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FLIGHT TRANSITION DATA FOR ANGLES OF ATTACK AT MACH 22
WITH CORRELATIONS OF THE DATA

Charles B. Johnson and Christine M. Darden
Langley Research Center

SUMMARY

Boundary-layer tfansition data for angles of attack from 2.5° to 47° from a flight
experiment with a cone that reentered at angles of attack up to 750 are analyzed and their
local flow conditions presented. The transition data were obtained from both acoustic
and electrostatic sensors. There are 102 transitional and turbulent data points from
electrostatic sensors and 16 data points from acoustic sensors. Previously unpublished
local flow properties are presented for the 93 transitional and turbulent data points and
for the 139 laminar data points all from the electrostatic sensors. The data from the
acoustic and electrostatic sensors are correlated by use of three different sets of corre-
lating parameters. For each set of correlating parameters, the transitional and turbu-
lent data from the acoustic and electrostatic sensors are plotted separately. Each of the
correlations was compared with a linear curve fit of previous cone-flight data at near
zero angle of attack. The data from acoustic sensors fell below the linear curve fits to
the flight data and indicated the sensitivity of the sensors and also that the acoustic sen-
sors were probably detecting the onset of transition. The transition data from the
electrostatic sensors tended to scatter much more than the data from the acoustic sen-
sors did. However, the data from the electrostatic sensors tend to scatter about the
linear curve fits based on previous flight data.

INTRODUCTION

The heat protection system required for an entry vehicle or hypersonic cruise
vehicle depends in part on the ability to predict the location of the onset of transition.
The development of the space shuttle has focused interest on the effect of angle of attack
on the location of the start and end of transition. There has been a concerted effort to
develop a theoretical prediction of where transition occurs in the laminar boundary layer;
however, to date the prediction of the location of the onset of transition is largely based
on empirical correlations of ground test data with limited amounts of flight data (about
10 percent of the total number of transition data points, see refs. 1 and 2). Much of the
known free flight, ballistic range, and ground test data (primarily for « = 0) are presented



in references 1 to 3 in the form of various correlations. In recent years there has been
a concerted effort to obtain transition data from ground tests on specific shuttle configu-
rations and on simplified geometries based on generalized space shuttle shapes (see
refs. 4 to 6), both types of configurations being tested over a wide range of angle of
attack. However, since much of the flight data of transition given in references 1 to 3
were obtained at angles of attack of 00, there was a need for additional flight transition
data at large angles of attack for analysis of boundary-layer transition on the space
shufttle.

One source of much of the flight transition data at angles of attack from approxi-
mately 2.5 to 47° was supplied from a flight experiment with a cone which was designed
to reenter at a nominal angle of attack of 00; however, because of some anomaly above
the Earth's atmosphere, the cone had an oscillatory reentry with initial angles of attack
up to 75°. The transition data from this anomalous flight are presented in references 7
and 8; however, the analysis of the transition data based on local flow conditions is very
limited and the purpose of this paper is to present a more detailed analysis with local
flow conditions calculated for laminar, transitional, and turbulent data points. In addition,
this paper will present the data points by use of the most recent correlating parameters
presented in reference 2.

SYMBOLS

Fo defined by equations (4) and (7)

h static enthalpy

l nondimensionalizing constant length used in calculating unit Reynolds number
(see eq. (1)), can be 1 meter, 1 foot, model length, or some other constant
length

M Mach number

R local unit Reynolds number

Re,x local Reynolds number based on axial distance to transition

Re, 5 local transition Reynolds number based on 5* (see eq. (2))

_e, 5% local transition Reynolds number based on 6%, calculated by method of

reference 8



Subscripts:

unit Reynolds number nondimensionalized by [
absolute temperature

local velocity

velocity of flight vehicle

axial distance to transition from virtual origin of vehicle
local angle of attack

angle of attack relative to vehicle center line
ratio of specific heats

displacement thickness

momentum thickness

coefficient of viscosity

azimuth angle (see fig. 1)

density

standard deviation

angle relative to windward meridian

local conditions at edge of boundary layer
incompressible
wall

free stream ahead of body shock



FLIGHT VEHICLE AND INSTRUMENTATION

The cone and associated instrumentation which was used to obtain the flight
boundary-layer transition data at angle of attack is shown in figure 1. The reentry vehi-
cle was an 8° half-angle beryllium cone, which had a 2.54-mm-radius graphite nose, and
reentered the Earth's atmosphere at approximately 6.9 km/sec at an angle of attack up
to 75°.

Two flights of this particular configuration were made by a contractor for the U.S,
Department of Defense. The first of these two flights (referred to as flight 1 in ref. 8)
reentered at high angles of attack because of some anomaly above the Earth's atmos-
phere. (See fig. 2.) The second of these heavily instrumented flights entered at the
design angle of attack of 0° (referred to as flight 2 in ref. 8). The transition data from
flight 2 were analyzed to provide a method for the interpretation of the output of the
electrostatic and acoustic sensor of the high angle-of-attack data from flight 1. However,
the results of the anomalous angle-of-attack flight were of no use to the Department of
Defense and were not reduced until funds were made available by the Langley Research
Center.

The vehicle has a nearly constant rolling motion of approximately 15 revolutions
per minute in addition to the pitching motion shown in figure 2. As a result of these
motions, the various rays of instrumentation are at some instant on the windward merid-
ian. The motion of the vehicle caused a rapid change in the local angle of attack which
coupled with the rapid change in free-stream conditions resulted in a large variation of
flow properties at the edge of the boundary layer. This body motion further caused a
particular sensor, for the instances when it was on the windward meridian, to indicate a
turbulent, then laminar, and then turbulent boundary layer for high, then low, and then
high local angles of attack, respectively. Later analysis showed that an indication of the
type of boundary could also be found when the sensor was far away from the windward
meridian,

RESULTS AND DISCUSSION

In the initial phase of the analysis of the data from the high-angle-of-attack flight
(flight 1), only the transition data obtained from acoustic sensors were used to determine
whether the boundary layer was laminar, transitional, or turbulent. The transitional data
for the acoustic sensors are presented in table I and include the free-stream Mach num-
ber, the vehicle center-line angle of attack, the location of the sensor, the type of bound-
ary layer at the sensor, the local Mach number, the local flow angle, and the local
Reynolds number based on (1) axial distance to the sensor, (2) local momentum thickness,



and (3) local displacement thickness. The flow-field and boundary-layer properties pre-
sented in all tables (tables I to IV) were calculated by using the small-cross-flow theory
presented in reference 8. The assumption of a relatively sharp nose .cone was used in
the calculation; its use seemed to be justified because the first sensors were approxi-
mately 327 nose radii downstream from the nose. In addition, any possible changes in
the nose shape due to ablation during reentry were neglected in the calculation. Eight of
the transition data points were obtained when the acoustic sensor was on the windward
meridian (¥ = 0); and nine of the data points indicating a turbulent boundary layer were
obtained from the acoustic sensor when it was off the windward meridian. These data
from the acoustic sensor were first presented in reference 6 in both tabular form and in
three different boundary-layer transition correlations applicable to the space-shuttle
transition criterion. The boundary-layer transition data from the acoustic sensors are
also presented in reference 8 with about the same tabular listing of the local flow prop-
erties as those given in table 1.

