130 1.8150
30 0.0000 2.0000 -0.0005 2.0003 0.0004 1.9994 2.0005
31 0.0000 2.2000 -0.0005 2.2003 0.0003 2.1988 2.2000
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Table3. Measured Tunnel and Model Test Conditions

Parameters From Standard Tunnel Reduction Calculated Flow Quantities Station 1 and 2 Quantities (ideal gas)
| Run | Point P, psia T,,degF | o, deg rall, deg | time | | M. Pe , psia Qe , psf R/ft | | pwl, psia | pw2, psia | Twl, deg F | Tw2, deg F | T Taw
Preston Tube Data
39 352 95.614 120.998 -0.005 0.018 14:43:55 0.401 85.538 1395.010 | 1.504E+07 85.531 85.554 120.409 120.381 1.0022
39 353 95.613 121.042 -0.005 0.016 14:44.07 0.401 85.546 1393.290 | 1.503E+07 85.542 85.562 120.455 120.441 1.0022
39 354 95.617 120.961 -0.005 0.021 14:44:19 0.401 85.550 1393.950 | 1.504E+07 85.542 85.570 120.461 120.447 1.0024
39 358 95.615 120.718 0.190 0.018 14:45:52 0.401 85.538 1394.290 | 1.505E+07 85.537 85.553 120.484 120.469 1.0028
39 359 95.612 120.888 0.190 0.015 14:46:04 0.401 85.541 1393.930 | 1.504E+07 85.537 85.550 120.506 120.492 1.0026
39 360 95.615 120.956 0.190 0.014 14:46:16 0.401 85.541 1394.100 | 1.504E+07 85.539 85.561 120.539 120.511 1.0025
39 370 95.616 119.771 0.063 0.188 14:50:32 0.401 85.548 1394.170 | 1.508E+07 85.539 85.557 120.430 120.346 1.0043
39 371 95.616 119.716 0.063 0.187 14:50:43 0.401 85.552 1393.360 | 1.508E+07 85.545 85.559 120.327 120.257 1.0042
39 372 95.612 119.647 0.063 0.182 14:50:55 0.401 85.549 1393.430 | 1.508E+07 85.541 85.558 120.266 120.196 1.0043
40 373 95.617 118.961 0.061 0.005 14:53:36 0.401 85.554 1393.180 | 1.510E+07 85.547 85.563 119.386 119.413 1.0040
40 374 95.614 118.740 0.060 0.006 14:54:15 0.401 85.546 1393.890 | 1.511E+07 85.539 85.556 119.230 119.230 1.0041
40 375 95.618 119.062 0.060 0.005 14:54:53 0.401 85.556 1393.200 | 1.510E+07 85.548 85.559 119.053 119.067 1.0032
40 379 95.613 118.942 0.191 -0.004 14:57:30 0.401 85.546 1393.780 | 1.510E+07 85.539 85.555 118.991 118.990 1.0033
40 380 95.617 118.892 0.191 -0.002 14:58:09 0.401 85.557 1392.720 | 1.510E+07 85.551 85.563 118.930 118.930 1.0033
40 381 95.614 118.945 0.191 -0.002 14:58:46 0.401 85.555 1392.660 | 1.510E+07 85.548 85.562 118.897 118.911 1.0032
42 395 95.634 119.864 -0.028 0.179 20:56:28 0.401 85.533 1397.070 | 1.509E+07 85.535 85.546 119.454 119.496 1.0026
42 396 95.629 120.021 -0.029 0.169 20:56:52 0.401 85.525 1397.410 | 1.509E+07 85.528 85.541 119.565 119.593 1.0025
42 397 95.632 120.019 -0.029 0.169 20:57:17 0.401 85.533 1397.170 | 1.509E+07 85.533 85.545 119.621 119.649 1.0026
42 401 95.593 120.064 0.129 0.167 20:59:18 0.401 85.492 1397.250 | 1.508E+07 85.493 85.506 119.746 119.773 1.0027
42 402 95.590 120.168 0.132 0.174 21:00:20 0.401 85.492 1396.880 | 1.508E+07 85.493 85.506 119.820 119.819 1.0026
42 403 95.594 120.170 0.132 0.174 21:00:44 0.401 85.495 1396.850 | 1.508E+07 85.497 85.512 119.875 119.875 1.0027
43 413 95.591 120.661 -0.019 0.177 21:06:21 0.402 85.489 1397.680 | 1.507E+07 85.488 85.504 120.357 120.314 1.0027
43 414 95.595 120.671 -0.019 0.182 21:06:44 0.401 85.496 1397.350 | 1.506E+07 85.493 85.508 120.394 120.351 1.0027
43 415 95.593 120.704 -0.019 0.173 21:07:09 0.401 85.500 1396.570 | 1.506E+07 85.497 85.508 120.416 120.402 1.0027
47 451 38.321 119.386 -0.025 0.178 21:53:17 0.401 34.280 557.550 | 6.068E+06 34.291 34.286 115.455 115.314 0.9963
47 452 38.316 119.802 -0.025 0.178 21:53:41 0.401 34.275 557.550 | 6.062E+06 34.285 34.279 115.789 115.648 0.9962
47 453 38.317 119.733 -0.025 0.179 21:54:06 0.401 34.275 557.500 | 6.063E+06 34.287 34.284 116.114 115.987 0.9969
47 457 38.319 120.009 0.129 0.18 21:55:53 0.401 34.278 557.540 | 6.060E+06 34.289 34.283 117.213 117.072 0.9983
47 458 38.321 120.034 0.129 0.178 21:56:18 0.401 34.279 557.770 | 6.061E+06 34.289 34.283 117.391 117.264 0.9986
47 459 38.318 120.330 0.129 0.178 21:56:48 0.401 34.276 557.690 | 6.056E+06 34.287 34.283 117.621 117.494 0.9984
48 469 38.318 120.693 -0.022 0.184 22:02:19 0.401 34.275 557.960 | 6.053E+06 34.284 34.281 119.029 118.888 1.0002
48 470 38.319 120.644 -0.022 0.185 22:02:43 0.401 34.281 557.790 | 6.053E+06 34.287 34.285 119.094 118.968 1.0005
48 471 38.320 120.691 -0.023 0.180 22:03:05 0.401 34.279 557.740 | 6.052E+06 34.288 34.286 119.132 119.019 1.0004
49 473 25.240 121.429 -0.080 -0.002 22:33:58 0.701 18.169 901.760 | 6.063E+06 18.170 18.148 116.964 116.809 1.0015
49 474 25.198 122631 -0.080 -0.001 22:34:25 0.701 18.140 900.270 | 6.037E+06 18.140 18.120 117.410 117.227 1.0002
49 475 25.201 121.851 -0.081 -0.003 22:34:50 0.702 18.135 900.880 | 6.050E+06 18.137 18.114 117.715 117.560 1.0021
50 476 22.675 119.834 -0.032 0.183 22:39:46 0.848 14.158 1028.250 | 6.046E+06 14.156 14.120 119.368 119.242 1.0123
50 477 22.712 122.894 -0.032 0.181 22:40:09 0.849 14.172 1030.360 | 6.016E+06 14.174 14.136 119.289 119.162 1.0069
50 478 22.697 125.075 -0.032 0.183 22:40:38 0.850 14.140 1031.710 | 5.988E+06 14.143 14.107 119.729 119.602 1.0039
50 482 22.700 123.257 0.123 0.183 22:42:39 0.850 14.148 1031.450 | 6.012E+06 14.149 14.112 119.914 119.816 1.0074
50 483 22.710 121.275 0.123 0.179 22:43.02 0.850 14.158 1031.790 | 6.041E+06 14.156 14.122 119.821 119.736 1.0107
50 484 22.712 121.390 0.123 0.179 22:43:26 0.850 14.162 1031.560 | 6.039E+06 14.161 14.127 119.619 119.549 1.0101
51 495 22.706 122.042 -0.022 0.186 22:49:21 0.850 14.153 1031.780 | 6.030E+06 14.151 14.115 119.727 119.432 1.0090
51 496 22.708 121.706 -0.022 0.183 22:49:50 0.850 14.155 1031.950 | 6.035E+06 14.152 14.118 119.671 119.404 1.0095
51 497 22.707 121.498 -0.022 0.184 22:50:14 0.850 14.158 1031.610 | 6.037E+06 14.154 14.119 119.572 1190.347 1.0097
52 498 22.706 121.660 -0.022 0.185 22:51:35 0.850 14.157 1031.300 | 6.034E+06 14.156 14.118 119.417 119.262 1.0092
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Table 3. Continued

Run Point p..psa | T.,degF o, deg roll, deg time M. p. , psia Qe , psf R/ft pwl, psia | pw2, psa | Twl, degF| Tw2,degF| T,.dTa
52 499 22.706 121.506 -0.022 0.186 22:51:57 0.850 14.158 1031.170 | 6.035E+06 14.159 14.121 119.379 119.238 1.0094
52 500 22.706 121.229 -0.022 0.184 22:52:21 0.850 14.152 1031.620 | 6.040E+06 14.153 14.115 119.294 119.196 1.0098
53 513 22.707 120.800 -0.022 0.187 22:58:52 0.850 14.160 1031.220 | 6.045E+06 14.159 14.122 118.079 117.812 1.0083
53 514 22.707 120.847 -0.022 0.185 22:59:15 0.850 14.157 1031.610 | 6.046E+06 14.155 14.118 118.089 117.863 1.0083
53 515 22.707 120.921 -0.023 0.186 22:59:40 0.850 14.158 1031.400 | 6.044E+06 14.157 14.118 118.130 117.933 1.0082
60 555 101.802 | -250.224 -0.126 -0.057 13:30:48 0.604 79.723 2904.780 | 9.048E+07 79.726 79.729 -256.185 | -254.684 0.9821
60 556 101799 | -250.357 -0.124 -0.057 13:31:13 0.601 79.907 2883.880 | 9.025E+07 79.900 79.836 -256.162 | -254.614 0.9828
60 559 101798 | -250.343 0.031 -0.062 13:32:45 0.601 79.921 2883.620 | 9.024E+07 79.901 79.837 -256.264 | -254.579 0.9826
60 560 101.800 | -250.332 0.033 -0.059 13:33:08 0.601 79.900 2885.210 | 9.026E+07 79.890 79.821 -256.307 | -254.603 0.9824
60 567 101.804 | -250.102 -0.117 0.191 13:37:18 0.601 79.899 2886.850 | 9.013E+07 79.880 79.824 -256.328 | -254.582 0.9813
60 568 101.802 | -250.128 -0.116 0.190 13:37:42 0.601 79.918 2884.210 | 9.011E+07 79.900 79.827 -256.256 | -254.492 0.9818
61 569 90.496 -250.047 -0.118 -0.067 13:41:22 0.601 71.018 2567.390 | 8.010E+07 70.998 70.951 -255.744 | -253.893 0.9841
61 570 90.496 -250.188 -0.120 -0.080 13:41:47 0.601 71.016 2567.130 | 8.018E+07 71.000 70.945 -255.635 | -253.822 0.9852
62 571 81.303 -250.497 -0.114 -0.068 13:46:00 0.700 58.730 2883.130 | 8.034E+07 58.703 58.638 -256.085 | -254.340 0.9866
62 572 81.306 -250.438 -0.113 -0.062 13:46:19 0.700 58.745 2882.280 | 8.029E+07 58.714 58.633 -256.115 | -254.381 0.9861
63 573 73.538 -250.811 -0.116 -0.072 13:48:05 0.601 57.678 2090.570 | 6.552E+07 57.658 57.622 -254.915 | -253.104 0.9916
63 574 73.536 -250.800 -0.118 -0.075 13:48:28 0.601 57.678 2090.040 | 6.551E+07 57.661 57.621 -254.636 | -252.879 0.9928
64 575 66.067 -250.237 -0.117 -0.096 13:50:13 0.701 47.703 2346.150 | 6.520E+07 47.675 47.609 -255.000 | -253.153 0.9909
64 576 66.065 -250.307 -0.116 -0.098 13:50:36 0.700 47.729 2343.990 | 6.520E+07 47.693 47.633 -255.023 | -253.318 0.9907
65 577 59.006 -250.210 -0.115 -0.031 13:53:25 0.848 36.968 2664.490 | 6.506E+07 36.928 36.851 -255.897 | -254.135 0.9900
65 578 59.001 -250.139 -0.115 -0.051 13:53:48 0.849 36.927 2667.040 | 6.505E+07 36.896 36.815 -255.981 | -254.343 0.9890
65 581 59.008 -250.278 0.028 -0.087 13:55:18 0.849 36.926 2666.970 | 6.512E+07 36.903 36.833 -256.338 | -254.923 0.9873
65 582 59.003 -250.313 0.028 -0.086 13:55:41 0.850 36.889 2670.380 | 6.517E+07 36.861 36.779 -256.366 | -254.990 0.9873
66 589 56.461 -250.312 -0.127 -0.037 14:02:09 0.601 44.296 1604.040 | 5.014E+07 44.279 44.253 -255.309 | -254.236 0.9856
66 590 56.461 -250.413 -0.127 -0.043 14:02:33 0.601 44.275 1606.580 | 5.021E+07 44.258 44.236 -255.285 | -254.202 0.9862
67 591 50.655 -250.618 -0.123 -0.056 14:04:00 0.701 36.559 1799.940 | 5.015E+07 36.545 36.507 -254.639 | -253.414 0.9929
67 592 50.652 -250.729 -0.123 -0.061 14.04:22 0.701 36.551 1801.190 | 5.021E+07 36.530 36.489 -254.277 | -252.944 0.9954
68 593 45.401 -249.800 -0.123 -0.103 14.06:47 0.850 28.369 2057.040 | 4.998E+07 28.344 28.290 -254.628 | -253.447 0.9928
68 594 45.392 -250.228 -0.125 -0.110 14.07:09 0.849 28.385 2054.300 | 5.010E+07 28.363 28.312 -254.705 | -253.554 0.9944
70 601 39.513 -250.881 -0.092 0.011 21:57:06 0.600 30.998 1122.460 | 3.525E+07 30.989 30.975 -250.176 | -249.487 10121
70 602 39.511 -250.835 -0.091 0.011 21:57:29 0.600 31.000 1122.350 | 3.524E+07 30.989 30.977 -250.208 | -249.416 10119
71 603 35.497 -250.961 -0.094 0.002 22:00:22 0.700 25.633 1260.020 | 3.523E+07 25.623 25.600 -252.012 | -250.959 1.0068
71 604 35.499 -250.910 -0.093 0.005 22:00:47 0.700 25.628 1261.080 | 3.523E+07 25.616 25.592 -251.808 | -250.754 1.0076
72 605 31.709 -250.749 -0.134 0.185 22:04:15 0.849 19.828 1434.780 | 3.512E+07 19.819 19.788 -253.195 | -252.018 1.0042
72 606 31711 -250.850 -0.135 0.177 22:04:37 0.850 19.806 1436.930 | 3.517E+07 19.798 19.763 -252.987 | -251.808 1.0058
72 609 31711 -250.547 0.002 0.186 22:06:33 0.850 19.806 1437.490 | 3.510E+07 19.791 19.758 -252.461 | -251.394 1.0066
72 610 31.710 -250.719 0.003 0.179 22:06:58 0.849 19.831 1434.840 | 3.512E+07 19.820 19.795 -252.383 | -251.259 1.0079
73 617 23.502 -251.071 -0.136 0.180 22:14:57 0.402 21.033 342.140 | 1.519E+07 21.028 21.035 -252.679 | -251.727 0.9978
73 618 23.503 -250.777 -0.135 0.181 22:15:20 0.402 21.030 342.340 | 1.516E+07 21.027 21.033 -252.437 | -251.520 0.9975
73 621 23.502 -250.842 0.013 0.184 22:16:49 0.402 21.036 341.660 | 1.516E+07 21.032 21.039 -251.988 | -251.096 0.9999
73 622 23.503 -250.711 0.013 0.181 22:17:13 0.402 21.027 342.640 | 1.516E+07 21.025 21.031 -251.765 | -250.871 1.0003
74 629 55.028 -250.484 -0.089 0.005 22:35:27 0.402 49.265 798.310 | 3.526E+07 49.256 49.256 -248.637 | -247.470 1.0149
74 630 55.018 -251.461 -0.089 0.002 22:35:50 0.402 49.265 797.180 | 3.548E+07 49.255 49.256 -249.344 | -248.154 1.0163
75 631 78.690 -251.389 -0.097 0.002 22:43:50 0.402 70.447 1141.120 | 5.067E+07 70.440 70.438 -250.520 | -249.094 1.0109
75 632 78.682 -250.885 -0.097 0.000 22:44:14 0.401 70.476 1136.520 | 5.038E+07 70.467 70.464 -250.853 | -249.503 1.0066
76 633 102380 | -251.195 -0.131 0.161 22:51:44 0.401 91.698 1479.000 | 6.566E+07 91.689 91.682 -251.666 | -250.206 1.0045
76 634 102381 | -251.149 -0.133 0.163 22:52:06 0.402 91.683 1480.960 | 6.568E+07 91.675 91.667 -251.805 | -250.317 1.0037
76 637 102384 | -251.029 0.021 0.161 22:53:42 0.402 91.691 1480.470 | 6.561E+07 91.682 91.673 -252.133 | -250.618 1.0016
76 638 102.386 | -251.005 0.023 0.161 22:54:07 0.401 91.700 1479.230 | 6.557E+07 91.693 91.686 -252.198 | -250.609 1.0013
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Table 3. Continued

Run Point P, psia T,,degF o, deg roll, deg time | | M. | Pe, psia | Qe , psf RI/ft | | pwl, psia | pw2, psia | Twl, degF | Tw2, deg F Tuwad Tan
Rake Data
79 671 95.603 121543 -0.105 0.005 21:28:40 0.401 85.499 1397.560 | 1.504E+07 85.500 85.513 121.614 121.333 1.0031
81 692 72.612 119.811 -0.095 0.009 21:53:35 0.201 70.599 287.540 | 6.043E+06 70.595 70.597 116.608 116.495 0.9952
83 713 38.317 121.061 -0.108 0.006 22:15:06 0.402 34.276 558.430 [ 6.050E+06 34.280 34.275 119.349 119.166 1.0001
85 734 27.835 120.930 -0.093 0.001 22:46:38 0.602 21.783 797.040 [ 6.058E+06 21.780 21.769 120.050 119.825 1.0053
87 752 22.675 123.745 -0.093 0.006 23:02:22 0.849 14.143 1029.380 | 5.996E+06 14.143 14.097 119.132 118.949 1.0051
93 793 105.422 -250.577 -0.138 -0.002 13:15:39 0.201 102.486 416.310 [ 3.533E+07 102.501 102.498 -248.667 -247.445 1.0129
94 811 105.427 -250.230 -0.132 0.185 13:23:51 0.202 102.481 418.870 [ 3.535E+07 102.488 102.480 -249.018 -252.454 0.9984
95 813 102.500 -250.949 -0.137 -0.021 13:27:18 0.401 91.806 1478.250 | 6.556E+07 91.815 91.790 -254.267 -241.397 1.0182
96 824 101.759 -249.818 -0.136 0.001 13:36:59 0.600 79.876 2881.270 | 8.984E+07 79.881 79.781 -254.336 -251.389 0.9924
96 825 101.757 -249.710 -0.136 -0.009 13:37:22 0.601 79.863 2882.760 | 8.980E+07 79.867 79.777 -254.245 -251.459 0.9920
96 837 101.757 -250.030 -0.141 0.185 13:45:32 0.601 79.845 2885.650 [ 9.005E+07 79.842 79.755 -253.561 -252.893 0.9917
97 839 90.503 -249.963 -0.138 -0.071 13:49:46 0.601 71.003 2567.880 [ 8.006E+07 71.001 70.925 -252.806 -252.471 0.9942
98 841 73.435 -250.579 -0.136 -0.064 13:54:19 0.601 57.604 2085.450 [ 6.529E+07 57.596 57.536 -251.031 -251.069 1.0048
99 848 73.502 -250.957 -0.104 -0.006 21:30:08 0.601 57.675 2085.010 [ 6.550E+07 57.669 57.614 -254.117 -248.582 1.0051
100 855 59.006 -249.723 -0.146 0.153 21:39:16 0.849 36.925 2666.740 | 6.490E+07 36.904 36.781 -253.764 | -252.836 0.9960
100 856 59.004 -249.594 -0.145 0.154 21:39:40 0.849 36.908 2667.250 | 6.480E+07 36.897 36.787 -253.679 -252.812 0.9956
101 867 54.985 -249.973 -0.142 0.151 21:51:53 0.401 49.241 794.490 [ 3.500E+07 49.242 49.232 -248.835 -249.467 1.0072
102 879 39.503 -250.444 -0.150 0.152 22:01:31 0.601 30.979 1123.100 | 3.520E+07 30.974 30.951 -250.082 -249.735 1.0096
105 915 31.695 -249.537 -0.142 0.153 22:25:16 0.849 19.822 1433.980 | 3.480E+07 19.812 19.762 -248.671 -248.805 1.0171
106 927 23.505 -249.511 -0.145 0.155 22:38:25 0.402 21.041 341.650 [ 1.500E+07 21.035 21.032 -247.600 -248.453 1.0103
108 945 45.376 -250.097 -0.104 -0.027 22:58:30 0.849 28.373 2052.700 [ 5.000E+07 28.362 28.277 -250.029 -249.790 1.0142
128 1209 95.571 121.296 -0.068 0.057 10:37:57 0.402 85.473 1397.730 | 1.500E+07 85.467 85.487 120.766 120.668 1.0022
148 1494 95.562 120.193 -0.067 0.172 13:08:36 0.402 85.467 1397.420 | 1.510E+07 85.460 85.479 119.903 119.903 1.0027
153 1569 72.644 120.015 -0.060 0.183 13:53:03 0.201 70.619 288.570 | 6.053E+06 70.620 70.624 118.564 118.452 0.9982
154 1575 22.683 120.398 -0.078 0.175 14:33:26 0.850 14.140 1031.290 | 6.047E+06 14.131 14.100 117.905 117.863 1.0089
158 1625 22.682 119.372 -0.072 0.177 15:00:12 0.850 14.143 1031.030 | 6.060E+06 14.133 14.106 116.438 116.353 1.0081
160 1661 22.683 119.444 -0.072 0.176 15:16:28 0.850 14.142 1030.840 | 6.059E+06 14.136 14.106 116.593 116.438 1.0081
161 1668 38.298 120.274 -0.071 0.176 16:03:11 0.401 34.267 557.700 [ 6.055E+06 34.266 34.266 118.512 118.427 1.0001
Balance Data
175 1790 95.621 120.442 -0.061 0.003 12:53:20 0.401 85.557 1393.300 | 1.510E+07 85.550 85.568 120.481 120.436 1.0033
175 1791 95.621 120.511 -0.061 0.004 12:53:44 0.401 85.561 1392.660 | 1.510E+07 85.555 85.571 120.476 120.462 1.0032
175 1792 95.620 120.576 -0.061 0.005 12:54:08 0.401 85.553 1393.530 | 1.510E+07 85.548 85.566 120.482 120.496 1.0031
177 1820 95.622 120.765 -0.062 -0.017 13:08:52 0.401 85.558 1393.440 | 1.500E+07 85.550 85.567 120.886 120.936 1.0035
177 1821 95.621 120.781 -0.062 -0.023 13:09:14 0.401 85.565 1392.480 | 1.500E+07 85.557 85.572 120.870 120.948 1.0035
177 1822 95.621 120.848 -0.062 -0.019 13:09:37 0.401 85.560 1393.090 | 1.500E+07 85.552 85.567 120.892 120.962 1.0034
179 1858 95.621 120.733 -0.060 -0.097 13:29:40 0.400 85.565 1391.630 | 1.500E+07 85.563 85.574 120.811 120.889 1.0034
179 1859 95.622 120.726 -0.060 -0.096 13:30:05 0.401 85.565 1392.000 | 1.500E+07 85.561 85.571 120.789 120.881 1.0034
179 1860 95.621 120.751 -0.060 -0.103 13:30:29 0.401 85.561 1392.250 | 1.500E+07 85.558 85.567 120.784 120.877 1.0034
185 1934 95.630 120.771 -0.059 -0.087 14:37:26 0.401 85.526 1397.530 | 1.510E+07 85.527 85.601 120.813 120.883 1.0034
185 1935 95.627 120.808 -0.060 -0.088 14:37:53 0.401 85.523 1397.670 | 1.510E+07 85.524 85.594 120.813 120.898 1.0033
185 1936 95.631 120.809 -0.059 -0.085 14:38:16 0.401 85.528 1397.460 | 1.510E+07 85.529 85.599 120.846 120.930 1.0034
205 2220 95.615 120.197 -0.062 -0.068 17:31:32 0.402 85.508 1398.190 | 1.509E+07 85.507 85.580 120.279 120.391 1.0035
205 2221 95.613 120.192 -0.062 -0.068 17:31:56 0.401 85.510 1397.510 | 1.508E+07 85.511 85.582 120.273 120.399 1.0035
205 2222 95.616 120.167 -0.063 -0.068 17:32:20 0.401 85.510 1397.840 | 1.509E+07 85.511 85.585 120.268 120.395 1.0035
206 2241 95.616 120.184 -0.057 -0.025 17:42:08 0.401 85.510 1397.800 | 1.508E+07 85.512 85.584 120.293 120.349 1.0035
206 2242 95.615 120.202 -0.057 -0.068 17:42:31 0.402 85.506 1398.340 | 1.509E+07 85.506 85.581 120.328 120.369 1.0035
206 2243 95.614 120.193 -0.057 -0.064 17:42:55 0.401 85.510 1397.380 | 1.508E+07 85.513 85.582 120.320 120.390 1.0035
207 2249 72.616 119.693 -0.064 -0.06 18:09:34 0.201 70.593 287.420 | 6.044E+06 70.600 70.616 117.328 117.370 0.9968
207 2250 72.616 119.859 -0.064 -0.059 18:09:57 0.200 70.595 287.330 [ 6.041E+06 70.601 70.616 117.525 117.554 0.9968
207 2251 72.614 119.804 -0.064 -0.057 18:10:22 0.200 70.589 287.350 [ 6.041E+06 70.598 70.613 117.748 117.733 0.9973
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145
146
147
148
149
150
151
152
153

155
156
157
158
159
160
161
162
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165
166
167
168
169
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171
172
173
174
175
176
177
178
179
180
181
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185
186
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188
189
190
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195

Table 3. Continued

Run Point P, psia T,,degF o, deg roll, deg time M. Pe , Psia Qe , psf R/ft pwl, psia | pw2, psia | Twl, degF | Tw2,degF| T, .dTar
208 2270 72.614 119.910 -0.063 0.040 18:20:13 0.201 70.590 287.840 | 6.050E+06 70.595 70.612 118.725 118.725 0.9988
208 2271 72.614 119.930 -0.061 -0.051 18:20:36 0.201 70.591 287.870 | 6.050E+06 70.595 70.614 118.761 118.775 0.9988
208 2272 72.615 119.891 -0.060 -0.044 18:20:59 0.201 70.591 287.720 | 6.040E+06 70.596 70.614 118.823 118.823 0.9990
211 2303 38.383 121.714 -0.070 -0.049 18:42:25 0.401 34.334 558.950 [ 6.050E+06 34.342 34.370 117.870 117.870 0.9966
211 2304 38.377 121.822 -0.070 -0.051 18:42:48 0.401 34.328 559.030 [ 6.050E+06 34.336 34.365 118.228 118.229 0.9970
211 2305 38.381 121.561 -0.070 -0.050 18:43:12 0.402 34.330 559.230 [ 6.050E+06 34.338 34.367 118.506 118.506 0.9980
212 2324 38.384 120.896 -0.065 -0.039 18:53:13 0.402 34.336 559.360 [ 6.060E+06 34.340 34.372 120.154 120.126 1.0019
212 2325 38.383 120.963 -0.065 -0.042 18:53:39 0.401 34.336 559.130 [ 6.060E+06 34.341 34.374 120.171 120.170 1.0019
212 2326 38.382 120.935 -0.065 -0.043 18:54:04 0.401 34.335 559.150 [ 6.060E+06 34.340 34.372 120.164 120.164 1.0019
215 2358 27.753 120.064 -0.071 0.023 19:41:59 0.602 21.723 793.640 | 6.050E+06 21.725 21.756 117.901 117.915 1.0033
215 2359 27.746 121.309 -0.071 0.024 19:42:53 0.602 21.713 793.670 | 6.030E+06 21.718 21.750 118.358 118.344 1.0019
215 2360 27.751 120.391 -0.071 0.026 19:43:16 0.601 21.721 793.190 | 6.040E+06 21.726 21.761 118.425 118.468 1.0037
216 2379 27.750 120.664 -0.065 -0.058 19:53:20 0.602 21.717 794.090 [ 6.040E+06 21.717 21.758 119.180 119.138 1.0044
216 2380 27.750 120.693 -0.065 -0.056 19:53:43 0.602 21.721 793.960 | 6.040E+06 21.719 21.761 119.161 119.119 1.0044
216 2381 27.750 120.598 -0.065 -0.054 19:54:08 0.602 21.721 793.840 [ 6.040E+06 21.720 21.762 119.145 119.145 1.0045
219 2412 22.663 121.298 -0.075 -0.069 20:16:35 0.850 14.126 1029.850 [ 6.030E+06 14.125 14.190 119.052 119.066 1.0094
219 2413 22.662 122.046 -0.075 -0.069 20:17:00 0.850 14.131 1029.180 [ 6.020E+06 14.131 14.196 119.019 119.033 1.0080
219 2414 22.660 122.330 -0.075 -0.067 20:17:24 0.850 14.130 1028.970 [ 6.010E+06 14.131 14.193 119.049 119.091 1.0076
220 2433 22.663 121.357 -0.067 -0.056 20:27:13 0.850 14.127 1029.940 | 6.030E+06 14.123 14.193 118.981 118.784 1.0090
220 2434 22.662 121.417 -0.067 -0.058 20:27:36 0.850 14.134 1029.410 | 6.030E+06 14.129 14.197 118.918 118.763 1.0088
220 2435 22.661 121.456 -0.067 -0.059 20:28:00 0.850 14.132 1029.020 [ 6.020E+06 14.131 14.195 118.896 118.756 1.0087
223 2463 22.662 120.638 -0.071 -0.060 20:46:38 0.850 14.128 1029.250 [ 6.040E+06 14.130 14.192 117.914 117.914 1.0085
223 2464 22.661 120.633 -0.071 -0.062 20:47:03 0.850 14.121 1029.380 | 6.040E+06 14.127 14.187 117.915 117.929 1.0085
223 2465 22.661 120.604 -0.071 -0.057 20:47:27 0.850 14.122 1029.320 | 6.040E+06 14.128 14.188 117.886 117.900 1.0085
225 2499 22.663 120.226 -0.069 -0.067 21:04:28 0.849 14.129 1028.940 | 6.040E+06 14.134 14.190 117.842 117.772 1.0090
225 2500 22.663 120.220 -0.069 -0.072 21:04:52 0.850 14.126 1029.160 [ 6.040E+06 14.131 14.188 117.764 117.694 1.0089
225 2501 22.661 120.242 -0.069 -0.071 21:05:18 0.850 14.127 1029.030 | 6.040E+06 14.131 14.190 117.720 117.692 1.0088
228 2551 22.663 120.221 -0.067 -0.051 21:31:26 0.850 14.128 1029.380 | 6.040E+06 14.129 14.189 117.106 116.824 1.0076
228 2552 22.662 120.218 -0.067 -0.053 21:31:49 0.850 14.129 1029.440 | 6.040E+06 14.128 14.189 117.140 116.900 1.0077
228 2553 22.661 120.259 -0.068 -0.056 21:32:14 0.850 14.126 1029.330 | 6.040E+06 14.128 14.187 117.186 116.946 1.0077
233 2615 105.298 -251.168 -0.131 -0.035 15:25:17 0.202 102.380 416.590 | 3.550E+07 102.375 102.389 -247.410 -241.545 1.0329
233 2616 105.294 -251.721 -0.131 -0.041 15:25:43 0.201 102.379 416.330 | 3.560E+07 102.373 102.388 -248.057 -242.114 1.0328
233 2617 105.290 -252.340 -0.131 -0.042 15:26:07 0.201 102.376 416.220 | 3.580E+07 102.370 102.384 -248.587 -242.795 1.0329
234 2633 105.295 -249.264 -0.133 -0.027 15:34:15 0.202 102.381 417.430 | 3.500E+07 102.367 102.376 -249.280 -245.403 1.0100
234 2634 105.296 -249.290 -0.133 -0.031 15:34:45 0.202 102.381 417.280 | 3.500E+07 102.369 102.372 -249.153 -245.263 1.0107
234 2635 105.299 -249.172 -0.133 -0.028 15:35:09 0.201 102.392 416.750 | 3.500E+07 102.375 102.384 -249.099 -245.263 1.0103
235 2636 102.464 -249.010 -0.133 -0.009 15:42:45 0.401 91.791 1477.890 | 6.460E+07 91.782 91.821 -250.692 -245.262 1.0082
235 2637 102.467 -248.988 -0.132 -0.009 15:43:16 0.401 91.782 1479.720 | 6.470E+07 91.771 91.813 -250.351 -245.126 1.0092
235 2638 102.469 -249.025 -0.132 -0.008 15:43:40 0.401 91.800 1477.820 | 6.460E+07 91.787 91.829 -250.245 -245.155 1.0095
236 2654 102.465 -250.354 -0.136 0.001 15:54:32 0.401 91.775 1481.500 | 6.530E+07 91.755 91.795 -250.736 -248.349 1.0071
236 2655 102.468 -250.402 -0.136 -0.007 15:54:55 0.401 91.786 1480.630 | 6.540E+07 91.765 91.800 -250.611 -248.321 1.0077
236 2656 102.466 -250.286 -0.138 -0.002 15:55:19 0.401 91.787 1480.050 | 6.530E+07 91.767 91.808 -250.518 -248.267 1.0075
240 2709 101.759 -250.647 -0.131 0.010 22:26:47 0.601 79.881 2882.290 | 9.040E+07 79.872 79.939 -254.128 -249.003 1.0026
241 2714 54.936 -250.518 -0.135 0.008 23:21:56 0.401 49.185 795.370 | 3.520E+07 49.186 49.214 -249.915 -247.833 1.0111
241 2715 54.932 -250.375 -0.134 0.007 23:22:19 0.401 49.188 794.580 | 3.510E+07 49.189 49.218 -250.039 -247.888 1.0100
241 2716 54.936 -250.525 -0.134 0.006 23:22:43 0.401 49.186 795.460 [ 3.520E+07 49.186 49.216 -250.198 -247.874 1.0104
242 2732 54.935 -250.571 -0.150 0.020 23:30:51 0.401 49.187 795.670 | 3.520E+07 49.183 49.210 -250.797 -248.551 1.0076
242 2733 54.935 -250.444 -0.151 0.010 23:31:15 0.401 49.189 795.820 | 3.520E+07 49.182 49.210 -250.644 -248.456 1.0075
242 2734 54.935 -250.451 -0.151 0.012 23:31:38 0.401 49.188 795.850 [ 3.520E+07 49.182 49.207 -250.527 -248.402 1.0080
243 2735 39.561 -249.286 -0.152 0.027 23:37:22 0.601 31.021 1125.910 [ 3.490E+07 31.010 31.050 -249.921 -248.225 1.0081
243 2736 39.563 -249.416 -0.153 0.017 23:37:47 0.601 31.023 1125.980 [ 3.500E+07 31.011 31.051 -249.719 -248.048 1.0096
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Table 3. Concluded

