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SUMMARY

Results are presented from pitot-static and hot-wire anemometer
surveys at low speed of the flow over a thin, sharp-edge airfoil which
simulated a flat plate. The investigation was undertaken to obtain
detailed measurements of the flow associated with the so-called thin-
airfoil type of stall. The measurements were obtained for angles of
attack of 2°, 4°, and 6° at a Reynolds number of 4x10f. Data are
presented in graphical as well as tabular form.

It was found that the large regions of reverse flow (bubbles) which
are characteristic of the flow for a thin-airfoil stall cannot be con-
sidered regions of "dead" air; mean velocities of about 0.3 of the free-
stream velocity and velocity fluctuations up to 0.65 of the local veloci-
ties were measured in these regions. The reverse flow appears to be part
of a more general circulatory or vortex-type flow. The largest velocity
fluctuations (absolute magnitude) were found to occur along a narrow band
in the detached flow above the bubbles; these fluctuations amounted to
0.30 of the free-stream velocity and are of the same relative magnitude
as have been observed for a turbulent jet. This turbulent flow originated
so near the leading edge of the plate that no separated laminar flow was

detected.
INTRODUCTION

A classification of stalling and the accompanying flow-separation
phenomena into three categories is presented in reference 1 for airfoil
sections at low speed. Although stalling and flow separation are con-
sidered only in two-dimensional flow, the classifications and illustrative
data contained in the reference have proven useful in providing explana-
tions for many flow phenomena which have been encountered in three-
dimensional flow fields about complete wings (e.g., ref. 2). The present
report is concerned solely with the flow which is associated with what
reference 1 describes as the thin-airfoil type of stall.
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Briefly, for the thin-airfoil stall, the flow separates from the
leading edge and subsequently reattaches to the upper surface of the air-
foil at a position along the chord which moves progressively downstream

with
first

increasing angle of attack. The angle of attack for which the flow
separates is dependent primarily on the geometry (roundness) of the

leading edge. When the position of flow reattachment is near the trailing

edge,

the 1ift coefficient begins to decrease with continued increases

in angle of attack and, for present purposes, the airfoil section is con-
sidered to have stalled. A reverse flow 1is established inside the large
region underlying the detached flow; this region of reverse flow will
hereinafter be referred to as the "thin-airfoil" bubble. This thin-airfoil
bubble should not be confused, however, with the laminar-separation bubble

discu
stall
Chlyane

ssed in reference 1 in connection with the so-called leading-edge
. Although there appears to be some relationship between the thin-
il and laminar-separation bubbles (ref. 1), the characteristics of

the two are vastly different. Specific investigations of the laminar-
separation bubble are reported in references 3, 4, and 5.

refer

The data which form the basis for defining the thin-airfoil stall in
ence 1 and the preceding brief description were originally reported

by McCullough and Gault for an NACA 64A006 airfoil (ref. 6) and by Rose

and A

1tman for a modified double-wedge airfoil (ref. 7). It is pointed

out in references 6 and 7 that the quantitative value of the flow surveys
of the thin-airfoil flow is uncertain due to limitations in the experi-

menta
thin=
data

inten
defin

rections were applied to the survey data for the effects of the exceedingly

1 techniques and certain characteristics of the flow peculiar to
airfoil stall. For this reason only a limited amount of the survey
is presented in the references, and these are included with the

t of illustrating the general features of the mean flow rather than
ing specific details of the flow. It is to be noted that no cor-

turbulent flow encountered during the investigations nor were any measure-

ments

obtained in the region of reverse flow.

The investigation reported herein was instigated for the specific

purpose of obtaining more detailed and refined measurements than are
available in references 6 and 7 of the flow which precedes the thin-
sirfoil stall. It was anticipated that the results would aid in clarifying
the mechanics of the flow associated with the thin-airfoil stall and, at

the s
thin-

ame time, could be of value in ascertaining differences between the
airfoil and laminar-separation bubbles.

In order to obtain as clear and distinct an example of the thin-

airfoil type of separated flow as possible, a thin, sharp-edged airfoil
was employed for this investigation which effectively simulated a flat
plate. Surveys of the flow from the leading edge to the 80-percent-chord
station were obtained by pitot-static and hot-wire anemometer techniques,
the latter providing measurements of both mean and fluctuating components
of the flow. All surveys were obtained for a Reynolds number Of loaee
based on the chord of the plate, and for angles of attack of 2°, 49, and

o
6.

The pressure distributions along the surface of the plate also were

”
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measured.

Due to the bulk of the data, only representative results are

shown graphically herein; however, all data are presented in tabular

form.

A, AV, ANw
R

Uy, Uy

NOTATION

chord of plate, 5-£t

ol o
static pressure coefficient, = =

2 P

P, - Py
total pressure coefficient, —=2 =

s

static pressure, 1b/sq ft
total pressure, 1lb/sq ft

resultant velocity, ft/sec
(The mean resultant velocity G is equal to ~NUx2 + Ty=.)

fluctuating components of the resultant velocity, ft/sec
UeC

Reynolds number, =

velocity componenis in the x and y directions, respectively,
ft/sec

reference velocity, ft/sec
distance from the leading edge along flat surface of model, ft
distance normal from the surface, ft

angle of attack, deg
(See discussion under section entitled "TESTS.")

direction of mean resultant velocity u relative to the
longitudinal axis of the pitot-static probes, deg

density of air, slugs/cu ft

kinematic viscosity, ft2/sec
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6 direction of mean resultant velocity U relative to the flat
surface of model (8 = arctan {,/0; with -180° < o < 180°
and ﬁy positive when directed away from the surface), deg

Barred symbols (e.g., ) indicate the temporal mean of the quantity.