At the time that the study of the transition data from the acoustic sensors was
nearly completed, it was determined that much more transition data could be obtained
from the eight electrostatic sensors on the same flight vehicle. (See fig. 1.) The electro-
static sensors indicate the onset of transition when a fluctuation of the charged particles
in the boundary layer is detected. For a further explanation of the techniques used for
obtaining transition data from both the acoustic and electrostatic sensors, see reference 8.
Initially, the data from the electrostatic sensors were obtained by examining the output
from the sensors when they were on the windward meridian (¢ = 0). The data from the
electrostatic sensors on the windward meridian are presented in table II which presents
the same type of data as table I. Most of the data points from the electrostatic sensors
found on the windward meridian (y = 0) were first presented in reference 6 with the same
local flow-field calculations as were used in table I. Nearly the same windward meridian
(y = 0) data are presented in reference 8 with about the same tabular data listed but with
a few more data points than those presented in reference 6. The output from the electro-
static probes was examined and gave an indication as to whether the boundary layer was
laminar, transitional, or turbulent. The transitional data are defined as output that was
just on the threshold of transition detection. After study of the output from the electro-
static sensor on the windward meridian (i = 0) was completed, it was determined that
much more data could be obtained by examining the output of the same sensors when they
were +5° from the windward meridian (y = +5°). These data at Y =+5° are presented
in table HI'with the same type of data as presented in tables I and II. These data at
Y= +5° are preseénted in reference 8 with no local flow-field or boundary-layer caleula-
tions but with just a tabulation of the location of the sensor, the vehicle angle of attack,
the free-stream Mach number, and the type of boundary layer at the sensor. The data



from the electrostatic sensors for both ¥ =0 and = +5° are presented in refer-
ence 8 as ""Measurements on the Windward Ray." The data listed in tables II and III pro-
duced a total of 124 laminar boundary-layer data points and a total of 33 transitional and
turbulent boundary-layer data points. In addition to the data from the electrostatic sen-
sors obtained at ¢ =0 and y = +5° (tables II and II), much data were obtained from
measurements from the sensors with values of i  much greater than +5% and are pre-
sented in table IV with the same type of data as presented in tables I to TII. The restric-
tions to the type of data in table IV obtained "Off the Windward Ray'' are described in
detail in reference 8, The data found away from the windward meridian, as listed in
table IV, produced a total of 69 transitional and turbulent boundary-layer data points and
a total of 57 laminar data points. In reference 8 there are 232 data points from the elec-
trostatic sensors for which no local flow-field or boundary-layer calculations were made.
The results from local flow-field and boundary-layer calculations for these 232 data
points are presented in tables II and IV.

CORRELATION OF TRANSITION DATA

The transition data from the acoustic sensors and a limited number of the electro-
static static sensors (located on the windward meridian) were presented in reference 6 in
a correlation in the form of

1 Re 5*
810\ -70.25 (1)

plotted against local Mach number where Re 5* is calculated by using the simplified
2
local similarity formula given in reference 1 as

1/2
_ (2 Pty Pele® y=1..2 Ty«
Re,é*’ <3 Peue lle \" 32 Me Gi + Té 51 (2)

6; = 0.4696 and 61* = 1.217. The correlating parameter (eq. (1)) in reference 6 also used
equation (2) to determine the value of 6*. All correlating parameters presented in this
report use equation (2) to determine the value of Re'" 5% Infigures 3 to H-are shown
correlations of ‘the flight transition data, presented in tables I to IV and using the corre-
lating parameter of equation (1) plotted as a function of the local Mach number. The data
in figure 3 were obtained with acoustic sensors (see fig. 1) and the data show a nearly
linear variation with local Mach number. The solid line indicates the best linear curve
fit to 77 sharp-cone flight data points for cones at an angle of attack of 0° (originally pre-

sented in ref. 1 and used in ref. 6). The acoustic sensor data indicate transition at a



lower value of the correlating parameter than the line from the flight data points for the
0° angle-of-attack cone, the difference being larger as the local Mach number decreases.
A similar phenomenon was noted from wind-tunnel tests in references 9 and 10. It is
likely that the data fell below the flight data points for the a= 0° cone because of the
extreme sensitivity of the acoustic sensors to noise in the transitional and turbulent
boundary layer and because of the early onset of transition due to crossflow resulting
from the cone being at an angle of attack. The fact that the data from the acoustic sen-
sors fall below the linear fit to the flight data points for the a= 0° cone indicates that
these sensors give an indication of the early stages of transition which could be better
termed as the onset of transition. Thus, the extreme sensitivity of the acoustic sensors
to turbulence level in the boundary layer plus the crossflow on the cone results in the
data being below the linear fit to the sharp cone flight data as indicated in figure 3.

A plot similar to that of figure 3 is shown in figure 4 for transition data obtained
with electrostatic sensors. The data from the electrostatic sensors show a trend that is
similar to the trend indicated by the acoustic sensors in figure 3; however, there is con-
siderable scatter in the data. The solid line from the 78 sharp-cone data points is in the
upper part of the data scatter and gives an approximate upper bound to the transition data.
It is interesting to note that in figure 9(b) of reference 6 that at a local Mach number of
about 6 the data began to drop from a linear curve given for the flight data points for the
a=0° sharp cone. This same dropoff at a local Mach number of about 7 is noted for the
transition data in figure 4 and again is attributed to the effect of angle of attack. In ref-
erence 6 additional data at local Mach numbers less than about 5 showed a marked
decrease in the correlating parameter.

In figure 5 the laminar data points listed in tables I to IV are included with the
transition data previously shown in figures 3 and 4. Above a Mach number of about 6.0,
the transitional and turbulent data show a trend of being above the open symbol laminar
boundary-layer points; this trend indicates that above a Mach number of 6, a fairing
through the turbulent and transitional data points should be a good indication of where
transition can be expected. In figure 5 it should be noted that the data from the acoustic
sensors lie in the lower part of the turbulent data points. This again indicates the sensi-
tivity of the acoustic sensor which detects transition at a lower value of the correlating
parameter than the electrostatic sensors do.

At the time the correlation parameter (eq. (1)) in figures 3 to 5 and in reference 6
was being used, a new type of correlation was being developed. The new correlation was
based on a statistical, parametric study, in which a computer program was used to take
into account the combined effects of unit Reynolds number, Mach number, and boundary-
layer wall-to-edge enthalpy ratio on the correlating parameters. A description of the



new method is given in references 2 and 3. The new method of correlating transition
data was particularly successful in a correlation of the Reentry F transition data (see
ref. 3) when the parameter

Re 5*
logyq -1-2—(’).—3 (3)
(A
was plotted against f‘z, where F, is defined as

Fg =0.70579 + 0.17929M, + (0.3760 - 0.04234Me)h——w-
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The data correlations using logyg —2-—0 3 and Fo9 given in equation (4) are shown in
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figures 6 to 8, and are compared with a linear curve fit found in reference 3 for two sets
of flight data. The equation for the faired curve is

Re 5*

log10<———6—3—> = 0.81645F, + 0.4117 (5

R,
where [ =1 meter. The slight difference in equation (5) and the equation found in refer-
ence 3 is a result of the [ used in the correlating parameter of reference 3 being equal
to 0.3048 meter (1 foot). The data in figures 6 to 8 are again taken from the data in
tables Ito IV. The turbulent and transitional boundary-layer data from the acoustic
sensors are shown in figure 6, and, as was found in figure 3, show a linear variation
with Fo. In addition, the data fall below the curve fit of equation (4) which again indi-
cates the sensitivity of the acoustic sensors to the onset of transition. In figure 7 are
shown the transitional and turbulent data from the electrostatic sensors. These data from
the electrostatic sensors, as previously noted in figure 4, tend to scatter more than the
data from the acoustic sensor. However, the data tend to scatter above and below the
curve fit from equation (4). It should be noted that the data in figure 7 did not show a
significant increase in slope in the low range of value of Fy, unlike the data in figure 4
which showed a marked increase in slope below a Mach number of approximately 6. How-

ever, the data in figure 7 indicate that for a value of F2 less than about 2.0, the
scattering of the data tends to show a slight increase in slope.

In figure 8 the laminar data points from tables I to IV are combined with the turbu-
lent and transitional data from figures 6 and 7. There is a trend in figure 8 for the



transitional and turbulent data points to have a higher value than the open-symbol laminar
data points for a value of F, greater than approximately 2.0. Below an Fy of 2.0, the
turbulent and laminar points are mixed.