Run Point P, psia T,,degF o, deg roll, deg time M. p. , psia e , psf R/ft pwl, psia | pw2, psia | Twl, degF | Tw2, degF| T, adTar
243 2737 39.563 -249.264 -0.153 0.024 23:38:09 0.601 31.020 1126.340 | 3.490E+07 31.008 31.047 -249.587 | -247.959 1.0094
246 2789 39.559 -249.099 -0.148 0.045 0:01:56 0.601 31.009 1126.970 | 3.490E+07 30.999 31.040 -248.454 | -247.981 1.0113
246 2790 39.561 -249.266 -0.149 0.042 0:02:18 0.601 31.017 1126.660 | 3.490E+07 31.004 31.046 -248.349 | -247.887 1.0125
246 2791 39.562 -249.136 -0.151 0.044 0:02:41 0.602 31.009 1127.550 | 3.490E+07 30.997 31.038 -248.266 | -247.816 1.0123
247 2792 31.654 -249.737 -0.150 0.050 0:08:33 0.849 19.782 1433.800 | 3.480E+07 19.768 19.832 -249.035 [ -248.527 1.0179
247 2793 31.652 -249.740 -0.152 0.049 0:08:58 0.849 19.800 1432.340 | 3.480E+07 19.782 19.848 -248.848 | -248.457 1.0185
247 2794 31.653 -249.781 -0.153 0.046 0:09:20 0.849 19.787 1433.490 | 3.480E+07 19.771 19.834 -248.821 | -248.362 1.0190
248 2810 31.654 -249.891 -0.159 0.055 0:17:24 0.850 19.771 1434.990 | 3.490E+07 19.755 19.825 -248.546 | -248.275 1.0204
248 2811 31.652 -249.623 -0.158 0.051 0:17:48 0.850 19.758 1435.610 | 3.480E+07 19.746 19.817 -248.423 | -248.214 1.0196
248 2812 31.653 -249.886 -0.159 0.055 0:18:10 0.850 19.763 1435.330 | 3.490E+07 19.751 19.819 -248.384 | -248.147 1.0211
249 2813 23.490 -249.637 -0.159 0.053 0:24:31 0.402 21.016 342.520 | 1.500E+07 21.014 21.033 -248.710 | -248.776 1.0075
249 2814 23.492 -249.544 -0.158 0.057 0:24:53 0.402 21.023 342.060 | 1.500E+07 21.019 21.040 -248.560 | -248.593 1.0079
249 2815 23.492 -249.628 -0.157 0.057 0:25:16 0.402 21.019 342.060 | 1.500E+07 21.019 21.037 -248.445 | -248.529 1.0087
250 2831 23.492 -249.811 -0.154 0.062 0:33:25 0.402 21.019 342.440 | 1.510E+07 21.016 21.039 -248.088 | -248.248 1.0111
250 2832 23.492 -249.748 -0.154 0.060 0:33:50 0.402 21.022 341.910 | 1.500E+07 21.020 21.043 -248.041 | -248.145 1.0112
250 2833 23.491 -249.581 -0.153 0.061 0:34:16 0.402 21.018 342.350 | 1.500E+07 21.016 21.038 -247.946 | -248.090 1.0107
256 2881 73.500 -250.615 -0.166 0.421 13:30:43 0.601 57.663 2087.582 | 6.540E+07 57.645 57.701 -251.884 | -250.295 1.0048
256 2882 73.500 -250.689 -0.166 0.420 13:31:08 0.601 57.662 2087.712 | 6.540E+07 57.644 57.705 -251.701 [ -250.066 1.0061
256 2883 73.500 -250.582 -0.166 0.419 13:31:31 0.601 57.680 2085.336_| 6.530E+07 57.664 57.726 -251.629 | -249.991 1.0059
257 2900 73.501 -250.456 -0.915 0.252 13:39:37 0.601 57.666 2087.366 | 6.530E+07 57.648 57.713 -251.018 [ -250.161 1.0064
257 2901 73.503 -250.603 -0.915 0.251 13:40:00 0.601 57.651 2089.123 | 6.540E+07 57.635 57.703 -250.922 | -250.076 1.0075
257 2902 73.500 -250.654 -0.920 0.253 13:42:08 0.601 57.660 2088.490 | 6.540E+07 57.637 57.709 -250.742 | -249.826 1.0088
257 2903 101.774 -250.464 -0.922 0.330 13:46:46 0.601 79.874 2885.472 | 9.030E+07 79.861 79.950 -252.279 | -251.373 1.0005
258 2904 101.776 -250.332 -0.921 0.269 13:47:09 0.601 79.887 2885.530 | 9.030E+07 79.863 79.954 -252.446 | -251.510 0.9991
258 2905 101.788 -250.147 -0.920 0.258 13:47:33 0.601 79.889 2886.869 | 9.020E+07 79.864 79.952 -252.505 [ -251.573 0.9979
259 2912 39.539 -250.599 -0.147 0.137 14:13:34 0.601 31.012 1123.747 | 3.520E+07 31.006 31.047 -250.101 [ -249.686 1.0104
259 2913 39.943 -250.843 -0.146 0.125 14:13:59 0.600 31.028 1122.912 | 3.530E+07 31.017 31.062 -249.756 | -249.324 1.0133
259 2914 39.947 -250.742 -0.145 0.128 14:14:26 0.600 31.004 1126.195 | 3.530E+07 30.993 31.037 -249.517 | -249.063 1.0140
259 2924 39.542 -250.395 -0.145 0.065 14:19:08 0.601 31.002 1124.620 | 3.518E+07 31.002 31.046 -248.611 | -248.027 1.0170
259 2925 39.545 -250.602 -0.144 0.059 14:19:30 0.601 31.007 1124.470 | 3.523E+07 31.006 31.051 -248.590 | -248.038 1.0181
259 2926 39.544 -250.578 -0.143 0.061 14:19:54 0.601 31.008 1124.710 | 3.523E+07 31.003 31.049 -248.524 | -247.972 1.0183
260 2936 39.542 -250.273 -0.147 0.048 14:24:38 0.601 31.002 1125.300 | 3.516E+07 30.995 31.045 -248.372 | -247.894 1.0173
260 2937 39.545 -250.537 -0.146 0.043 14:25:01 0.601 31.005 1125.240 | 3.522E+07 30.999 31.046 -248.416 | -247.966 1.0183
260 2938 39.545 -250.504 -0.146 0.039 14:25:24 0.601 31.004 1125.780 | 3.522E+07 30.994 31.042 -248.358 | -247.935 1.0184
261 2939 23.535 -249.940 -0.148 0.042 14:30:19 0.402 21.058 342.620 | 1.509E+07 21.057 21.074 -248.566 | -248.230 1.0106
261 2940 23.536 -250.318 -0.148 0.041 14:30:43 0.402 21.059 342.780 | 1.514E+07 21.057 21.074 -248.402 | -248.078 1.0132
261 2941 23.536 -250.480 -0.148 0.041 14:31:06 0.402 21.059 342.860 | 1.515E+07 21.057 21.075 -248.292 | -248.042 1.0144
263 2975 23.535 -250.173 -0.133 0.068 14:46:06 0.402 21.055 342.374 | 1.510E+07 21.060 21.080 -247.789 | -247.893 1.0144
263 2976 23.534 -250.251 -0.133 0.068 14:46:28 0.402 21.053 342.590 | 1.510E+07 21.058 21.075 -247.703 | -247.796 1.0152
263 2977 23.535 -250.165 -0.132 0.069 14:46:51 0.402 21.054 342.590 | 1.510E+07 21.058 21.078 -247.611 | -247.715 1.0152
266 3023 23.535 -250.164 -0.144 0.056 15:07:35 0.403 21.055 343.270 | 1.513E+07 21.053 21.076 -247.472 | -247.531 1.0160
266 3024 23.535 -250.155 -0.143 0.053 15:07:58 0.403 21.052 343.750 | 1.514E+07 21.049 21.072 -247.452 | -247.495 1.0161
266 3025 23.535 -250.234 -0.143 0.052 15:08:20 0.403 21.053 343.880 | 1.515E+07 21.048 21.070 -247.430 | -247.517 1.0165




Table 4. Representative Model Surface Pressures and Mach Numbers

@=0deg Point 451 Point 574 Point 473 Point 606
QOrifice X Cp M Cp M Cp M Cp M

1 0 1.0352 0.0000 1.0911 0.0000 1.1256 0.0000 1.1970 0.0000

2 0.957 0.4246 0.3041 0.4337 0.4521 0.4851 0.5046 0.5303 0.5889

3 2.652 0.1110 0.3776 0.1352 0.5571 0.1503 0.6427 0.1886 0.7585

4 4,533 -0.0161 0.4045 -0.0013 0.6018 -0.0071 0.7040 0.0191 0.8405

5 6.495 -0.1054 0.4226 -0.0981 0.6327 -0.1148 0.7452 -0.1140 0.9055

8 8.502 -0.1461 0.4307 -0.1635 0.6533 -0.1645 0.7642 -0.1925 0.9443

9 10.537 -0.1626 0.4339 -0.1822 0.6591 -0.1932 0.7752 -0.2284 0.9623
10 12.59 -0.1825 0.4378 -0.2141 0.6691 -0.1956 0.7760 -0.2689 0.9827
11 14.654 -0.1750 0.4363 -0.1948 0.6631 -0.1935 0.7752 -0.2546 0.9755
14 16.724 -0.1439 0.4302 -0.1670 0.6544 -0.1686 0.7658 -0.2211 0.9586
15 18.798 -0.1142 0.4243 -0.1213 0.6400 -0.1337 0.7524 -0.1624 0.9294
16 20.874 -0.1059 0.4227 -0.1076 0.6357 -0.1206 0.7474 -0.1380 0.9173
17 22.951 -0.0831 0.4181 -0.0879 0.6294 -0.0902 0.7358 -0.1042 0.9006
20 26.951 -0.0362 0.4086 -0.0350 0.6126 -0.0346 0.7145 -0.0359 0.8672
31 28.951 -0.0334 0.4080 -0.0351 0.6126 -0.0309 0.7131 -0.0351 0.8668
34 30.951 -0.0234 0.4060 -0.0192 0.6075 -0.0198 0.7089 -0.0192 0.8591
35 32.951 -0.0179 0.4048 -0.0103 0.6047 -0.0141 0.7067 -0.0115 0.8554
36 34.951 -0.0166 0.4046 -0.0135 0.6057 -0.0126 0.7061 -0.0131 0.8561
39 36.951 -0.0141 0.4041 -0.0041 0.6027 -0.0099 0.7050 -0.0105 0.8549
40 38.951 -0.0112 0.4035 -0.0138 0.6058 -0.0071 0.7040 -0.0101 0.8547
41 40.951 -0.0107 0.4033 -0.0066 0.6035 -0.0068 0.7038 -0.0052 0.8523
44 42.951 -0.0049 0.4022 0.0002 0.6013 -0.0020 0.7020 0.0008 0.8494
45 44.951 -0.0072 0.4026 -0.0016 0.6019 -0.0027 0.7023 -0.0017 0.8506
46 46.951 -0.0118 0.4036 -0.0172 0.6069 -0.0086 0.7045 -0.0133 0.8562
49 48.951 -0.0049 0.4022 -0.0020 0.6020 -0.0017 0.7019 -0.0019 0.8507
50 50.951 -0.0039 0.4019 0.0026 0.6005 0.0003 0.7011 0.0025 0.8485
51 52.951 -0.0041 0.4020 0.0039 0.6001 0.0004 0.7011 0.0022 0.8487
54 56.951 -0.0077 0.4027 -0.0051 0.6030 -0.0053 0.7033 -0.0019 0.8507
55 58.951 -0.0030 0.4018 -0.0019 0.6020 -0.0007 0.7015 -0.0023 0.8509
58 60.951 -0.0031 0.4018 0.0010 0.6010 0.0003 0.7011 0.0008 0.8494
59 62.951 -0.0034 0.4018 0.0002 0.6013 0.0003 0.7011 0.0005 0.8495
60 64.951 -0.0028 0.4017 0.0043 0.6000 -0.0011 0.7016 0.0021 0.8487
63 66.951 -0.0021 0.4016 -0.0010 0.6017 -0.0002 0.7013 -0.0002 0.8499
64 68.951 -0.0043 0.4020 -0.0012 0.6017 -0.0004 0.7014 -0.0016 0.8506
65 70.951 -0.0015 0.4015 0.0019 0.6007 0.0006 0.7010 0.0023 0.8486
83 76.951 -0.0004 0.4012 -0.0007 0.6016 -0.0014 0.7018 -0.0003 0.8499
86 80.951 -0.0040 0.4020 -0.0044 0.6028 -0.0036 0.7026 -0.0034 0.8514
87 82.951 -0.0015 0.4014 0.0002 0.6013 -0.0011 0.7016 0.0012 0.8492
90 84.951 -0.0057 0.4023 -0.0165 0.6067 -0.0043 0.7029 -0.0106 0.8549
91 86.951 -0.0008 0.4013 0.0012 0.6010 0.0002 0.7012 0.0016 0.8490
92 88.951 0.0007 0.4010 0.0006 0.6012 0.0005 0.7010 0.0016 0.8490
95 90.951 -0.0035 0.4019 -0.0116 0.6051 -0.0022 0.7020 -0.0064 0.8529
96 92.951 -0.0010 0.4013 0.0002 0.6013 -0.0002 0.7013 0.0006 0.8495
97 94.951 -0.0006 0.4013 -0.0004 0.6015 -0.0016 0.7018 0.0000 0.8497
100 96.951 -0.0021 0.4016 0.0022 0.6006 -0.0007 0.7015 0.0017 0.8489
101 98.951 -0.0028 0.4017 -0.0037 0.6026 -0.0026 0.7022 -0.0022 0.8508
102 100.951 -0.0065 0.4025 -0.0190 0.6075 -0.0075 0.7041 -0.0142 0.8566
105 104.951 -0.0041 0.4020 -0.0084 0.6041 -0.0040 0.7028 -0.0071 0.8532
106 106.951 -0.0094 0.4031 -0.0211 0.6081 -0.0081 0.7043 -0.0165 0.8578
110 110.951 -0.0005 0.4012 -0.0020 0.6020 -0.0029 0.7023 -0.0014 0.8504
111 112.951 -0.0037 0.4019 -0.0177 0.6070 -0.0064 0.7037 -0.0132 0.8562
114 114.951 -0.0080 0.4028 -0.0210 0.6081 -0.0091 0.7047 -0.0162 0.8576
115 116.951 -0.0039 0.4020 -0.0066 0.6035 -0.0050 0.7031 -0.0055 0.8524
137 128.951 -0.0024 0.4016 -0.0057 0.6032 -0.0046 0.7030 -0.0066 0.8530
138 130.951 -0.0021 0.4016 -0.0092 0.6043 -0.0056 0.7034 -0.0105 0.8549
141 132.951 -0.0002 0.4012 -0.0043 0.6027 -0.0042 0.7028 -0.0071 0.8532
142 134.951 -0.0010 0.4013 -0.0038 0.6026 -0.0052 0.7032 -0.0092 0.8542
143 136.951 -0.0044 0.4021 -0.0122 0.6053 -0.0072 0.7040 -0.0134 0.8563
146 138.951 -0.0018 0.4015 -0.0042 0.6027 -0.0047 0.7030 -0.0084 0.8538
147 140.951 0.0004 0.4011 -0.0040 0.6026 -0.0048 0.7031 -0.0091 0.8542
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Table4. Continued

@ =30 deg Point 451 Point 574 Point 473 Point 606
Qrifice X Cp M G M G M Cp M
6 6.495 -0.0880 0.4191 -0.0997 0.6332 -0.1070 0.7423 -0.1108 0.9039

12 14.654 -0.1994 0.4411 -0.2458 0.6789 -0.1919 0.7746 -0.2940 0.9955
18 22.951 -0.0769 0.4168 -0.0693 0.6235 -0.0851 0.7339 -0.0925 0.8949
21 26.951 -0.0372 0.4088 -0.0340 0.6123 -0.0337 0.7142 -0.0365 0.8675
32 28.951 -0.0311 0.4075 -0.0277 0.6103 -0.0277 0.7119 -0.0285 0.8636
37 34.951 -0.0172 0.4047 -0.0113 0.6050 -0.0116 0.7057 -0.0121 0.8556
42 40.951 -0.0082 0.4028 0.0051 0.5997 -0.0039 0.7027 0.0010 0.8493
47 46.951 -0.0047 0.4021 0.0023 0.6006 -0.0011 0.7016 0.0000 0.8498
52 52.951 -0.0072 0.4026 -0.0097 0.6045 -0.0034 0.7025 -0.0059 0.8526
56 58.951 -0.0045 0.4021 -0.0023 0.6021 -0.0018 0.7019 -0.0036 0.8515
77 72.451 -0.0012 0.4014 -0.0043 0.6028 -0.0012 0.7017 -0.0031 0.8513
79 73.951 0.0025 0.4006 0.0045 0.5999 0.0027 0.7002 0.0064 0.8466
81 75.451 0.0008 0.4010 0.0011 0.6010 0.0005 0.7010 0.0027 0.8485
84 76.951 -0.0008 0.4013 0.0020 0.6007 -0.0007 0.7015 0.0007 0.8494
88 82.951 -0.0024 0.4016 0.0003 0.6013 -0.0001 0.7013 0.0015 0.8491
93 88.951 -0.0018 0.4015 -0.0004 0.6015 -0.0013 0.7017 -0.0006 0.8501
98 94.951 -0.0008 0.4013 0.0006 0.6012 -0.0007 0.7015 0.0006 0.8495
103 100.951 -0.0014 0.4014 -0.0005 0.6015 -0.0010 0.7016 -0.0003 0.8499
107 106.951 -0.0098 0.4032 -0.0276 0.6102 -0.0093 0.7048 -0.0203 0.8596
112 112.951 -0.0018 0.4015 -0.0036 0.6025 -0.0040 0.7027 -0.0027 0.8511
117 118.951 -0.0023 0.4016 -0.0032 0.6024 -0.0041 0.7028 -0.0042 0.8518
128 120.451 -0.0015 0.4014 -0.0030 0.6023 -0.0035 0.7026 -0.0041 0.8517
130 121.951 -0.0001 0.4012 -0.0010 0.6017 -0.0018 0.7019 -0.0012 0.8504
132 123.451 -0.0019 0.4015 -0.0036 0.6025 -0.0033 0.7025 -0.0043 0.8519
135 124.951 -0.0016 0.4015 -0.0058 0.6032 -0.0056 0.7034 -0.0071 0.8532
139 130.951 -0.0052 0.4022 -0.0191 0.6075 -0.0078 0.7042 -0.0154 0.8573
144 136.951 -0.0019 0.4015 -0.0132 0.6056 -0.0066 0.7038 -0.0133 0.8562

¢ = 330 deg

7 6.495 -0.1025 0.4220 -0.0940 0.6314 -0.1095 0.7432 -0.1075 0.9023

13 14.654 -0.1685 0.4351 -0.2048 0.6662 -0.1934 0.7752 -0.2572 0.9768
19 22.951 -0.0805 0.4176 -0.0889 0.6298 -0.0918 0.7364 -0.1049 0.9010
30 26.951 -0.0383 0.4090 -0.0365 0.6131 -0.0370 0.7154 -0.0381 0.8683
33 28.951 -0.0296 0.4072 -0.0255 0.6096 -0.0266 0.7115 -0.0254 0.8621
38 34.951 -0.0163 0.4045 -0.0126 0.6054 -0.0121 0.7059 -0.0126 0.8559
43 40.951 -0.0095 0.4031 -0.0048 0.6029 -0.0049 0.7031 -0.0039 0.8517
48 46.951 -0.0078 0.4028 -0.0113 0.6050 -0.0041 0.7028 -0.0081 0.8537
53 52.951 -0.0053 0.4022 0.0000 0.6014 -0.0007 0.7015 0.0011 0.8492
57 58.951 -0.0038 0.4019 -0.0030 0.6023 -0.0003 0.7014 -0.0004 0.8500
62 64.951 -0.0006 0.4013 0.0042 0.6000 0.0018 0.7005 0.0033 0.8481
76 70.951 -0.0001 0.4012 0.0053 0.5996 -0.0003 0.7013 0.0005 0.8495
78 72.451 0.0000 0.4012 -0.0006 0.6015 -0.0007 0.7015 0.0002 0.8496
80 73.951 0.0011 0.4009 -0.0003 0.6015 0.0000 0.7012 -0.0011 0.8503
82 75.451 0.0002 0.4011 -0.0073 0.6037 0.0002 0.7011 -0.0065 0.8529
85 76.951 -0.0010 0.4013 -0.0023 0.6021 -0.0011 0.7016 -0.0021 0.8508
89 82.951 -0.0024 0.4017 -0.0010 0.6017 -0.0007 0.7015 -0.0006 0.8500
94 88.951 -0.0023 0.4016 -0.0037 0.6025 -0.0008 0.7015 -0.0015 0.8505
99 94.951 -0.0029 0.4017 -0.0103 0.6047 -0.0021 0.7020 -0.0062 0.8528
104 100.951 -0.0018 0.4015 -0.0030 0.6023 -0.0026 0.7022 -0.0020 0.8507
108 106.951 0.0001 0.4011 0.0024 0.6006 -0.0017 0.7019 0.0009 0.8493
127 118.951 -0.0011 0.4014 -0.0029 0.6023 -0.0028 0.7023 -0.0021 0.8508
129 120.451 -0.0012 0.4014 -0.0005 0.6015 -0.0028 0.7023 -0.0016 0.8505
131 121.951 -0.0005 0.4013 -0.0016 0.6019 -0.0027 0.7023 -0.0012 0.8504
133 123.451 -0.0006 0.4013 -0.0010 0.6017 -0.0028 0.7023 -0.0023 0.8509
136 124.951 -0.0018 0.4015 -0.0050 0.6030 -0.0057 0.7034 -0.0069 0.8531
140 130.951 0.0014 0.4009 0.0032 0.6003 -0.0023 0.7021 -0.0038 0.8516
145 136.951 0.0008 0.4010 -0.0032 0.6024 -0.0034 0.7025 -0.0076 0.8534

Span 1, X = 26.951
20 26.951 -0.0362 0.4086 -0.0350 0.6126 -0.0346 0.7145 -0.0359 0.8672
21 26.951 -0.0372 0.4088 -0.0340 0.6123 -0.0337 0.7142 -0.0365 0.8675
22 26.951 -0.0387 0.4091 -0.0348 0.6125 -0.0369 0.7154 -0.0372 0.8679
23 26.951 -0.0416 0.4097 -0.0473 0.6165 -0.0393 0.7163 -0.0450 0.8717




Table4. Concluded

Span 1, x = 26.951, cont Point 451 Point 574 Point 473 Point 606
Qrifice X Cp M Cp M G M G M

24 26.951 -0.0378 0.4089 -0.0364 0.6130 -0.0370 0.7154 -0.0385 0.8685
25 26.951 -0.0367 0.4087 -0.0349 0.6126 -0.0353 0.7148 -0.0374 0.8679
26 26.951 -0.0396 0.4093 -0.0368 0.6132 -0.0379 0.7158 -0.0391 0.8688
27 26.951 -0.0398 0.4093 -0.0380 0.6136 -0.0371 0.7155 -0.0389 0.8687
28 26.951 -0.0388 0.4091 -0.0378 0.6135 -0.0380 0.7158 -0.0388 0.8687
29 26.951 -0.0381 0.4090 -0.0332 0.6120 -0.0345 0.7145 -0.0357 0.8672
30 26.951 -0.0383 0.4090 -0.0365 0.6131 -0.0370 0.7154 -0.0381 0.8683

Span 2, x = 70.951
65 70.951 -0.0015 0.4015 0.0019 0.6007 0.0006 0.7010 0.0023 0.8486
67 70.951 -0.0003 0.4012 -0.0013 0.6018 -0.0016 0.7018 -0.0007 0.8501
68 70.951 -0.0025 0.4017 -0.0028 0.6023 -0.0027 0.7022 -0.0036 0.8515
69 70.951 0.0002 0.4011 0.0013 0.6009 0.0002 0.7011 0.0013 0.8492
70 70.951 -0.0016 0.4015 -0.0014 0.6018 -0.0020 0.7020 -0.0025 0.8510
71 70.951 -0.0077 0.4027 -0.0229 0.6087 -0.0060 0.7035 -0.0153 0.8572
72 70.951 0.0010 0.4009 0.0100 0.5981 -0.0001 0.7013 0.0054 0.8471
73 70.951 -0.0033 0.4018 -0.0150 0.6062 -0.0040 0.7028 -0.0096 0.8544
74 70.951 0.0001 0.4011 0.0030 0.6004 0.0003 0.7011 0.0028 0.8484
75 70.951 -0.0020 0.4016 -0.0009 0.6017 -0.0014 0.7018 0.0000 0.8497
76 70.951 -0.0001 0.4012 0.0053 0.5996 -0.0003 0.7013 0.0005 0.8495

Span 3, x = 118.951
116 118.951 0.0559 0.3894 0.0579 0.5826 0.0800 0.6702 0.0880 0.8071
117 118.951 -0.0023 0.4016 -0.0032 0.6024 -0.0041 0.7028 -0.0042 0.8518
118 118.951 0.0016 0.4008 0.0047 0.5998 -0.0014 0.7018 0.0008 0.8494
119 118.951 -0.0086 0.4029 -0.0250 0.6094 -0.0099 0.7050 -0.0195 0.8592
120 118.951 0.0008 0.4010 -0.0018 0.6019 -0.0017 0.7019 -0.0007 0.8501
121 118.951 0.0011 0.4009 -0.0004 0.6015 -0.0005 0.7014 0.0004 0.8496
123 118.951 -0.0032 0.4018 -0.0081 0.6040 -0.0043 0.7029 -0.0078 0.8536
126 118.951 -0.0013 0.4014 -0.0021 0.6020 -0.0014 0.7018 -0.0018 0.8506
127 118.951 -0.0011 0.4014 -0.0029 0.6023 -0.0028 0.7023 -0.0021 0.8508
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Table 5. Summary of Profile Parameters
(a) Standard Quantities and Inferred Skin Friction