Subscripts
oo free-stream conditions
m a measured quantity (uncorrected for the effects of velocity
fluctuations)
APPARATUS
Wind Tunnel

The investigation reported herein was conducted in one of the Ames
7- by 10-foot wind tunnels, modified to provide a Y- by 10-foot test section
(fig. 1). The false floor and ceiling, approximately 3 inches thick, were
25 feet long and extended an equal distance upstream and downstream of
the original test section. Hot-wire anemometer measurements have indicated
that the turbulence level of the free stream ./Aﬁwz/qw 1SN0 5 SEoRON20)
percent.

Model

Figure 2 presents dimensions of the simulated flat plate and a photo-
graph of the model installed in the wind tunnel. The model spanned the
L-foot dimension of the modified test section and was fabricated from
steel, except for a thin mahogany veneer in the region of the rounded
crest line of the double-wedge profile of the lower surface. Static-
pressure orifices were provided along the midspan station of the model.
Circular end plates, 6 feet in diameter, were attached to the ends of the
model and served as parts of the false floor and ceiling. The rectangular
fences (1 by 5 feet) visible in figure 2, were added during the course of
the investigation to improve the two-dimensionality of the flow; the span
between the fences was 3.33 feet.
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Flow-Survey Equipment

The survey apparatus used to obtain the pitot-static and hot-wire
anemometer measurements was remotely controlled from outside the wind
tunnel. Two devices were employed; one, shown in figure 3, was capable
of traversing 5 inches in the y direction and a second mechanism of
similar design was capable of a 9-inch traverse. The frames of these
devices screwed into holes tapped in the lower surface of the model.

Nine tapped holes were provided along the chord (3 inches above the mid-
span station) which permitted flow surveys to be made at any chordwise
position between the leading edge and the 80-percent-chord station. When
not being used, the tapped holes were filled with plugs which had been
machined as integral parts of the surface during construction of the model.

The mechanical counter shown in figure 3 was read by telescope from
outside the wind tunnel. Although the least count on the counter cor-
responded to 0.0002-inch traverse, backlash and other mechanical tolerances
limited the accuracy of positioning the probes to +0.002 inch.

Survey Probes and Related Equipment

Pitot static.- Photographs of the pitot-static probes employed during
this investigation are presented as figure 4. Both the conventional probe
and the probe used for measurements of the reverse flow consisted of four
0.030-inch-outside-diameter stainless-steel tubes. The center tube of
the three tubes grouped together provided a measure of the total pressure
while the two adjoining tubes, beveled h5o, furnished a means for ascer-
taining the direction 6 of the mean resultant flow . The single
static-pressure tube was offset laterally about 0.5 inch from the total-
pressure tube and contained four 0.008-inch-diameter orifices, spaced
900 apart, at the plane of survey. All four tubes were soldered into a
0.125-1inch~outside-diameter tube which fitted tightly into the ends of
the probe holders (see fig. 3).

Hot wire.- Tungsten wire with a nominal diameter of 0.00015 inch
was employed for the hot-wire probes. The wires, approximately 0.10 inch
long, were welded across the ends of two 0.0l0-inch-diameter drill-rod
prongs which were embedded in a 0.125-inch-diameter bakelite-rod base.
The prongs had an unsupported length of 0.75 inch and were ground to a
conical shape at the ends where the tungsten wire was attached. The
bakelite base fitted into the same holders of the traversing mechanism
as were employed for the pitot-static probes.

The electronic equipment required for obtaining measurements with
the hot wires was designed to operate the wires at a constant mean
resistance (i.e., variable heating current) throughout the speed range.
The amplifying circuit has a flat response (within 2 percent) from
30 cycles to approximately 40 kilocycles per second; the response is down
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3 db at 8 cycles and 55 kilocycles. The amplifier contains a resistance-
capacitance circuit to compensate for thermal lag of the hot wires. The
square-wave technique described by Kovasznay in reference 8 was employed
to ascertain the proper compensation. For the turbulence measurements,

a millivoltmeter indicates the output from a thermocouple which is heated
by the current output from the compensated amplifier. A sinusoidal out-
put from a commercial oscillator was used for calibrating the output from
the thermocouple.

A1l wires were calibrated in a small (2- by 7.5-inch test section)
wind tunnel. Air was drawn through this wind tunnel by means of a
constant-speed centrifugal blower. Speed control was obtained by a
throttle on the blower discharge line and velocities up to approximately
400 feet per second were attainable.

EXPERIMENTAI, PROCEDURE AND PROBE CALIBRATIONS

Test Conditions

A1l measurements of the flow about the simulated flat plate were
obtained for a Reynolds number of hxlos, based on the chord of the plate.
For average test conditions this corresponds to a free-stream velocity
U, ©of approximately 130 feet per second and a dynamic pressure of 20
pounds per square foot.