The data for the third correlation, taken from tables I to IV, are shown in figures 9
to 11 and were based on the free-flight correlation of reference 2 in which the transition
parameter

Res*

logygl —=— (n = 0.275) (6)

0 ”D
1

was plotted against Fy where F, as given in reference 2is

F, = 0.73825 + 0.19448M,, + (0.41157 - 0.04649M )zw
€

hy, 2
+(-0.07275 + 0.008712M )| — )
he

These coefficients gave the lowest standard deviation from a least-squares curve fit of
the data (that is, o, = 0.141) (with 7 equal to 0.3048 m (1 ft)). Also given in reference 2
is a linear curve fit of the transition parameter as a function of Fo given by

Re,5*
—_—t ) =
10g10( l0.275> = 0.75352 + 0.74794F2 (8)

where 1 is equal to 0.3048 m (1 ft).

In figure 9 the transition data from the acoustic sensors fall slightly below the linear
curve fit of the transition data (eq. (8) between values of F, of approximately 2.2 to 2.8).
For values of F2 less than approximately 2.2, the data fall increasingly below the linear
fit of equation (8) as Fgo decreases. The fact that the data from the acoustic sensors
fall below the linear fit to the 77 flight data points from reference 2 again indicates that
the data from the acoustic sensors are very sensitive to the onset of transition.

; The data in figure 10 are from electrostatic sensors where the transitional data are
indicated by the diamond symbols and the fully turbulent data points are indicated by the
circles with crosses in them. In general, the transitional data are in the lower part of

the scattering of the turbulent data. Data from the electrostatic sensors show good agree-
ment with the linear curve fit of equation (8), which is based on the 77 flight data points
from reference 2, with the exception of a few points with values of Fy less than about 2.2.



A comparison of the linear curve fits of the transitional and turbulent data in figures 7

and 10 (egs. (5) and (8), respectively) indicates that equation (8) gives the best fit to the
data.

In figure 11 are shown the transitional and turbulent data as well as the .laminar
data from both the acoustic as well as the electrostatic sensors. Again, the laminar data,
indicated by the open symbols, in general fall below the transitional and turbulent data
points as was previously indicated in figures 5 and 8. For values of F9 from 2.2 to 2.8
the linear curve fit (eq. (8)) from the 77 flight data points from reference 2 appears to be
the approximate dividing line between laminar and turbulent (and transitional) data.

Below a value of Fg9 of about 2.2 the laminar and turbulent data are mixed with the
linear curve fit from reference 2 going through the data. Below a value of Fg of

about 2.0, the lowest data points are almost all laminar and fall well below the linear
curve fit to the flight data. It can be inferred, from within the scatter of the data, that
above a value of F9 of about 1.8, the effect of angle of attack is negligible when the data
are compared with the linear curve fit (eq. (8)) which was obtained from data predomi-
nately at an angle of attack of 0°. For the limited amount of transition data below a value
of Fg of 1.8, there is an effect of angle of attack which causes transition to occur at a
lower angle of the correlating parameter.

CONCLUDING REMARKS

Additional points of transition data from a flight experiment which used a cone that
reentered at high angles of attack were analyzed and their local flow conditions were pre-
sented. Laminar, transitional, and turbulent boundary-layer data from both acoustic and
electrostatic sensors on the flight cone have been presented previously; however, the
local flow conditions for the electrostatic sensors have only been presented for conditions
when the electrostatic sensor was on the windward meridian. Presented herein in tabular
form are the previously unpublished local flow conditions for the 93 transitional and tur-
bulent data points and the 139 laminar data points. The tables of local conditions include
angle of attack, Mach number, and Reynolds number based on axial distance, momentum
thickness, and displacement thickness.

The data from the acoustic and electrostatic sensors were correlated by use of three
different sets of correlating parameters. For each set of correlating parameters, the
transitional and turbulent data from the acoustic and electrostatic sensors were plotted in
separate correlations. In a third correlation all the data from both sensors including
laminar, transitional, and turbulent data were plotted for the three sets of correlating
parameters. For most of the data in the combined plots, the laminar data tended to fall

10



below the transitional and turbulent data and gave a reasonably clear indication of where
transition can be expected to occur.

Each of the 9 correlations of the data was compared with a linear curve fit of
approximately 77 flight data points at an angle of attack of approximately 0°. m every
instance the transition data from the acoustic sensors showed a linear variation with the
correlating parameters but the data from the acoustic sensors fell below the linear curve
fit of the flight data. In addition the transition data from the acoustic sensors fell in the
lower region of the scattering of the data from the electrostatic sensors. These two
aspects of the data from the acoustic sensors indicated that they were very sensitive to
the noise in the boundary layer and that they were more likely detecting the onset of
transition rather than a fully developed turbulent flow.

The transitional and turbulent data from the electrostatic sensors, which outnum-
bered the data from the acoustic sensors by a ratio of 102 to 16 tended to scatter much
more than the acoustic sensor data. However, the data from the electrostatic sensors
tended to scatter about the linear curve fits based on previous flight data. At lower values
of the correlating parameter the data from the electrostatic sensors tended to show a
dropoff from the linear curve fits from the other flight data. This dropoff (that is, an
increase in slope within the scatter of the data) in the data was attributed to the effect of
angle of attack and was most noticeable when the correlating parameter was plotted
against Mach number. In general, when the correlating parameter was plotted against
the parameter with the matrix coefficients, most of the data tended to scatter about the
linear curve fits from previous flight data, with just a slight dropoff at the lower values
of the correlating parameters. A comparison of the data with two linear correlations of
the parameter with matrix coefficient indicated that the correlation of reference 2 showed
the closest agreement with the data.

Langley Research Center

National Aeronautics and Space Administration
Hampton, Va. 23665

May 23, 1975
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TABLE II.- DATA ON THE WINDWARD MERIDIAN (ELECTROSTATIC SENSORS)