WWwWwwwwow

STATION 1 Standard Quantities Inferred Quantitie

Point M. U fps R/t Rg 3, 5* 0 H U G

1569 0.203 239.170| 6.096E+(6 3.776E+04 1.28D 0.741 0.1374 .0748 1.849 7.810 2.120E-0
1668 0.403 468.380| 6.034E+(06 3.765E404 1.300 0.741 0.1430 .0749 1.909 15.327 2.080E-Q
1209 0.400 466.420| 1.495E+(7 8.189E+404 1.450 0.742 0.1363 .065D 2.074 14.371 1.840E-Q
1494 0.400 465.950| 1.498E+(7 8.115E+04 1.450 0.694 0.1357 .0650 2.088 14.320 1.830E-Q
1575 0.852 940.050| 5.998E+(6 3.568E404 1.300 0.743 0.1948 .07149 2.169 31.752 2.000E-0
1625 0.850 937.200| 5.994E+(06 3.571E404 1.300 0.746 0.1450 .0718 2.168 31.554 1.990E-Q
1661 0.850 937.590| 5.997E+(06 3.556E+04 1.300 0.743 0.1946 .071D 2.173 31.571 1.990E-Q

STATION 2

Point Mach U fps R/t Re 3, o 0 H U G

692 0.203 238.800( 6.089E+()6 5.342E+404 1.800 1.080 0.1954 1058. 1.856 7.504 1.970E-0
793 0.200 133.930| 3.680E+Q7 3.073E405 1.700 1.099 0.1864 1002. 1.861 3.737 1.510E-0
811 0.201 134.540| 3.682E+(Q7 2.628E405 1.500 0.937 0.1563 0856. 1.825 3.811 1.610E-0
713 0.402 467.360| 6.006E+(6 5.726E404 1.650 1.156 0.2071 11449. 1.810 14.767 1.940E-0
671 0.402 469.010| 1.504E+Q7 1.326E+05 1.700 1.132 0.1966 1059. 1.857 13.896 1.700E-0
927 0.403 272.870( 1.503E+Q7 1.230E+05 1.700 1.037 0.1876 098D. 1.910 8.380 1.740E-0
867 0.401 278.610 3.560E+Q)7 2.645E405 1.700 0.975 0.1749 089D. 1.961 7.772 1.560E-0
813 0.402 265.410( 6.853E+()7 5.361E405 1.700 1.053 0.1887 0939. 2.011 7.353 1.390E-0
734 0.603 688.050( 6.013E+()6 5.367E404 1.700 1.124 0.2085 107D. 1.947 22.006 1.910E-0
879 0.601 403.990| 3.540E+(Q7 2.570E405 1.700 0.975 0.1803 0870. 2.070 11.670 1.540E-0
841 0.603 397.950( 6.715E+Q7 4.852E405 1.700 1.002 0.1798 0860. 2.074 11.007 1.410E-0
848 0.602 396.700( 6.726E+Q7 4.951E405 1.700 1.002 0.1840 0888. 2.083 11.059 1.410E-0
839 0.603 394.950( 8.307E+Q7 5.676E405 1.600 0.937 0.1688 0820. 2.058 10.766 1.380E-0
824 0.604 393.040( 9.402E+Q7 6.364E405 1.700 0.951 0.1728 081D. 2.127 10.681 1.360E-0
825 0.604 393.300( 9.397E+Q7 6.376E405 1.700 0.959 0.1729 08149. 2.123 10.682 1.360E-0
837 0.604 399.410( 9.032E+Q7 6.304E+405 1.600 0.940 0.1147 0838. 1.370 10.811 1.360E-0
752 0.854 944.480( 5.956E+()6 5.728E404 1.800 1.199 0.2393 1154. 2.074 30.629 1.850E-0
915 0.852 557.380( 3.501E+Q7 2.597E405 1.700 1.029 0.1968 0890. 2.210 16.329 1.480E-0
945 0.852 553.110( 5.063E+Q}7 3.579E405 1.700 0.9%4 0.1907 0848. 2.248 15.893 1.420E-0
855 0.852 549.720( 6.603E+Q}7 4.491E405 1.700 0.964 0.1845 0816. 2.260 15.523 1.390E-0
856 0.852 559.370( 6.489E+Q)7 4.592E405 1.700 0.967 0.1289 0849. 1.518 15.772 1.390E-0

WWWWWWWWwWwWwWwWwwWwWw®Wwwwwww
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Table 5. Concluded
(b) Transformed Quantities and Inferred Skin kwitt

STATION 1 Transformed Quantitit Inferred
Point M, R/ft Ue, fps R 5 o' H' u:(3"18,) c
1569 0.203 6.096E+0b 239.377 3.974E404 0.0984 0.08P0 1.245 31.364 2.129E-03
1668 0.403 6.034E+0p 470.694 3.864E+404 0.1008 0.08P6 1.2b1 62.347 2.121E-03
1209 0.400 1.495E+0f7 469.014 8.403E+04 0.0819 0.07P9 1.2B9 58.728 1.878E-03
1494 0.400 1.498E+0f7 468.60] 8.329E+04 0.08712 0.07p2 1.2A3 58.879 1.868E-03
1575 0.852 5.998E+0p 961.427 3.273E+404 0.1015 0.08P9 1.265129.594 2.181E-03
1625 0.850 5.994E+0p 958.221 3.282E+404 0.1018 0.08[1.0 1.267129.030 2.169E-03
1661 0.850 5.997E+0p 958.674 3.268E+04 0.1014 0.08P6 1.268129.096 2.169E-03

STATION 2
Point M, R/ft Ug, fps R 5 ol H Ug'(8/3,) &

692 0.203 6.089E+0p 238.813 5.626E404 0.1343 0.11115 1.241 0.58B 1.975E-03
793 0.200 3.680E+0f 135.147 3.130E405 0.1297 0.10p8 1.2[14 5.949 1.529E-03
811 0.201 3.682E+0f 134.323 2.787E405 0.1095 0.09p5 1.2p9 5.691 1.610E-03
713 0.402 6.006E+0b 469.624 5.849E404 0.1524 0.12p4 1.245 1.91B 1.977E-03
671 0.402 1.504E+0f 471.72( 1.350E405 0.1390 0.1134 1.2p5 7.923 1.736E-03
927 0.403 1.503E+0f 275.241 1.234E405 0.1290 0.10b5 1.2p2 4.238 1.781E-03
867 0.401 3.560E+0f 280.82( 2.663E405 0.1148 0.0959 1.2p8 3.353 1.595E-03
813 0.402 6.853E+0f 272.907 5.053E405 0.1238 0.10p7 1.2p6 2.083 1.452E-03
734 0.603 6.013E+0p 696.271 5.251E404 0.1455 0.11)0 1.244 0.138 1.998E-03
879 0.601 3.540E+0f 410.675 2.454E+|05 0.11598 0.09b5 1.2112 8.77@8 1.615E-03
841 0.603 6.715E+0f 405.284 4.654E+|05 0.1143 0.0950 1.2D3 6.23% 1.475E-03
848 0.602 6.726E+0) 405.814 4.657E+|05 0.1171 0.09)3 1.2D4 7.42@ 1.485E-03
839 0.603 8.307E+0f 401.614 5.519E+|05 0.1077 0.08p7 1.2D1 6.162 1.437E-03
824 0.604 9.402E+0) 400.854 6.143E+|05 0.1049 0.08p1 1.2D0 5.059 1.420E-03
825 0.604 9.397E+0) 400.995 6.161E+|05 0.1070 0.08p3 1.1p9 4.74%4 1.419E-03
837 0.604 9.032E+0) 406.405 5.999E+|05 0.1045 0.0888 1.1P9 6.048 1.415E-03
752 0.854 5.956E+0p 965.089 5.242E+|04 0.16Q9 0.12p7 1.240 29.510 2.014E-03
915 0.852 3.501E+0f 573.567 2.266E405 0.1243 0.10D8 1.2[l13 8.176 1.621E-03
945 0.852 5.063E+0f 570.104 3.126E405 0.1140 0.09p1 1.2D7 6.536 1.554E-03
855 0.852 6.603E+0f 565.107 4.012E405 0.114d8 0.09p1 1.2D3 4.958 1.509E-03
856 0.852 6.489E+0f 574.957 4.020E405 0.1118 0.09p9 1.2D3 6.478 1.509E-03




Table 6. Boundary Layer Profiles

(a) Profiles at Station 1

T O ONUOOCOOUOBSNORFR0O0D OO SUrogrcr S O <1IoF 4 SO0

pitot
y, in. pressure, yld M/M, u/e p/pe TiTe | (TeT(TeTw) y* ut u'fu, (u'-uw)uy yl3, ufus
DSIE
Point 1569, M=0.20
0.0240 71.485 0.0187 0.6486 0.649 0.9637 0.9989 0.557 7893 19.900 19.906 -10.433] 0.032( 0.649
0.0330 71.593 0.0258 0.6877 0.6889 0.9640 0.9990 0.601% 4541 21.096 21.103 -9.235 0.0439 0.688
0.0420 71.649 0.0328 0.7071] 0.7082 0.9642 0.9991 0.624 .0889 21.690 21.698 -8.641 0.0559 0.707
0.0500 71.702 0.0391 0.7250 0.7261 0.9644 0.9991 0.645 .382( 22.237 22.245 -8.094 0.0664 0.725
0.0580 71.669 0.0453 0.7139 0.715 0.9643 0.9991 0.632 .6051 21.898 21.906 -8.433 0.0772 0.714
0.0700 71.715 0.0547 0.7293] 0.7304 0.9644 0.9991 0.650 8.484 22.369 22.377 -7.961 0.0932 0.730
0.0840 71.827 0.0656 0.7655] 0.7664% 0.964)7 0.9992 0.693% 8.187 23.474 23.484 -6.855 0.1119 0.766
0.0960 71.835 0.0750 0.7680 0.769 0.964)7 0.9992 0.696¢ 5.057 23.551 23.561 -6.778 0.1274 0.768
0.1100 71.826 0.0859 0.7651] 0.7662 0.964]7 0.9992 0.6932 4,180 23.464 23.475 -6.864 0.1465 0.765
0.1257 71.876 0.0982 0.7807] 0.7817 0.9649 0.9993 0.7122 2.206 23.941 23.952 -6.387 0.1674 0.781
0.1470 71.933 0.1148 0.7981] 0.7991 0.9650 0.9993 0.733] 1.2a1 24.472 24.484 -5.855 0.1957% 0.798
0.1760 72.013 0.1375 0.8219 0.822 0.9653 0.9994 0.7634 7.888 25.198 25.212 -5.127 0.2344 0.822
0.2150 72.042 0.1680 0.8304 0.8312 0.9654 0.9994 0.774 7.862 25.456 25.470 -4.869 0.2863 0.831
0.2660 72.114 0.2078 0.8510 0.851 0.9656 0.9995 0.800 4.28B6 26.085 26.100 -4.239 0.3542 0.851
0.3260 72.201 0.2547 0.8752] 0.8759 0.9658 0.9996 0.8314 8.634 26.824 26.841 -3.498 0.4341 0.875
0.3960 72.337 0.3094 0.9118] 0.912 0.9662 0.9997 0.8791 7.549 27.939 27.958 -2.381 0.5273 0.912
0.4750 72.390 0.3711 0.9256) 0.9261 0.966¢4 0.9997 0.898 3.249 28.361 28.381 -1.958 0.6325 0.925
0.5660 72.487 0.4422 0.9504 0.9507 0.9667 0.9998 0.931¢ 6.29@8 29.116 29.138 -1.201 0.7537 0.950
0.6360 72.536 0.4969 0.9627 0.9629 0.9668 0.9999 0.9484 34103 29.490 29.513 -0.826 0.8469 0.962)
0.7165 72.639 0.5598 0.9880) 0.988 0.967]2 1.0000 0.9832 55148 30.259 30.284 -0.054 0.9541] 0.988|
0.7960 72.656 0.6219 0.9921] 0.9921 0.967]2 1.0000 0.988 5918P 30.384 30.410 0.071 1.0599 0.992)
0.8780 72.688 0.6859 0.9998] 0.999 0.96713 1.0000 0.9991 05118 30.618 30.644 0.306 1.1691 0.999
0.9770 72.678 0.7633 0.9974 0.9974 0.96713 1.0000 0.996 29146 30.545 30.571 0.232 1.3009 0.997|
1.0770 72.697 0.8414 1.0019 1.0019 0.96713 1.0000 1.0021 7008 30.683 30.710 0.371 1.4341 1.001
1.2010 72.689 0.9383 1.0000 1.000 0.96713 1.0000 1.000 04198 30.625 30.652 0.313 1.5994 1.000
1.3240 72.689 1.0000 1.0000 1.000 0.96713 1.0000 1.000 22287 30.625 30.652 0.313 1.763 1.000
1.4755 72.655 1.1527 0.9918] 0.9919 0.967]2 1.0000 0.988¢ 08222 30.377 30.402 0.064 1.96471 0.991
1.6280 72.694 1.2719 1.0012 1.0012 0.9673 1.0000 1.001] 1289 30.662 30.688 0.349 2.1674 1.001
1.8150 72.688 1.4180 0.9998 0.999 0.9673 1.0000 0.9991 78397 30.618 30.644 0.306 2.4164 0.999
2.0005 72.669 1.5629 0.9952) 0.9952 0.9673 1.0000 0.993 21328 30.479 30.505 0.167 2.6634 0.995
2.2000 72.674 1.7188 0.9964 0.9964 0.9673 1.0000 0.995 94389 30.516 30.542 0.203 2.9294 0.996
Point 1668, M=0.40
0.0240 35.874 0.0185 0.6368] 0.642 0.9508 0.9982 0.397% 8874 19.628 19.669 -10.727 0.0315 0.640
0.0330 36.092 0.0254 0.6779 0.6832 0.9523 0.9983 0.4524 4B19 20.877 20.926 -9.470 0.0434 0.681
0.0420 36.189 0.0323 0.6953 0.7004 0.9530 0.9984 0.477 .0654 21.407 21.460 -8.936 0.0552 0.698
0.0500 36.258 0.0385 0.7074 0.712]4 0.9535 0.9985 0.494 .0¥81 21.775 21.830 -8.566 0.0657 0.710
0.0580 36.289 0.0446 0.7128 0.7179 0.9537 0.9985 0.502 9809 21.938 21.994 -8.402 0.0762 0.716
0.0700 36.367 0.0538 0.7261] 0.7311 0.9542 0.9985 0.521¢ 3.4P9 22.342 22.402 -7.994 0.092( 0.729
0.0840 36.501 0.0646 0.7484] 0.7532 0.9551 0.9986 0.555 2.131 23.017 23.082 -7.314 0.1104 0.751
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Table 6. Continued
(a) Continued

pitot
y, in. pressure, yld M/M, u/us p/Pe TTe | (TeT (T Tw) y* u u'fu, (u-u)u; yI8, u'lu,
DSI
0.0960 36.567 0.0738 0.7591]] 0.763% 0.9556 0.9987 0.571p 9.939 23.341 23.409 -6.987 0.1267 0.7628
0.1100 36.594 0.0846 0.7635 0.7681 0.955)7 0.9987 0.578B 8.231 23.473 23.542 -6.854 0.1444 0.7666
0.1257 36.673 0.0967 0.7760 0.7804% 0.95683 0.9988 0.598p 3.4P6 23.852 23.924 -6.472 0.1657 0.779D
0.1470 36.749 0.1131 0.7879 0.7921% 0.9568 0.9988 0.6168 6.229 24.210 24.285 -6.111 0.1937 0.7908
0.1760 36.877 0.1354 0.8074 0.811% 0.9577 0.9989 0.648p 9.274 24.799 24.880 -5.516 0.2313 0.810P
0.2150 36.978 0.1654 0.8225 0.8261 0.9583 0.9990 0.673p 8.385 25.253 25.339 -5.057 0.2824 0.8251
0.2660 37.152 0.2046 0.8478 0.8511% 0.9595 0.9991 0.7168 5.405 26.012 26.106 -4.290 0.3494§ 0.8501
0.3260 37.316 0.2508 0.8708 0.8734 0.9606 0.9993 0.7564 2.5D9 26.705 26.806 -3.590 0.4284 0.8729
0.3960 37.536 0.3046 0.9007| 0.9031% 0.9621 0.9994 0.810pD 5.648 27.601 27.712 -2.684 0.5204 0.90241
0.4750 37.749 0.3654 0.9286 0.9304% 0.9635 0.9996 0.861p 9.641 28.435 28.557 -1.839 0.6247 0.9299¢
0.5660 37.949 0.4354 0.9540 0.9557% 0.9648 0.9997 0.909y 1.884 29.192 29.324 -1.072 0.7434 0.9548
0.6360 38.106 0.4892 0.9734 0.9741 0.96509 0.9998 0.9478 4.993 29.769 29.909 -0.487 0.8357 0.973p
0.7165 38.201 0.5512 0.9849 0.9854 0.966H 0.9999 0.970pD 91194 30.112 30.256 -0.140 0.9414% 0.985p
0.7960 38.270 0.6123 0.9932 0.9934 0.96609 1.0000 0.9864 33123 30.358 30.506 0.110 1.046( 0.993B
0.8780 38.269 0.6754 0.9931] 0.9933% 0.96609 1.0000 0.986p 14167 30.354 30.502 0.106 1.15371 0.993p
0.9770 38.334 0.7515 1.0008] 1.000¢§ 0.9674 1.0000 1.001p 61162 30.584 30.735 0.339 1.2834 1.000B
1.0770 38.287 0.8285 0.9952 0.9954 0.9670 1.0000 0.9904 23166 30.418 30.567 0.171 1.4157 0.9958
1.2010 38.324 0.9238 0.9996 0.999¢ 0.9673 1.0000 0.999p 59187 30.548 30.699 0.303 1.5784 0.999p
1.3240 38.328 1.0000 1.0001] 1.000] 0.9673 1.0000 1.000p 812PB 30.562 30.713 0.317 1.7394 1.000p
1.4755 38.317 1.1350 0.9988 0.998¢ 0.967R2 1.0000 0.997p6 47230 30.524 30.674 0.278 1.9389 0.998B
1.6280 38.282 1.2523 0.9946 0.994% 0.9670 1.0000 0.9898 29054 30.400 30.549 0.153 2.1393 0.994y
1.8150 38.283 1.3962 0.9948 0.9944 0.9670 1.0000 0.989p 50283 30.404 30.552 0.157 2.385( 0.994p
2.0005 38.295 1.5388 0.9962 0.9961 0.96711 1.0000 0.9928 484Q 30.446 30.595 0.200 2.6284 0.99683
2.2000 38.302 1.6923 0.9970 0.9971 0.9671 1.0000 0.994p 64333 30.471 30.620 0.225 2.8909 0.9971L
Point 1209, M=0.40
0.0240 89.935 0.0166 0.6748 0.6804 0.9515 0.9991 -0.0298 1.187 22.084 22.146 -10.162 0.034% 0.678p
0.0330 90.361 0.0228 0.7057| 0.711 0.952)7 0.9991 0.040p 7.819 23.078 23.148 -9.160 0.047(¢ 0.709p
0.0420 90.571 0.0290 0.7203 0.725¢ 0.9533 0.9992 0.0758 4.962 23.550 23.624 -8.684 0.05994 0.7238
0.0500 90.693 0.0345 0.7287 0.733 0.953]7 0.9992 0.096]L 4.981 23.820 23.896 -8.412 0.0717 0.732p
0.0580 90.825 0.0400 0.7377| 0.742% 0.954{1 0.9992 0.118) 5.240 24.108 24.187 -8.122 0.0824 0.7411
0.0700 90.976 0.0483 0.7478 0.752¢% 0.95456 0.9992 0.144p 0.254 24.432 24.514 -7.794 0.0997 0.7511
0.0840 91.225 0.0579 0.7641 0.7684 0.955P 0.9993 0.188p 9.3D4 24.956 25.043 -7.265 0.1197 0.7678
0.0960 91.371 0.0662 0.7735 0.778% 0.955)7 0.9993 0.214p 4.338 25.258 25.348 -6.960 0.1364 0.7766
0.1100 91.461 0.0759 0.7792 0.783 0.95509 0.9993 0.230p 2.899 25.442 25.533 -6.775 0.1567 0.7828
0.1257 91.694 0.0867 0.7939 0.7983 0.95666 0.9993 0.2724 2.456 25.911 26.007 -6.301 0.1797 0.7968
0.1470 91.896 0.1014 0.8063 0.810¢ 0.957P 0.9994 0.3091L 5.933 26.309 26.409 -5.899 0.2094 0.809p
0.1760 92.154 0.1214 0.8219 0.826 0.9579 0.9994 0.356p 8.638 26.808 26.914 -5.394 0.2507 0.8246
0.2150 92.441 0.1483 0.8389 0.842] 0.9587 0.9995 0.4096 4.280 27.350 27.462 -4.846 0.30693 0.8414
0.2660 92.825 0.1834 0.8611 0.8644 0.9598 0.9995 0.481p 5.8985 28.056 28.176 -4.132 0.3789 0.863B
0.3260 93.298 0.2248 0.8875 0.8903 0.961 0.9996 0.5714 33148 28.897 29.027 -3.281 0.4644 0.889#
0.3960 93.785 0.2731 0.9138 0.9161 0.9625 0.9997 0.665p 74143 29.733 29.874 -2.434 0.5641 0.9158
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Table 6. Continued
(a) Continued

WO Oo S O OF WO oo Oy

pitot
y, in. pressure,|  y/® M/M, u/u p/Pe TiTee (TeT (T To) y* u' u'ly, (u-u)u; I8, u'lu,
DSIE
0.4750 94.178 0.3276 0.9344 0.9362 0.9636 0.9998 0.7412 42102 30.386 30.537 -1.771 0.6764 0.935
0.5660 94.657 0.3903 0.9589 0.9601 0.9650 0.9998 0.834 45205 31.160 31.322 -0.987 0.8063 0.959
0.6360 95.028 0.4386 0.9774 0.978 0.9660 0.9999 0.9079 86286 31.744 31.913 -0.395 0.906( 0.977
0.7165 95.336 0.4941 0.9924 0.992 0.96609 1.0000 0.968 0826D 32.218 32.395 0.087 1.02071 0.992
0.7960 95.447 0.5490 0.9978 0.997 0.9672 1.0000 0.9908 93283 32.386 32.566 0.258 1.1339 0.997
0.8780 95.586 0.6055 1.0044] 1.004 0.9676 1.0000 1.0184 7088 32.596 32.779 0.471 1.25071 1.004
0.9770 95.538 0.6738 1.002]] 1.0021 0.9674 1.0000 1.008 64351 32.524 32.706 0.398 1.3911 1.002
1.0770 95.512 0.7428 1.0009 1.0009 0.9674 1.0000 1.0037 94390 32.485 32.666 0.358 1.5344 1.000
1.2010 95.555 0.8283 1.0029 1.0029 0.9675 1.0000 1.0122 935 32.549 32.732 0.424 1.7104 1.002
1.3240 95.565 0.9131 1.0034 1.0033 0.967H5 1.0000 1.0142 5986 32.564 32.747 0.439 1.886( 1.003
1.4755 95.479 1.0000 0.9993 0.999] 0.96783 1.0000 0.9971 5585 32.435 32.615 0.307 2.1019 1.000
1.6280 95.414 1.1228 0.9962 0.996 0.96711 1.0000 0.9842 94588 32.336 32.515 0.207 2.3191 0.996
1.8150 95.528 1.2517 1.0017] 1.001 0.9674 1.0000 1.0069 82656 32.509 32.690 0.382 2.58545 1.001
2.0005 95.574 1.3797 1.0039 1.0037 0.967H5 1.0000 1.016 16728 32.578 32.761 0.453 2.8491 1.003
2.2000 95.693 1.5172 1.0095] 1.0092 0.9679 1.0000 1.0397 57798 32.756 32.942 0.634 3.1339 1.009
Point 1494, M=0.40
0.0240 89.885 0.0166 0.6717] 0.677 0.951 0.9992 -0.606p 0.387 22.039 22.102 -10.283 0.0344 0.675
0.0330 90.294 0.0228 0.7014 0.7069 0.9524 0.9992 -0.509f 96.71 23.001 23.072 -9.313 0.0474 0.705
0.0420 90.498 0.0290 0.7158 0.7211 0.9530 0.9993 -0.459f 23.09 23.465 23.540 -8.846 0.0604 0.719
0.0500 90.646 0.0345 0.7260 0.7313 0.9536 0.9993 -0.422p 13.28 23.795 23.872 -8.513 0.072(¢ 0.729
0.0580 90.797 0.0400 0.7363 0.7411 0.95309 0.9993 -0.384p 03.21 24.126 24.206 -8.179 0.0834 0.739
0.0700 90.938 0.0483 0.7458 0.7508 0.9548 0.9993 -0.347B 38.28 24.430 24.514 -7.872 0.1009 0.749
0.0840 91.227 0.0579 0.7647] 0.769 0.955P 0.9994 -0.271p 46.80 25.041 25.130 -7.255 0.121( 0.768
0.0960 91.358 0.0662 0.7732 0.7779 0.9556 0.9994 -0.236p 81.34 25.312 25.404 -6.981 0.1383 0.776
0.1100 91.408 0.0759 0.7764 0.7811 0.955)7 0.9994 -0.223p 89.G9 25.415 25.508 -6.877 0.1584 0.779
0.1257 91.683 0.0867 0.7937] 0.7982 0.956H 0.9994 -0.147B 58.48 25.971 26.069 -6.316 0.1811 0.796
0.1470 91.846 0.1014 0.8038 0.8081 0.9570 0.9994 -0.102p 30.83 26.294 26.396 -5.989 0.211§ 0.806
0.1760 92.105 0.1214 0.8195 0.823f 0.9577 0.9995 -0.029p 82.68 26.798 26.905 -5.480 0.2534 0.822
0.2150 92.476 0.1483 0.8414 0.8452 0.9588 0.9995 0.076 6.769( 27.500 27.616 -4.769 0.3099 0.843
0.2660 92.817 0.1834 0.8611] 0.8644 0.9598 0.9996 0.1764 6.2B4| 28.128 28.251 -4.135 0.3833 0.863
0.3260 93.271 0.2248 0.8865 0.889 0.9611 0.9997 0.3114 22108 28.937 29.070 -3.315 0.4691 0.888
0.3960 93.777 0.2731 0.9138 0.9161 0.9625 0.9997 0.464 60133 29.808 29.953 -2.432 0.5704 0.915
0.4750 94.193 0.3276 0.9356 0.9374 0.963(7 0.9998 0.5929 25132 30.502 30.656 -1.729 0.6844 0.936
0.5660 94.693 0.3903 0.9611] 0.9622 0.9651 0.9999 0.7489 25205 31.310 31.476 -0.910 0.8154 0.961
0.6360 95.054 0.4386 0.979]] 0.9797 0.966[1 0.9999 0.862 63230 31.877 32.052 -0.334 0.9164 0.979
0.7165 95.350 0.4941 0.9935 0.9937 0.96609 1.0000 0.9569 8RHD 32.333 32.515 0.129 1.0324 0.993
0.7960 95.461 0.5490 0.9988 0.9989 0.9672 1.0000 0.992 66288 32.502 32.686 0.301 1.147¢ 0.998
0.8780 95.588 0.6055 1.0049 1.004 0.9676 1.0000 1.033 39318 32.694 32.881 0.496 1.265] 1.004
0.9770 95.554 0.6738 1.0033] 1.0032 0.9675 1.0000 1.0221 29352 32.643 32.829 0.444 1.4074 1.003
1.0770 95.506 0.7428 1.0010| 1.001 0.9674 1.0000 1.0067 56330 32.570 32.755 0.370 1.5519 1.001
1.2010 95.542 0.8283 1.0027] 1.0024 0.9675 1.0000 1.0182 5335 32.624 32.811 0.425 1.7305 1.002
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Table 6. Continued
(a) Continued

pitot
y, in. pressure, y/® M/M U/, p/pe TiTe | (TeT)(TieTw) y* u u'/u, (u'-u)/u, yI3, u'/u,
Dsi¢

1.3240 95.579 0.9131 1.0044 1.0044 0.9616 1.0qoo 1.0300 1389 | 32.680 32.867 0.482 1.9078 1.0044
1.4755 95.466 1.0000 0.9991 0.9991 0.9613 1.0qoo 0.9939  0735| 32.510 32.694 0.309 2.1261 1.0000
1.6280 95.418 1.1228 0.996 0.9969 0.9671 1.0qoo 0.9786  37BD| 32.437 32.620 0.235 2.3458 0.99608
1.8150 95.512 1.2517 1.0017 1.0011 0.9674 1.0qoo 1.0086  1%58| 32.579 32.765 0.379 2.6158 1.00113
2.0005 95.567 1.3797 1.0034 1.0034 0.9615 1.0qoo 1.026p  46/25| 32.662 32.849 0.464 2.8826 1.0038
2.2000 95.664 1.5172 1.0084 1.0083 0.9618 1.0qoo 1.0578  807p7 | 32.808 32.997 0.612 3.1700 1.0084