The values of angle of attack listed herein are referenced to that
angle of attack for which free-stream total pressure was attained at a
pressure orifice in the 0.020-inch thick leading edge of the plate. Due
to the camber in the model this reference angle 1is 0.3° greater than the
geometric angle of attack referred to the upper (flat) surface of the

plate.

Although measurements of the surface pressure distributions were
obtained for angles of attack from -8° to 8° in one degree increments,
surveys of the flow about the plate were obtained only for angles of
attack of 20, uo’ and 6°. For angles less than 20, the region of
separated flow was too small to define easily in any detail. For angles
greater than 60, the position of flow reattachment was downstream of
the most rearward position for which flow surveys could be obtained
(X/c = 0.80). The type of surveys and chordwise stations for which
measurements were obtained are listed in the following table:
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x/c Type of survey x/c Type of survey x/c Type of survey
0 Pitot and wire [|0.2 |Pitot and wire ||0.5 (Pitot

.0l |Pitot and wire - 25 [IPitE oI Db Pitot

<0251 Bitol .3 |Pitot and wire .6 |Pitot and wire
.05 |Pitot and wire 35|Pitot .65|Pitot

s O BitEot .4 [Pitot ol |[EEheens

.10 [Pitot and wire 45(Pitot and wire .8 [Pitot and wire
BRI ot

Hot-wire anemometer measurements were also made at several stations
upstream of the leading edge and results are presented for values of
x/c of -0.00025 and -0.00010.

All pressures were read to the nearest 0.0l inch of water from
differential reading U-tube manometers. Approximately 60 feet of
0.063-inch-inside-diameter tubing were employed in the lines between the
probes and the manometers. Although this caused a 3- to 5-minute time
lag for the manometers to attain equilibrium readings, such a procedure
was used in order to damp out the large irregular pressure fluctuations
which are characteristic of the flow under consideration.

Calibration of Probes

The pitot-static probes were calibrated prior to and periodically
concurrent with the pitot-static surveys. These calibrations were con-
ducted in an unmodified 7- by 10-foot wind tunnel and = typical calibra-
tion is presented in figure 5. The pitot-static, as well as the hot-wire,
probes were calibrated in the holders (fig. 3) as complete units. Before
and after each run (consisting of a single traverse for fixed values of
x/c and a) the hot wires were calibrated. This brocedure was necessary
because of changes in the calibrations caused by the accumulation of
microscopic dirt particles on the wires. In general, changes in the
calibrations were sufficiently small so they could be prorated on a time
basis for data-reduction purposes. When the changes in the calibrations
were excessive, all data were discarded and the measurements were repeated.
Despite the presence of foreign material in the air stream, wire breakage
was a minor problem.

Corrections Applied to Data for the Effects of Turbulence

All values of mean velocity presented herein have had corrections
applied for the influence of the turbulent flow on the pitot-static and
hot-wire measurements. The bases for the corrections are that: (1)

either all or part of the energy of the turbulent flow is included as part




8 NACA TN 3876

of the pitot-static pressures; and (2) the voltage-velocity relationship
for a hot wire is nonlinear for the usual hot-wire anemometry practice

in which constant current is maintained for any given value of the mean
velocity. The net effect of the turbulence is to cause the indicated
mean velocities from the pitot-static measurements to be larger and from
the hot-wire measurements to be smaller than the true mean velocities.

For the extremely high values of turbulence encountered during the present
investigation, the differences in the measured mean velocities between

the two techniques amounted to as much as 0.2 of the free-stream velocity.

Details of the methods for correcting the pitot-static and hot-wire
measurements are described in Appendixes A and B, respectively. Although
the methods are rather crude, it is believed that the corrections are, in
general, good first-order approximations for the effects of the turbulent
flow. The accuracy of the final results is difficult to assess, but some
indication of the validity of the procedure used for correcting the data
for turbulence is evidenced by the fact that the results from the hot-wire
and pitot-static surveys agree for the most part within 3 or 4 percent of
the free-stream velocity. As might be expected, the greatest discrepancies
(10 to 20 percent of the free-stream velocity) occur for results obtained
in regions of reversed flow. It is to be emphasized that no corrections
have been applied to the measurements of velocity fluctuations JZE?.

RESULTS AND DISCUSSION

Preliminary Tests

Prior to the main studies of this investigation, a series of tests
were made to examine and improve the two-dimensionality of the flow about
the simulated flat plate. These tests were undertaken after tuft studies
had revealed that (without the rectangular fences shown in fig. 2) span-
wise flow developed in the region of separated flow for about 30 angle of
attack and became very pronounced for angles of attack of 50 or greater.
The addition of the fences delayed the onset of the spanwise flow indi-
cated by the tufts to an angle of attack of approximately 6°. With or
without the fences, the spanwise flow was symmetrical about the midspan
of the model and was visible only near the 5-percent-chord station.