Azimuth e
m;(t’er dlg’g ange, Boun«i;;g-layer M, zi“; M, Re,x Re,e Re,b* dzé
0.832 | 0 0 Laminar 20.40| 11.64 | 5.96 | 2.00 x 10° | 141.8 9.925 x 102 | 19.64
0 Laminar 20.48| 4.97| 8.625.54 x 10% | 263.2 3.910 x 10% | 12.97
0 Laminar 21.58| 13.50 | 5.45|8.22 x 10° | 279.5 1.659 x 10° | 2150
0 Laminar 21.76| 3.90| 9.42|2.70 x 10% | 592.0 1.052 x 104 | 11.90
0 Laminar 22.00| 2.90 | 10.15 | 4.15 x 105 | 746.8 1.539 x 10% | 10.90
1 0 Laminar 22.20| 9.64| 6.65|2.63x 10° |532.2 4713 % 10° | 17.64
1.207 0 Laminar 20.40{ 11.63 | 5.93 | 2.91x 10° | 171.1 1.201x 103 | 19.63
0 Laminar 20.48| 4.97| 8.64|8.06x 10% | 317.6 4.738 x 10° | 12.97
0 Laminar 21.76| 3.90| 9.44|3.92 x 108 | 713.8 1.271x 104 | 11.90
0 Laminar 22.00] 2.90 | 10.16 | 6.02 x 108 | 900.4 1.860 x 10* | 10.90
) 0 Transitional | 22.20| 9.64 | 6.66 | 3.82 x 10% | 641.3 5.685 % 10° | 17.64
2.235 0 Laminar 20.57| 27.00 | 3.13| 1.08x 10% | 83.1 1.630 x 102 | 35.00
0 Laminar 20.40| 11.63 | 5.93 | 5.41x 10° | 233.3 1.643x 10° | 19.63
0 Laminar 20.48| 4.97| 8.661.50 x 10% | 433.3 6.500 x 103 | 12.97
0 Laminar 21.76| 3.90 | 9.45]| 7.28 x 10° | 972.9 1738 x 10% | 11.90
0 Turbulent 22.00| 2.90 | 10.18 ] 1.12x 107 | 1.227x 10° | 2.543 x 10* | 10.90
832 180 Laminar 23.70| 13.81| 5.31| 1.27x 10% | 34.5 1.943 x 102 | 21.81
180 Laminar 21.00| 6.82| 7.66|1.29 % 10° | 123.4 1.447% 10% | 14.82
180 Laminar 20.42| 6.78| 17.68|2.21x10° | 161.3 1.901 x 103 | 14.78
180 Laminar 20.61| 7.60| 17.37]5.04 x 109 | 248.9 2.701 % 103 | 15.60
180 Laminar 20.91| 6.05| 8.11]9.26x 10° |334.3 4.397% 108 | 14.05
180 Laminar 21.45| 4.16| 9.22 | 1.73x 108 | 471.9 8.019x 10 | 12.16
180 Laminar 21.65| 8.98| 6.87|1.38 x 105 | 389.2 3.678 x 10° | 16.98
180 Laminar 21.89| 2.57|10.38 | 3.69 x 105 | 709.2 1.528 x 10% | 10.57
] 180 Laminar 22.10| 5.25 | 8.64 | 3.70 x 10° | 677.9 1.013 x 10* | 13.25
1.702 180 Laminar 21.00| 6.82] 7.70 | 2.67x 10° | 177.4 2.103 x 10% | 14.82
180 Laminar 20.61| 7.60 | 17.38 | 1.11x 10% {356.8 3.891 x 103 | 15.60
180 Laminar 20.91| 6.05| 8.13 | 1.90 x 10% | 479.3 6.335 x 103 | 14.05
180 Laminar 21.45| 4.16| 9.24 | 3.55x 10° | 676.5 1.156 x 10* | 12.16
180 Laminar 21.89| 2.57|10.40 | 7.58 x 108 | 1.016 x 10% | 2.201 x 10* | 10.57
' 180 Transitional | 22.10| 5.25| 8.65|7.58 x 10% |971.0 1.455 x 10% | 13.25
3.531 180 Laminar 23.70| 13.81 | 5.36 | 5.48 x 10% | 71.9 4.132 x 102 | 21.81
180 Laminar 21.00| 6.82 | 7.73 | 5.58 x 10° | 256.4 3.064 % 103 | 14.82
180 Daminar 20.42( 6.78 | 7.73 | 9.51 x 10° | 334.6 4.001 x 10° | 14.78
180 Laminar 20.61| 7.60 | 7.40 | 2.31x 10° |514.8 5.633 x 10° | 15.60
180 Laminar 20.91| 6.05| 8.14|3.96 % 105 | 691.5 9.171 x 10° | 14.05
180 Laminar 21.45| 4.16| 9.26 | 7.39x 105 | 975.9 1.674 x 10% | 12.16
180 Turbulent 21.89| 2.57|10.42|1.58x107 | 1.466x 103 | 3.186 x 10% | 10.57
v 180 Transitional | 22.10| 5.25| 8.66 | 1.58 x 107 | 1.400 x 10° | 2.103 x 10 | 13.25
4.216 180 Laminar 23.70 | 13.81 | 5.37|6.56% 10* | 78.6 4.528 x 102 | 21.81
180 Laminar 21.00| 6.82 7.73 | 6.68 x 10° | 280.4 3.356 x 10° | 14.82
180 Laminar 20.42| 6.78 | 7.74 | 1.14 x 10% | 365.8 4.380% 105 | 14.78
180 Laminar 20.61| 7.60 | 7.40 | 2.76 x 108 | 562.7 6.162 x 103 | 15.60
180 Laminar 20.91| 6.05| 8.15|4.73x 108 | 755.9 1.003 x 10% | 14.05
180 Laminar 21.45| 4.16 | 9.26 {8.82x 108 | 1.067x 10% | 1.831x 10* | 12.16
180 Turbulent 21.89| 2.57 |10.43 | 1.88x 107 | 1.602 x 10° | 3.485 x 10* | 10.57
180 Turbulent 22.10| 5.25] 8.67|1.88x 107 | 1.530 x 10° | 2.209 x 10* | 13.25
150 Laminar 20.41| 12.88 | 5.59 | 1.01 x 10° | 313.2 1.956 x 103 | 20.88
150 Laminar 20.90| 4.08 | 9.26 | 5.71 x 105 | 858.8 1.472x 104 | 12.08
150 Turbulent 21.43| 7.99 | 7.28 | 5.82 x 10 | 812.6 8.612 x 103 | 15.99
v ) 150 Turbulent 21.88| 2.74 [10.30 | 1.84 x 107 | 1.579x 10° | 3.348 x 104 | 10.74




TABLE III.- DATA NEAR THE WINDWARD MERIDIAN (ELECTROSTATIC SENSORS)