Point 1575, M=0.85
0.0240 17.159 0.0185 0.6261 0.651 0.8964 0.9957 0.0046 7820 19.274 19.465 -10.496] 0.0319 0.6420
0.0330 17.527 0.0254 0.661( 0.6847 0.9016 0.9960 0.0705 .0841  20.272 20.493 -9.468 0.0434 0.676B
0.0420 17.776 0.0323 0.683( 0.7061 0.9051 0.9962 0.115)7 .3B61  20.906 21.148 -8.813 0.0554 0.698¢
0.0500 17.895 0.0385 0.6932 0.716 0.9067 0.9963 0.1376 .3669  21.199 21.451 -8.510 0.0664 0.708%
0.0580 18.005 0.0446 0.7025 0.725 0.9082 0.9964 0.157)7 2379 21.464 21.725 -8.236 0.077( 0.717p
0.0700 18.156 0.0538 0.7144 0.737 0.9103 0.9965 0.1854 .6239 21.819 22.093 -7.868 0.093( 0.729p
0.0840 18.406 0.0646 0.7344 0.7561 0.9137 0.9967 0.231p 2.192| 22.387 22.682 -7.279 0.111¢ 0.7491L
0.0960 18.492 0.0738 0.7416 0.7624 0.9149 0.9968 0.2474 3.128| 22.576 22.879 -7.082 0.127¢ 0.755p
0.1100 18.628 0.0846 0.752( 0.7724 0.9167 0.9969 0.2726 0.247| 22.871 23.186 -6.776 0.1461 0.765[7
0.1257 18.768 0.0967 0.7626 0.7824 0.9186 0.9970 0.2984 0.188| 23.168 23.494 -6.467 0.1669 0.775p
0.1470 18.988 0.1131 0.7781 0.7979 0.9215 0.9972 0.3390 4.896| 23.622 23.967 -5.994 0.1952 0.791p
0.1760 19.224 0.1354 0.7955 0.8137 0.9246 0.9973 0.382b 2.235| 24.092 24.457 -5.504 0.2337 0.807[7
0.2150 19.478 0.1654 0.8131 0.8302 0.92719 0.9975 0.4291 3.287| 24.579 24.967 -4.994 0.2854 0.824p
0.2660 19.862 0.2046 0.8381 0.854 0.9328 0.9978 0.4994 5.3B5| 25.285 25.706 -4.255 0.353 0.849p
0.3260 20.277 0.2508 0.8651 0.8784 0.9380 0.9982 0.574)7 7.335] 26.008 26.466 -3.496 0.4329 0.8741L
0.3960 20.782 0.3046 0.8956 0.9064 0.9443 0.9986 0.6658 2.989| 26.838 27.340 -2.621 0.5259 0.902P
0.4750 21.213 0.3654 0.9201 0.9291 0.9496 0.9989 0.741)7 8.8B4| 27.507 28.048 -1.914 0.630 0.9268
0.5660 21.683 0.4354 0.9466 0.9524 0.9552 0.9992 0.8239 5.786| 28.201 28.783 -1.178 0.7517 0.950p
0.6360 22.103 0.4892 0.9684 0.9724 0.9602 0.9996 0.89688 0.850] 28.791 29.411 -0.551 0.844¢ 0.971B
0.7165 22.391 0.5512 0.9831 0.9857 0.9636 0.9998 0.9454 6.967| 29.181 29.826 -0.135 0.9511 0.985p
0.7960 22.600 0.6123 0.9943 0.995 0.9660 0.9999 0.9807  3918B | 29.457 30.121 0.159 1.0571 0.9948
0.8780 22.668 0.6754 0.9977 0.998 0.9668 1.0qoo 0.992P 35139 | 29.546 30.215 0.254 1.1660 0.9979
0.9770 22.644 0.7515 0.9961 0.9969 0.9665 0.9999 0.9882 58188 | 29.515 30.182 0.221 1.2975 0.99608
1.0770 22.700 0.8285 0.9993 0.9994 0.9671 1.0qoo 0.9976 95123 | 29.587 30.259 0.298 1.4308 0.9993
1.2010 22.700 0.9238 0.9993 0.9994 0.9671 1.0qoo 0.9976  5216P| 29.587 30.259 0.298 1.5950 0.9993
1.3240 22.718 1.0000 1.0004 1.0002 0.9674 1.0qoo 1.0006 96166 | 29.611 30.284 0.323 1.7588 1.0000
1.4755 22.700 1.1350 0.9993 0.9994 0.9671 1.0qoo 0.9976 216G | 29.588 30.259 0.298 1.9595 0.9993
1.6280 22.672 1.2523 0.9974 0.9981 0.9668 1.0qoo 0.9920 5993 | 29.551 30.221 0.259 2.1620 0.9981
1.8150 22.688 1.3962 0.9981 0.998 0.9670 1.0qoo 0.9956 532 | 29.572 30.243 0.282 2.4104 0.9988
2.0005 22.692 1.5388 0.9984 0.999 0.9671 1.0qoo 0.996R 3883 | 29.577 30.248 0.287 2.6567 0.9990
2.2000 22.680 1.6923 0.9983 0.9984 0.9669 1.0qoo 0.994p 05291 | 29.562 30.232 0.271 2.9216 0.9984

Point 1625, M=0.85

[ 0.0240 | 17.122 ] 0.0185] 0.6243 0.6484 0.8946 0.9954 0.0970 28240 19.260 | 19.447 |  -10.609 0.0317 0.6400
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Table 6. Continued

(a) Continued
pitot
y, in. pressure, y/d M/M u/u, p/pe TTe | (TeT)/(TeTo) y* u u'fu, (u-w)/u, I3, ufu,
DS|c
0.0330 17.501 0.0254 0.660( 0.6834% 0.9020 0.9957 0.160p .384Q  20.301 20.519 -9.538 0.043] 0.675¢Y
0.0420 17.765 0.0323 0.6831 0.7064 0.9056 0.9960 0.204p .486Q  20.980 21.219 -8.837 0.055¢ 0.6987
0.0500 17.871 0.0385 0.692¢ 0.7152 0.9071 0.9961 0.222p 2667  21.243 21.491 -8.565 0.0661 0.707Y
0.0580 17.967 0.0446 0.7007% 0.7231 0.9084 0.9961 0.238f .0¥74 21.477 21.733 -8.323 0.0761 0.715¢Y
0.0700 18.152 0.0538 0.7161 0.737 0.9109 0.9963 0.270p 1834  21.916 22.188 -7.868 0.0924 0.7306
0.0840 18.325 0.0646 0.730(¢ 0.751 0.9133 0.9964 0.299B 0.972 22.315 22.601 -7.455 0.1111 0.744p
0.0960 18.477 0.0738 0.742( 0.762 0.9153 0.9966 0.325pD 1.1P28 22.655 22.954 -7.102 0.127 0.755p
0.1100 18.573 0.0846 0.7494 0.7698 0.9166 0.9967 0.341p 7.946 22.865 23.173 -6.883 0.145% 0.763]L
0.1257 18.707 0.0967 0.759¢ 0.779¢ 0.9184 0.9968 0.363B 7.467 23.154 23.473 -6.583 0.1663 0.773p
0.1470 18.939 0.1131 0.7764 0.795 0.9215 0.9970 0.402P 1.796 23.639 23.978 -6.078 0.1944 0.789p
0.1760 19.157 0.1354 0.7924 0.8107 0.9243 0.9972 0.439p6 8.2B4 24.080 24.437 -5.619 0.232 0.804y
0.2150 19.442 0.1654 0.8124 0.8294 0.9280 0.9974 0.487[L 9.286 24.635 25.017 -5.039 0.2844 0.8238
0.2660 19.825 0.2046 0.8381 0.8534 0.9329 0.9977 0.55017 9.354 25.346 25.762 -4.294 0.3519 0.848B
0.3260 20.269 0.2508 0.8664 0.879¢ 0.9385 0.9981 0.623p 0.485 26.126 26.581 -3.475 0.4312 0.8758
0.3960 20.705 0.3046 0.893( 0.904 0.9439 0.9985 0.6941L 4.528 26.851 27.344 -2.712 0.5238 0.9004
0.4750 21.172 0.3654 0.9204 0.928 0.9496 0.9988 0.768J 8.883 27.586 28.120 -1.936 0.6283 0.9260
0.5660 21.645 0.4354 0.9464 0.9524% 0.9553 0.9992 0.843L 3.235 28.291 28.867 -1.189 0.7487 0.9506
0.6360 22.069 0.4892 0.9693 0.972 0.9603 0.9995 0.908B 7.848 28.893 29.507 -0.550 0.8413 0.971p
0.7165 22.363 0.5512 0.9844 0.9863 0.9638 0.9998 0.953) 1.856 29.295 29.934 -0.122 0.9478 0.985y
0.7960 22.535 0.6123 0.9934 0.9941 0.9658 0.9999 0.979B 22156 29.525 30.179 0.123 1.0529 0.993B
0.8780 22.645 0.6754 0.9984 0.9989 0.9670 1.0000 0.99683 16185 29.669 30.334 0.278 1.1614 0.998p
0.9770 22.620 0.7515 0.9971 0.997 0.9667 1.0000 0.992p 37139 29.637 30.299 0.243 1.2928 0.997y
1.0770 22.664 0.8285 0.9997% 0.9998 0.9673 1.0000 0.999p 712143 29.694 30.360 0.304 1.4246 0.999B
1.2010 22.650 0.9238 0.999( 0.9992 0.9671 1.0000 0.9971L 27196 29.676 30.341 0.285 1.5886 0.9991L
1.3240 22.674 1.0000 1.000% 1.0002 0.9674 1.0000 1.000f 68168 29.707 30.374 0.318 1.7518 1.000p
1.4755 22.641 1.1350 0.998¢ 0.998 0.9670 1.0000 0.995( 90196 29.664 30.328 0.272 1.951y 0.998f
1.6280 22.611 1.2523 0.9971 0.9974 0.9666 1.0000 0.991p 25234 29.625 30.286 0.230 2.1534 0.997B
1.8150 22.652 1.3962 0.9991 0.9992 0.967]1 1.0000 0.9974 21242 29.679 30.343 0.287 2.4008 0.999p
2.0005 22.641 1.5388 0.998¢ 0.998 0.9670 1.0000 0.995( 96268 29.664 30.328 0.272 2.646P 0.998f
2.2000 22.647 1.6923 0.9984 0.999 0.967]1 1.0000 0.996p 582838 29.672 30.336 0.280 2.9101 0.999D
Point 1661, M=0.85
0.0240 17.144 0.0185 0.6254 0.650 0.896]7 0.9955 0.083P 3820 19.304 19.493 -10.566) 0.0319 0.641p
0.0330 17.497 0.0254 0.659( 0.6824 0.901)7 0.9958 0.143p .5a4qQ 20.272 20.489 -9.570 0.0434 0.674Y
0.0420 17.770 0.0323 0.6833 0.7062 0.90556 0.9960 0.190p .656Q 20.974 21.214 -8.845 0.055¢ 0.6986
0.0500 17.880 0.0385 0.692§ 0.7154 0.9070 0.9961 0.208B 4867 21.246 21.495 -8.563 0.0664 0.7079
0.0580 17.967 0.0446 0.7001 0.722¢ 0.9082 0.9962 0.223) 2274  21.458 21.714 -8.344 0.077 0.7151
0.0700 18.155 0.0538 0.7157% 0.737¢ 0.9108 0.9963 0.255p 4034  21.905 22.177 -7.882 0.093 0.7308
0.0840 18.323 0.0646 0.7293 0.750¢ 0.9131 0.9965 0.284B 1.282 22.291 22.577 -7.481 0.1116¢ 0.743b
0.0960 18.459 0.0738 0.740( 0.7609 0.9149 0.9966 0.308[L 1.428 22.596 22.894 -7.165 0.127% 0.7539
0.1100 18.578 0.0846 0.7492 0.7697 0.916b6 0.9967 0.328p 8.386 22.857 23.165 -6.894 0.1461 0.7629
0.1257 18.732 0.0967 0.7604 0.7808 0.9186 0.9968 0.354p 7.987 23.188 23.509 -6.550 0.1669 0.774p
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Table 6. Continued
(a) Continued

pitot
y, in. pressure, yld M/M, u/ p/pe TiTie (TeT)(Tee T y* u* u'fu, u-uw)/u, I8, ufu,
DSIC

0.1470 18.934 0.1131 0.7759 0.795D 0.921p 0.9970 0.3891 2.296 23.610 23.948 -6.111 0.1952 0.788
0.1760 19.181 0.1354 0.7934 0.8118 0.9245 0.99712 0.4314 9.284 24.108 24.468 -5.591 0.2337 0.805
0.2150 19.450 0.1654 0.8123 0.8291 0.9280 0.9974 0.4773 9.286 24.631 25.014 -5.045 0.2855 0.823
0.2660 19.827 0.2046 0.837¢ 0.852D 0.9328 0.9917 0.5409 0.855 25.330 25.746 -4.312 0.3533 0.847
0.3260 20.289 0.2508 0.8671 0.880p 0.9386 0.9981 0.6179 1.835 26.141 26.598 -3.461 0.4329 0.875
0.3960 20.732 0.3046 0.894( 0.904P 0.9441 0.9985 0.6904 6.628 26.875 27.370 -2.688 0.5259 0.901
0.4750 21.179 0.3654 0.920( 0.928p 0.9496 0.9988 0.7634 0.534 27.577 28.112 -1.947 0.6308 0.925
0.5660 21.646 0.4354 0.946( 0.952pD 0.955p 0.9992 0.8384 5.355 28.272 28.849 -1.210 0.7517 0.950
0.6360 22.076 0.4892 0.969( 0.972p 0.9608 0.9995 0.906] 9.8248 28.883 29.497 -0.562 0.8444 0.971
0.7165 22.370 0.5512 0.9847 0.986[L 0.9637 0.9998 0.9514 4.266 29.284 29.925 -0.134 0.9515 0.985
0.7960 22.576 0.6123 0.9941 0.9958 0.966[1 0.9999 0.98371 25106 29.558 30.217 0.158 1.0571 0.995
0.8780 22.671 0.6754 0.999 0.999 0.967R 1.0000 0.9984 20109 29.683 30.350 0.291 1.166( 0.999
0.9770 22.647 0.7515 0.998% 0.998b 0.9669 1.0000 0.9944 41130 29.652 30.316 0.258 1.2975 0.998
1.0770 22.676 0.8285 0.9997 0.999f 0.967R 1.0000 0.999] 76143 29.690 30.357 0.298 1.4303 0.999
1.2010 22.687 0.9238 1.000% 1.000p 0.9674 1.0000 1.0007 31168 29.704 30.372 0.313 1.595(¢ 1.000
1.3240 22.681 1.0000 0.9994 0.999P 0.9678 1.0000 0.9999 73156 29.696 30.364 0.305 1.7583 1.000
1.4755 22.650 1.1350 0.9984 0.998p 0.9669 1.0000 0.995] 95188 29.656 30.321 0.262 1.9595 0.998
1.6280 22.620 1.2523 0.9964 0.997B 0.9666 1.0000 0.9901 31234 29.616 30.279 0.220 2.162(¢ 0.997
1.8150 22.640 1.3962 0.9974 0.998[L 0.9668 1.0000 0.9934 27202 29.642 30.307 0.248 2.4104 0.998
2.0005 22.635 1.5388 0.997¢ 0.997P 0.9668 1.0000 0.9929 032860 29.636 30.300 0.241 2.6561 0.997
2.2000 22.678 1.6923 0.9999 0.9998 0.9673 1.0000 0.9994 662983 29.692 30.360 0.301 2.9214 0.999
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Table 6. Continued

(b) Profiles at Station 2

T 0O WU YOI oo wWworoy o oro ot o= ororow

pitot
y, in. pressure, y/d M/M, Uit p/pe TTe | (TeT)(TeeTw) y* u* u'fu (Uug)/u yI&, u'fug
Dsi
Point 692, M=0.20
0.0240 71.363 0.0133 0.6114 0.612] 0.9648 0.9975 0.5562 6380 190.483 10.478 -12.047 0.0227 0.612
0.0330 71.451 0.0183 0.6455 0.646 0.9640 0.9917 0.5922 4629 20.565 20.560 -10.965 0.0304 0.646
0.0420 71541 0.0233 0.6784 0.679] 0.965L 0.9919 0.6278 1666 21.615 21.610 -0.915 0.0389 0.679
0.0500 71616 0.0278 0.7047 0.7054 0.965 0.99%0 0.6564 0399 22451 22.446 -9.079 0.0463 0.705
0.0580 71.640 0.0322 0.7129 0.7131 0.965 0.99$1 0.6654 991 22712 22.707 -8.818 0.0537 0.713%
0.0700 71.663 0.0389 0.7207 0.7214 0.96583 0.9981 0.6740 0.241] 22.959 22.954 8571 0.0649 0.721
0.0840 71.698 0.0467 0.7324 0.733] 0.9653 0.9982 0.6869 2.233] _ 23.330 23.325 -8.200 0.0779 0.733
0.0960 71.715 0.0533 0.7380 0.7381 0.9654 0.9982 0.6931 2.6852| 23.508 23.503 -8.022 0.0889 0.738
0.1100 71.746 0.0611 0.7481 0.748 0.9654 0.99%3 0.7044 4.674]  23.829 23.824 7.701 0.1019 0.748
0.1257 71.748 0.0698 0.7487 0.7494 0.9654 0.99%3 0.7051 3.689]  23.850 23.845 7.680 0.1164 0.749
0.1470 71.807 0.0817 0.7676 0.768 0.9655 0.9984 0.7262 1.983]  24.448 24.444 7.081 0.136] 0.768
0.1760 71.858 0.0978 0.7835 0.784] 0.9656 0.9985 0.7442 1.279] _24.954 24.949 6.576 0.1630 0.784
0.2150 71.900 0.1194 0.7963 0.797 0.9657 0.9986 0.7588 0.621] 25362 25.358 6.167 0.199] 0.796
0.2660 71.987 0.1478 0.8223 0.822 0.9650 0.99%8 0.7885 8.921] 26.187 26.183 5.342 0.2463 0.822
0.3260 72.050 0.1811 0.8406 0.8411 0.9660 0.9989 0.8096 0.57] 26.768 26.764 4761 0.3019 0.841
0.3960 72.173 0.2200 0.8752 0.8751 0.9663 0.9991 0.8499 0.828] 27.865 27.862 -3.663 0.36671 0.875
0.4750 72.226 0.2639 0.8897 0.890] 0.9664 0.9992 0.8670 3.783| _ 28.324 28.322 3.203 0.4399 0.890
0.5660 72.305 0.3144 0.9108 0.9117 0.9665 0.9994 0.8920 7.897| 28.995 28.993 2.532 0.524] 0.911
0.6360 72.353 0.3533 0.9234 0.9231 0.9666 0.9995 0.0071] 87188 | 29.394 29.393 2132 0.5884 0.923
0.7165 72.403 0.3981 0.9363 0.9364 0.9668 0.9996 0.9226 64113 | 29.804 29.803 1.722 0.6634 0.936
0.7960 72.461 0.4422 0.9511 0.951 0.9660 0.9997 0.9404] 25106 | 30.273 30.272 -1.253 0.7374 0.951
0.8780 72.495 0.4878 0.9597 0.9594 0.9670 0.9997 0.9507 25169 | 30.544 30.543 -0.981 0.813( 0.959
0.9770 72.574 0.5428 0.9792 0.979 0.967L 0.9999 0.9745 o518E | 31.164 31.164 -0.360 0.9044 0.979
1.0770 72.620 0.5983 0.9904 0.9904 0.967R 0.9999 0.9883 _ 8119p| 31.519 31.520 -0.005 0.997% 0.990
1.2010 72.646 0.6672 0.9967 0.9961 0.9678 1.0000 0.9960] _ 4819® | 31.718 31719 0.194 1.112( 0.996
1.3240 72.673 0.7356 1.0032 1.003 0.9678 1.0000 1.0039 0048 | 31.923 31.925 0.400 1.2254 1.003
1.4755 72.648 0.8197 0.9972 0.9973 0.9678 1.0000 0.9966] 02233 | 31.734 31.734 0.210 1.3662 0.997
1.6280 72.667 0.9044 1.0018 1.0014 0.9678 1.0000 1.0022 21288 | 31878 31.879 0.354 1.5074 1.001
1.8150 72.659 1.0000 0.9998 0.9994 0.9678 1.0000 0.9998] 87280 | 31.817 31.818 0.293 1.6806 1.000
2.0005 72.642 1.1114 0.9958 0.995 0.9678 1.0000 0.9948 29315 | 31.688 31.689 0.164 1.8524 0.995
2.2000 72.664 1.2222 1.0010) 1.001 0.9678 1.0000 1.0013 03338 | 31.855 31.856 0.331 2.0374 1.001
Point 793, M=0.20

0.0240 103.755 0.0141 0.6615 0.666 0.9547 1.0052 0.65400 _ 45.4p | 23.870 24.037 11.772 0.0218 0.664
0.0330 103.838 0.0194 0.6829 0.6878 0.9554 1.0049 0.6756] _ 74.26 | 24.633 24.808 -11.001 0.030( 0.686
0.0420 103.945 0.0247 0.7095 0.713 0.9563 1.0045 0.7027 _ 04.22 | 25581 25.766 -10.043 0.0382 0.712
0.0500 103.974 0.0294 0.7166 0.7207 0.9566 1.0043 0.7098 _ 52.@0 | 25.83L 26.020 9.789 0.0459 0.719
0.0580 104.052 0.0341 0.7352) 0.739% 0.9572 1.0041 07287 0La&7 | 26.492 26.689 9.121 0.0524 0.738
0.0700 104.042 0.0412 0.7328 0.736% 0.957L 1.0041 0.7263 _ 73.B6 | 26.409 26.604 -9.205 0.0631 0.735
0.0840 104.104 0.0494 0.7473 0.751% 0.9577 1.0039 0.7411 _ 08.48 | 26.924 27.125 -8.684 0.0764 0.750
0.0960 104.174 0.0565 0.7633 0.7671 0.9582 1.0036 0.7574 8107 | 27.493 27.701 -8.108 0.0874 0.766
0.1100 104.170 0.0647 0.7624 0.766% 0.9582 1.0036 0.7565 __ 15.8D | 27.461 27.668 -8.141 0.100] 0.765
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Table 6. Continued
(b) Continued

pitot
y, in. pressure, y/d M/M, u/u, P/Pe TiTe | (TeT)(TieTw) y' u' u'fu, (u-u)u, yl3, ufu,
DSIE
0.1257 104.215 0.0739 0.772¢ 0.7762 0.9585 1.0085 0.7668 188184 27.820 28.032 -7.777 0.1144 0.775p
0.1470 104.251 0.0865 0.7806¢ 0.784% 0.9588 1.0084 0.775p 914117 28.104 28.320 -7.489 0.1334 0.7831
0.1760 104.338 0.1035 0.799¢ 0.803 0.9595 1.0081 0.7944 265130 28.779 29.003 -6.807 0.160] 0.802p
0.2150 104.415 0.1265 0.816] 0.8193 0.9601 1.00p8 0.811p 426136 29.362 29.593 -6.216 0.1954 0.818B
0.2660 104.449 0.1565 0.8232 0.8263 0.9604 1.00p7 0.818p 560206 29.615 29.850 -5.960 0.242( 0.8254
0.3260 104.573 0.1918 0.8489 0.851 0.9613 1.00P3 0.844) 42383 30.520 30.767 -5.043 0.2964 0.850B8
0.3960 104.688 0.2329 0.8719 0.874 0.9622 1.00R0 0.8683 096323 31.334 31.591 -4.218 0.3604 0.873b
0.4750 104.783 0.2794 0.8905 0.892 0.9629 1.001L7 0.8874 500381 31.989 32.256 -3.554 0.4321 0.892D
0.5660 104.877 0.3329 0.9085 0.910 0.9636 1.001L4 0.9058 87482 32.623 32.899 -2.911 0.515( 0.9098
0.6360 104.987 0.3741 0.929] 0.930% 0.9644 1.001L1 0.927D 549582 33.349 33.634 -2.175 0.5781 0.930
0.7165 105.065 0.4215 0.9434 0.944 0.9650 1.0009 0.941) 074587 33.853 34.146 -1.664 0.652( 0.944p
0.7960 105.144 0.4682 0.9577] 0.958 0.9656 1.0007 0.9564  518@7 34.355 34.655 -1.154 0.7244 0.958B
0.8780 105.195 0.5165 0.9669 0.967% 0.9660 1.0005 0.9658 164741 34.675 34.980 -0.829 0.7984 0.9678
0.9770 105.290 0.5747 0.9835 0.9839 0.9666 1.0003 0.983D 188184 35.262 35.576 -0.233 0.889( 0.983B
1.0770 105.319 0.6335 0.988¢ 0.988 0.9648 1.0002 0.988p 29393 35.439 35.756 -0.054 0.980( 0.988B
1.2010 105.368 0.7065 0.9971 0.9971 0.9672 1.0000 0.997D 344948 35.736 36.057 0.248 1.092§ 0.9971
1.3240 105.366 0.7788 0.9967] 0.996 0.9672 1.0001 0.996p 731BXO8 35.724 36.045 0.236 1.2041 0.9968
1.4755 105.385 0.8679 1.000Q 1.000 0.9673 1.0000 1.000p 9598149 35.838 36.161 0.352 1.342 1.0000
1.6280 105.379 0.9576 0.9989 0.999 0.9673 1.0000 0.998p 1951305 35.802 36.125 0.315 1.4813 0.9990
1.8150 105.395 1.0000 1.0017 1.001 0.9674 1.0000 1.001F 7111493 35.899 36.222 0.413 1.651] 1.0000
Point 811, M=0.20

0.0240 103.826 0.0160 0.6824 0.6827 0.9665 0.9962 0.645D 96.2D 24.100 24.064 -10.829 0.0254 0.682)7
0.0330 103.929 0.0220 0.7079 0.7082 0.9665 0.9965 0.672p 82.28 25.000 24.962 -9.930 0.035% 0.708p
0.0420 104.034 0.0280 0.7329 0.733%2 0.9645 0.9968 0.699p 68.36 25.885 25.845 -9.047 0.044§ 0.733B
0.0500 103.993 0.0333 0.7232 0.723 0.9645 0.9967 0.688B 67.13 25.543 25.504 -9.388 0.0534 0.723p
0.0580 104.085 0.0387 0.7449 0.7451 0.9645 0.9969 0.7121 65.50 26.304 26.263 -8.629 0.0619 0.745p
0.0700 104.180 0.0467 0.7664 0.7667 0.9645 0.99§2 0.735p 13.64 27.066 27.024 -7.868 0.0741 0.766B
0.0840 104.221 0.0560 0.7759 0.775 0.9666 0.99¥3 0.745p 36.73 27.389 27.346 -7.547 0.089¢ 0.775p
0.0960 104.234 0.0640 0.7784 0.7787 0.9666 0.99¥3 0.748) 84.83 27.490 27.447 -7.445 0.102§ 0.778)
0.1100 104.225 0.0733 0.7764 0.7767 0.9666 0.99¥3 0.746p 07.68 27.420 27.377 -7.515 0.1174 0.776B
0.1257 104.308 0.0838 0.7944 0.794 0.9666 0.99¥5 0.766p 978189 28.060 28.016 -6.877 0.1347 0.794P
0.1470 104.321 0.0980 0.7973 0.797 0.9666 0.99¥6 0.769p 839127 28.159 28.115 -6.778 0.1564 0.797)7
0.1760 104.492 0.1173 0.8333 0.833 0.9647 0.9980 0.809p 3721859 29.427 29.381 -5.512 0.1874 0.833b
0.2150 104.497 0.1433 0.8343 0.834 0.9647 0.9980 0.810p 778183 29.464 29.417 -5.475 0.2294 0.834pb
0.2660 104.561 0.1773 0.8474 0.847 0.9647 0.9981 0.825p 232297 29.924 29.876 -5.016 0.2834 0.8477
0.3260 104.684 0.2173 0.8719 0.8721 0.9648 0.9984 0.852) 473289 30.788 30.738 -4.154 0.3474 0.8721
0.3960 104.762 0.2640 0.8870 0.88738 0.9648 0.9986 0.869p 587343 31.323 31.272 -3.620 0.4224 0.8878B
0.4750 104.850 0.3167 0.9039 0.9041 0.9649 0.9988 0.889D 487445 31.915 31.864 -3.029 0.5064 0.9041
0.5660 104.953 0.3773 0.923] 0.9233 0.9670 0.9991 0.911p 43457 32.594 32.542 -2.351 0.604] 0.923B
0.6360 105.048 0.4240 0.9405 0.9407 0.9670 0.9993 0.931D 549651 33.207 33.154 -1.739 0.6784 0.940/7
0.7165 105.102 0.4777 0.9503 0.9504 0.9671 0.9994 0.942p 580624 33.551 33.497 -1.396 0.7641 0.950¢4
0.7960 105.166 0.5307 0.9617] 0.961 0.9671 0.9995 0.9554 524622 33.953 33.899 -0.994 0.8494 0.961B
0.8780 105.259 0.5853 0.9780 0.9781 0.9672 0.9997 0.9744 686787 34.529 34.473 -0.419 0.937( 0.97811
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Table 6. Continued
(b) Continued
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pitot
y, in. pressure, yld M/M, u/us p/pe TiTe | (TeT)(TeTy) y' u* u'fu; (u-u)u; /3, ufus
Dsié
0.9770 105.375 0.6513 0.9980 0.9981 0.9673 1.0000 0.997Y 333882 35.233 35.177 0.284 1.0421 0.998
1.0770 105.384 0.7180 0.9996| 0.999 0.9673 1.0000 0.999% 067932 35.287 35.231 0.338 1.1494 0.999
1.2010 105.424 0.8007 1.0064 1.0064 0.967]3 1.0001 1.007% 4891073 35.527 35.469 0.577 1.281 1.006
1.3240 105.449 0.8827 1.0106 1.010 0.9674 1.0001 1.0124 5640179 35.675 35.618 0.725 1.413 1.010
1.4755 105.376 0.9837 0.9982 0.9982 0.9673 1.0000 0.9979 887R211 35.239 35.183 0.290 1.5747 0.998
1.6280 105.441 1.0000 1.0092 1.0092 0.9674 1.0001 1.0108 2192476 35.628 35.570 0.678 1.737% 1.000)
1.8150 105.385 1.2100 0.9998 0.999 0.9673 1.0000 0.999Y 8528571 35.294 35.237 0.344 1.937 0.999
Point 713, M=0.40
0.0240 35.667 0.0145 0.5949 0.6004 0.9496 0.9979 0.362 .586( 19.004 19.038 -12.462] 0.0204 0.598
0.0330 35.893 0.0200 0.6407| 0.646] 0.951{1 0.9981 0.418 749 20.449 20.491 -11.010| 0.0284 0.644
0.0420 36.046 0.0255 0.6698 0.675] 0.952p 0.9982 0.457 930 21.365 21.413 -10.087 0.0363 0.673
0.0500 36.085 0.0303 0.6770 0.682] 0.95256 0.9983 0.4667 16514 21.592 21.641 -9.859 0.0433 0.680
0.0580 36.154 0.0352 0.6895 0.694] 0.9529 0.9983 0.4839 3871 21.987 22.039 -9.462 0.0502 0.693
0.0700 36.222 0.0424 0.7016 0.706] 0.9534 0.9984 0.5007 1.8D5 22.368 22.423 -9.078 0.0604 0.705
0.0840 36.348 0.0509 0.7235 0.728] 0.954R 0.9985 0.531 1.926 23.056 23.115 -8.385 0.0727 0.726
0.0960 36.402 0.0582 0.7327| 0.7371 0.954b 0.9985 0.5451 2.224 23.343 23.405 -8.095 0.083( 0.735
0.1100 36.421 0.0667 0.7359 0.740] 0.954{7 0.9985 0.549 2.8465 23.443 23.506 -7.994 0.0957 0.739
0.1257 36.460 0.0762 0.7424 0.747] 0.9550 0.9986 0.5594 8.488 23.648 23.712 -7.789 0.1087 0.745
0.1470 36.601 0.0891 0.7654 0.770 0.9560 0.9987 0.5939 8.220 24.369 24.440 -7.061 0.1277 0.768
0.1760 36.665 0.1067 0.7756) 0.780] 0.956¢4 0.9987 0.609 4.Q64 24.689 24.762 -6.738 0.1527 0.778
0.2150 36.744 0.1303 0.7881] 0.792 0.9560 0.9988 0.628 9.922 25.077 25.154 -6.347 0.186( 0.790
0.2660 36.898 0.1612 0.8116 0.815¢4 0.9580 0.9989 0.6661 6.899 25.813 25.897 -5.604 0.2301 0.814
0.3260 37.012 0.1976 0.8286 0.832 0.9587 0.9990 0.6934 7.389 26.343 26.432 -5.069 0.282( 0.831
0.3960 37.151 0.2400 0.8488 0.852] 0.9596 0.9991 0.727 9.594 26.972 27.068 -4.433 0.3424 0.851
0.4750 37.268 0.2879 0.8654 0.8684 0.9604 0.9992 0.755 5.983 27.489 27.589 -3.911 0.4109 0.867
0.5660 37.438 0.3430 0.8889 0.891 0.961b 0.9993 0.795 3.850 28.218 28.327 -3.173 0.4894 0.890
0.6360 37.566 0.3855 0.9062 0.9084 0.962¢4 0.9994 0.825 4. 965 28.753 28.868 -2.632 0.5507 0.907
0.7165 37.675 0.4342 0.9206) 0.9224 0.9631 0.9995 0.8514 64106 29.199 29.320 -2.181 0.6199 0.921
0.7960 37.850 0.4824 0.9432 0.9444 0.9643 0.9996 0.89271 58140 29.898 30.027 -1.473 0.6884 0.944
0.8780 37.966 0.5321 0.9578 0.958 0.9650 0.9997 0.919 901334 30.350 30.485 -1.015 0.7594 0.958
0.9770 38.100 0.5921 0.9744 0.975]] 0.96509 0.9998 0.951 77188 30.862 31.004 -0.496 0.8457 0.974
1.0770 38.145 0.6527 0.9799 0.9801 0.966p2 0.9999 0.9614 79189 31.032 31.176 -0.324 0.9311 0.980
1.2010 38.280 0.7279 0.9962 0.996 0.96711 1.0000 0.9927 42180 31.534 31.685 0.185 1.0389 0.996
1.3240 38.332 0.8024 1.0024] 1.0024 0.9674 1.0000 1.0047 90163 31.724 31.879 0.378 1.1454 1.002
1.4755 38.286 0.8942 0.9969 0.997 0.967[1 1.0000 0.9941 66280 31.556 31.708 0.207 1.2764 0.997
1.6280 38.312 0.9867 1.0000] 1.000 0.9673 1.0000 1.0001 57283 31.651 31.804 0.304 1.4089 1.000
1.8150 38.309 1.0000 0.9997| 0.999] 0.9673 1.0000 0.9994 66292 31.640 31.793 0.293 1.5701 1.000
2.0005 38.284 1.2124 0.9967| 0.996 0.967[1 1.0000 0.993 533040 31.548 31.700 0.200 1.7304 0.996
2.2000 38.343 1.3333 1.0037] 1.003 0.967b6 1.0000 1.0072 50339 31.764 31.919 0.419 1.9031 1.003
Point 671, M=0.40