Tnasmuch as tuft studies provide, at best, a qualitative description
of the flow, a series of total- and static-pressure surveys were con-
ducted to examine further the two-dimensionality of the flow. Conven-=
tional rakes of total- and static-pressure tubes were employed to survey
the flow at five spanwise and three chordwise stations. These measure-
ments revealed unexpectedly that, either with or without the fences and
independent of the angle of attack (up to 6°), the height of the region
of viscous flow (as well as the shape of the velocity profiles) was
independent of spanwise position except along the bottom 15 inches of
the 48-inch span of the plate. The spanwise change in the height (and
velocity profiles) of the region of viscous flow occurred on both the
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upper (flat) and lower surfaces of the model but, significantly, in an
opposite sense for the two surfaces (i.e., an increase in thickness for
one surface and a decrease for the other surface). This result was
interpreted and subsequently verified as having been caused by a spanwise
variation in the stream angle along the bottom portion of the plate. It
is estimated that the variation along the bottom 15 inches of the span
did not exceed 0.30. Since this stream defect could not be corrected
readily, the preliminary tests for improving the two-dimensionality of
the flow were terminated at this point in the investigation.

The experimental results presented herein, therefore, were not
obtained in strictly two-dimensional flow. However, all measurements
were obtained along the upper spanwise stations of the plate for which
the thickness of the boundary layer was found not to vary with spanwise
position. It seems probable that with the rectangular fences installed,
a good approximation to two~dimensional conditions was achieved for angles
of attack of 2° and 4°. TFor 6° angle of attack, some spanwise flow is
believed to have occurred and the two-dimensionality of the data are
suspect. Some further discussion and evidence of the limitation to the
data are presented in a subsequent section.

Pressure Distributions

Distributions of pressure along the upper (flat) surface of the
model for angles of attack from -8 to +8 are presented as figure 6. UThe
representative distributions for negative angles of attack are included
to provide an indication of the distributions along the lower surface of
a flat plate. These data together with additional results for negative
angles of attack are also presented in table I.

The distributions shown in figure 6 are effectively the same as those
which have been obtained for other thin- and sharp-edged airfoil sections
(refs. 6 and 7). The regions of approximately constant pressure at the
positive angles of attack depict graphically the development of the
so-called thin-airfoil type of separated flow and its fairly rapid exten-
sion downstream from the leading edge as the angle of attack is increased.

Mean Flow Measurements

Some typical results from the pitot-static surveys of the mean flow
over the flat surface of the model for 2°, 4°, and 6° angle of attack are
given in figure 7. The data, which are presented only for the chordwise
stations for which hot-wire measurements were obtained, include the hot-
wire determinations of the mean velocity. A complete presentation of the
flow-survey data will be found in tables II and III.
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With regard to figure 7, it is convenient to consider first the
agreement obtained between the two types of measurements for the mean
velocity 1. Toward this end, figure 8 is presented to illustrate some
typical comparisons at a larger scale than is employed in figure 7. At
the same time, figure 8 demonstrates: (1) the magnitude of the corrections
applied for the influence of the turbulent flow and (2) the correlation
obtained between the results from the conventional and reverse flow probes.

It will be seen that, in general, the pitot-static and hot-wire
measurements are in good agreement. The agreement is excellent for some
conditions (fig.8(a)) while for other conditions the agreement is not so
good but is still felt to be satisfactory (figs. 8(b) and 8(c)). The
discrepancy shown in figure 8(b) for values of y/c between 0.03 to 0.05
occurs in the region of separated flow where the direction of the mean
resultant flow changed rapidly approximately 180° (see fig. 7(f)). In
such regions, disagreement is probably caused by a number of effects
including: (1) the inherent loss of accuracy in the pitot-static surveys
for small manometer deflections, (2) the sensitivity for small velocity
ratios of the corrections to the pitot-static measurements for turbulence
(see Appendix A and fig. 14), and (3) in conjunction with (2), the proba-
bility of errors in the measured values of turbulence due to their magr '~
tude and the nonlinear voltage-velocity characteristics of the hot-wire
anemometer. It should not be implied, however, that such discrepancies
as that shown in figure 8(b) are caused solely by limitations in the
pitot-static technique. The mean velocities indicated by the hot wire
are also subject to error (Appendix B). Although the magnitude of the
probable errors in hot-wire results are indeterminate, it will be noted
that hot-wire data are more regular than the pitot-static results for
conditions where 6 is changing rapidly with y.

The survey data shown in figure 7 reveal several interesting features
of the flow about the simulated flat plate. One of the most interesting
is that the magnitudes of the velocities of the reverse flow are (except
near the leading edge) greater than 0.2 U, and as large as 0.35 to
0.40 U, for certain chordwise locations. The thin-airfoil bubble is not,
therefore, a region of dead or stagnant air. It will be noted, in addi-
tion, that the static pressure through the regions of separated flow is
not constant. The pressure first decreases and then increases with
increasing distance above the surface. (Note that the static pressures
measured near the plate surface with the pitot-static probes agree well
with the static pressures measured by the flush orifice in the surface
of the model.) The maximum variations in the static pressure occur in
the detached flow above the regions of reverse flow and, in some cases,
amount to 0.5 of the free-stream dynamic pressure (fig. 7(b)). These
pressure variations in the y direction gradually lessen with distance
downstream of the region of reverse flow and for the smaller angles of
attack eventually disappear completely. The pressure variations in the
y direction together with the occurrence of the fairly strong reverse
flow, as mentioned in references 6 and T, are suggestive of a vortex flow.
The changes in the direction of the flow which should be expected for a
vortex-type flow are clearly evident in figure 7.
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The shape and extent of the thin-airfoil bubbles derived from the
mean flow surveys are presented in figure 9. The bubble is defined for
present purposes as the region bounded by the plate surface and the
contour above the plate surface along which the Uy component of the
mean velocity is zero (i.e., 8 = +90°). The figure also includes the
distribution of the mean flow into and out of the bubble (i.e., the Ty
component of velocity along the contour where Uy = 0).