Azimuth

& dts’g - g} by Boundat.;'g;layer M, :g’g M, Rg x Rg g e,5* dzé
0.832 | +7.0 0 Laminar 20.75 | 25.45 | 3.34] 4.33 x 10} | s54.0 1.20 x 102 | 33.30
5.0 0 Laminar 20.87| 12.80 | 5.61| 1.65x 10° | 126.5 7.96 % 102 | 20.90°
5.0 0 Laminar 20.48 | 4.80 | 8.72| 5.37x 10° | 206.0 3,504 x 10° | 13.00
+5.0 0 Laminar 20,50 | 5.17| 8.521 5.32 % 10% | 257.1 3.733 x 10° | 13.30
5.0 0 Laminar 21,56 | 15.20 | 5.05] 7.08 x 10° | 253.2 1.289 % 10° | 23.20
+5.0 0 Laminar 21,55 | 12.10 | 5.85{ 9.09 x 10° | 300.9 2,054 x 102 | 20.10
5.0 0 Laminar 21.70 | 3.70 | 9.56| 2.53 x 10° | 575.8 1.052 x 10% | 11.80
+5.0 0 Laminar 21.70 | 4.20 | 9.23 2.40 x 10% | 555.9 9.480 x 10° | 12.30
5.0 0 Laminar 21.96 | 3.10 | 10.00| 3.81 % 108 | 713.6 1.420% 10% | 11.20
+5.0 0 Laminar 21.96 | 2.80 |10.22] 3.93 x 10% | 729.1 1.524 x 104 | 10.90
-5.0 0 Laminar 22.25 | 10.14 | 6.49] 2.52 x 108 | 517.2 4.358 x 10° | 18.10
v |50 0 Laminar 22.27| 8,87 | 6.96] 2.95% 10% | 570.9 5.532 x 10° | 16.90
1.207 | -5.0 0 Laminar 20.87 | 12.80 | 5.62] 2.39% 10° | 152.6 9.627 x 102 | 20.90
+5.0 0 Laminar 20.40 | 10.60 | 6.26 | 3.15 x 10° | 181.2 1.418 x 10° | 18.70
5.0 0 Laminar 20,48 | 4.80 | 8.74| 7.81x 10% | 313.7 4.792 % 103 | 12.90
45.0 0 Laminar 2050 | 5.17 | 8.54| 7.73 % 10° | 310.2 4.523 x 10° | 13.30
+5.0 0 Laminar 21.55 | 12.10 | 5.85| 1.32 x 10% | 362.6 2.479x 10° | 20.10
-5.0 0 Laminar 21.70 | 3.70 | 9.57] 3.68 x 10° | 604.2 1271 x 10* | 11.80
+5.0 0 Laminar 21.70 | 4.20 | 9.24] 3.49 x 10% | 670.2 1.146 x 104 | 12.30
-5.0 0 Laminar 21.96 | 3.10 | 10,02 | 5.53 x 108 | 860.3 1727 x 10% | 11.20
+5.0 0 Transitional | 21.96 | 2.80 |10.24 | 5.72 x 10% | 878.9 1.843 x 10% | 10.90
5.0 0 Turbulent 22.25 | 10.14 | 6.49 | 3.66 % 10° | 623.1 5.255 103 | 18.10
+5.0 0 Turbulent 22.97 8.87 | 6.96 | 4.28 x 10% | 687.9 6.672 x 10% | 16.90
2.235 | -5.0 0 Laminar 20.87 | 12.80 | 5.63 | 4.45 x 10° | 208.0 1.316 x 10° | 20.80
+5.0 0 Laminar 20.40 | 10.60 | 6.27] 5.86% 10° | 247.1 1.940 x 103 | 18.60
5.0 0 Laminar 20.48 | 4.80 | 8.77] 1.45x 10% | 428.1 6.577x 105 | 12.90
+5.0 0 Laminar 20.50 | 5.17 | 8.56 | 1.44 % 108 | 423.2 6.205 x 105 | 13.30
+5.0 0 Laminar 21.55 | 12.10 | 5.85] 2.44 % 10° | 493.4 3,381 x 10° | 20.00
5.0 0 Laminar 21.70 | 3.70 | 9.59| 6.83 x 10° | 046.3 L3ox 10% | 11.76
+5.0 0 Turbulent 21.70 | 4.20 | 9.26 | 6.48 x 10% | 913.4 1.567x 10% | 12.25
5.0 0 Turbulent 21.96 | 3.10 |10.04 | 1.03x 107 | 1.172x10% | 2.362x 10% | 11.15
£5.0 0 Turbulent 21.96 | 2.80 {10.26 | 1.06 x 107 | 1.198x 10° | 2.521 x 10* | 10.86
t |+5.0 0 Transitional |22.27 | 8.87 | 6.97 | 7.94 x 10% | 937.0 | 9.100x 103 | 16.90
832 | -5.0| 180 Laminar 23.70 | 13.18 | 5.471 1.31x 10% | 35.5 212.8 21.60
+5.0]| 180 Laminar 23.63 | 14.52 | 5.15| 1.21 x 10% | 33.4 177.1 22.90
-5.0] 180 Laminar 20.86 | 6.81 | 7.67] 1.40 x 109 | 128.6 1.512 x 10° | 15.10
+5.0| 180 Laminar 20.90 | 6.87 | 7.65| 1.41x 10% | 128.6 1.503 x 10° | 15.10
-50| 180 Laminar 2040 | 6.48 | 7.82 | 2.26 x 10° | 163.9 2.005 % 10% | 14.70
+5.0| 180 Laminar 20.45 | 7.14 | 7.53 ] 2.14 x 10° | 157.8 1.789 x 10° | 15.30
-5.0| 180 Laminar 20.63 | 8.25 | 7.11|5.21 % 10° [ 242.0 2.448 x 105 | 16.30
+5.0| 180 Laminar 20.61 | 7.10 | 7.60 | 5.92 x 10° | 262.7 3.032 x 10° | 15.20
-5.0] 180 Laminar 20.95 | 5.50 | 8.40 | 9.62 x 10° | 344.2 4.863 % 10° | 13.60
+5.0] 180 Laminar 20.92 | 6.75 | 7.78 | 8.84 x 10% | 323.1 3.915 % 105 | 14.80
-5.0| 180 Laminar 21.45 | 4.50 | 9.02 | 1.66 x 10° | 461.0 7.500 x 10° | 12.60
+5.0] 180 Laminar 21.43 | 3.90 | 9.39{ 1.82 x 10°% | 486.7 8.583 x 10° | 12.00
-5.0| 180 Laminar 21.66 | 8.00 | 7.28| 1.56 x 10° | 421.5 4.468 x 10° | 16.00
1-50] 180 Laminar 21.90 | 2:55 [10.407 3.75 x 108 | 715.9 1.550 x 10° | 10.70
+5.0] 180 Laminar 21.89 | 2.62 |10.35 | 3.76 x 10 | 715.2 1.532 % 10° | 10.70
-5.0] 180 Laminar 22.10 | 5.92 | 8.29 3.50 x 10% | 652.8 8.971 x 103 | 14.00
v |+50] 180 Laminar 22.10 | 4.75 | 8.94 | 4.01x 10% | 712.1 1.139 x 10* | 12.80
1.702 |+5.0| 180 Laminar 23.63 {14.52 | 5.181 2.50 x'10% | 48.1 257.8 22,70
50| 180 Laminar 20.86 | 6.81 | 7.71| 2.89 x 10° | 184.8 2.197x 10 | 15.00
l +5.0| 180 Laminar 20.90 | 6.87 | 7.69 | 2.90 x 10° | 184.8 2.183 % 10% | 15.00
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TABLE III.- DATA NEAR THE WINDWARD MERIDIAN (ELECTROSTATIC SENSORS) — Concluded