0.0240 89.498 0.0141 0.6343 0.6401 0.9495 0.9992 -1.242p 1.484 21.608 21.665 -11.948 0.0217 0.638
0.0330 89.924 0.0194 0.6668 0.672] 0.9508 0.9992 -1.127y 56.93 22.698 22.764 -10.849 0.0297 0.670|

[<2)
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Table 6. Continued
(b) Continued

pitot
y, in. pressure, yld M/M u/u p/Pe TiTee (TeT)(TieTy) v u u'/u (u-u)u, y/d, u'fug
DSIE
0.0420 90.212 0.0247 0.6878 0.6934 0.951f7 0.9993 -1.0443 72.48 23.404 23.475 -10.13§ 0.0371 0.6916
0.0500 90.406 0.0294 0.7016 0.7071 0.9522 0.9993 -0.985 52.93 23.865 23.940 -9.672 0.0447% 0.705p
0.0580 90.541 0.0341 0.7110 0.7164 0.9526 0.9993 -0.9441 33.29 24.181 24.259 -9.354 0.051% 0.714p
0.0700 90.652 0.0412 0.7186 0.724 0.9530 0.9993 -0.9091 54.72a 24.437 24.517 -9.096 0.0618 0.722p
0.0840 90.879 0.0494 0.7340 0.7392 0.9536 0.9993 -0.8361 44.99 24.951 25.035 -8.578 0.0747 0.737p
0.0960 91.045 0.0565 0.7450 0.7502 0.9541 0.9994 -0.781 65.63 25.319 25.407 -8.206 0.0844 0.7484
0.1100 91.202 0.0647 0.7553 0.760. 0.9546 0.9994 -0.729 56.38 25.661 25.753 -7.860 0.097% 0.758p
0.1257 91.319 0.0739 0.7628 0.767 0.9549 0.9994 -0.689 06.83 25.913 26.007 -7.606 0.111( 0.766[L
0.1470 91.511 0.0865 0.7751 0.779 0.9555 0.9994 -0.6234 53.6Q 26.321 26.418 -7.194 0.1299 0.778p
0.1760 91.705 0.1035 0.7872 0.791 0.9560 0.9994 -0.555¢ 70.80 26.725 26.827 -6.786 0.1554 0.790B
0.2150 91.974 0.1265 0.8037 0.8081 0.9568 0.9995 -0.459¢ 37.38 27.273 27.381 -6.231 0.1899 0.806p
0.2660 92.265 0.1565 0.8211 0.8252 0.9577 0.9995 -0.353 25.98 27.853 27.967 -5.646 0.235( 0.823p
0.3260 92.595 0.1918 0.8404 0.8442 0.9586 0.9996 -0.230 429107 28.493 28.614 -4.998 0.288( 0.8429
0.3960 93.019 0.2329 0.8645 0.867 0.9598 0.9996 -0.0691 883187 29.290 29.421 -4.191 0.3499 0.866[7
0.4750 93.379 0.2794 0.8843 0.887 0.9609 0.9997 0.0699 52188 29.947 30.087 -3.526 0.4194 0.8863
0.5660 93.703 0.3329 0.9018 0.9044 0.961i8 0.9997 0.1976 43193 30.524 30.671 -2.941 0.5004 0.903p
0.6360 93.995 0.3741 0.9172 0.9194 0.9626 0.9998 0.3141 97222 31.033 31.187 -2.426 0.5618§ 0.918)
0.7165 94.366 0.4215 0.9364 0.9382 0.9637 0.9998 0.4639 19252 31.664 31.827 -1.786 0.633( 0.937p
0.7960 94.648 0.4682 0.9507 0.9521 0.9645 0.9998 0.5791 06299 32.134 32.304 -1.309 0.7037 0.951p
0.8780 94.888 0.5165 0.9626 0.9637 0.9652 0.9999 0.6779 81387 32.527 32.702 -0.910 0.7754 0.963p
0.9770 95.160 0.5747 0.9760 0.9767 0.9659 0.9999 0.7907 52318 32.965 33.147 -0.465 0.8631 0.976p
1.0770 95.359 0.6335 0.9856 0.9861 0.9665 1.0000 0.8739 5801 33.281 33.468 -0.144 0.9514 0.985p
1.2010 95.563 0.7065 0.9954 0.995f 0.9670 1.0000 0.9593 021 33.601 33.794 0.181 1.061d 0.995p
1.3240 95.594 0.7788 0.9969 0.997 0.9671 1.0000 0.9724 17464 33.649 33.843 0.230 1.1694 0.996p
1.4755 95.665 0.8679 1.0003] 1.0002 0.9673 1.0000 1.0023 2833 33.760 33.955 0.342 1.3034 1.000p
1.6280 95.640 0.9576 0.9991 0.9991 0.9673 1.0000 0.9917 75579 33.721 33.915 0.303 1.438% 0.9991L
1.8150 95.691 1.0000 1.0015] 1.0014 0.9674 1.0000 1.013% 31688 33.800 33.996 0.383 1.6034 1.000p
2.0005 95.625 1.1768 0.9984 0.9984 0.9672 1.0000 0.9854 34708 33.697 33.892 0.279 1.7677 0.9984
2.2000 95.618 1.2941 0.9980 0.9981 0.9672 1.00([)0 0.9824 28074 33.687 33.881 0.268 1.9435 0.998[1
Point 927, M=0.40

0.0240 22.092 0.0141 0.6610 0.667 0.9480 1.0011 0.7735 1837 22.201 22.302 -10.873 0.0231 0.665b
0.0330 22.137 0.0194 0.6746 0.681 0.9486 1.0011 0.7844 1.085 22.651 22.757 -10.418 0.0319§ 0.6791L
0.0420 22.195 0.0247 0.6918 0.698 0.9495 1.0010 0.7987 4.986 23.217 23.329 -9.846 0.0404 0.696P
0.0500 22.224 0.0294 0.7002 0.7067 0.9499 1.0010 0.8054 4.074 23.494 23.609 -9.566 0.0482 0.704b
0.0580 22.256 0.0341 0.7094 0.7157 0.95083 1.0009 0.8127 3.2D2 23.796 23.914 -9.261 0.0559 0.713p
0.0700 22.332 0.0412 0.7306 0.736 0.9514 1.0009 0.8297 1.634 24.495 24.621 -8.554 0.0675 0.734y
0.0840 22.393 0.0494 0.7472 0.7531 0.9523 1.0008 0.8417 9.282 25.039 25.172 -8.003 0.081(Q 0.751p
0.0960 22.361 0.0565 0.7386 0.7444 0.9518 1.00([)8 0.8359 8.834 24.755 24.884 -8.290 0.0924 0.742p
0.1100 22.439 0.0647 0.7594 0.7652 0.9529 1.0008 0.8509 6.883 25.441 25.579 -7.596 0.1061 0.763B
0.1257 22.509 0.0739 0.7777 0.7832 0.9539 1.0007 0.8641 4.488 26.038 26.183 -6.991 0.1212 0.781f1
0.1470 22.557 0.0865 0.7899 0.7952 0.9545 1.0006 0.8729 7.522 26.438 26.589 -6.586 0.1419 0.793b
0.1760 22.601 0.1035 0.8009 0.8061 0.9551 1.0006 0.8804 8.8643 26.799 26.955 -6.220 0.1697 0.8044
0.2150 22.632 0.1265 0.8086 0.813¢ 0.9556 1.00([)6 0.8859 9.799 27.050 27.209 -5.966 0.2073 0.812p
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Table 6. Continued
(b) Continued

W OO0 0O S ONVNONRFWORF O &IV O

pitot
y, in. pressure, yld M/M u/u p/Pe TiTee (TeT)(TieTy) v u u'/u (u-u)u, y/d, u'fug
DSIE
0.2660 22.728 0.1565 0.8319 0.8364% 0.9569 1.0005 0.9014 38.227 27.809 27.979 -5.196 0.2565 0.835
0.3260 22.802 0.1918 0.8493 0.853( 0.9579 1.0004 0.9131 71103 28.378 28.556 -4.619 0.3144 0.852
0.3960 22.891 0.2329 0.8698 0.873( 0.9591 1.00([)4 0.9264 12138 29.044 29.232 -3.942 0.3819 0.872
0.4750 22.960 0.2794 0.8853 0.8887 0.9600 1.0003 0.9359 68185 29.547 29.744 -3.431 0.4581 0.887
0.5660 23.097 0.3329 0.9153 0.917 0.961i8 1.0002 0.9539 42133 30.517 30.730 -2.445 0.5454 0.917
0.6360 23.170 0.3741 0.9308 0.933 0.9628 1.0002 0.9629 83226 31.018 31.240 -1.935 0.6133 0.932
0.7165 23.203 0.4215 0.9377 0.9397 0.9632 1.0002 0.9667 91289 31.241 31.467 -1.708 0.6909 0.939
0.7960 23.285 0.4682 0.9546 0.9561 0.9643 1.00([)1 0.9761 64283 31.788 32.023 -1.152 0.7674 0.955
0.8780 23.345 0.5165 0.9668 0.9679 0.9651 1.0001 0.9827 25308 32.180 32.422 -0.752 0.8461 0.967
0.9770 23.430 0.5747 0.9838 0.984 0.9662 1.0000 0.9917 78318 32.725 32.978 -0.197 0.9421 0.984
1.0770 23.481 0.6335 0.9938 0.994 0.9669 1.0000 0.9969 66373 33.047 33.306 0.131 1.0384 0.993
1.2010 23.494 0.7065 0.9963 0.996f 0.9671 1.0000 0.9981 91448 33.128 33.389 0.214 1.158] 0.996
1.3240 23.513 0.7788 1.0000| 1.0000 0.9673 1.0000 1.0004 81469 33.246 33.510 0.335 1.2769 1.000
1.4755 23.517 0.8679 1.0008] 1.0008 0.9674 1.0000 1.0004 66508 33.271 33.535 0.360 1.4229 1.000
1.6280 23.516 0.9576 1.0006 1.000¢4 0.9674 1.0000 1.0003 85585 33.265 33.529 0.354 1.5699 1.000
1.8150 23.508 1.0000 0.9990 0.9991 0.9673 1.0000 0.9995 07633 33.215 33.478 0.303 1.7502 1.000
2.2000 23.520 1.2941 1.0014 1.001 0.9674 1.0000 1.00071 36185 33.290 33.554 0.379 2.1214 1.001
Point 867, M=0.40

0.0240 51.770 0.0141 0.6721 0.6791 0.9479 1.0002 0.9181 2.988 23.840 23.975 -11.069 0.0244 0.677
0.0330 51.889 0.0194 0.6873 0.6942 0.9487 1.0002 0.9271 8.258 24.373 24.513 -10.531 0.0339 0.692
0.0420 52.083 0.0247 0.7115 0.7182 0.9499 1.0001 0.9407 4.5929 25.214 25.364 -9.680 0.0431 0.716
0.0500 52.183 0.0294 0.7236 0.7302 0.9505 1.0001 0.9463 2.392 25.635 25.790 -9.254 0.0513 0.728
0.0580 52.242 0.0341 0.7307 0.7371 0.9509 1.0001 0.9497 9.854 25.880 26.038 -9.006 0.0595 0.735
0.0700 52.329 0.0412 0.7410 0.747 0.9514 1.0001 0.9544 0.549 26.236 26.398 -8.646 0.0719 0.745
0.0840 52.479 0.0494 0.7583 0.7644 0.9523 1.0001 0.9619 9.8658 26.836 27.007 -8.037 0.0862 0.762
0.0960 52.561 0.0565 0.7676 0.773 0.9529 1.0001 0.9657 0.363 27.158 27.333 -7.711 0.0985 0.771
0.1100 52.634 0.0647 0.7758 0.7814 0.9533 1.0001 0.9689 8.862 27.441 27.619 -7.425 0.1128§ 0.779
0.1257 52.734 0.0739 0.7868 0.792f 0.9539 1.0001 0.9729 9.985 27.823 28.006 -7.038 0.1289 0.790
0.1470 52.869 0.0865 0.8015 0.806! 0.9547 1.0001 0.9779 30175 28.328 28.519 -6.525 0.1509 0.805
0.1760 52.962 0.1035 0.8114 0.816 0.9553 1.0000 0.9809 05138 28.671 28.866 -6.178 0.1804 0.815
0.2150 53.122 0.1265 0.8282 0.8331 0.9563 1.0000 0.9856 64183 29.248 29.452 -5.592 0.2204 0.831
0.2660 53.273 0.1565 0.8437 0.8482 0.9572 1.0000 0.9899 65208 29.781 29.993 -5.051 0.2728§ 0.846
0.3260 53.473 0.1918 0.8637 0.867 0.9584 1.0000 0.9937 71263 30.468 30.691 -4.353 0.3344 0.866
0.3960 53.656 0.2329 0.8816 0.885 0.9595 1.0000 0.9967 62340 31.082 31.314 -3.730 0.4067 0.884
0.4750 53.882 0.2794 0.9032 0.906 0.9609 1.0000 0.9995 59372 31.819 32.063 -2.980 0.4877 0.905
0.5660 54.037 0.3329 0.9177 0.9204 0.961i8 1.0000 1.0009 97433 32.312 32.565 -2.478 0.5804 0.919
0.6360 54.274 0.3741 0.9393 0.941 0.9632 1.0000 1.0019 838428 33.048 33.315 -1.729 0.6523 0.940
0.7165 54.424 0.4215 0.9527 0.954 0.9641 1.0000 1.0021 02562 33.504 33.779 -1.265 0.7349 0.953
0.7960 54.601 0.4682 0.9682 0.969 0.9651 1.0000 1.0019 38624 34.032 34.316 -0.728 0.8164 0.969
0.8780 54.715 0.5165 0.9781 0.978 0.9658 1.0000 1.0014 706838 34.366 34.657 -0.387 0.9004 0.978
0.9770 54.849 0.5747 0.9895 0.989 0.9666 1.0000 1.0009 36746 34.753 35.052 0.008 1.0021 0.989
1.0770 54.936 0.6335 0.9969 0.997 0.9671 1.0000 1.00093 8083a 35.002 35.305 0.262 1.1044 0.996
1.2010 54.927 0.7065 0.9961 0.9962 0.9670 1.00([)0 1.00093 0712 34.976 35.279 0.235 1.2314 0.996
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Table 6. Continued
(b) Continued

OO OO T W

DO O WO WNRNNJNOIow ITHFO RSO SO SOroroT™~or

pitot
y, in. pressure,|  y/d M/M, it p/pe TTe | TeT(TeeTa) y* u 'l (U-ug)/u yI&, u'lug
Dsi
1.3240 54.940 0.7788 0.9972 0.9973 0.9671 1.0000 1.000p__ 855083] _ 35.013 35.317 0.273 1.3574 0.997
1.4755 54.984 0.8679 1.0009) 1.0004 0.9674 ___ 1.0000 0.9999 739167  35.138 35.444 0.400 1.5133 1.000
1.6280 54.968 0.9576 0.9995 0.9994 0.9613___ 1.0000 1.0000 _ 701276] _ 35.093 35.398 0.354 1.6691 0.999
1.8150 54.982 1.0000 1.0007 1.0007 0.9674 ___ 1.0000 0.9999  3684@5|  35.133 35.438 0.395 1.8614 1.000
2.2000 54.956 1.2941 0.9985 0.9984 0.9612 1.0000 1.000] _ 560727] _ 35.059 35.363 0.320 2.256/ 0.998
Point 813, M=0.40
0.0240 96.553 0.0141 0.6739 0.6884 0.9274 __ 1.0136 0.6808 __ 3.338] 24.865 25.406 -11.323 0.0229 0.684
0.0330 96.844 0.0194 0.6939 0.7084 0.9295 10137 0.700L __ 7.@87| 25570 26.136 -10.594 0.0313 0.704
0.0420 97.089 0.0247 0.7102 0.7244 0.93]3 10130 0.7164 __ 0.857| 26.146 26.732 -0.997 0.0399 0.720
0.0500 97.218 0.0294 0.7186 0.7324 0.9332 1.01$6 0.7247 __ 1.6B3|  26.442 27.040 -9.690 0.0479 0.728
0.0580 97.359 0.0341 0.7277 0.7411 0.9333 1012 0.7338 ___ 3.089| 26.762 27.371 9.358 0.055] 0.737
0.0700 97.538 0.0412 0.7391 0.752¢ 0.9345 10117 0.745 4.p8]  27.161 27.785 -8.944 0.0669 0.748
0.0840 97.788 0.0494 0.7547 0.7674 0.93¢3 1010 0.760f __ 4m@d | 27.707 28.351 -8.378 0.0794 0.763
0.0960 97.885 0.0565 0.7606 0.7734 0.9370 1017 0.7668 33127 | 27.914 28.567 -8.162 0.0914 0.769
0.1100 97.917 0.0647 0.7626 0.7753 0.9312 1.0106 0.7688 90126 | 27.983 28.638 -8.091 0.1049 0.771
0.1257 98.182 0.0739 0.7786 0.790] 0.9390 __ 1.0099 0.7840 72166 |  28.539 29.217 7.513 0.1194 0.787
0.1470 98.340 0.0865 0.7879 0.799] 0.9401 1.0095 0.7938 97184 | 28.865 29.555 7.174 0.1394 0.796
0.1760 98.506 0.1035 0.7976 0.809( 0.9413 __ 1.0090 0.8028 __ 4428B| 29.201 29.905 6.824 0.1671 0.805
0.2150 98.859 0.1265 0.8178 0.8284 0.9437 1.00$1 0.822] _ 17285| 29.901 30.634 -6.095 0.204% 0.825
0.2660 99.086 0.1565 0.8305 0.8404 0.94%2 1.0015 0.835p 81382 |  30.340 31.091 -5.638 0.252 0.837
0.3260 99.475 0.1918 0.8518 0.8604 0.948 __ 1.0066 0.856L 40432 | 31.073 31.856 -4.874 0.3094 0.858
0.3960 99.795 0.2329 0.8689 0.8771 0.9500 _ 1.00%8 0.8728 24595 | 31.659 32.468 -4.262 0.3761 0.874
0.4750 100.207 0.2794 0.8904 0.897" 0.95%7 1.0049 0.8938 003633 | 32.393 33.234 -3.495 0.4511 0.895
0.5660 100.559 0.3329 0.9082 0.914 0.9550  1.0041 0.911p 073/0 | _ 33.002 33.871 2.858 0.537% 0.912
0.6360 100.927 0.3741 0.9265 0.9314 0.9514 __ 1.0083 0.929p 358320 | 33.623 34.521 2.208 0.604( 0.930)
0.7165 101.262 0.4215 0.9428 0.946 0.955 _ 1.00p5 0.9448 035082 | 34.174 35.009 -1.631 0.680/ 0.945
0.7960 101.583 0.4682 0.9582 0.961] _ 0.9616 1.0018 0.959p  5580089]  34.691 35.641 -1.089 0.7554 0.960
0.8780 101.836 0.5165 0.9701] 0.972% __ 0.9632 1.0013 0.971]  6456177] _ 35.001 36.060 -0.669 0.8334 0.971
0.9770 102.094 0.5747 0.9820 0.983 0.9648 1.0008 0.982] 958B200]  35.492 36.481 -0.248 0.9274 0.983
1.0770 102.297 0.6335 0.9913 0.9919 _ 0.9661 1.0004 0.991p 2851486] _ 35.803 36.808 0.078 1.0224 0.991
1.2010 102.433 0.7065 0.9975 0.9977 09670 __ 1.0001 0.9976  9208506] _ 36.010 37.024 0.295 1.1404 0.997
1.3240 102.495 0.7788 1.0003 1.000 0.9674 __ 1.0000 1.000B 561B/62| _ 36.103 37.122 0.393 1.2574 1.000
1.4755 102.487 0.8679 0.9999 0.0999 __ 0.9673 1.0000 0.9990  5708%8| _ 36.091 37.110 0.381 1.4017 0.999
1.6280 102.479 0.9576 0.9995 0.999 0.9613 1.0000 0.999p  593B178| _ 36.079 37.097 0.368 1.546] 0.999
1.8150 102.505 1.0000 1.0007 1.000] ___ 0.9674 __ 1.0000 1.000f _073®421]  36.118 37.138 0.409 1.7234 1.000
2.2000 102.527 1.2941 1.0017 1.001 0.9616____ 0.9999 1.001p__ 180B9ll| _ 36.151 37.173 0.444 2.089] 1.001]
Point 734, M=0.60

0.0240 23.872 0.0141 0.6054 0.6181 0.9276 __ 0.9917 -0.187B__ 0.534] 19.33L 19.425 -11.896 0.0214 0.613
0.0330 24.155 0.0194 0.6435 0.656] 09306 0.9919 0.1145 __ 8.286| 20,513 20.624 -10.696 0.0294 0.651
0.0420 24.333 0.0247 0.6662 0.6784 0.93%5 __ 0.99%0 0.0665 _ 5.969 | 21.215 21.337 -0.984 0.0374 0.674
0.0500 24.468 0.0294 0.6828 0.6944 0.9339 __ 0.99%0 0.020p _ 9.470| 21.727 21.859 -0.462 0.0449 0.690
0.0580 24.505 0.0341 0.6873 0.6993 0.9343 __ 0.9981 0.0188_ 2.982| 21.865 21.999 0.322 0.0514 0.695
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Table 6. Continued
(b) Continued

O F OO0 0O S WNoWONvwworeE w3 or <

pitot
y, in. pressure,|  y/d M/M, it [N TiTe | (TeT(TieTu) y* u' Ty (u-u)iu, | yr8, 'l
DSIE
0.0700 24.593 0.0412] 0.6974 _ 0.709F __ 0.93%2 0.9981 0.0060 2899 22.189 22.328 8.993] 00628 0.705
0.0840 24.774 0.0494] o0.718d  0.730B ___ 0.937L 0.9982 0.0577 _ 1.919] 22.835 22.986 8.334 0074 0.726
0.0960 24.863 0.0565| 0.7284 _ 0.740p ___ 0.9380 0.9983 0.0835 _ 2.186] 23.144 23.301 8.019] 0.085%F __ 0.736
0.1100 24.942 0.0647| 0.7374 _ 0.7480 __ 0.9388 0.9983 0.1065 _ 0.856] 23.414 23.576 7744 00970 0.745
0.1257 25.022 0.0739]  0.7466  0.7576 __ 0.9397 0.9983 0.1300 _ 3.678] 23.683 23.851 7.470] 01118 0.753
0.1470 25.139 0.0865]  0.7594 _ 0.7698 __ 0.9400 0.9984 0.1646 _ 5.898] 24.069 24.245 7.076] __0.130B___ 0.766
0.1760 25.301 0.1035]  0.7764 _ 0.7865 __ 0.9425 0.9985 0.2130  7.249] 24591 24.777 6544 0.1566 __ 0.783
0.2150 25.473 0.1265]  0.7940 __ 0.803F __ 0.944B 0.9986 0.2648 __ 0.B85] 25.128 25.326 5.995] 01918 0.800
0.2660 25.634 0.1565|  0.8104 _ 0.8198 __ 0.9459 0.9987 03136 4.397] 25616 25.826 5.495] 0236 __ 0.816
0.3260 25.866 0.1918|  0.8324 _ 0.841L __ 0.948 0.9988 0.3846  5.462] 26.298 26.524 4797 02900 __ 0.838
0.3960 26.048 0.2329] __0.8499 _ 0.8576 __ 0.9500 0.9989 0.4406 _ 9.8A1] 26.815 27.054 4.266] 03528 0.855
0.4750 26.311 0.2794] _0.8740 _ 0.8808 __ 0.95% 0.9991 0522 9.693] 27.538 27.796 3524 04226 0.878
0.5660 26.553 0.3329] _ 0.895 _ 0.0013 __ 0.9550 0.9992 05978 1.8p3| 28.179 28.455 2.866] 05035 0.899
0.6360 26.732 0.3741] _ 0.911d _ 0.016D __ 0.9567 0.9993 0.6531  4.42] 28.639 28.929 2.392] 05658 0.914
0.7165 26.952 0.4215|  0.92904 _ 0.9335 __ 0.9588 0.9995 0.7218 66103 | 29.190 29.496 -1.825] _ 0.6376 __ 0.932
0.7960 27.119 0.4682]  0.9433 _ 0.9466 __ 0.9605 0.9996 0.774L _ 9M12| 29.598 29.916 1.404] __0.708F __ 0.945
0.8780 27.315 0.5165|  0.9591 _ 0.961p __ 0.96283 0.9997 0.83514 58128 |  30.065 30.399 -0.922] __0.781L __ 0.960
0.9770 27.505 0.5747| _ 0.9741 _ 0.975f __ 0.9641L 0.9998 0.8940 63188 30.508 30.856 -0.465] __0.869P __ 0.975
1.0770 27.641 0.6335|  0.9847 _ 0.9857 __ 0.9654 0.9999 0.9374 82152 | 30.818 31176 -0.144] 00958 0.985
1.2010 27.805 0.7065]  0.9974 _ 0.097f __ 0.9670 1.0000 0.9887 _ 4115P| 31.186 31557 0.236] _ 1.0685 __ 0.997
1.3240 27.882 0.7788 1.003] _ 1.002b __ 0.9677 1.0000 1.0127 86182 | 31.356 31.733 0.413] _ 1.177p __ 1.002
1.4755 27.853 0.8679 1.0009 __ 1.0008__ 0.9674 1.0000 1.0037 36268 | 31.292 31.667 0.346] _ 1.312f __ 1.000
1.6280 27.827 0.9576| 0.098d 009990 _ 0.967R 1.0000 0.0956  0maL| 31.235 31.607 0.287] _ 1.448% __ 0.999
1.8150 27.864 1.0000 1.0014 __ 10015 0.967b 1.0000 1.007L 53283 | 31.316 31.692 0.371] 16148 1.000
2.0005 27.884 1.1768 1.003] __ 1.003p __ 0.9677 1.0000 1.0134 85288 | 31.361 31.738 0.417] 17798 1.003
2.2000 27.877 1.2941 1.0024 10026 0.9676 1.0000 1.011p 16312 | 31.345 31722 0.401]  1.957B __ 1.002
Point 879, M=0.60

0.0240 34.520 0.0141] _0.6630 __ 0677 0.9272 0.9998 1.0588  2.245] 23.451 23.683] -11.15] _ 0.024p __ 0.673
0.0330 34.754 0.0194] 0.6834 06977 _ 0.929 0.9998 1.0658 __ 9.220] 24.151 24398 | -10.433 _ 0.0338___ 0.693
0.0420 35.005 0.0247] _0.7044 _ 0.7185 __ 0.931B 0.9998 1.0716___ 6.8D6] 24.874 25.138 0.696]  0.043L __ 0.714
0.0500 35.108 0.0294] 0.7133 _ 0.7260 __ 0.9322 0.9998 1.0734 __ 0.885] 25.162 25.433 0.400] _ 0.051B___ 0.722
0.0580 35.249 0.0341] 0.7249 _ 0.738L ___ 0.9334 0.9997 1.0755 __ 4.823] 25550 25.831 0.003] 0.0595 _ 0.734
0.0700 35.361 0.0412] 0.7339 _ 0.7468 ___ 0.934B 0.9997 1.0768 __ 0.641] 25853 26.141 8.603] 00718 0.742
0.0840 35.588 0.0494]  0.7519 _ 0.764L __ 0.936R 0.9997 1.0787 _ 2.833|  26.452 26.755 8.079 0086k 0.760
0.0960 35.686 0.0565|  0.7591  0.771f _ 0.9371L 0.9997 1.079¢2 _ 8.900] 26.705 27.014 7819  0.0985 _ 0.767
0.1100 35.801 0.0647| 0.7674 _ 0.779p ___ 0.9380 0.9997 1.0795 _ 1.883| 26.997 27.315 7519 01128 0.776
0.1257 35.948 0.0739] _0.7784 _ 0.7905 ___ 0.939 0.9997 1.0796 __ 7.847| 27.365 27.692 7.141] __0.1280 __ 0.786
0.1470 36.116 0.0865]  0.791d _ 0.802¢ __ 0.9406 0.9997 1079 32105 | 27.776 28.115 -6.718] __ 0.150B__ 0.798
0.1760 36.332 0.1035|  0.806 _ 0.8173 __ 0.9424 0.9997 1.0770 49178 | 28.293 28.647 6.187 ___0.1805___ 0.814
0.2150 36.534 0.1265|  0.8201 _ 0.8300 ___ 0.944p 0.9997 1.076/L _ O718B|  28.765 29.132 5701 02205 0.827
0.2660 36.824 0.1565|  0.8409 _ 0.8490 _ 0.9464 0.9998 1.0726 20182 | 29.422 29.809 5.024] 02728 0.847
0.3260 37.131 0.1918] 0.860d _ 0.869% __ 0.9489 0.9998 1.0676__ 0123B| _ 30.096 30.504 4.329] 0334 0.866
0.3960 37.405 0.2329] __0.878 _ 0.886 __ 0.951[ 0.9998 1.0620 _ 11289| 30.678 31.105 3.728] 0406 __ 0.883
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Table 6. Continued
(b) Continued

i Peat 5 TTITe| . . o "
y, In. pressure, y M/M, u/u, p/pe TdTie T.) y u u'fu, (u'-u)/u, yld, u'/u,
psie w
0.4750 37.746 0.2794 0.9000] 0.90641 0.9538 0.9998 1.0944 79386 31.380 31.831 -3.003 0.4872 0.904p
0.5660 38.020 0.3329 0.9167 0.9223 0.95509 0.9998 1.0474 2383 31.927 32.397 -2.437 0.5804 0.920p
0.6360 38.367 0.3741 0.9374 0.94117 0.958]7 0.9999 1.0375 3458 32.599 33.093 -1.740 0.6523 0.940¢
0.7165 38.594 0.4215 0.9506 0.954 0.9604 0.9999 1.0306 11583 33.027 33.537 -1.296 0.7349 0.953p
0.7960 38.861 0.4682 0.9658 0.968% 0.962b 0.9999 1.0219 15583 33.519 34.048 -0.785 0.8164 0.967p
0.8780 39.070 0.5165 0.9775] 0.9793 0.964(1 0.9999 1.0148 02684 33.896 34.440 -0.393 0.9004 0.978f
0.9770 39.288 0.5747 0.9895 0.990% 0.965B8 1.0000 1.0071 30788 34.282 34.841 0.008 1.0021] 0.990L
1.0770 39.415 0.6335 0.9964 0.9961 0.9668 1.0000 1.0024 31766 34.504 35.072 0.239 1.1044 0.996p
1.2010 39.460 0.7065 0.9989 0.999 0.967p 1.0000 1.0008 84895 34.581 35.153 0.320 1.231§ 0.998p
1.3240 39.504 0.7788 1.0013 1.001] 0.967p 1.0000 0.9991 659868 34.657 35.232 0.399 1.3579 1.001p
1.4755 39.486 0.8679 1.0003 1.000 0.9674 1.0000 0.9998 7286002 34.626 35.200 0.367 1.5133 1.0008
1.6280 39.480 0.9576 1.0000| 1.000 0.967B 1.0000 1.0000 86D1&2 34.616 35.189 0.356 1.6691 1.000p
1.8150 39.482 1.0000 1.0001 1.000] 0.967B 1.0000 1.0000 51P326 34.619 35.193 0.360 1.8614 1.000p
2.2000 39.489 1.2941 1.0004 1.0004 0.9674 1.0000 0.9997 621666 34.632 35.205 0.372 2.2564 1.000¢
Point 841, M=0.60