The rapid increase in extent and thickness of the bubble with
increasing angle of attack is apparent. These data together with the
surface pressure-distribution measurements (fig. 6) indicate that the
separated flow from the leading edge of the plate reattaches to the surface
at the termination (approximately) of the rapid pressure rise downstream
of the region of essentially constant pressure. On this basis it is esti-
mated that flow reattachment probably occurred at chordwise stations of
0.02, 0.14, and 0.42 for angles of attack of 1°, 3°, and 5°, respectively.
Estimates for higher angles of attack are not warranted because of the
vagueness of the terminal points and the probability of spanwise flow.

It is interesting to compare the extent and maximum thicki® s3s of the
bubbles from the current studies with those reported by Rose and Altman
(ref. 7) for a modified double-wedge airfoil having a thickness-chord
ratio of 0.0423. Although the surface pressure distributions from the
two investigations are very similar except for minor differences attribu-
table to the differences in thickness distribution, the results of the
flow surveys are markedly different. Figure 10 shows that at least up to
6° angle of attack, the extent and thickness of the bubbles encountered
in the current investigation are considerably larger than those measured
on the double-wedge airfoil in reference 7. The differences between the
results of the two investigations arc in the proper direction to be
explained by the effects of the exceedingly turbulent flow for which
corrections were not applied to the data of reference 7. The magnitude
of the differences, however, are too great to be explained by the turbu-
lence effects. Based on estimates from pressure distributions, the extent
of the bubbles for the two investigations should agree very well (fig. 10).
The large discrepancies are, therefore, somewhat puzzling and cannot be
explained. It does not seem likely that the possible occurrence of span-
wise flow and the differences in thickness distribution are the major
factors leading to the disagreement.

The flow into and out of the bubbles shown in figure 9 gives some
evidence of the spanwise flow observed during the preliminary tests.
From continuity considerations the volume inflow should be equal to the
volume outflow for conditions of two-dimensional flow. Any differences
between the two volumes must be manifested as flow in the spanwise direc-
tion. The accompanying table, evaluated from figure 9 by mechanical
integration, indicates that for all angles of attack investigated the
inflow exceeded the outflow.
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A, |@inflow|@outflow | &(inflow-outflow
deg U cUs clyo

2 0.006 0.005 0.001

i .0hk0 016 .024

6 .091 .036 -055

dper unit span

The accuracy of the measurements involved, however, is poor. The numerical
results should be interpreted only as an indication of an increasing
tendency for spanwise flow with increasing angle of attack.

Velocity Fluctuation Measurements

Results of hot-wire anemometer measurements of the velocity fluctu-
ations are presented in figure 11 and in table III. The extremely high
levels of turbulence in the flow are readily apparent. In an absolute
sense (fig. 11), the largest fluctuations measured were (root-mean-square
values ) approximately 30 percent of the free-stream velocity. In a
relative sense (table III), the largest fluctuations measured were
approximately 65 percent of the local mean velocity. As discussed in
Appendix B, measurements of such high levels of turbulence should be con-
sidered qualitative due to the nonlinear voltage-velocity characteristics
of a hot wire. It is of interest that these fluctuations are of con-
siderably greater magnitude than those measured by Schubauer and Klebanoff
(ref. 9) in a turbulent boundary layer approaching separation. It is not
surprising, perhaps, that the fluctuations presented herein are of similar
magnitude to those reported by Corrisin and Uberoi (ref. 10) for a
turbulent jet.?l

Figure 12, which is presented to summarize graphically some of the
salient features of the pitot-static and hot-wire results, illustrates
that between the leading edge and the position of reattachment the largest
(absolute) velocity fluctuations occur along a band in the detached flow
approximately midway between the bubble and the outer edge of the detached
flow. The detached flow is, therefore, a region of intense turbulent

1A paper by M. Arie and H. Rouse ("Experiments on Two-Dimensional
Flow Over a Normal Wall", Jour. of Fluid Mech., vol. 1, pt. 2, July 1956,
pp. 129-141) became available while the present report was being prepared
for publication. Measurements are presented of velocity, pressure, and
velocity fluctuations behind flat plates normal to the air stream with
splitter plates in the wake to prevent vortex streets. Arie and Rouse
show that the flow separates from the edges of the plates and subsequently
reattaches to the splitter plates; the characteristics of the entire
region of separated flow are remarkably similar to those of the present
investigation, particularly the magnitude of the reverse flow in what
corresponds to the bubble and also the magnitude and distribution of the
velocity fluctuations.
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mixing and, noét unlike a jet, it expands rapidly downstream from its
origin at the leading edge of the plate. Although it is not evident in
figure 12 (see, rather, fig. 11), the intensity of the turbulent motion
along the band gradually decreases as the flow passes downstream ofi kthe
position of reattachment. The band of maximum intensity tends, moreover,
to move inward toward the surface over the downstream portion of the
bubbles. For 2° angle of attack the band becomes adjacent to the surface
(i.e., just above the laminar sublayer) between the chordwise stations

of 0.45 and 0.80; the intensity and distribution of the fluctuations are
similar to those measured by Klebanoff and Diehl (ref. 11) for a turbulent
boundary layer on a flat plate. This is not surprising since the pressure
gradient is almost zero downstream of the 0.10-chord station. The data
for 4° (and to a lesser extent, for 6°) angle of attack show the same
trends downstream of the bubble as for == However, the extent of flow
through the region of approximately zero pressure gradient is too short

to allow as complete a readjustment.