Azimuth

a ——

" :t’er dté an%le, Bound?yrgélayer M, d:; M, R, x Re’ 0 Re, 5* dié
1702 | 5.0 180 Laminar 20.63 | 8.25 | 7.13| 1.07x 10%| 346.8 3.524 x 16° | 16.30
+5.0 | 180 Laminar 20.61| 7.10 | 7.62| 1.22 x 10%] 376.7 4.369 x 10° | 15.20
50| 180 Laminar’ 20.95 | 5.50 | 8.43| 1.98 x 10%| 493.5 7.010 x 10° | 13.60
+50| 180 Laminar 20.92 | 6.75 | 7.80 | 1.82x 10%| 4631 5.636 % 105 | 14.80
50| 180 Laminar 2145 4.50 | 9.04| 3.42x 108 660.8 1.081x 10t | 12.60
+5.0 | 180 Laminar 21.43| 3.90 | 942/ 3.714 x 10%| 6977 1.237x 10% | 12.00
-5.0| 180 Laminar 21.66 | 8.00 | 7.29| 3.21x 108 603.7 6.419 x 10° | 16.00
.50 ] 180 Laminar 21.90| 2.55 |10.43| 7.12x 10%] 1.025x10° | 2.232x 10% | 10.60
+5.0 | 180 Laminar 21.89 | 2.62 [10.69| 7.72x 108] 1.024x10%| 2.206x 10% | 10.70
.50 | 180 Transitional | 22.10 | 5.95 | 8.28| 7.16 x 10%| 933.1 1.281x 10* | 14.00
+5.0 | 180 Transitional | 22.10| 4.75 | 8.96 | 8.22x10%| 1.020x10%| 1.638x10%| 12.80
3.531 | -5.0 | 180 Laminar 23.70 | 13.18 | 5.53 | 5.69 x 10%| 4.1 453.8 21.30
+5.0 | 180 Laminar 23.63 | 14.52 | 5.20| 5.24 x 10*| 69.6 376.1 22.70
50! 180 Laminar 20.86 | 6.81 | 7.74 | 6.05% 10%| 267.1 3.201 x 103 | 14.90
+5.0] 180 Laminar 20.90 | 6.87 | 7.72| 6.06 x 10° | 267.1 3.179 x 103 | 15.00
-5.0 | 180 Laminar 2040 | 6.48 | 7.88 | 9.70 % 10° | 339.9 4.223%10° | 14.60
+5.0 | 180 Laminar | 20.45| 7.14 | 7.58 | 9.19 x 10° | 327.2 3.762 X 10° | 15.20
50| 180 Laminar 20.63 | 8.25 | 7.14 | 2.23 x 10%| 500.3 5.101 x 10° | 16.30
+5.0 | 180 Laminar 20.61 | 7.10 | 7.63 | 2.53 x 10%| 543.5 6.327x 103 | 15.10
-50 | 180 Laminar 20.95| 5.50 | 8.44|4.12x10%| 1120 1.015x 10* | 13.50
+5.0 | 180 Laminar 20.92 | 6.75 | 7.81 ] 3.78 x 10%{ 668.0 8.157 x 10° | 14.80
.50 | 180 Laminar 21.45| 4.50 | 9.06 | 7.13x 10%| 953.2 1.565 x 10* | 12.50
+5.0 | 180 Laminar 21.43 | 3.90 | 9.43 ] 7.79%x 108 1.006x10%| 1.792x 10%| 11.90
-5.0 | 180 Turbulent 21.90 | 2.55 |10.45| 1.60x 107| 1.479x10° ] 3.230 x10* | 10.60
+5.0| 180 Turbulent 2189 | 2.62 [10.30 | 1.61x107| 1.477x10°| 3.193x10%| 10.70
-5.0 | 180 Transitional | 22.10 | 5.95 | 8.20{ 1.49x 107 | 1.345x10° | 1.850x 10* | 13.90
y | +5.0] 180 Transitional | 22.10 | 4.75 | 897 | 1.71x 107 1.471x10%| 2.367x 10| 12.80
4.216 | -5.0 | 180 Laminar 23.70 | 13.18 | 5.54 | 6.81x 10*| 81.0 497.3 21.30
+5.0 | 180 Laminar 23.63 { 14.52 | 5.20 | 6.27x10%| 76.1 412.0 22.60
.50 | 180 Laminar 20.86 | 6.81 | 7.75 | 7.24 x 10 | 202.1 3.505 x 103 | 14.90
+5.0 | 180 Laminar 20.90 | 6.87 | 7.22 | 7.25 x 10° | 292.0 3.482 x 103 | 15.00
-5.0| 180 Laminar 20.40 | 6.48 | 7.89 | 1.16 x 10% | 371.8 4.623x 10% | 14.60
-50 | 180 Laminar 20.63 | 8.25 | 7.14 2.66 x 10% | 546.9 5.579 x 103 | 16.30
50| 180 Laminar 20.91 | 7.10 | 7.65 | 3.07x 10%| 598.4 7.001 x 10° | 15.10
50 | 180 Laminar 20.95 | 550 | 8.45/4.91x 10%| 778.4 i x10® | 13.50
+50 | 180 Laminar 20.92 | 6.75 | 7.82 ] 4.51x 10%] 730.2 8.922 x 10° | 14.80
-5.0 | 180 Laminar 21.45 | 4.50 | 9.06{8.51x10%| 1.041x10%| 1.711%16%| 12.50
+5.0 | 180 Laminar 21.43 | 3.90 | 9.44|9.30x10%| 1.100x10%| 1.060x10%| 11.90
50| 180 Turbulent 21,90 | 2.55 |10.45| 1.92x 107 | 1.617x10° | 3.533x10% | 10.60
+5.0 | 180 Turbulent 21.89 | 2.62 |10.40 | 1.92x 107 | 1.615x 103 | 3.492x 10 | 10.70
.50 | 180 Turbulent 22.10 | 595 | 8.20| 1.718x 107 | 1.470x10° | 2.023x 10* | 13.90
+5.0 | 180 Transitional | 22.10 | 4.75 | 8.97 | 2.04 x 107 | 1.608 x 103 | 2.588 x 10% | 12.80
450 | 150 Laminar 20.40 | 14.15 | 5.27]9.11 x 10° | 291.6 1.622%x 10° | 22.14
-50 | 150 Laminar 20.60 | 15.00 | 5.08 | 1.46 x 10° | 364.9 1.883x 10° | 23.00
+6.0 ] 150 Laminar 20.60 | 11.97 | 5.87 | 1.95 x 10° | 440.7 3.031 x 10% | 20.00
-5.0 | 150 Laminar 20.95 | 3.96 | 9.35]5.82 x 10% | 869.0 1.518 x 16 | 12.00
.50 | 150 Turbulent 21.40 | 9.17 | 6.82 | 5.08 x 108 | 745.0 6.931x 10% | 17.20
+5.0 | 150 Turbulent 21.40 | 6.90 | 7.78 | 6.34 x 10° | 863.8 1.044 x 10% | 14.90
-5.0 | 150 Turbulent 21.63 | 4.42 | 9.12 | 1.09x 107 | 1.182x10% | 1.971x10% | 12.50
-50 | 150 Turbulent 2185 | 2.84 |10.23 | 1.19x107{ 1.554x10% | 2.252%10% | 10.90
+5.0 | 150 Turbulent 21.85 | 2.66 [10.36 | 1.83x 107 | 1.575x10% | 3.382x 10% | 10.70
.50 | 150 Turbulent 22.05 | 11.60 | 6.02 | 9.51 x 10% | 081.4 7.107 x 10° | 19.60
+70 Turbulent 22.10 |10.40 | 6.42 | 1.09 x10%| 1.073x10% | 8.844x 103 | 18.30

150




TABLE IV.- DATA AWAY FROM THE WINDWARD MERIDIAN (ELECTROSTATIC SENSORS)