0.0240 64.538 0.0141 0.6790 0.6941 0.926B 0.9979 0.1009 2.539 25.094 25.406 -11.033] 0.024( 0.690D
0.0330 64.774 0.0194 0.6899 0.7044 0.927P 0.9979 0.1235 9.438| 25.481 25.802 -10.637] 0.0329 0.700B
0.0420 65.258 0.0247 0.7116] 0.726] 0.930p 0.9981 0.1704 6.838[ 26.251 26.591 -9.848 0.0419 0.722p
0.0500 65.471 0.0294 0.7209 0.7351 0.931p 0.9981 0.1913 1.865 26.581 26.929 -9.510 0.0499 0.7314
0.0580 65.762 0.0341 0.7335] 0.7474 0.9326 0.9982 0.2199 57291 27.022 27.381 -9.058 0.0579 0.743y
0.0700 65.950 0.0412 0.7414 0.7552 0.9334 0.9982 0.2386  1.881( 27.302 27.669 -8.771 0.0699 0.751p
0.0840 66.315 0.0494 0.7566 0.7694 0.935[1 0.9983 0.2749 73184 27.834 28.215 -8.224 0.0834 0.766B
0.0960 66.517 0.0565 0.7648] 0.7774 0.936[L 0.9983 0.2951 70123 28.122 28.512 -7.928 0.0954 0.774p
0.1100 66.726 0.0647 0.7732 0.786 0.937D 0.9984 0.3160 32144 28.416 28.814 -7.625 0.109§ 0.782p
0.1257 67.001 0.0739 0.7841 0.79641 0.9388 0.9985 0.3437 20189 28.797 29.205 -7.234 0.1254 0.793p
0.1470 67.301 0.0865 0.7958] 0.8074 0.93917 0.9985 0.3739 54126 29.204 29.624 -6.815 0.1467 0.804p
0.1760 67.593 0.1035 0.8070 0.818% 0.941D 0.9986 0.4035 11231 29.592 30.024 -6.415 0.1754 0.815p
0.2150 68.031 0.1265 0.8234 0.8343 0.943p 0.9987 0.4479  9928BB 30.161 30.611 -5.828 0.2144 0.831¢
0.2660 68.533 0.1565 0.8417 0.851% 0.9458 0.9988 0.4990 83333 30.795 31.264 -5.175 0.2654 0.8490L
0.3260 69.028 0.1918 0.8594 0.868"1 0.9476 0.9989 0.5495 6%4X3 31.400 31.890 -4.550 0.3253 0.866[L
0.3960 69.618 0.2329 0.8798] 0.887 0.950p 0.9991 0.6098 76528 32.100 32.613 -3.826 0.3952 0.885B
0.4750 70.253 0.2794 0.9011 0.908 0.95311 0.9992 0.6746 85634 32.827 33.365 -3.074 0.4741 0.906p
0.5660 70.849 0.3329 0.9206 0.9263 0.9558 0.9994 0.7355  907%R 33.488 34.050 -2.390 0.5649 0.924B
0.6360 71.365 0.3741 0.9370 0.9414 0.95811 0.9995 0.7881 02846 34.043 34.626 -1.814 0.6347 0.940¢
0.7165 71.862 0.4215 0.9525] 0.956] 0.9608 0.9996 0.8387 10953 34.564 35.167 -1.273 0.7151 0.955[
0.7960 72.325 0.4682 0.9666] 0.9693 0.9628 0.9997 0.8857 88056 35.038 35.659 -0.780 0.7944 0.968p
0.8780 72.673 0.5165 0.9770 0.978% 0.9639 0.9998 0.9209 79B148 35.388 36.023 -0.416 0.8767 0.9784
0.9770 73.015 0.5747 0.9872 0.9881 0.9654 0.9999 0.9555 962288 35.725 36.374 -0.065 0.975( 0.987p
1.0770 73.271 0.6335 0.9946 0.9951 0.966b 1.0000 0.9814 261430 35.975 36.634 0.195 1.0749 0.995D
1.2010 73.360 0.7065 0.9972 0.9971 0.966P 1.0000 0.9904 758586 36.061 36.723 0.284 1.1986 0.9974
1.3240 73.457 0.7788 1.0000| 1.000 0.967B 1.0000 1.0001 121788 36.154 36.821 0.382 1.3214 1.000p
1.4755 73.429 0.8679 0.9992 0.9993 0.967PR 1.0000 0.9973 27194 36.127 36.793 0.354 1.4724 0.999B
1.6280 73.461 0.9576 1.0002 1.0001 0.9678 1.0000 1.0005 562182 36.158 36.825 0.386 1.6244 1.0001L
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Table 6. Continued
(b) Continued

pitot
y, in. pressure,|  y/d M/M, Uit P/Pe TTe | (TeT(TieTa) y' u' Ul (U-ug)/u; yI8, u'fug
DSIc
1.8150 73.447 1.0000] 0.9998  0.9998 _ 0.9673 __ 1.0000 0.999]  4354a7]  36.145 36.811 0.372 1.8114 1.000D
2.2000 73.459 1.2941] 1.000{ _ 1.000f _ 0.96Y3 __ 1.0000 1.0003 _ 64302|  36.156 36.823 0.384 2.195¢ 1.0001L
Point 848, M=0.60
0.0240 64.499 0.0141] 0.674% _ 0.6916 _ 0.92]5 _ 1.00}4 0.787% _ 1.3a3] 24.807 25.200]  -11.12] 0.024( 0.686)
0.0330 64.844 0.0194] 0.690% _ 0.707B __ 0.9284 __ 1.00%3 0.800 5.830] 25371 25.780 | -10.54] 0.0329 0.702b
0.0420 65.270 0.0247| 07097 _ 0.7260 _ 0.9266 __ 1.0091 0.815) __ 9.887] 26.044 26.474 -0.853 0.0419 0.7214
0.0500 65.481 0.0294] _ 0.719 0.7351 _ 0.9268 __ 1.0030 0.8224 __ 3.6B2]  26.369 26.809 -0.518 0.0499 0.730p
0.0580 65.726 0.0341] 0.7291 _ 0.7454 _ 0.9281 _ 1.0019 0.8304 __ 7.456] 26.739 27.191 -0.136 0.0579 0.741p
0.0700 66.029 0.0412| 0.742% _ 0.7570 _ 0.9207 __ 1.0018 0.8401 _ 3.333] 27.187 27.654 8.673 0.0699 0.753p
0.0840 66.357 0.0494| 075632 _ 0.771L _ 0.93]4 __ 1.0017 0.8502 59108 |  27.661 28.144 -8.184 0.0834 0.766p
0.0960 66.473 0.0565| 0.7610 _ 0.7757 _ 0.930 __ 1.0017 0.853] 25185 | 27.826 28.314 -8.013 0.0954 0.771p
0.1100 66.689 0.0647| 0.7691 _ 0.784L _ 0.9381 __ 1.0016 0.860 52186 | 28.129 28.628 7700 0.1094 0.780[L
0.1257 66.999 0.0739] 0.782] _ 0.7960 _ 0.93#8 __ 1.0015 0.868 00144 | 28.556 29.070 7.258 0.1254 0.792p
0.1470 67.293 0.0865| 0.793] _ 0.807L _ 0.9363 __ 1.0014 0.8769 79198 | 28.952 29.481 -6.847 0.1461 0.803H
0.1760 67.593 0.1035| 0.8052 _ 0.8182 _ 0.93}8 __ 1.0013 0.8848 63229 29.349 29.892 -6.436 0.1754 0.814p
0.2150 67.938 0.1265| 0.8183 _ 0.8306 _ 0.9396 __ 1.00{2 0.893] 51288 |  29.796 30.355 5.973 0.2144 0.827p
0.2660 68.405 0.1565|  0.835% _ 0.8470 _ 0.94p0 __ 1.00i1 0.905] 05340 | 30.384 30.966 -5.361] 0.2659 0.843p
0.3260 69.003 0.1918| 0.8570 _ 0.8674 _ 0.9461 __ 1.0009 0.918 3435 | 31.114 31.725 -4.603 0.3253 0.864b
0.3960 69.529 0.2329| _ 0.8754 _ 0.8847 __ 0.9477 __ 1.0008 0.9304 67548 31.734 32.370 -3.957] 0.3954 0.882L
0.4750 70.147 0.2794| 0.8963 _ 0.0048 _ 0.9508 __ 1.0006 0.943]  7463®| 32.440 33.105 -3.222) 0.4741 0.9021L
0.5660 70.700 0.3329| 09146 _ 0.9214 _ 0.9586 __ 1.0005 0.953 47738 | 33.051 33.743 -2.585 0.5649 0.9195
0.6360 71.204 0.3741] 0.9308 _ 0.936/4 _ 0.951 _ 1.0004 0.963]  8182®| 33.592 34.308 2.019 0.6341 0.934p
0.7165 71771 0.4215| 09481 _ 0.9530 _ 0.9589 __ 1.0003 0.973 84982 | 34.184 34.928 -1.400 0.7151 0.951B
0.7960 72.218 0.4682|  0.962% _ 0.9655 _ 0.961 __ 1.0002 0.9805 _ 858085]  34.640 35.404 -0.924 0.794 0.9648
0.8780 72.659 0.5165| 0.9758 _ 0.9770  0.9683 __ 1.0001 0.987¢ _ 555186]  35.079 35.864 -0.464 0.8764 0.9778
0.9770 73.047 0.5747| 09873 _ 0.9884 _ 0.96b52 __ 1.0001 0.9936 _ 47242|  35.457 36.261 -0.066 0.975( 0.988]L
1.0770 73.310 0.6335] 0.995]  0.9955 _ 0.9665 __ 1.0000 0.997% _ 519416]  35.710 36.527 0.199 1.0744 0.995}
1.2010 73.430 0.7065|  0.998% _ 0.9987 _ 0.96f1 __ 1.0000 0.9993  698563] _ 35.825 36.647 0.319 1.1984 0.998p
1.3240 73.468 0.7788| 09991 _ 0.9997 _ 0.96{3 __ 1.0000 0.9998 _ 745/65|  35.861 36.684 0.357 1.3214 0.9997
1.4755 73.463 0.8679|  0.999% _ 0.9996 _ 0.96{2 __ 1.0000 0.9998  518926]  35.856 36.679 0.352 1.4724 0.9995
1.6280 73.478 0.9576] 09999 _ 0.9999 _ 0.96y3 __ 1.0000 1.0000 412123 _ 35.870 36.694 0.367 1.6244 0.999p
1.8150 73.483 1.0000] 1.000f _ 1.000f _ 0.96y3 __ 1.0000 1.000) 802384 _ 35.875 36.699 0.372 1.8114 1.000D
2.2000 73.479 1.2941]  1.0000 _ 1.0000 _ 0.96y3 __ 1.0000 1.0000 042876  35.871 36.695 0.368 2.195¢ 1.000D
Point 839, M=0.60

0.0240 79.664 0.0150] _0.683} _ 0.6980 _ 0.9288 __ 0.9948 0.565 9.395]  25.606 25.004]  -11.01] 0.0254 0.694}
0.0330 80.064 0.0206] 06983 _ 0.7126 __ 0.93)3 __ 0.99%0 0.583 3.984]  26.141 26.451 |  -10.469 0.0354 0.709p
0.0420 80.674 0.0262|  0.720% _ 0.7341 _ 0.935 __ 0.99%3 0.6109 __ 8.692]  26.930 27.257 -9.659 0.0448 0.730
0.0500 80.863 0.0312| 0.7269 _ 0.7406 _ 0.9352 __ 0.0954 0.6193 __ 8.824] 27.168 27.501 9.415 0.0534 0.7379
0.0580 81.167 0.0362] 0.7374 _ 0.7508 __ 0.93#2 __ 0.99%6 0.6328 __ 8.9B6] 27.545 27.887 -0.029 0.0619 0.7476
0.0700 81.626 0.0438] _ 0.753 0.7660  0.9350 __ 0.09%8 0.652) 4716 28.101 28.456 -8.460) 0.0741 0.762B
0.0840 81.972 0.0525| 0.764% _ 0.777L _ 0.931 __ 0.9940 0.667 57138 | 28511 28.876 -8.040) 0.0894 0.774p
0.0960 82.150 0.0600] 0.7703 _ 0.7828 _ 0.93}8 __ 0.99$1 0.6755 _ 3618B|  28.718 29.089 7.828 0.1024 0.7797




Table 6. Continued

(b) Continued

pitot
y, in. pressure,|  y/d M/M, u/u, p/pe TiTe | (TeT)(TeTw) y' u u'fu, (u-u)u, yl3, ufuy
Dsi
0.1100 82.367 0.0687 0.777 0.7896 0.9385 0.9962 0.684 46184 28.968 29.345 -7.571 0.1174 0.786
0.1257 82.751 0.0786 0.789¢ 0.801p 0.9399 0.9964 0.701 36287 29.403 29.791 -7.125 0.134% 0.798
0.1470 83.051 0.0919 0.799 0.810p 0.9410 0.9966 0.713] 50242 29.737 30.134 -6.782 0.1569 0.807
0.1760 83.535 0.1100 0.814 0.824P 0.9427 0.9968 0.733 34299 30.264 30.675 -6.241] 0.1879 0.822
0.2150 84.006 0.1344 0.8282 0.8386 0.9444 0.9970 0.7532 67358 30.764 31.189 -5.727 0.2294 0.836
0.2660 84.649 0.1663 0.8471 0.856[7 0.9467 0.9974 0.7792 81488 31.429 31.872 -5.044 0.2834 0.854
0.3260 85.333 0.2037 0.8661 0.8758 0.9491 0.9977 0.806 79586 32.113 32.577] -4.339 0.3474 0.873
0.3960 85.974 0.2475 0.884¢ 0.8928 0.9514 0.9980 0.831¢ 26658 32.734 33.217 -3.699 0.4224 0.890
0.4750 86.752 0.2969 0.90571 0.912p 0.9541 0.9983 0.861¢ 59738 33.465 33.971 -2.945) 0.5069 0.910]
0.5660 87.533 0.3537 0.926 0.9316 0.9569 0.9987 0.8912 71983 34.173 34.703 -2.213 0.6041 0.930
0.6360 88.211 0.3975 0.943( 0.9478 0.9592 0.9990 0.916 918086 34.770 35.320 -1.597 0.678% 0.946
0.7165 88.724 0.4478 0.956f 0.9598 0.9610 0.9992 0.9354 198183 35.210 35.775 -1.14]] 0.7641 0.959
0.7960 89.267 0.4975 0.9699 0.972p 0.9629 0.9995 0.9552 318334 35.667 36.248 -0.668 0.8494 0.971
0.8780 89.830 0.5487 0.983¢ 0.984B 0.9649 0.9997 0.9754 841481 36.130 36.728 -0.189 0.937( 0.984
0.9770 90.206 0.6106 0.992% 0.9931L 0.9662 0.9999 0.988 17p682 36.434 37.043 0.127 1.042] 0.993
1.0770 90.362 0.6731 0.9962 0.996b 0.9668 0.9999 0.994 669720 36.559 37.173 0.257 1.1494 0.996
1.2010 90.511 0.7506 0.9997 0.9998 0.9673 1.0000 0.999 125087 36.678 37.296 0.380 1.2814 0.999
1.3240 90.579 0.8275 1.001 1.001p 0.9675 1.0000 1.002 415189 36.731 37.352 0.436 1.413 1.001]
1.4755 90.501 0.9222 0.999¢ 0.9995 0.9672 1.0000 0.999 403485 36.670 37.288 0.372 1.574]1 0.999
1.6280 90.527 1.0000 1.0001 1.0000 0.9673 1.0000 1.0002 562683 36.690 37.309 0.393 1.737% 1.000
1.8150 90.448 1.1344 0.998 0.998¢ 0.9671 1.0000 0.9974 4120686 36.628 37.244 0.328 1.937 0.998
2.2000 90.605 1.3750 1.0019 1.001B 0.9676 1.0000 1.002 928626 36.752 37.373 0.457 2.3474 1.001
Point 824, M=0.60

0.0240 89.699 0.0141 0.6857 0.701b 0.92%9 0.9963 0.502 8.440 25.815 26.184 -10.96 0.0259 0.697
0.0330 90.247 0.0194 0.703( 0.7191 0.9278 0.9965 0.527 1.606 26.461 26.847 -10.30( 0.03471 0.715
0.0420 90.701 0.0247 0.7181 0.733p 0.9293 0.9966 0.5471 4.761 26.981 27.381 -0.766 0.0447 0.729
0.0500 91.219 0.0294 0.7341 0.7480 0.9311 0.9968 0.570 4.248 27.558 27.973 -9.174 0.052¢ 0.745
0.0580 91.470 0.0341 0.741 0.7568 0.9320 0.9969 0.581 53108 27.832 28.254 -8.893} 0.0614 0.752
0.0700 91.657 0.0412 0.7474 0.761B 0.9327 0.9969 0.589] 571928 28.033 28.461 -8.686} 0.0734 0.758
0.0840 92.136 0.0494 0.761¢ 0.775b 0.9343 0.9971 0.610 29152 28.540 28.982 -8.165} 0.0883 0.772
0.0960 92.433 0.0565 0.770. 0.7830 0.93%3 0.9972 0.623 331746 28.848 29.299 -7.848 0.1004 0.780
0.1100 92.865 0.0647 0.7827 0.795P 0.9368 0.9973 0.641 05282 29.288 29.752 -7.395 0.1157 0.792
0.1257 93.067 0.0739 0.7884 0.801¢ 0.9375 0.9974 0.6504 89288 29.490 29.960 -7.187 0.132 0.798
0.1470 93.626 0.0865 0.8039 0.816B 0.9394 0.9976 0.674 012610 30.040 30.526) -6.621f 0.1544 0.813
0.1760 93.915 0.1035 0.811 0.823p 0.9404 0.9977 0.686 28323 30.318 30.813 -6.334 0.1851 0.821
0.2150 94.591 0.1265 0.830 0.841p 0.9427 0.9979 0.714 92393 30.955 31.471 -5.676} 0.2261 0.838
0.2660 95.228 0.1565 0.846¢ 0.857p 0.9449 0.9981 0.740 60488 31.538 32.072 -5.075] 0.2797 0.854
0.3260 95.918 0.1918 0.8642 0.8737 0.9473 0.9983 0.769 81528 32.151 32.706 -4.441] 0.3429 0.871
0.3960 96.779 0.2329 0.885f 0.893B 0.9502 0.9985 0.803 39723 32.891 33.472 -3.675 0.4164 0.891
0.4750 97.581 0.2794 0.904 0.9119 0.9529 0.9988 0.835] 50822 33.558 34.163 -2.984 0.4994 0.910
0.5660 98.441 0.3329 0.9249 0.930f7 0.95%8 0.9990 0.869¢ 965060 34.250 34.880 -2.267] 0.595% 0.929
0.6360 99.227 0.3741 0.942 0.9474 0.9585 0.9993 0.900 82B1%4 34.863 35.517 -1.630 0.668¢ 0.946
0.7165 100.040 0.4215] 0.9609 0.964{1 0.9612 0.9995 0.931 1610316 35.479 36.157] -0.990 0.7534 0.963
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Table 6. Continued
(b) Continued

pitot
y, in. pressure, y/d M/M,, u/u, p/pe TiTie (TeT (T Ty y* u u'y, (u-w)lu, I3, u'u,
DS|c
0.7960 100.736 0.4682 0.9761 0.97490 0.9635 0.9997 0.9577 6213411 35.992 36.690 -0.457 0.8370 0.9776
0.8780 101.119 0.5165 0.9842 0.9856 0.9648 0.9998 0.9721 1278526 36.269 36.979 -0.168 0.9232 0.9853
0.9770 101.425 0.5747| 0.9907 0.9915 0.9658 0.9999 0.9836 9460706 36.488 37.207 0.060 1.0273 0.99113
1.0770 101.767 0.6335 0.9979 0.9941 0.9670 1.0000 0.9968 782854 36.730 37.459 0.312 1.1325 0.9981
1.2010 101.774 0.7065 0.9981 0.9982 0.9670 1.0000 0.9966 0608245 36.735 37.464 0.317 1.2629 0.9982
1.3240 101.733 0.7788| 0.9972 0.9974 0.9669 1.0000 0.9950 3193469 36.706 37.434 0.287 1.3922 0.9974
1.4755 102.022 0.8679 1.0032 1.0030 0.9678 1.0000 1.0058 1025793 36.909 37.645 0.498 1.5515 1.0030
1.6280 101.775 0.9576 0.9981 0.9983 0.9670 1.0000 0.9966 9033287 36.736 37.465 0.318 1.7119 0.9982
1.8150 102.013 1.0000 1.003 1.0028 0.9678 1.00p0 1.0054 3383393 36.902 37.638 0.491 1.9085 1.0000
2.2000 101.661 1.2941 0.995¢Y 0.9941 0.9666 0.9999 0.9924 4106058 36.655 37.381 0.234 2.3134 0.9960
Point 825, M=0.60

0.0240 89.726 0.0141] 0.6861 0.7022 0.9263 0.9960 0.5217 2.131 25.853 26.216 -10.931] 0.025D 0.698%
0.0330 90.243 0.0194 0.7034 0.7187 0.9280 0.9962 0.5442 6.6D6 26.463 26.841 -10.306 0.0344 0.715p
0.0420 90.807 0.0247| 0.7211 0.7362 0.9300 0.9964 0.5684 1.762 27.107 27.502 -9.646 0.043B 0.732p
0.0500 91.185 0.0294 0.733 0.7476 0.9313 0.9965 0.584 1.989 27.527 27.933 -9.214 0.052[L 0.7441L
0.0580 91.473 0.0341 0.741§ 0.7562 0.9323 0.9966 0.597 62168 27.841 28.256 -8.892 0.060b 0.752)
0.0700 91.625 0.0412 0.7463 0.7606 0.9328 0.9967 0.603f 68128 28.005 28.424 -8.723 0.073p 0.757p
0.0840 92.155 0.0494 0.7621 0.7758 0.9346 0.9969 0.6257 42152 28.566 29.001 -8.147 0.087p 0.772p
0.0960 92.435 0.0565 0.7702 0.7837 0.93%5 0.9970 0.6374 48166 28.856 29.300 -7.848 0.100p 0.780p
0.1100 92.803 0.0647 0.7808 0.7939 0.9368 0.9971 0.6527 22282 29.232 29.686 -7.462 0.114f 0.790B
0.1257 93.034 0.0739 0.787% 0.8002 0.93716 0.9972 0.6622 0883 29.464 29.924 -7.223 0.131f 0.797p
0.1470 93.635 0.0865 0.804 0.8163 0.9396 0.9974 0.6869 242D 30.055 30.534 -6.614 0.153B 0.813¢
0.1760 93.887 0.1035 0.810 0.8229 0.9405 0.9975 0.6971 553268 30.298 30.784 -6.364 0.183p 0.820[L
0.2150 94.609 0.1265 0.830 0.8414 0.9429 0.9977 0.7262 253956 30.979 31.486 -5.662 0.224p 0.838B
0.2660 95.303 0.1565 0.8484 0.8586 0.945%3 0.9979 0.753 01432 31.613 32.140 -5.008 0.2774 0.856p
0.3260 95.990 0.1918 0.865 0.8791 0.9476 0.9982 0.780 31589 32.221 32.769 -4.379 0.3399 0.872Pp
0.3960 96.871 0.2329 0.8874% 0.8956 0.9506 0.9985 0.8150 00728 32.977 33.551 -3.597 0.412P 0.893B
0.4750 97.623 0.2794 0.905¢ 0.9126 0.9531 0.9987 0.843‘}7 23873 33.601 34.197 -2.951 0.495B 0.911p
0.5660 98.451 0.3329 0.9249 0.9307 0.95%9 0.9990 0.8750 05B0#9 34.267 34.887 -2.261 0.590R 0.9293
0.6360 99.196 0.3741 0.9419 0.9465 0.958%4 0.9992 0.902 9211186 34.849 35.490 -1.657 0.6632 0.9454
0.7165 99.987 0.4215 0.9594% 0.9628 0.9610 0.9994 0.9319 721305 35.449 36.114 -1.034 0.7471 0.9620
0.7960 100.636 0.4682 0.9737Y 0.9758 0.9632 0.9996 0.955p 6335429 35.929 36.613 -0.535 0.83d0 0.9753
0.8780 101.052 0.5165 0.9826 0.9840 0.9646 0.9998 0.970p 1411614 36.232 36.927 -0.220 0.9155 0.9837
0.9770 101.413 0.5747| 0.9902 0.9911 0.9658 0.9999 0.9834 9611726 36.490 37.197 0.049 1.0188 0.9909
1.0770 101.767 0.6335 0.997Y 0.99719 0.9669 1.0000 0.996(0 7998921 36.741 37.458 0.310 1.1230 0.9978
1.2010 101.790 0.7065 0.9982 0.9983 0.9670 1.0000 0.9969 0794232 36.757 37.474 0.327 1.2523 0.9983
1.3240 101.751 0.7788 0.99738 0.9976 0.9669 1.0000 0.9955 3403458 36.730 37.446 0.298 1.3806 0.9975
1.4755 102.064 0.8679 1.0039 1.0035 0.9679 1.0001 1.0066 1255728 36.949 37.674 0.527 1.5386 1.0036
1.6280 101.793 0.9576 0.9982 0.9984 0.9670 1.0000 0.9970 929p081 36.759 37.477 0.329 1.6976 0.9983
1.8150 102.015 1.0000 1.0028 1.0026 0.9678 1.0000 1.0048 3668331 36.915 37.639 0.491 1.8926 1.0000
2.2000 101.692 1.2941 0.9961 0.9964 0.9667 0.9999 0.9934 4444004 36.688 37.402 0.255 2.2941 0.9964
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Table 6. Continued
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(b) Continued
pitot
y, in. pressure, ) M/M. u/u, P/Pe TdTe | (TeT)(TeeTw) y u* u'fu, (u-w)/u, y/3, u'fug
Dsi
Point 837, M=0.60
0.0240 89.573 0.0150 0.6829 0.6977  0.9593  0.9d42 0.5781 1.7431] 25.776 26.095 -11.127] 0.025% 0.694
0.0330 90.048 0.0206 0.6985 0.713L  0.96(9 0.9945 0.5974 8.692] 26.345 26.677 -10.545 0.0351 0.709
0.0420 90.690 0.0262 0.719( 0.7332  0.9631 0.9948 0.6226 5.554]  27.088 27.437 -9.785 0.0447 0.729
0.0500 91.021 0.0312 0.7293 0.7438 0.9642 0.9950 0.6354 2.898] 27.461 27.818 -9.404 0.0532 0.740
0.0580 91.440 0.0362 0.7427 0.7558  0.96%6  0.9952 0.6511 20108 | 27.923 28.292 -8.930 0.061} 0.752
0.0700 91.711 0.0438 0.7503 0.7637  0.9665  0.9954 0.6611 75186 |  28.216 28.592 -8.630 0.074% 0.760
0.0840 92.134 0.0525 0.7624 0.7759  0.9619 0.9956 0.6776 oNGB | 28.665 29.053 -8.169 0.0894 0.772
0.0960 92.389 0.0600 0.7709 0.783L  0.9688  0.9957 0.6871 46192 |  28.932 29.326 -7.896 0.1021 0.780
0.1100 92.718 0.0687 0.7799 07928 0.96%9 0.9959 0.6991 62197 |  29.270 29.673 -7.549 0.117 0.789
0.1257 93.069 0.0786 0.7897 0.8010  0.97]0  0.9961 0.712] 8285 | 29.625 30.037 -7.185 0.133} 0.799
0.1470 93.445 0.0919 0.8007 0.8120 0.9723  0.9963 0.7251 09288 |  29.998 30.421 -6.801 0.1564 0.809
0.1760 93.999 0.1100 0.8154 0.8266  0.9741 0.9965 0.7451 1936 | 30.537 30.974 -6.248 0.187% 0.824
0.2150 94.494 0.1344 0.8286 0.8398 0.97%8  0.9968 0.763( 25386 | 31.006 31.456 -5.766 0.2287 0.836
0.2660 95.316 0.1663 0.850] 0.8598  0.9785  0.9972 0.7916 88477 | 31.763 32.235 -4.987 0.283( 0.857
0.3260 96.107 0.2037 0.870] 0.8788  0.98]2 0.9975 0.8184 67985 | 32.467 32.960 -4.262 0.3468 0.876
0.3960 96.834 0.2475 0.8881 0.8958  0.9836  0.9979 0.843( 43114 |  33.093 33.606 -3.616 0.4213 0.894
0.4750 97.646 0.2969 0.9076 0.9141  0.9863  0.9982 0.8691 36868 | 33.771 34.306 -2.916 0.5053 0.912
0.5660 98.476 0.3537 0.927( 0.932B 0.98%0  0.9986 0.8964 681081  34.443 35.000 -2.222 0.6021 0.931
0.6360 99.246 0.3975 0.9445 0.9487  0.9916  0.9989 0.921] 260187 35.048 35.626 -1.596 0.676f 0.947
0.7165 99.832 0.4478 0.9576 0.960B  0.9935  0.9992 0.9391 729281  35.496 36.090 -1.132 0.762p 0.960
0.7960 100.456 0.4975 0.9717 0.9735  0.99%6 0.9994 0.9589 3006#49| 35.964 36.575 -0.647 0.846B 0.973
0.8780 101.026 0.5487 0.9831 0.9848  0.9974  0.9997 0.9763 773r21] 36.383 37.009 -0.213 0.934p 0.984
0.9770 101.481 0.6106 0.993] 0.9937  0.9989 0.9999 0.990] 552807] 36.711 37.349 0.127 1.0394 0.993
1.0770 101.661 0.6731 0.9964 0.9972  0.9995 0.9999 0.995¢ 3488%9| 36.840 37.483 0.261 1.145 0.997
1.2010 101.738 0.7506 0.9985 0.9986  0.9998 1.0d00 0.9979 5765183] 36.894 37.539 0.317 1.277f 0.998
1.3240 101.817 0.8275 1.0007 1.0002  1.0000 1.0d00 1.0008 786341| 36.950 37.597 0.376 1.408b 1.000)
1.4755 101.757 0.9222 0.9984 0.9990  0.9998 1.0d00 0.998% 5081616]  36.908 37.553 0.331 1.569) 0.999
1.6280 101.820 1.0000 1.0007 1.0002  1.00(0 1.0d00 1.0008 2478%7| 36.952 37.600 0.378 1.731P 1.000)
1.8150 101.717 1.1344 0.998]1 0.9982  0.9997 1.0d0o0 0.9973 6073208] 36.879 37.524 0.302 1.930P 0.998
2.2000 101.825 1.3750 1.0003 1.0008  1.0001 1.0d00 1.0005 5243%31| 36.956 37.603 0.381 2.340k 1.000)
Point 752, M=0.85