Observations and Measurements of the Flow in the Immediate
Vicinity of the Leading Edge

As mentioned previously, there was intense turbulent mixing in the
detached flow in the immediate vicinity of the leading edge of the plate.
This is demonstrated by the data in figure 13 which show that at the
O-percent-chord station the largest root-mean-square values measured for
the velocity fluctuations were 15 to 25 percent of the free-stream
velocity. Moreover, observations of the output from the hot wire on
cathode-ray oscilloscope verified that the velocity fluctuations were of
the completely random type characteristic of turbulent flow. Measurements
were also obtained at several additional stations upstream of the leading
edge in an effort to pinpoint the onset of transition. This permitted
surveying at negative values of y; that is, surveys could be made in the
region of the’ separated flow which passes around the leading edge from
the position of stagnation on the lower surface. Results of some of
these measurements also are presented in figure 13. No indication of
turbulent flow is shown nor was any detected visually on an oscilloscope.
For negative values of x/c, the decrease in the local velocity as ¥
increases negatively is not associated with a loss in total pressure.

It is, rather, attributable to a decrease in the velocity of the potential
flow which would occur as the position of stagnation is approached.

Although it is not impossible that these results are peculiar to
the flow around a sharp leading edge, the results strongly suggest that
the extent of separated laminar flow along a thin-airfoil bubble is
virtually zero. It is of interest to note that this differs considerably
from the laminar-separation bubbles discussed in references 3 to 5.
Reference 3 reports that approximately 80 percent of the extent of a
laminar-separation bubble is covered by separated laminar flow. Since,
however, there is also a large difference in the actual physical dimen-
sions of the two types of bubbles, it is, perhaps, more correct to express
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the difference on the basis of a Reynolds number
RLsSE

where Ugep is the velocity of the outer potential flow at the position
of separation and L is the extent of separated laminar flow. A maximum
value of Ry, for the thin-airfoil bubbles reported herein is estimated
to be 5000; whereas a corresponding value for a laminar-separation bubble
(ref. 3) would be at least ten times as great or of the order of 50,000.
The physical significance, if any, of this difference between the two
types of separated flow is not readily apparent.

SUMMARY OF RESULTS

The principal results from pitot-static and hot-wire anemometer
surveys of the low-speed flow over a simulated flat plate at small angles
of attack are as follows:

1. In the regions or bubbles of reverse flow which are characteristic
of the flow associated with the so-called thin-airfoil stall, resultant
mean velocities of about 30 percent of the free-stream velocity and
velocity fluctuations up to 65 percent of the local velocities were
measured.

5. The reverse flow in the bubbles appears to be part of a more
general vortex-type flow.

3. The magnitude of the turbulent velocity fluctuations in the
regions of separated flow above the bubbles is comparable to that which
has been observed for a turbulent jet. The largest velocity fluctuations
measured amounted to 30 percent of the free-stream velocity.

L. DNo separated laminar flow was detected at the forward edge of
the bubbles.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, Calif., Nov. 23, 1956




NACA TN 3876 15
APPENDIX A

CORRECTIONS APPLIED TO THE PITOT-STATIC MEASUREMENTS

FOR THE EFFECTS COF TURBULENT FLOW

The relationships used as a basis for correcting the pitot-static
measurements for the effects of turbulent flow are due to Goldstein
(ref. 12) and Fage (ref. 13). Goldstein and Fage indicate that a static-
pressure probe, aligned with a turbulent stream having a resultant mean
velocity U, measures a static pressure pp such that

5. =5 + %pkl([ﬁ + 52) (A1)

where k; 1s a constant which depends to some extent on the geometry of
the probe. Goldstein also demonstrates that under similar flow conditions
a total-pressure probe measures a pressure (ﬁt)m where

- ik
(Pt)m Pt +'zrp(Au + AN + N2 ) (A2)
! = = L=
or, since Py - D = —pl
= & SIS | RS S R
(Pg)y =D + =l & ETD(AM + AV + A) (A3)

If equations (Al) and (A3) are combined and a reference dynamic

pressure inqmz is introduced, there results

@@ o E]

Similarly, the relationship between the measured and the true static-
and total-pressure coefficients becomes

(o), - - =@ + @ (19)
(Cpt>m = Gp [ > > + ( > ] (A6)

Unfortunately these simple expressions could not be applied directly
to the present results for several reasons: (1) Only one component of
the turbulent velocity fluctuations was measured, Au; (2) the probes were
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seldom aligned with the resultant flow during the course of the pitot-
static surveys; and (3) equations (Al) and (A2) provide no information
on any dlfferentlal effects which the velocity fluctuations might have

on the two M5 beveled tubes employed to ascertain the direction ¥ of
the resultant flow. The latter is significant because an erroneous indi-
cation of 7y for values between 10° and h5o would have caused errors in
the corrections which were required for the measured static and total
pressures as a function of 7y (see fig. 5).