Azimuth

Q,

mﬁi’:er d&g an(g;e, Bound?yrge-layer Ma dt;; Me RE,X Re,s Re ,6% daé’g
0.832 | -30.09 180 Transitional 20.60 | 13.45 | 5.4 | 3.95%x10° | 2016 1.399x 10° | 19.70
-25.42 180 Transitional 2060 | 12.06 | 6.7 | 4.21x10% | 2100 1.578 x 10° | 18.90
-19.68 180 Transitional | 20.60 | 1071 | 6.42 | 4.52x10° | 219.4 1.804%10° | 18.20°
+12.77 180 Transitional 2060 | 943 | 6.74 | 4.90x10° | 2312 2.095x 105 | 17.30
1207 | -176.22 0 Turbulent 22.16 | 3.33 | 12.00 | 9.10x 105 1.163 x 10° | 3.300 % 10% 8.90
-45.36 0 Turbulent 22.16 | 457 | 9.96 | m01x10% | ona7 1.920x 10* | 1130
-27.72 0 Turbulent 2200 | 7.80 | 7.9 | 4.90x10% | 71639 9.220x 10° | 14.90
-21.04 0 Turbulent 2200 | 895 | 7.15 | 4.23x10® | eo10 7.048 x10° | 16.40
-15.73 0 Tramsitional | 22.00 | 9.88 | 6.70 | 3.79%x10% | 6a1.0 5.741% 10° | 17.50
1702 | +63.25 180 Laminar 2045 | 14.94 | 7.7 | 8.97x10% | 3462 3.768 % 10° | 14.80
+68.34 180 Laminar 2049 | 1361 | 8.59 | 1.06x10% | 390.6 5.182x 10° | 13.20
+73.19 180 Transitional 2050 | 12,25 | 943 | 1.23x10° | 4348 6.962x 105 | 11.80
-30.09 180 Transitional 2061 | 13.45 | 5.96 | 8.03x10° | 287.3 2.003 X 10 19.70
-25.42 180 Turbulent 20.62 | 12.06 | 6.18 | 8.61x10° | 300.0 2.267% 10° | 18.90
-19.68 180 Turbulent 20.62 | 10.71 | 6.4 | 9.31x10° | 315.1 2.600% 105 | 18.10
-12.77 180 Transitional 2063 | 9.43 | 6.5 | 1.02x10® | 333.1 3.033x 10° | 17.30
-38.36 180 Laminar 20.05 | 3.90 | 9.91 | 2.58%10% | 590.2 115ax 10t | 1120
-72.39 180 Laminar 21.66 | 3.20 | 11.67 | 6.31x10% | sea.1 2.608 x 10% 9.11
-83.12 180 Transitional | 21.89 | 7.04 | 11.86 | 8.93x 10° 1.199 x 105 | 3.223 x 10% 8.96
-57.56 180 Transitional 21.90 | 3.713 | 10.86 | 8.06 x 10° 1.068x 10° | 2.502x 10 | 10.09
2477 180 Turbulent 21.91 | 2.66 | 10.53 | 7.79x 108 1.034%x10° | 2.200 x 10*" | 10.50
490,50 180 Transitional 21.92 | 2.78 | 10.38 | 7.70'x 108 1024 x 10° | 2.207x 10* | 10.68
+51.60 180 Transitional 2192 | 3.92 | 10.51 | 7.91x108 1.049%10° | 2,306 x10% | 10.51
| +68.20 180 Turbulent 21.93 5.61 | 10.80 | 17.79 x 108 1100 x 10° | 2.512x10% | 10.16
+79.07 180 Turbulent 21.93 737 | 11.37 | 900 x 10% 1.191 x 10° | 2.944 x 10% 9.49
+88.35 180 Transitional 2194 | 9.00 | 1241 | 1.02x107 1.344 x10% | 3.791 %104 8.41
-65.80 180 Turbulent 22.05 | 651 | 10.36 | 9.16 x 106 1.149x 10° | 2404 x 10* | 10.73
-59.44 180 Turbulent 20.06 | 8.0 | 9.3 | 7.89x10° 1.043 x 10° | 1.769 x 10 12.15
-52.95 180 Turbulent 2207 | 948 | 843 | 6.71x10% | 0434 1282 x 10 | 13am
-41.27 180 Turbulent 2100 | 1176 | 6.95 | 5.45x%10° | 7910 7423x10° | 16.80
-37.35 180 Turbulent 2101 | 1176 | 675 | 5.24x10% | 7e6.2 6.828 x 10° | 17.30
-32.33 180 Turbulent 2102 | 1139 | 6.65 | 5.14x10° | 7523 6.530 x10° | 17.61
-21.98 180 Turbulent 2103 | 9.68 | 6.87 | 5.55x10% | 783.9 7.367 x 10 17.00
-16.85 180 Turbulent 21.03 | 8.28 729 | 619x10% | 8s0.8 8.920x10° | 16,00
-9.08 180 Turbulent 21.04 | 662 | 7.92 | 7.17x10% | 9236 1158 x 10 | 14.60
2.235 | -34.49 0 Turbulent 2070 | 14.49 | 5.90 | 1.18x 107 1.102x10° | 7478 x10° | 19.80
-9.39 0 Turbulent 2158 | 15.88 | 4.94 | 1.87x10% | a08.7 1.987x 105 | 23.70
-5.49 0 Turbulent 2150 | 15.35 | 5.02 | 1.94x10% | 418.8 2.110 % 10 23.30
+43.65 0 Turbulent 2180 | 9.61 | 7.7 | 5.84x10% | 8437 9.884 x 10° | 14.90
+48.66 ) Turbulent 2181 | 10.01 | 7.67 | 5.47x10% | 820.8 9.320x10° | 15.20
+53.15 0 Transitional 2181 | 12.13 | 7.65 | 549%10% | 829.9 9.245x10% | 15.20
+81.64 0 Turbulent 21.87 | 11.87 | 11.09 | 1.04x 107 1.348 x 10° | 2.902 x 10 9.80
+86.53 0 Transitional 21.87 | 1053 | 12.06 | 1.78 x 107 1.459x 10° | 3.774 x 104 8.75
-43.10 0 Turbulent 2202 | 655 | 8.93 | 9.05x10% 1.083x10° | 1m0 x10% | 12.82
-31.48 0 Turbulent 22.03 | 480 | 9.36 | 9.85x10° 1.133x10° | 1918 x10% | 12.14
-8.96 0 Turbulent 22.04 3.16 | 10.02 | 1.11x 107 1215x10° | 2.441x 0% | 1118
+37.60 0 Turbulent 22.05 | 245 | 10.94 | 1.27x 107 1.332x 10° | 3.18ax 10% | 10.01
3.531 | -38.49 180 Turbulent 2144 | 1005 | 7.35 | 4.99x10% | 7851 8.117x10° | 15.90
-32.20 180 Laminar 2144 | 850 | 764 | 5.32x105 | 7046 9.179 x 10° | 15.20
+44.87 180 Turbulent 2145 | 3.2 | 1064 | 9.37x 108 1.141x10° | 2576 x 10% | 10.30
+82.72 180 Turbulent 2145 | 3.61 | 1217 | 1a2x 107 1.302x 10° | 3.815 x 10% 8.50
4216 | +23.74 180 Transitional 2100 | 1078 | 655 | 3.39x10% | 6052 5.146 x 10° | 17.90
+33.04 180 Transitional 2100 | 1347 | 6.09 | 3.05x10% | 5654 4.107% 103 | 19.20
+56.00 180 Laminar 2107 | 19.10 | 638 | 3.42x10% | 630.2 4.576x10° | 18.40
+56.90 180 Turbulent 21.10 | 19.10 | 6.47 | 3.57x10% | 6474 4:807x 10° | 18.10
+50.30 180 Turbulent 2111 | 18.98 | 6.73 | 3.84x10° | e83.8 5.427%x 10 | 17.40
-175.64 180 Turbulent 21.36 | 15.74 | 9.50 | 7.93x 108 1.138x 10% | 1.696 x 10 | 11.80
-12.08 180 Turbulent 21.37 | 16.03 | 8.89 | 7.60x 108 1.080 x 10° | 1.438x 10% | 12.80
-68.47 180 Turbulent 21.38 | 15.92 | 8.39 | 6.98x 108 1.005x 10° | 1.220x 10* | 13.70
-56.53 180 Turbulent 2140 | 1485 | 727 | 5.64x10® | 83s.6 8.200 x 10° | 16.00
-52.48 180 Turbulent 2140 | 1401 | 7.2 | 548x10% | 8141 7760 x 10° | 16.40
-84.13 150 Turbulent 2040 | 596 | 11.72 | 3.08x10% | 6971 1.850 x 10% 8.80
-66.06 150 Turbulent 2040 | 6.01 | 1027 | 2.62x10% | 613.5 1.265x 10% | 10.60
-62.18 150 Turbulent 2133 | 1203 | 824 | 650x10° | sa02 1.183 x 10 14.00
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TABLE IV.- DATA AWAY FROM THE WINDWARD MERIDIAN (ELECTROSTATIC SENSORS) ~— Concluded

Azimuth o, —

m}e{ier dlgé an (g; e, Boundatyrg; layer M, d:-’g M, Re,x Re, o Re, 5 d‘;,g
4.216 | -57.83 150 Turbulerit 2133 | 13.85 | 1759 | 6.66x10% | 8514 9.120x 103 | 15.30
-53.22 150 Turbulent 2134 | 14.69 | 7.02 | 5.01x108 | 6.9 7152 10 | 16.70