0.0240 16.798 0.0133 0.5934 0.6177 0.8928  0.9939 0.253]1 7307  19.047 19.209 -11.955 0.020 0.609
0.0330 17.177 0.0183 0.6311 0.6549  0.89%1 0.9943 0.3064 1229 20.195 20.387 -10.777 0.0274 0.647
0.0420 17.403 0.0233 0.6527 0.6757  0.90]2 0.9946 0.3374 5534 20.836 21.045 -10.118 0.035 0.667
0.0500 17.530 0.0278 0.6637 0.6870  0.9030  0.9947 0.3553 0841 21.183 21.403 -9.760 0.0411 0.679
0.0580 17.661 0.0322 0.6753 0.6988  0.9048  0.9948 0.3734 6649 21.532 21.763 -9.401 0.0484 0.690
0.0700 17.769 0.0389 0.6847 0.7074  0.9042 0.9950 0.388 5897 21.813 22.053 -9.111 0.0584 0.699
0.0840 18.015 0.0467 0.7054 07276 0.90%6  0.9952 0.4211 7.087]  22.433 22.693 -8.470 0.0701 0.720
0.0960 18.099 0.0533 0.7129 0.7341  0.91¢7 0.9953 0.433] 0.823] 22.638 22.905 -8.258 0.0801 0.726
0.1100 18.250 0.0611 0.7245 0.7450  0.91%7 0.9955 0.4534 0.391] 23.000 23.280 -7.883 0.0917 0.738
0.1257 18.336 0.0698 0.7317 0.7524  0.91%9 0.9956 0.465] 1.261] 23.202 23.489 -7.674 0.104 0.745
0.1470 18.522 0.0817 0.7459 0.7668  0.9163  0.9958 0.490( 4.888] 23.628 23.931 -7.232 0.1224 0.759

UTOT o0 O U & <+ Oy




76

Table 6. Continued
(b) Continued

pitot
y, in. pressure, y/d M/M, u/u, p/pe TTe | (TeT)(TieTw) y* u u'fu, (u-u)u, y/3, u'fu,
Dsie
0.1760 18.742 0.0978 0.7624 0.7841 0.9192 0.9960 0.5198 6.@25| 24.117 24.439 -6.725 0.1468 0.775p
0.2150 18.932 0.1194 0.7768 0.7953 0.92117 0.9963 0.544B 6.@35| 24.525 24.863 -6.300 0.1798 0.7891L
0.2660 19.237 0.1478 0.7980 0.8158 0.9256 0.9966 0.584|L 0.841] 25.156 25.522 -5.642 0.2219 0.810p
0.3260 19.519 0.1811 0.8174 0.8340 0.9292 0.9969 0.6204 0.897| 25.716 26.106 -5.058 0.2719 0.828p
0.3960 19.818 0.2200 0.8372 0.8524 0.9330 0.9972 0.6584 7.5D7| 26.286 26.702 -4.462 0.3308 0.8474
0.4750 20.168 0.2639 0.859% 0.8731 0.9378 0.9976 0.7028 0.809| 26.924 27.371 -3.792 0.3962 0.868y
0.5660 20.498 0.3144 0.8798 0.8918 0.9414 0.9979 0.7431L 7.725| 27.501 27.977 -3.186 0.472] 0.887p
0.6360 20.757 0.3533 0.8952 0.9040 0.9445 0.9981 0.774p 4.845| 27.937 28.436 -2.727 0.5301 0.902p
0.7165 21.122 0.3981 0.9164 0.9252 0.9489 0.9985 0.818p 6.P48| 28.529 29.061 -2.102 0.597¢ 0.922B
0.7960 21.388 0.4422 0.9318 0.9397 0.95211 0.9988 0.850D 06102 28.946 29.501 -1.662 0.663p 0.9368
0.8780 21.642 0.4878 0.9452 0.9512 0.9551 0.9990 0.879y 57132 29.332 29.910 -1.253 0.7328 0.949B
0.9770 21.922 0.5428 0.9602 0.9646 0.9584 0.9993 0.912pD 26126 29.745 30.349 -0.814 0.814B 0.963p
1.0770 22.179 0.5983 0.9736 0.9746 0.9613 0.9995 0.9414 09138 30.114 30.741 -0.422 0.898p 0.975p
1.2010 22.468 0.6672 0.9888 0.9897 0.96417 0.9998 0.973p 98183 30.518 31.170 0.007 1.001f 0.989p
1.3240 22.551 0.7356 0.992% 0.9934 0.9656 0.9999 0.983p 76169 30.632 31.291 0.128 1.104B 0.9931L
1.4755 22.642 0.8197 0.9970 0.9974 0.9666 0.9999 0.993#4 18189 30.755 31.423 0.260 1.230p 0.997B
1.6280 22.678 0.9044 0.9988 0.9990 0.9670 1.0000 0.9978 7388 30.804 31.475 0.312 1.357B 0.998P
1.8150 22.704 1.0000 1.0001L 1.0091 0.9678 1.0000 1.000Qp 71232 30.839 31.512 0.349 1.513B 1.000P
2.0005 22.666 1.1114 0.9982 0.9984 0.9660 1.0000 0.996D 4288 30.788 31.457 0.294 1.668p 0.998¢1
2.2000 22.685 1.2222 0.9992 0.9993 0.9671 1.0000 0.9981L 07282 30.813 31.485 0.322 1.834p 0.999p
Point 915, M=0.85

0.0240 24.397 0.0141 0.6548 0.6816 0.8936 0.9986 1.392) 6.153| 23.265 23.647 -11.117] 0.023B 0.673p
0.0330 24.653 0.0194 0.6718 0.6917 0.8964 0.9986 1.388B 2.201] 23.815 24.217 -10.546 0.0321L 0.689p
0.0420 25.033 0.0247 0.6949 0.7205 0.9006 0.9987 1.380B 8.268| 24.594 25.029 -9.734 0.0408 0.712p
0.0500 25.189 0.0294 0.7048 0.7296 0.9023 0.9987 1.376D 0.320{ 24.903 25.351 -9.413 0.0486 0.721y
0.0580 25.348 0.0341 0.713¢Y 0.7396 0.9040 0.9987 1.371p 2.391| 25.211 25.672 -9.091 0.0564 0.730p
0.0700 25.506 0.0412 0.7229 0.7414 0.9057 0.9987 1.366p 0.428| 25.511 25.985 -8.778 0.068D 0.7398
0.0840 25.822 0.0494 0.7408 0.7645 0.9091 0.9988 1.354p 6.537] 26.094 26.595 -8.169 0.081¢6 0.757p
0.0960 25.971 0.0565 0.7491 0.7733 0.9107 0.9988 1.348p 4.514| 26.361 26.874 -7.889 0.093B 0.765[L
0.1100 26.137 0.0647 0.7581 0.7808 0.9125 0.9988 1.341p 0.664| 26.653 27.180 -7.583 0.1069 0.773B
0.1257 26.252 0.0739 0.7648 0.7847 0.9137 0.9988 1.336p 5.804| 26.852 27.389 -7.374 0.122p 0.7798
0.1470 26.556 0.0865 0.7808 0.8017 0.9160 0.9989 1.322p 8.880| 27.366 27.929 -6.835 0.1429 0.7951L
0.1760 26.786 0.1035 0.7921 0.8128 0.9193 0.9989 1.3114 65102 27.743 28.326 -6.438 0.171pD 0.806¢
0.2150 27.129 0.1265 0.8092 0.8288 0.9228 0.9990 1.293B 61133 28.289 28.900 -5.863 0.208p 0.822B
0.2660 27.532 0.1565 0.8288 0.8449 0.9269 0.9991 1.271B 25159 28.906 29.551 -5.212 0.258p 0.841B
0.3260 27.946 0.1918 0.8481 0.8647 0.9311 0.9991 1.248[L 65208 29.515 30.195 -4.569 0.3168 0.859p
0.3960 28.416 0.2329 0.8694 0.8841 0.9358 0.9992 1.219p 46256 30.177 30.896 -3.867 0.384B 0.879p
0.4750 28.862 0.2794 0.8888 0.9017 0.940p 0.9993 1.192L 02383 30.779 31.536 -3.227 0.461p 0.897B
0.5660 29.337 0.3329 0.9089 0.9198 0.944p 0.9994 1.161p 27362 31.395 32.191 -2.572 0.550pD 0.916p
0.6360 29.790 0.3741 0.9274 0.9343 0.9492 0.9995 1.131f 07409 31.959 32.793 -1.970 0.618[L 0.933p
0.7165 30.242 0.4215 0.9458 0.9532 0.9536 0.9996 1.1014 60458 32.501 33.373 -1.391 0.696 0.9501L
0.7960 30.620 0.4682 0.9599 0.9650 0.957P 0.9997 1.075p 4809 32.940 33.843 -0.921 0.773p 0.963p
0.8780 30.942 0.5165 0.9720 0.9757 0.9602 0.9998 1.0534 97583 33.304 34.233 -0.531 0.853B 0.974p
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Table 6. Continued
(b) Continued

OO O NTUWWW
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0o

pitot
y, in. pressure,|  y/® M/M, u/u, p/pe TTe | (TeT)(TieTy) y' u u'fu, (u-u)/u, I8, u'fy,
Dsi
0.9770 31.260 0.5747 0.9834 0.986p 0.9632 0.9999 1.0318 33628 33.654 34.609 -0.154] 0.9495 0.985,
1.0770 31.516 0.6335 0.9931 0.994p 0.9655 1.0000 1.013b 34682 33.930 34.906 0.143 1.0466 0.993
1.2010 31.639 0.7065 0.9974 0.997p 0.9667 1.0000 1.0048 71768 34.061 35.047 0.283 1.1674 0.997
1.3240 31.677 0.7788 0.9984 0.999D 0.9670 1.0000 1.002P 43389 34.101 35.090 0.327 1.2867 0.999
1.4755 31.683 0.8679 0.999] 0.999p 0.96711 1.0000 1.001f7 4008a@ 34.107 35.097 0.333 1.4334 0.999
1.6280 31.707 0.9576 1.000¢ 1.000D 0.9673 1.0000 1.000[L 201040 34.133 35.124 0.361 1.582] 1.000]
1.8150 31.709 1.0000| 1.000d 1.000p 0.9673 1.0000 0.9999  17m182 34.135 35.126 0.363 1.763§ 1.000]
2.2000 31.677 1.2941 0.9984 0.999p 0.9670 1.0000 1.002p  81Bam1 34.101 35.090 0.327 2.138( 0.999
Point 945, M=0.85
0.0240 35.155 0.014]] 0.6659 0.693p 0.8937 0.9980 2.3828 6.217| 24.126 24.573 -10.941 0.0241] 0.685|
0.0330 35.490 0.0194 0.6801 0.707p 0.8963 0.9980 2.3509 2.799| 24.626 25.094 -10.42( 0.033 0.699
0.0420 35.965 0.0247] 0.701( 0.727p 0.9000 0.9981 2.3028 8.880| 25.308 25.806 -9.708 0.0423 0.719
0.0500 36.196 0.0294 0.7104 0.7364 0.9018 0.9981 2.2781 3.863| 25.629 26.142 -9.373 0.0503 0.728
0.0580 36.440 0.034]] 0.7204 0.746p 0.9037 0.9982 2.2511 8.935| 25.961 26.489 -9.026 0.0584 0.738
0.0700 36.745 0.0412 0.7324 0.757p 0.9060 0.9982 2.216p 6.934| 26.366 26.912 -8.602 0.0704 0.750
0.0840 37.106 0.0494 0.7464 0.771pD 0.9088 0.9983 2.1734 6.361| 26.832 27.401 -8.114 0.0844 0.763
0.0960 37.340 0.0565 0.7559 0.7794 0.9106 0.9983 2.1449 4.840| 27.126 27.709 -7.805 0.0964 0.772
0.1100 37.598 0.0647] 0.7654 0.788p 0.9125 0.9984 2.1128 3.897| 27.444 28.044 -7.471 0.1107 0.781
0.1257 37.821 0.0739 0.7737 0.796B 0.9142 0.9984 2.084p 971383 27.714 28.327 -7.187, 0.1264 0.789
0.1470 38.215 0.0865 0.788( 0.809) 0.9171 0.9985 2.0336 281838 28.179 28.817 -6.698 0.1479 0.803
0.1760 38.543 0.1035 0.799¢4 0.820p 0.9195 0.9985 1.990pR 58159 28.556 29.214 -6.301 0.1771 0.814
0.2150 39.006 0.1265 0.8154 0.835¢ 0.9229 0.9986 1.9278 94132 29.072 29.759 -5.756) 0.2163 0.829
0.2660 39.569 0.1565 0.8344 0.852) 0.9270 0.9988 1.8501L 182733 29.678 30.399 -5.116) 0.2674 0.847
0.3260 40.171 0.1918 0.854( 0.870p 0.9314 0.9989 1.7654 582853 30.299 31.057 -4.457 0.328( 0.865
0.3960 40.789 0.2329 0.8734 0.888p 0.9358 0.9990 1.6770 05352 30.911 31.707 -3.807 0.3984 0.883
0.4750 41.469 0.2794 0.8934 0.9068 0.9406 0.9992 1.5783 6330 31.558 32.395 -3.120 0.4779 0.903
0.5660 42.132 0.3329 0.9134 0.924]L 0.9453 0.9993 1.481fL 19593 32.162 33.039 -2.475 0.5694 0.921
0.6360 42.834 0.374]] 0.9332 0.941B 0.9501 0.9994 1.377B 66598 32.776 33.696 -1.819 0.6399 0.939
0.7165 43.414 0.4215 0.9492 0.9558 0.95411 0.9996 1.291p 65648 33.265 34.219 -1.295 0.7209 0.953]
0.7960 43.966 0.4682) 0.964( 0.968B 0.9579 0.9997 1.2090 747122 33.716 34.703 -0.811] 0.8009 0.967
0.8780 44.394 0.5165 0.9759 0.978p 0.9608 0.9998 1.145p 09736 34.056 35.068 -0.446 0.8834 0.977
0.9770 44.884 0.5747] 0.9879 0.989p 0.96411 0.9999 1.072P 85385 34.436 35.477 -0.037 0.9824 0.989
1.0770 45.149 0.6335 0.9944 0.9958 0.9659 1.0000 1.032[7 52094 34.638 35.694 0.180 1.0834 0.995
1.2010 45.276 0.7065 0.9971 0.998p 0.9667 1.0000 1.0138 898088 34.733 35.797 0.283 1.208% 0.997
1.3240 45.355 0.7788 0.9997 0.999y 0.967]2 1.0000 1.0020  04m205 34.793 35.861 0.347 1.332( 0.999
1.4755 45.354 0.8679 0.999¢4 0.999y 0.967)2 1.0000 1.002p  786384| 34.792 35.860 0.346 1.4844 0.999
1.6280 45.377 0.9576 1.0004 1.000p 0.9674 1.0000 0.998]7 617491 34.809 35.879 0.365 1.637§ 1.000]
1.8150 45.355 1.0000| 0.99971 0.999) 0.967)2 1.0000 1.0020 568633 34.793 35.861 0.347 1.826( 1.000]
2.2000 45.364 1.294] 0.9999 0.999p 0.9673 1.0000 1.0007  4789B7 34.799 35.868 0.354 2.2133 0.999
Point 855, M=0.85

0.0240 45.740 0.014]] 0.6669 0.693|L 0.8969 0.9926 0.5021 2.PB7| 24.547 24.967 -11.057 0.0249 0.685|
0.0330 46.290 0.0194 0.6854 0.711B 0.9000 0.99380 0.5268 9.894| 25.189 25.633 -10.391 0.034% 0.704

=
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Table 6. Continued
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(b) Continued
pitot
y, in. pressure,|  yl/d M/M, u/u, p/Pe TdTie (TeT)(TeeTw) y* u u'fu, (u-u)u, I8, u'fu,
Dsie
0.0420 46.971 0.0247 0.7077 0.7337 0.9039 0.9934 0.5568 6.592( 25.948 26.422 -9.602 0.0434 0.725
0.0500 47.185 0.0294 0.7145 0.7392 0.9051 0.9936 0.5661 3.588) 26.179 26.662 -9.361 0.0519 0.732
0.0580 47.559 0.0341 0.7262 0.7504 0.90712 0.9938 0.582% 0.8%4( 26.575 27.075 -8.949 0.0602 0.743
0.0700 47.919 0.0412 0.7372 0.7649 0.9092 0.9940 0.5975 6.837| 26.947 27.462 -8.562 0.0724 0.754.
0.0840 48.479 0.0494 0.7538 0.7748 0.9123 0.9944 0.621( 52188 27.508 28.048 -7.976 0.0871 0.770
0.0960 48.701 0.0565 0.7603 0.7849 0.9135 0.9945 0.6304 88143 27.725 28.275 -7.749 0.0994 0.776
0.1100 49.010 0.0647 0.7692 0.7913 0.915%2 0.9947 0.6429 63183 28.022 28.585 -7.438 0.1141] 0.785
0.1257 49.431 0.0739 0.7811 0.8045 0.9175 0.99%0 0.6601 42160 28.418 29.000 -7.024 0.1304 0.796
0.1470 49.842 0.0865 0.7924 0.8131 0.9198 0.99%2 0.6764 91166 28.795 29.395 -6.629 0.1525 0.807.
0.1760 50.338 0.1035 0.8058 0.8256 0.9225 0.99%5 0.6964 62218 29.239 29.860 -6.164 0.1824 0.820
0.2150 50.879 0.1265 0.8201 0.8349 0.92%4 0.99%8 0.7174 292857 29.708 30.353 -5.671 0.223( 0.833
0.2660 51.672 0.1565 0.8404 0.8576 0.9297 0.9963 0.7474 32388 30.372 31.051 -4.973 0.2759 0.852
0.3260 52.451 0.1918 0.8596 0.8743 0.9338 0.996¢7 0.7773 12380 30.997 31.710 -4.314 0.3382 0.871
0.3960 53.222 0.2329 0.8781 0.8941 0.93719 0.9971 0.8054 8HUT3 31.592 32.338 -3.685 0.4104 0.888
0.4750 54.229 0.2794 0.9013 0.9131 0.9432 0.9917 0.8414 43588 32.336 33.126 -2.898 0.4927 0.909
0.5660 55.002 0.3329 0.9186 0.9245 0.94712 0.9981 0.8689 33639 32.883 33.706 -2.317 0.5871 0.925
0.6360 55.845 0.3741 0.9368 0.9448 0.9515 0.9985 0.8974 10781 33.459 34.318 -1.706 0.6594 0.942
0.7165 56.602 0.4215 0.9528 0.9549 0.95%4 0.9989 0.9234 44350 33.957 34.849 -1.175 0.7433 0.957
0.7960 57.240 0.4682 0.9659 0.9704 0.9586 0.9992 0.9444 58082 34.365 35.284 -0.740 0.8251 0.969
0.8780 57.875 0.5165 0.9787 0.9815 0.9619 0.9995 0.9653 071030 34.760 35.706 -0.318 0.9104 0.980,
0.9770 58.439 0.5747 0.9898 0.9912 0.9647 0.9998 0.9834 91B1FK5| 35.103 36.072 0.048 1.013§ 0.990
1.0770 58.754 0.6335 0.9960 0.9965 0.9663 0.9999 0.9934 88B287| 35.291 36.273 0.249 1.1173 0.996
1.2010 58.960 0.7065 0.9999 0.9999 0.96713 1.0000 0.999¢ 726439 35.412 36.403 0.379 1.2459 0.999
1.3240 58.991 0.7788 1.0005 1.0005 0.9675 1.0000 1.0009 441585| 35.430 36.423 0.399 1.3734 1.000
1.4755 58.924 0.8679 0.9992 0.9993 0.9671 1.0000 0.9984 S57ur84|  35.391 36.380 0.357 1.5304 0.999
1.6280 58.993 0.9576 1.0006 1.004Q5 0.9675 1.0000 1.0009 821089 35.432 36.424 0.400 1.6884 1.000]
1.8150 58.916 1.0000 0.9991 0.9992 0.9671 1.0000 0.9984 203170| 35.386 36.375 0.352 1.882§ 1.000]
2.2000 59.043 1.2941 1.0015 1.0013 0.9677 1.00¢0 1.0024 273631 35.461 36.455 0.432 2.2821 1.001]
Point 856, M=0.85

0.0240 45.746 0.0141 0.6666 0.6948 0.9213 0.9925 0.5071 2.285( 24.541 24.959 -11.070] 0.0244 0.685
0.0330 46.377 0.0194 0.6879 0.7136 0.9310 0.9929 0.535 2.892| 25.275 25.720 -10.309 0.0341 0.706
0.0420 46.992 0.0247 0.7079 0.7349 0.9345 0.9933 0.562( 2.409| 25.958 26.430 -9.599 0.0434 0.725
0.0500 47.179 0.0294 0.7139 0.7346 0.93%6 0.9934 0.5707 3.594| 26.160 26.640 -9.389 0.0517 0.731
0.0580 47.556 0.0341 0.7256 0.7498 0.93718 0.9937 0.5861 4.889| 26.560 27.056 -8.973 0.060d 0.743
0.0700 47.973 0.0412 0.7383 0.7640 0.9402 0.9939 0.6037 0.BB2| 26.990 27.504 -8.524 0.0724 0.755
0.0840 48.532 0.0494 0.7549 0.7747 0.9434 0.9943 0.6269 4.998| 27.548 28.087 -7.941 0.0869 0.771
0.0960 48.721 0.0565 0.7604 0.7829 0.9445 0.9944 0.6347 11134 27.733 28.280 -7.749 0.0993 0.776
0.1100 48.911 0.0647 0.7659 0.7841 0.94%6 0.9945 0.6424 75189 27.916 28.471 -7.557 0.113§ 0.782
0.1257 49.447 0.0739 0.7810 0.8044 0.9486 0.9949 0.664( 411742 28.422 29.000 -7.028 0.1304 0.796
0.1470 49.833 0.0865 0.7917 0.8144 0.95(08 0.99%1 0.6794 73162 28.776 29.372 -6.657 0.152( 0.806
0.1760 50.263 0.1035 0.8033 0.8233 0.9532 0.99%3 0.6963 20209 29.161 29.776 -6.253 0.182Q 0.817
0.2150 50.883 0.1265 0.8197 0.8345 0.9566 0.995%7 0.7203 56265 29.701 30.342 -5.687 0.2223 0.833
0.2660 51.615 0.1565 0.8385 0.8558 0.9607 0.9961 0.7483 18398 30.314 30.987 -5.041 0.275] 0.851
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Table 6. Concluded
(b) Continued

pitot
y, in. pressure,| y/d M/M u/u, p/Pe TiTe | (TeT)(TieTw) y* u u'fu, (u-w)/u, yI3, u'fu,

DSIC
0.3260 52.428 0.191§ 0.8584 0.8743 0.9652 0.9966 0.7784 5138Y 30.969 31.677 -4.352 0.3371 0.8701L
0.3960 53.222 0.2329 0.8774 0.8916 0.9695 0.9970 0.8078 71478 31.582 32.325 -3.704 0.4095 0.887B
0.4750 54.196 0.2794 0.9001 0.9130 0.9748 0.9976 0.8419 62584 32.302 33.087 -2.942 0.491% 0.908B
0.5660 54.996 0.3329 0.918(0 0.9240 0.9791 0.9980 0.869y 79638 32.870 33.689 -2.340 0.5853 0.925B
0.6360 55.810 0.3741 0.9354 0.9437 0.9834 0.9984 0.8978 00758 33.426 34.280 -1.749 0.6571 0.941p
0.7165 56.566 0.4215 0.9514 0.9578 0.9874 0.9988 0.9225 69862 33.925 34.811 -1.218 0.741d 0.956[L
0.7960 57.184 0.4682 0.9643 0.9690 0.9906 0.9991 0.942y 19928 34.321 35.233 -0.795 0.8237 0.967[
0.8780 57.882 0.5165 0.9784 0.9812 0.9943 0.9995 0.965p 368022| 34.757 35.698 -0.331 0.908( 0.9806
0.9770 58.449 0.5747 0.9894 0.9910 0.9972 0.9997 0.983p 13¥167{ 35.101 36.066 0.037 1.0103 0.9906
1.0770 58.760 0.6335 0.9954 0.9942 0.9988 0.9999 0.992D 02283| 35.287 36.264 0.236 1.113§ 0.996{L
1.2010 58.974 0.7065 0.9991 0.9998 0.9999 1.0000 0.9996 7604@3| 35.413 36.400 0.371 1.242( 0.9998
1.3240 59.026 0.7788 1.0007 1.00Q6 1.0002 1.0000 1.001p 381541 35.443 36.432 0.404 1.3692 1.000[7
1.4755 58.933 0.8679 0.999( 0.9991 0.9997 1.0000 0.9988 38Br83| 35.389 36.374 0.345 1.5259 0.99911
1.6280 59.021 0.9576 1.0004 1.00Q6 1.0002 1.0000 1.001D 511032 35.440 36.429 0.401 1.6834 1.0006
1.8150 58.934 1.0000 0.999( 0.9991 0.9997 1.0000 0.9988 745166 35.389 36.374 0.346 1.8769 1.0000
2.2000 59.080 1.2941] 1.001§ 1.0015 1.0005 1.0000 1.0029¢ 508689| 35.475 36.466 0.438 2.2751 1.0016
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Table 7. Preston Tube Data at Station 2

NTF Test 83, Station

Point

R/ft

R/t

WWWWWWWwWwWwWwWwWwWwWWWWWWWWWWw W wwWwowwwww wWw

w

W

W

M. T °F T, °F C Re c
M=0.4, hot
451 0.401 6.0666E+(6 5.8889E+H06 119.4 115.8 1.9910E-0386B+04 2.0250E-0
452 0.402 6.0612E+(06 5.8842E+H06 119.8 115.Y 1.9910E-0346B+04 2.0250E-0
453 0.401 6.0602E+(06 5.8801E+H06 119.7 116.0 1.9890E-0336B+04 2.0230E-0
457 0.401 6.0585E+(6 5.8717E+H06 120.0 117.1 1.9650E-0316B+04 2.0010E-0
458 0.402 6.0596E+(06 5.8713E+H06 120.0 117.8 1.9680E-0326B+04 2.0040E-0
459 0.401 6.0539E+(6 5.8664E+H06 120.3 117.% 1.9680E-0®76B+04 2.0040E-0
469 0.402 6.0502E+(6 5.8543E+H06 120.7 118.9 1.9860E-0®46B+04 2.0230E-0
470 0.401 6.0494E+(06 5.8526E+H06 120.6 119.0 1.9840E-0®46B+04 2.0210E-0
471 0.401 6.0483E+(6 5.8516E+H06 120.7 119.0 1.9860E-0®36B+04 2.0240E-0
352 0.401 1.5015E+07 1.4505E+H07 121.0 120.4 1.7540E-03102+05 1.7890E-0
353 0.400 1.5007E+(Q7 1.4498E+H07 121.0 120.4 1.7510E-0300E+05 1.7860E-0
354 0.400 1.5008E+(7 1.4497E+H07 121.0 120.% 1.7490E-03002+05 1.7840E-0
358 0.401 1.5026E+(7 1.4508E+H07 120.7 120.% 1.7260E-03202+09 1.7610E-0
359 0.401 1.5020E+(7 1.4505E+H07 120.9 120.% 1.7270E-03102+09 1.7610E-0
360 0.400 1.5013E+(7 1.4500EH07 121.0 120.% 1.7300E-0®102+05 1.7640E-0
370 0.401 1.5055E+(07 1.4519E+H07 119.8 120.4 1.7430E-03402+09 1.7790E-0
371 0.400 1.5055E+(Q7 1.4521E+H07 119.7 120.8 1.7410E-0®402+09 1.7770E-0
372 0.400 1.5055E+(Q7 1.4520E+H07 119.7 120.2 1.7460E-03402+09 1.7830E-0
373 0.400 1.5078E+(Q7 1.4544E+H07 119.0 119.4 1.7420E-0360QE2+05 1.7780E-0
374 0.400 1.5088E+(7 1.4553E+H07 118.7 119.2 1.7420E-0®702+09 1.7780E-0
375 0.400 1.5078E+(Q7 1.4553E+H07 119.1 119.1 1.7420E-0360QE2+09 1.7780E-0
379 0.400 1.5082E+(Q7 1.4556E+H07 118.9 119.0 1.7270E-0360E2+05 1.7620E-0
380 0.400 1.5080E+(7 1.4555E+H07 118.9 118.9 1.7270E-0360E2+05 1.7620E-0
381 0.400 1.5077E+(Q7 1.4553EH07 119.0 118.9 1.7250E-03602+05 1.7610E-0
395 0.401 1.5073E+(J7 1.4554E+H07 119.9 119.% 1.7540E-03502+05 1.7890E-0
396 0.401 1.5068E+(7 1.4551E+H07 120.0 119.6 1.7530E-03®502+09 1.7880E-0
397 0.401 1.5067E+(Q7 1.4549E+H07 120.0 119.Y 1.7540E-03502+05 1.7890E-0
401 0.401 1.5063E+(7 1.4543EH07 120.1 119.8 1.7350E-03®502+09 1.7700E-0
402 0.401 1.5057E+(Q7 1.4539E+H07 120.2 119.8 1.7340E-03402+09 1.7690E-0
403 0.401 1.5056E+(Q7 1.4537EH07 120.2 119.9 1.7330E-03402+05 1.7680E-0
413 0.401 1.5043E+(7 1.4525E+H07 120.7 120.8 1.7510E-03®302+09 1.7860E-0
414 0.401 1.5043E+(7 1.4524E+H07 120.7 120.4 1.7510E-03®302+09 1.7870E-0
415 0.401 1.5040E+(Q7 1.4521E+H07 120.7 120.4 1.7510E-03®302+05 1.7870E-0
M=0.7, hot
473 0.703 6.0654E+(6 5.4877E+H06 121.4 116.8 1.9640E-0360B+04 2.0780E-0
474 0.702 6.0386E+(06 5.4699E+H06 122.6 117.2 1.9680E-0®7aH+04 2.0810E-0
475 0.703 6.0521E+06 5.4726E+H06 121.9 117.6 1.9610E-0®5a0B+04 2.0760E-0
M=0.85, hot
476 0.851 6.0490E+(06 5.1857E+H06 119.8 119.2 1.9350E-057065+04 2.1100E-0
477 0.851 6.0191E+06 5.1831E+H06 122.9 119.2 1.9400E-036065+04 2.1100E-0
478 0.853 5.9904E+(6 5.1692E+H06 125.1 119.6 1.9410E-037065+04 2.1090E-0
482 0.852 6.0146E+06 5.1751E+H06 123.3 119.8 1.9180E-033065+04 2.0870E-0
483 0.852 6.0429E+(6 5.1854E+H06 121.3 119.Y 1.9130E-03%3065+04 2.0850E-0
484 0.852 6.0411E+(6 5.1866E+H06 121.4 119.6 1.9170E-031065+04 2.0880E-0
495 0.853 6.0324E+06 5.1840E+H06 122.0 119.4 1.9320E-031605+04 2.1040E-0
496 0.852 6.0372E+(6 5.1859E+H06 121.7 119.4 1.9290E-0319065+04 2.1010E-0
497 0.852 6.0392E+(6 5.1868E+H06 121.5 119.4 1.9320E-030065+04 2.1040E-0
498 0.852 6.0370E+(06 5.1866E+H06 121.7 119.38 1.9310E-031905+04 2.1030E-0
499 0.852 6.0387E+(6 5.1874E+H06 121.5 119.2 1.9320E-030065+04 2.1040E-0