In order to circumvent the difficulty stemming from the measurement
of only one component of the velocity fluctuations, it was assumed that

K (AT) = (B + &v° + &)
so ‘that
(kp - 1)(E) = (&F° + &) (A7)

An analysis of the results of Schubauer and Klebanoff (ref. 9)
revealed that a value for ks, for turbulent boundary-layer flow would
vary from 1.5 near the wall to 2.1 near the outer edge of the boundary
layer. Moreover, this variation was virtually independent of the shape
of the mean-velocity profiles. The results of Laufer (ref. 14) and
Ruetenik (ref. 15) for turbulent flow in a two-dimensional channel indi-
cate a similar variation for k, from the wall to the center of the
channel. Although the general applicability of these results to the
oroblem at hand is admittedly open to some question, in the absence of
any better criterion, an average value of 1.8 was selected for ks to
provide a means for correcting the present pitot-static measurements.

If the value of k; 1is taken to be 0.5 on the basis of Fage's

empirical results (ref. 13) for a static-pressure probe similar to those
employed during this investigation, equations (A4), (A5), and (A6) become

S - @ - @ - - s 0]- (B (@

—_m = _ll + A <..§_> (AS)
<c N = - i - l)(A> - o.u<@>2
P/m §Y Uy,
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(cpt>m = Cp, + kz(%.%)Z = Cp, + 1.8(3-2)2

(cpt)m = Cp, + ACp, (A10)

The numerical value for k; determined by Fage was derived from measure-
menss of turbulent flow in a pipe. Its general applicability is unknown
but the use of a value of 0.5 is not inconsistent with the over-all
accuracy which should be expected from the corrections, considering the
assumptions introduced by the use of the constant ko. The incremental
corrections A(G/Us), ACp, and ACp, defined by equations (A8) to (Al0)

are shown graphically in figure 1k.

The corrections for turbulence described in the preceding paragraphs
are appropriate only when the longitudinal axis of the probe is aligned
with the resultant flow (i.e., ¥ = 0), a condition which, as mentioned
previously, was seldom encountered during the course of the present
surveys. It is apparent, for example, that when the local flow is oblique
to the longitudinal axis of the probe, the Au component of the velocity
fluctuations can contribute to the measured static pressure. At the same
time, particularly for large values of 7, one would expect that the
response of the total-pressure probe to the velocity fluctuations would
differ from that given by equation (A3). In order, therefore, to determine
the influence of 7 on the preceding relationships for Um/Uw, (Cplpy,
and (Cpt) , and at the same time assess any differential effects of the
turbulentmflow on the pressure difference measured between the two 0
beveled pressure tubes, a calibration of the conventional pitot-static
probe (fig. 4) was conducted in the small wind tunnel for measured turbu-

lence levels «AU2/8@ of approximately 0.25 and 0.43. The calibrations
covered a range of y from O to 450 and the results were assumed appli-

cable for negative values of 7. The results were also applied to the
reverse-flow probe shown in figure k.

For these measurements the influence of 7 was considered in the
following manner:

(5 - Bhu = (3¢ - B) + 2(7)(Fo5%) (a11)
(5, - Ba), = (By - Bp) + g(y)(%oﬁfl‘?) (A12)

where
(bt - P) dynamic pressure at the probc
(P, - Do) the pressure difference between the two 450 peveled tubes

égzg}- unknown functions of ¥ to be determined experimentally




18 NACA TN 3876

The functions f(y) and g(y) derived from the measurements are
shown in figure 15. The results are surprisingly good considering that
they were evaluated from small differences between relatively large
numerical values. The results for g(y) indicate that there is a con-
siderable differential effect of the velocity fluctuations on the two
M5O beveled tubes. The effect, as might be expected, increases rapidly
as 7y increases. The quantity f(y) decreases slowly from a value
somewhere between 1.6 and 1.2, when 7y = 0, to a value of approximately
1.0 when 7 = 30°; thereafter f(y) decreases rapidly. Note that a value
between 1.2 and 1.6 is consistent with equation (A8) for which f£(y)
should be identical with 1 + (ko - 1)(1 - k;) = 1.4. The effects of
turbulence on the directional characteristics of the probes also are
illustrated in figure 15. It is readily apparent that under certain con-
ditions the effects of velocity fluctuations are large.

On the basis of the preceding discussion and experimental results,
the procedure employed herein to correct the pitot-static measurements
for the effects of turbulence is summarized as follows:

(1) The value of 7y was determined from charts similar to that
shown in figure 15.

(2) With the value of 7y from (1) above, the measured values of
total and static pressure were corrected using charts similar to those
shown in figure 5.

(3) The quantities (Cp)m,(Cpt)m, and Tp/U, were computed and then

corrected for the effects of turbulence using charts similar to figure 1k.