-38.47 150 Turbulent 21.38 | 15.92 | 578 | 3.70x10°% | 6157 3.950% 105 | 20.30

-26.53 150 Turbulent 2140 | 1485 | 5:23 | 3.51x10% | ses2 3.519x 10° | 21.20

-22.48 150 Turbulent 2140 | 14.01 | 561 | 3.6ax10® | 5973 3.123x10% | 20.90

0.832 | -26.41 0 Laminar 2444 | 3240 | 293 | 3.06x10° | 13.60 21.95 37.00
1207 | -26.41 0 Laminar 2444 | 3240 | 294 | 447x10° | 1648 26.78 36.90
2.235 | -26.41 0 Laminar 2444 | 3240 | 296 | 8.35%10% | 22.54 37.04 36.80
2.235 | 424.87 0 Laminar 2248 | 33.66 | 282 | 2.44x10® | 37.69 56.19 38.10
832 | +29.20 0 Laminar 21.30 | 3021 | 3.25 | 24ax10% | 40.10 79.65 34.00
1207 | +29.20 0 Laminar 21.30 | 30.21 | 3.26 | 355x10% | 48.40 96.47 34.00
2.235 | +29.20 0 Laminar 2130 | 30.21 | 3.7 | 659x10% | 66.05 132.2 33.90
832 | 425.05 0 Laminar 2051 | 18.99 | 4.59 | s21x10® | 84.05 347.2 25.20
1.207 | +25.05 0 Laminar 2050 | 18.99 | 460 | 1.19x10% | 101.4 419.8 25.20
2.235 | +25.05 0 Laminar 20.51 | 18.99 | 4.61 | 222x10° | 138.3 574.8 25.20
832 | +47.45 0 Laminar 2050 | 949 | 787 | 4.99x10® | 2401 3.006% 103 | 14.60
1.207 | +47.45 0 Laminar 2050 | 9.49 | 7.89 | 7.26x10° | 300.8 3.650% 103 | 14.60
2.235 | +47.45 0 Laminar 2050 | 9.49 | 7.92 | 1.35x10% | 41009 5.021x 10 | 14.50
832 | 426.04 0 Laminar 20.84 | 12.91 | 596 | 5.16x10% | 220.7 1.614x 105 | 19.70
1.207 | +26.04 ) Laminar 20.84 | 12.91 | 5.97 | v49x10® | 2270 1.949 x 10 19.60
2.235 | +26.04 0 Laminar 2084 | 12.91 | 5.98 | 1.39x10% | 3775 2.664x10° | 19.60
832 | 487.82 0 Laminar 2132 | 12.93 | 11.68 | 2.14x10% | 6383 14309 % 10 9.00
1207 | s87.82 0 Laminar 2132 | 1293 | 11.79 | 3.15x10% | 6.5 1.779 x 10* 8.90
2.235 | +87.82 0 Lamirar 2132 | 12.93 | 11.94 | 5.93x 108 1.071 x 103 2.506 x 10% 8.80
832 | -16.68 0 Laminar 21.56 | 16.66 | 4.87 | e.m0x10° | 2a4.1 1.151x 103 | 24.00
1.207 | -16.68 0 Laminar 21.56 | 16.66 | 4.87 | 9.13x10° | 294.1 1.387x 108 | 23.90
832 | 453.15 0 Laminar 2181 | 1213 | 7.63 | 2.03x10% | s04.1 557Tx 108 | 15.30
1.207 | +53.15 0 Laminar 2181 | 12.13 | 7.64 | 2.95%x10% | 608.2 6.148x 108 | 15.30
2.285 | -53.15 0 Turbulent 2181 | 12.13 | 7.65 | 5.49x10% | 8207 9.243x10% | 15.20
832 | -56.27 0 Laminar 2235 | 9.50 | 8.66 | 3.05x10% | 637.4 9.190x 10° | 13.30
1.207 | -56.27 0 Laminar 2035 | 950 | 8.67 | 4.44x10% | 769.0 rizx10® | 13.30
2.235 | -56.27 0 Turbulent 2235 | 9.50 | 8.69 | 8.26x 108 1.049 x 10° 1524 x10° | 13.30
832 | +41.33 180 Laminar 2540 | 47.30 | 2.29 | 2.55 x 10% 3.44 2.62 44.10
1702 | +41.33 180 Laminar 25.40 | 47.30 | 238 | 5.56x 102 5.12 4.28 42.90
3.531 | +41.33 180 Laminar 2540 | 4730 | 245 | 1.21x10% 7.62 6.81 42.00
4.216 | +41.33 180 Laminar 2540 | 47.30 | 247 | 1.45x10% 8.38 7.60 41.90
832 | +31.53 180 Laminar 23.35 | 19.91 | 459 | 111x10? | 30.84 125.5 25.40
1702 | +31.53 180 Laminar 23.35 | 1991 | 4.63 | 2.28x10% | 44.56 184.5 25.20
3.531 | +31.53 180 Laminar 23:35 | 19.91 | 4.66 | 4.78x10% | 64.67 271.0 25.10
4.216 | +31.53 180 Laminar 2335 | 10.01 | 4.66 | 5.72x10* | w078 207.4 25.00
832 | 4474 180 Laminar 2040 | 15.36 | 6.13 | 1.61x10% | 1318 942.1 19.08
1702 | +44.74 180 Laminar 20.40 | 15.36 | 6.17 | 3.32x10° | 189.9 1372x 108 | 19.00
3.531 | +44.74 180 Laminar 2040 | 1536 | 6.19 | 6.9ax10% | 2748 2.003x 103 | 1890
4216 | +44.74 180 Laminar 2040 | 15.36 | 6.19 | 8.30x10° | 300.6 2.19ax 108 | 18.90
832 | +53.34 180 Laminar 2045 | 17.16 | 6.54 | 3.24x10% | 194.7 1.520x 10° | 17.80
1702 | +53.34 180 Laminar 2045 | 17.16 | 6.59 | e0x10® | 280.8 2.220x 108 | 17.70
3.581 | +53.34 180 Laminar 2045 | 1716 | 6.62 | 1.40x108 | 406.9 3.240x 103 | 17.60
4.216 | 45334 180 Laminar 2045 | 17.16 | 6.63 | 1.68x10% | 4451 3.561%x10% | 17.60
832 | -38.93 180 Laminar 20.60 | 15.94 | 574 | 3.62x10° | 192.3 1216 x 16° | 20.40
1702 | -38.93 180 Laminar 2060 | 1594 | 576 | 7.44x10° | 276.0 1755 108 | 20.30
3.531 | -38.93 180 Laminar 2060 | 1594 | 577 | 1.55x10% | 3985 2.545x 10 | 20.30
4216 | -38.93 180 Laminar 20.60 | 1594 | 577 | 1.85%10% | 435.7 2.7185% 10 | 20.30
832 | -48.48 180 Laminar 2140 | 12.88 | 7.06 | 1.08x10% | 3867 3.395x10° | 16.60
1702 | -48.48 180 Laminar 2140 | 12.88 | 7.08 | 2.:21x10% | 511.9 4.901x 103 | 16.50
3.531 | -48.48 180 Transitfonal | 21.40 | 12.88 | 7.10 | 4.61x10% | 7393 7.110x 10 | 16.50
4.216 | -48.48 180 Turbulent 2140 | 12.88 | 7.10 | 5.51x10° | 8084 1181 x10% | 16.50
+10.45 150 Laminar 2540 | 36.01 | 2.33 | 8.74x10% 6.63 7.09 43.60

+32.84 150 Laminar 2042 | 2192 | 442 | 731x10° | 2481 922.8 26.20

-28.96 150 Laminar 2056 | 2175 | 4.30 | 1.06x10° | 205.6 1.054 %105 | 26.80

+53.75 150 Laininar 2100 | 1087 | 802z | 478x10% | 7825 9.643x 103 | 14.40

-26.53 150 Turbulent 2140 | 14.85 | 553 | 351x10% | 5855 3521 %103 | 21.20

+44.32 150 Turbulent 2169 | 12.07 | 706 | 7.61x10% | 9422 9.08¢ x10° | 16.60

-63.47 150 Turbulent 2025 | 10.43 | 9.07 | 1.43x107 1.416 x 103 2.203x10% | 12.60
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Figure 1.- Instrumentation on flight configuration.
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23



3.0

]1]111]]11']!]fl!llll1]11]]1ll|l III1lI1]111111111|11]IlIII]|!IIllllll‘111111111|llllllllll

Lo pndoeo o oo o e e
L18 l.36 154 L.72 2,08 2.26
F

2
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Figure 10.- A statistical correlation of transition flight data from
electrostatic sensors. 7 =0.3048 m (1 ft).
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