WWwlWwlWwlWlwwww Ww W
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Table 7. Concluded

Point M, R/ft R'/ft T. °F T. °E [ Ry’ [
500 0.853 6.0435E+06 5.1891E+06 121.2 119.2 1.9310E-0%3a5+04 2.1040E-0B
513 0.852 6.0482E+06 5.2010E+H06 120.8 117.8 1.9340E-0%645+04 2.1050E-0B
514 0.852 6.0485E+06 5.2008E+06 120.9 117.9 1.9310E-0%705B+04 2.1020E-0B
515 0.852 6.0473E+06 5.1998E+06 120.9 117.9 1.9300E-0%645+04 2.1010E-0B
M=0.4, cold
617 0.402 1.5159E+(Q7 1.4605E+07 -251.1 -251.f 1.7800E-GBD20E+05 1.8160E-(3
618 0.402 1.5135E+(Q7 1.4586E+07 -250.§ -251.b 1.7780E-GBDODE+05 1.8130E-O3
621 0.401 1.5126E+(Q7 1.4548E+H07 -250.9 -251.1 1.7620E-090E+04 1.7980E-0B
622 0.402 1.5136E+(Q7 1.4550E+07 -250.7 -250.p 1.7600E-GDODE+05 1.7970E-(3
629 0.402 3.5230E+(07 3.3351E+07 -250.4 -247.b 1.5640E-0/B3PE+05 1.6130E-(3
630 0.401 3.5446E+(7 3.3509E+07 -251.5 -248.p 1.5630E-018PE+05 1.6130E-03
631 0.402 5.0631E+(Q7 4.8006E+07 -251.4 -249.1 1.4620E-0%18E+05 1.5080E-03
632 0.401 5.0347E+Q7 4.7947E+H07 -250.94 -249.b 1.4740E-0B118E+04 1.5160E-0B3
633 0.401 6.5624E+(07 6.2506E4H07 -251.2 -250.p 1.4220E-0R40E+09 1.4650E-03
634 0.402 6.5650E+(07 6.2572E+H07 -251.2 -250.B 1.4180E-0260E+05 1.4600E-03
637 0.402 6.5583E+(07 6.2634E+07 -251.( -250.6 1.4090E-0R10E+05 1.4490E-03
638 0.402 6.5543E+(7 6.2603E+07 -251.( -250.p 1.4090E-0B190E+05 1.4490E-(3
M=0.6, cold
601 0.601 3.5252E+(07 3.2015E+07 -250.9 -249.b 1.5650E-B19PE+05 1.6490E-03
602 0.601 3.5233E+(Q7 3.1995E+07 -250.§ -249.4 1.5670E-G19PE+05 1.6510E-(3
589 0.602 5.0142E+(07 4.6565E+07 -250.3 -254.p 1.4990E-&D18E+05 1.5620E-03
590 0.602 5.0208E+(07 4.6591E+07 -250.4 -254.p 1.4980E-BD48E+04 1.5620E-0B
573 0.602 6.5535E+(07 6.0300E+07 -250.8 -253.1 1.4340E-08B50E+05 1.5030E-03
574 0.602 6.5528E+(07 6.0235E4+07 -250.§ -252.p 1.4330E-0B50E+09 1.5040E-0B
569 0.602 8.0121E+Q7 7.4142E+H07 -250.1 -253.p 1.4100E-CB116E+04 1.4760E-0B3
570 0.602 8.0213E+(Q7 7.4150E+07 -250.2 -253.B 1.4110E-G179E+05 1.4780E-(3
555 0.603 9.0406E+(07 8.3760EH07 -250.2 -254.f 1.3840E-GH0BE+05 1.4490E-03
556 0.602 9.0296E+(Q7 8.3622E+07 -250.4 -254.b 1.3910E-GH0BE+05 1.4560E-03
559 0.602 9.0283E+(07 8.3602E+07 -250.3 -254.6 1.3770E-GB95E+05 1.4420E-03
560 0.602 9.0308E+(07 8.3633E+07 -250.3 -254.6 1.3780E-GH0OBE+05 1.4430E-03
567 0.602 9.0162E+(07 8.3582E+07 -250.1 -254.6 1.3940E-GB116E+05 1.4590E-03
568 0.602 9.0168E+(7 8.3543E+07 -250.1 -254.b 1.3910E-@B126E+05 1.4560E-(3
M=0.7, cold
603 0.701 3.5233E+(Q7 3.1218E+H07 -251.( -251.p 1.5570E-(BBORE+04 1.6610E-03
604 0.701 3.5236E+(Q7 3.1195E+07 -250.94 -250.B 1.5580E-&¥9PE+05 1.6630E-(3
591 0.702 5.0164E+(Q7 4.4922E+H07 -250.4 -253.4 1.4920E-0&78E+05 1.5850E-(3
592 0.702 5.0223E+(7 4.4848E+07 -250.7 -252.p 1.4880E-BOBE+09 1.5830E-0B
575 0.702 6.5241E+Q7 5.8341E+H07 -250.2 -253.p 1.4380E-0H8OE+04 1.5310E-0B
576 0.702 6.5236E+Q7 5.8374E+H07 -250.3 -253.B 1.4430E-0H9QE+04 1.5360E-0B
571 0.702 8.0364E+(Q7 7.2048E+H07 -250.9 -254.8 1.4010E-GR6DE+04 1.4920E-0B3
572 0.702 8.0344E+(Q7 7.2061E+07 -250.4 -254.4 1.4010E-GR4DE+05 1.4920E-(3
M=0.85, cold
605 0.850 3.5125E+(Q7 2.9655E+07 -250.8 -252.p 1.5450E-0%7RE+05 1.6900E-03
606 0.852 3.5179E+(Q7 2.9644E+07 -250.9 -251.B 1.5430E-G3%0RE+05 1.6900E-03
609 0.852 3.5107E+(07 2.9566E+07 -250.4 -251.4 1.5290E-0%6PE+05 1.6750E-03
610 0.850 3.5113E+(Q7 2.9551E+07 -250.7 -251.B 1.5300E-0%6RE+05 1.6770E-(3
593 0.852 4.9993E+(J7 4.2554E+H07 -249.4 -253.b 1.4830E-0B128E+05 1.6180E-(3
594 0.851 5.0107E+07 4.2604E+07 -250.2 -253.b 1.4820E-QRL8BE+09 1.6180E-0B
577 0.850 6.5086E+(Q7 5.5394E+07 -250.2 -254.1 1.4260E-GH6BE+05 1.5580E-03
578 0.851 6.5082E+(Q7 5.5443E+H07 -250.1 -254.8B 1.4280E-B5H58E+04 1.5600E-083
581 0.851 6.5139E+(Q7 5.5614E+07 -250.3 -254.p 1.4160E-GH9BE+05 1.5450E-03
582 0.852 6.5202E+Q7 5.5646E+H07 -250.3 -255.D 1.4140E-(3%628E+04 1.5430E-0B3
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Table 8. Balance Data at Station 2

By Reference From
Temperature  Surveys
Point M, R/t Roll, deg | T, grams G c Ry’
Runs 172-182
1790 0.401 1.505E+07 0.003 55.623 1.791E-P3 1.825E-p3 3TE2805
1791 0.401 1.505E+07 0.004 55.646 1.793E-P3 1.826E-p3 3TE2805
1792 0.401 1.505E+07 0.005 55.615 1.791E-P3 1.824E-p3 3TE2805
1820 0.401 1.504E+07 -0.017 55.732 1.795E-P3 1.828E-p3 929R+05
1821 0.401 1.504E+07 -0.023 55.850 1.800E-P3 1.833E-p3 929R+05
1822 0.401 1.504E+07 -0.019 55.601 1.791E-P3 1.824E-p3 929R+05
1858 0.400 1.503E+07 -0.097 55.555 1.791E-P3 1.825E-p3 921R+05
1859 0.401 1.504E+07 -0.096 55.648 1.794E-P3 1.827E-p3 929R+05
1860 0.401 1.504E+07 -0.103 52.540 1.693E-P3 1.725E-p3 929R+05
Runs 183-193
1934 0.401 1.507E+07 -0.087 57.788 1.856E-P3 1.890E-p3 952R+05
1935 0.401 1.506E+07 -0.088 59.476 1.910E-P3 1.945E-p3 944R+05
1936 0.401 1.506E+07 -0.085 58.003 1.863E-P3 1.897E-p3 944R+05
Runs 194-206
2220 0.402 1.509E+07 -0.068 58.027 1.862E-P3 1.897E-p3 967R+05
2221 0.401 1.508E+07 -0.068 58.966 1.893E-P3 1.929E-p3 959R+05
2222 0.401 1.509E+07 -0.068 59.106 1.897E-P3 1.933E-p3 967R+05
2241 0.401 1.508E+07 -0.025 58.768 1.887E-P3 1.922E-p3 959R+05
2242 0.402 1.509E+07 -0.068 57.771 1.854E-P3 1.888E-p3 967R+05
2243 0.401 1.508E+07 -0.064 57.147 1.835E-P3 1.869E-P3 959R+05
Runs 207-228
2249 0.201 6.044E+06 -0.060 13.446 2.099E-P3 2.109E-p3 9165+04
2250 0.200 6.041E+06 -0.059 13.409 2.094E-D3 2.104E-p3 8935+04
2251 0.200 6.041E+06 -0.057 13.436 2.098E-P3 2.108E-p3 8935+04
2270 0.201 6.045E+06 0.040 13.388 2.087E-P3 2.097E-p3 23504
2271 0.201 6.045E+06 -0.051 13.415 2.091E-P3 2.101E-p3 9285+04
2272 0.201 6.044E+06 -0.044 13.401 2.090E-P3 2.100E-p3 9165+04
2303 0.401 6.050E+06 -0.049 25.879 2.078E-P3 2.116E-p3 0423B+04
2304 0.401 6.048E+06 -0.051 25.905 2.079E-P3 2.118E-p3 028B+04
2305 0.402 6.053E+06 -0.050 25.862 2.075E-P3 2.114E-p3 066B+04
2324 0.402 6.063E+06 -0.039 25.821 2.071E-P3 2.110E-p3 158B+04
2325 0.401 6.061E+06 -0.042 25.813 2.072E-P3 2.110E-p3 138B+04
2326 0.401 6.061E+06 -0.043 25.834 2.073E-P3 2.112E-p3 138B+04
2358 0.602 6.048E+06 0.023 36.083 2.040E-P3 2.126E-p3  13E2604
2359 0.602 6.031E+06 0.024 36.131 2.043E-P3 2.128E-p3  73H:804
2360 0.601 6.042E+06 0.026 36.089 2.042E-P3 2.127E-p3 798804
2379 0.602 6.041E+06 -0.058 36.109 2.041E-P3 2.126E-p3 95BH+04
2380 0.602 6.041E+06 -0.056 36.130 2.042E-D3 2.128E-p3 958H+04
2381 0.602 6.041E+06 -0.054 36.074 2.039E-P3 2.125E-p3 958H+04
2412 0.850 6.028E+06 -0.069 46.042 2.006E-P3 2.174E-p3 4245+04
2413 0.850 6.017E+06 -0.069 46.037 2.007E-P3 2.175E-p3 3445+04
2414 0.850 6.012E+06 -0.067 46.236 2.016E-P3 2.185E-p3 3105+04
2433 0.850 6.028E+06 -0.056 45.878 1.999E-P3 2.166E-p3 4245+04
2434 0.850 6.026E+06 -0.058 46.105 2.010E-P3 2.178E-p3 4065+04
2435 0.850 6.024E+06 -0.059 45.949 2.004E-P3 2.171E-p3 3925+04
2463 0.850 6.036E+06 -0.060 45.963 2.004E-D3 2.171E-p3 47855+04
2464 0.850 6.036E+06 -0.062 46.219 2.015E-P3 2.183E-p3 4755+04
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Table 8. Continued

By Referenc
Temperature Surveys

From

Point M. R/ft Roll, deg T, grams G c Re'
2465 0.850 6.036E+0b -0.057 45.974 2.004E{03 2.172H-034755+04
2499 0.849 6.041E+0pb -0.067 45,991 2.006E{03 2.173H-035085+04
2500 0.850 6.041E+0b -0.072 46.103 2.010E{03 2.178H-035085+04
2501 0.850 6.040E+0b -0.071 45,987 2.005E{03 2.173H-035025+04
2551 0.850 6.042E+0p -0.051 45,977 2.004E{03 2.171H-035165+04
2552 0.850 6.042E+0pb -0.053 46.017 2.006E{03 2.173H-035165+04
2553 0.850 6.041E+0pb -0.056 46.379 2.022E{03 2.191H-035085+04
Runs 229-236
2615 0.202 3.547E+0)7 -0.035 14.624 1.575E{03 1.583H-03538B+04
2616 0.201 3.561E+0f -0.041 14.534 1.567E{03 1.574H-03642B+04
2617 0.201 3.576E+0[7 -0.042 14.559 1.570E{03  1.577H-03762B+04
2633 0.202 3.503E+0f -0.027 14.644 1.575E{03  1.582H-03198B+04
2634 0.202 3.503E+0f7 -0.031 14.713 1.582E{03  1.590H-03198B+04
2635 0.201 3.498E+0[ -0.028 14.644 1.577E{03  1.584H-03158B+04
2636 0.401 6.463E+0[7 -0.009 49.334 1.498E{03 1.526H-036046+04
2637 0.401 6.466E+0[7 -0.009 49.494 1.501E{03 1.529H-0362386+04
2638 0.401 6.464E+0[7 -0.008 49.6271 1.507E{03  1.535H-0360%6+04
2654 0.401 6.534E+0[7 0.001 48.681 1.475E{03 1.502H-03 5ZEH€05
2655 0.401 6.535E+0)7 -0.007 48.591 1.473E{03 1.500H-03068H+04
2656 0.401 6.528E+0[7 -0.002 48.364 1.466E{03  1.494H-03014H+04
Runs 237-250
2709 0.601 9.040E+0[ 0.010 89.444 1.393E{03 1.451H-03 980805
2714 0.401 3.517E+0f 0.008 28.817 1.626E{03 1.656H-03 92HP05
2715 0.401 3.512E+0f 0.007 28.773 1.625E{03 1.655H-03 58HP05
2716 0.401 3.518E+0[7 0.006 28.777 1.623E{03 1.653H-03 99HP05
2732 0.401 3.519E+0f 0.020 28.74( 1.621E{03 1.651H-03 08H-B05
2733 0.401 3.516E+0[7 0.010 28.744 1.621E{03 1.651H-03 83HP05
2734 0.401 3.517E+0f 0.012 28.774 1.622E{03 1.653H-03 92HP05
2735 0.601 3.493E+0[ 0.027 40.064 1.597E{03 1.664H-03 83EKB205
2736 0.601 3.497E+0f 0.017 40.031 1.595E{03 1.662H-03 09B805
2737 0.601 3.493E+0f 0.024 40.049 1.596E{03 1.662H-03 82205
2789 0.601 3.490E+0f 0.045 39.96 1.591E{03 1.658H-03 536B205
2790 0.601 3.494E+0f 0.042 39.974 1.592E{03 1.659H-03 8BEKBR05
2791 0.602 3.492E+0[ 0.044 40.013 1.592E{03 1.659H-03 63EKB205
2792 0.849 3.483E+0[7 0.050 52.16] 1.633E{03 1.769H-03 972805
2793 0.849 3.481E+0[7 0.049 51.01( 1.598E{03 1.731H-03 83805
2794 0.849 3.483E+0) 0.046 51.534 1.613E{03 1.748H-03 972805
2810 0.850 3.488E+0Q) 0.055 49.996 1.563E{03 1.694H-03 227405
2811 0.850 3.482E+0)7 0.051 50.527 1.579E{03 1.711H-03 92805
2812 0.850 3.488E+0[ 0.055 51.064 1.597E{03 1.730H-03 27405
2813 0.402 1.504E+0J7 0.053 13.633 1.786E{03 1.820H-03 292805
2814 0.402 1.502E+0)7 0.057 13.619 1.787E{03  1.820H-03 14805
2815 0.402 1.503E+0J7 0.057 13.61§ 1.787E{03  1.820H-03 22805
2831 0.402 1.506E+0J7 0.062 13.59§ 1.782E{03 1.815H-03 442805
2832 0.402 1.504E+0)7 0.060 13.587 1.783E{03 1.817H-03 292805
2833 0.402 1.503E+0)7 0.061 13.602 1.783E{03 1.816H-03 22805
Runs 251-266
2975 0.402 1.511E+0)7 0.068 31.60( 4.142E103  4.219H-03 820045
2939 0.402 1.509E+0)7 0.042 13.744 1.800E{03 1.834H-03 67805
2977 0.402 1.511E+0)7 0.069 33.284 4.360E103 4.441H-03 82R0045
2976 0.402 1.512E+0)7 0.068 37.657 4.932E103 5.025H-03 90805
2940 0.402 1.514E+0y7 0.041 13.754 1.801E{03 1.835H-03 0%EB€05
2941 0.402 1.515E+0)7 0.041 13.744 1.799E{03 1.833H-03 12B3€05
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Table 8. Concluded

By Referenci From
Temperatur ~ Survey:

Point M. R/ft Roll, deg | 1, grams C c' Ry’

2913 0.600 3.527E+0[7 0.125 39.924 1.595E{03 1.662H-03 20KE05
2912 0.601 3.521E+0[7 0.137 39.94] 1.595E{03 1.662H-03 72405
2883 0.601 6.532E+0)7 0.419 66.761 1.437E{03 1.497H-03 68E+405
2925 0.601 3.523E+0 0.059 39.894 1.592E{03 1.659H-03 83405
2924 0.601 3.518E+0[7 0.065 39.864 1.591E{03 1.657H-03 52405
2926 0.601 3.523E+0f7 0.061 39.857 1.590E{03 1.656H-03 82405
2904 0.601 9.025E+0f7 0.269 86.264 1.342E{03 1.398H-03 9BE@#05
2903 0.601 9.034E+0f7 0.330 86.604 1.347E{03 1.403H-03 5350805
2937 0.601 3.522E+0f 0.043 39.877 1.590E{03 1.657H-03 72405
2900 0.601 6.529E+0f7 0.252 63.264 1.360E{03 1.417H-03 36HE+#05
2936 0.601 3.516E+0f7 0.048 39.904 1.591E{03 1.658H-03 33K405
2881 0.601 6.537E+0[7 0.421 66.747 1.435E{03 1.495H-03 82HE+#05
2882 0.601 6.541E+0f7 0.420 66.379 1.427E{03 1.486H-03 0BHEE05
2905 0.601 9.016E+0[7 0.258 86.574 1.346E{03 1.402H-03 33ER405
2938 0.601 3.522E+0 0.039 39.87§ 1.590E{03 1.656H-03 70405
2902 0.601 6.540E+0[7 0.253 63.494 1.364E{03 1.421H-03 9ZE+05
2914 0.601 3.529E+0)7 0.128 39.939 1.591E{03 1.658H-03 12K805
2901 0.601 6.539E+0[7 0.251 63.307 1.360E{03 1.417H-03 838HE#05

Table C1. Instrumentation Locations
() Plug Locations

Plug Centers

Plug X, in. Z, in.
1 13.25 0.000*
2 13.25 3.500
3 13.25 -3.500
4 30.75 0.000*
5 30.75 3.500
6 30.75 -3.500
7 48.25 0.000*
8 48.25 3.500
9 48.25 -3.500

Note:

* center of skin friction balance at

Stations 1, 2, and 3
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Table C1. Continued
(b) Pressure Orifice Locations

Qrifice X, in. z,in.
1 4.250 0.000
2 6.250 0.000
3 8.250 0.000
4 10.250 0.000
5 16.250 0.000
6 18.250 0.000
7 20.250 0.000
8 22.250 0.000
9 24.250 0.000
10 26.250 0.000
11 27.750 0.000
12 33.750 0.000
13 35.750 0.000
14 37.750 0.000
15 39.750 0.000
16 41.750 0.000
17 43.750 0.000
18 45.250 0.000
19 51.250 0.000
20 53.250 0.000
21 55.250 0.000
22 57.250 0.000
23 4.250 4.375
24 16.250 4.375
25 22.250 4.375
26 33.750 4.375
27 39.750 4.375
28 51.250 4.375
29 4.250 -4.375
30 16.250 -4.375
31 22.250 -4.375
32 33.750 -4.375
33 39.750 -4.375
34 51.250 -4.375
35 10.250 6.000
36 10.250 4,500
37 10.250 3.000
38 10.250 1.500
39 10.250 -1.500
40 10.250 -3.000
41 10.250 -4.500
42 10.250 -6.000
43 27.750 6.000
44 27.750 4.500
45 27.750 3.000
46 27.750 1.500
47 27.750 -1.500
48 27.750 -3.000
49 27.750 -4.500
50 27.750 -6.000
51 45.250 6.000
52 45.250 4.500
53 45.250 3.000
54 45.250 1.500
55 45.250 -1.500
56 45.250 -3.000
57 45.250 -4.500
58 45.250 -6.000




Table C1. Continued
(c) Plug Orifice Locations

Station 1
Large Plug
Orifice X, in. Z, in.
59 12.050 1.200
60 12.050 -1.200
61 12.400 0.850
62 12.400 -0.850
63 13.250 1.700
64 13.250 1.200
65 13.250 -1.200
66 13.250 -1.700
67 14.100 0.850
68 14.100 -0.850
69 14.450 1.200
70 14.450 -1.200
Small Plug
| 71 | 13.003 -0.247
Station 2
Orifice X, in. z, in.
59 17.500 1.200
60 17.500 -1.200
61 17.500 0.850
62 17.500 -0.850
63 17.500 1.700
64 17.500 1.200
65 17.500 -1.200
66 17.500 -1.700
67 17.500 0.850
68 17.500 -0.850
69 17.500 1.200
70 17.500 -1.200
| 71 | 17.500 -0.247
Station 3
Orifice X, in. z, in.
59 47.050 1.200
60 47.050 -1.200
61 47.400 0.850
62 47.400 -0.850
63 48.250 1.700
64 48.250 1.200
65 48.250 -1.200
66 48.250 -1.700
67 49.100 0.850
68 49.100 -0.850
69 49.450 1.200
70 49.450 -1.200
[ 71 [ 48.003 -0.247

86
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Table C1. Concluded
(d) Thermocouple Locations

TC No. X, in. Z, in.

1 5.250 0.000
2 17.250 0.000
3 25.250 0.000
4 34.750 0.000
5 42.750 0.000
6 52.250 0.000
7 4.250 2.625
8 12.250 2.625
9 16.250 2.625
10 29.750 2.625
11 47.250 2.625
12 12.250 4.375
13 29.750 4.375
14 47.250 4.375
15 4.250 -2.625
16 12.250 -2.625
17 16.250 -2.625
18 29.750 -2.625
19 47.250 -2.625
20 12.250 -4.375
21 29.750 -4.375
22 47.250 -4.375
23 backside, below T12
24 backside, below T13
25 backside, below T14
26 balance cannister
27 balance cannister
28 rake

29 rake

30 terminal strip - forward
31 terminal strip - mid
32 terminal strip - aft

Table C2. Rake Tube Locations

Tube No. y, in. Tube No. y, in.
1 0.005 16 0.318
2 0.015 17 0.395
3 0.012 18 0.483
4 0.020 19 0.598
5 0.063 20 0.731
6 0.088 21 0.814
7 0.068 22 0.896
8 0.085 23 0.995
9 0.073 24 1.099
10 0.107 25 1.221
11 0.112 26 1.346
12 0.149 27 1.492
13 0.177 28 1.638
14 0.221 29 1.815
15 0.262 30 2.009
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Figure 1. Transformed velocity profiles in lawo#ll coordinates—NTF data.
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Figure 2. Incompressible flat plate skin frictidreories.
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Figure 3. High Reynolds numberaompared with theory.
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Figure 4. Effect of pressure gradient on Preston tube measured skin friction.
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Figure 5. Effect of heat transfer on Preston tube measured skin friction.
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Figure 6. Effect of model geometry and pressure gradient on the downstream growth of momentum
thickness at Mach 0.9.
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Figure 7. Comparison of flat plate and axisymmetric skin friction coefficients.
(a) Mach=0.2, R/in=1.48 x 10°.
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Figure 7. Concluded.
(b) Mach=0.9, R/in=90.5 x 10°.
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Figure 8. Calculated turbulent wall scaling.
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Figure 10. Continued
(b) Dimensionsin vicinity of survey stations.
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Figure 10. Continued.
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Figure 10. Continued.
(d) Sketch of Preston tube mounted on large plug.
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Figure 10. Concluded.
(f) Boundary layer rake tube placement.

30.00



98

3.0

percent blockage
- — [a%] N
o (3] o (3]

o
3]

0.0

model radius = 6.37 iﬁches

/

/

/

0.0

1.0 2.0 3.0 4.0 5.0 6.0

model radius, inches

Figure 11. Area blockage of cylindrical model ifiN

Figure 12. Instrumentation photographs.
(a) Skin friction balance.
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Figure 12. Continued.
(b) Preston tube.

Figure 12. Concluded.
(c) Boundary layer rake mounted on model plug.
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Figure 18. Representative model pressure and t@type distributions.
(a) Pressure distributions at M = 0.4, 0.6, Orid @.85.
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Figure 18. Continued.
(b) Temperature distribution, ambient run at M.Z.0
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(d) Temperature distribution, cold run at M = 0.6.
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(e) Temperature distribution, cold run at M = 0.7.
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Figire 18. Concluded.
(f) Temperature distribution, cold run at M = 0.85
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Figure 19. Data derived from velocity profiles.
(a) Effect of additive constant on Clauser-derigkih friction coefficients.
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Figure 19. Continued.
(b) Transformed wall profiles at Station 1.
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(c) Transformed wall profiles at Station 2.
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Figure 19. Continued.
(d) Transformed shape factors.
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Figure 19. Continued.
(e) Transformed wake profiles at Station 1.

Point 692, R =56,260

e o Point 793, R,=31,300
21 B Point 811, R,=27,870 1
’!ﬁﬁ a Point 713, R =58,490
L5 Point 671, R =135,000 |

Point 927, R =123,400 L
Point 867, R =266,300
Point 813, R =505,300
Point 734, R, =525,100
Point 879, R =245,400 h
Point 841, R =465,400 B
Point 848, R =465,700
Point 839, R,=551,900 B
Point 824, R, =614,300 o
Point 825, R,=616,100
Point 837, R =599,900
Point 752, R =52,420
Point 915, R =226,600
Point 945, R =312,600 Tl
Point 855, R,=401,200
Point 856, R,=402,000 =
L ——— Coles, I1=0.451, eq. (13) |-
1 L T Coles, I1 = 0.55, eq. (13)
14 GRS [N (NN (NN [N (S [Ny E Sy s [ S [ [—

0 0.2 0.4 ) 0.6 0.8 1

PO Od

QA 4AdvyrmdOby

Figure 19. Continued.
(f) Transformed wake profiles at Station 2.
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Figure 19. Continued.
(g) Transformed wake profiles at Station 1, parenseof ref. 45.
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Figure 19. Concluded.
(h) Transformed wake profiles at Station 2, paranseof ref. 45.



7.E405
6.E+05 | .f_,o
."07,
M=0.4, eq. (15} it
5E+05 F | A B
R’ ——— M=0.85, eq. (15) o
4.E+05 |
3.E+05 |
2.E+05 |
1.E+05 |
0.E+00 ! . . . )
0.0E+00 2.0E+07 4.0E+07 6.0E+07 8.0E+07 1.0E+08
RIft
Figure 20. R from rake at Station 2.
2.5E-03
IR
] M=0.4, hot L
\V4 M=0.7, hot
> M=0.85, hot [T
] M=0.4, cold Ll
A M=0.6, cold
2.0E-03 v M=0.7,cold 1T
» M=0.85, cold || ||
Cf
1.5E-03 ’ 1
|
1.0E-
0E-03 58 10’ 10° 10°

R/t
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(&) Compressible variables.
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(b) Incompressible variables.
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(b) B =5.5in Law of Wall reduction.
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Figure 23. Concluded.

(c) Polynomial fits to Preston tube and rake data.
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Figure A1. Concluded.
(b) Turbulent measurement from Klebanoff.
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Figure B2. Clauser method applied to transformed data.
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Figure D1. Photograph of Preston tube mounted on Superpipe plug.
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