As suggested by f(y) in figure 15, the corrections applied in
step (3) above should have been, strictly speaking, considered a function
of . Although this was possible in the case of U which depends only
on f(7), such a procedure was not possible for (Cp), and (Cpt)m since

k; and ky, were not evaluated as separate functions of y. It will be
noted, however, that with only a few exceptions, most of the pitot-static
measurements correspond to values of =90% v = 207 (when 7 =0, 6 =0

or +180°). Figure 15 demonstrates that over this range of 7, f(7)
appears to be essentially constant; this result carries the implication
that k,; and k, probably vary only a small amountl out to y = 20°.
Thus, for the present pitot-static measurements the dependence of the
corrections for turbulence on 7y was, effectively, a second-order effect
and was ignored.

11t seems probable that an increase in 7y would cause k; to
increase and ks, to decrease but would only cause a small change in
£(y) if f£(y) =1 + (ko - 1)(1 - k1) as in equation (A8).
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APPENDIX B

CORRECTIONS APPLIED TO THE HOT-WIRE ANEMOMETER MEASUREMENTS

FOR THE EFFECT OF LARGE VELOCITY FLUCTUATIONS

The basis for correcting the hot-wire measurements may be illustrated
by the accompanying sketch. The sketch presents the typical relationship

™l
3
A [

™l
T

T————

c' b —— -

<l
<l

min max

Uy —mo—»
which exists between the heating current I supplied to the wire, the

resistance r of the wire, the voltage drop e across the wire, and the
velocity component u normal to the axis of the wire.l Point (1)

IThe sketch is strictly applicable only to steady or quasi-steady
flow conditions. It is assumed, however, for present purposes, that it
is applicable also to conditions with unsteady (turbulent) flow.
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represents conditions in a hypothetical flow having zero turbulence.

The current is of an arbitrary magnitude I to maintain the wire resist-
ance at a desired value T. The corresponding values for the velocity
and voltage are, respectively, G and €. If turbulence is introduced
into this hypothetical flow in such a manner that the mean velocity is
unchanged from the value U, the nonlinear voltage-velocity character-
istics of the wire for constant current operation lead to a mean voltage
&n Wwhich is greater than the original voltage €. As a result the mean
resistance is Iy (greater than F¥) and the indicated mean velocity Up
in the turbulent flow is less than the true mean velocity uU. Moreover,
since it is assumed in hot-wire anemometry that Au is proportional to
Ne, it is apparent that the nonlinearity can cause an erroneous determi-
nation of the velocity fluctuations. The difference between the measured
and the true mean quantities, of course, increases with increasing
magnitude of the velocity fluctuations.

With reference to the preceding sketch the corrections applied to
the hot-wire measurements were accomplished in the following manner:
point (2) represents the resistance I, set during the tests by applying
an arbitrary current I. The voltage drop across the wire is &y and
the indicated mean velocity is Up. Using the mean-square voltage-
fluctuation signal from the wire Aéz, uncompensated for the thermal lag,2

the quantities <§m +-J5§2> and <5m - JZE2‘>were employed to ascertain the

hypothetical velocities Upin and Umax (points (3) and (4), respectively).

A simple average value of these two velocities Ugyv was taken to be the
true mean velocity and is presented herein as U. The quantity

( Zﬁz/ﬁ) was computed using the compensated voltage signals from the
m

wire and the measured mean properties at point (2). No corrections were

applied, however, to the absolute values of (J&ﬁz)m for the nonlinear

voltage-velocity relationship; JZE?, as presented herein, is identical

to (V?ﬁféin.

This procedure, as mentioned previously, is intended to furnish no
more than approximate corrections to mean-flow measurements. The agree-
ment obtained between the pitot-static- and hot-wire-survey results is,
perhaps, ample evidence that the method successfully fulfills its purpose.
However, in order to provide some further indication of the validity of
the method, results of calculations are presented in the table of the
idealized response of a hot wire (typical to those employed during this
investigation) to large sinusoidal velocity fluctuations. The numerical
values in columns (2) to (6) are slightly dependent on the magnitude of
3 used in the computations (U = 100 ft sec ), but the effect is too
small to be considered in an analysis of this type.

20nly the uncompensated signal is a true measure of the actual
voltage fluctuations which occur across the wire.
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Calculated (idealized) response of a hot-wire
anemometer to large sinsusoidal
velocity fluctuations

(L] 102 ia) | -~ () (5) (6)

V32| Oy |Gay |NAE)n| WAGP), | WERP),
i o ' i A q

0101099 (1 1.00 @ L2 @iz Clodi2
200 SOT 1,00 .2k .23 .23
Se(e)| I ekl al(ere) .38 535 235
Hol .8611.02 5k 46 45
S50} -78|1.06 i b .58
o0t 651,19 1.03 BT .67

Two significant results are apparent from the tabulation. The first and
most important item to be noted is that the method of correcting the mean-
flow measurements herein appears to be satisfactory (cf., columns (2)

and (3) - for complete correction column (3) should, of course, be unity);
and the second is that, as expected, the values of turbulence presented
herein are probably too large (ef., columns (1) and (4) to (6)). Further
discussion is not warranted in view of the many ramifications involved.

It is sufficient to conclude that the calculated results for the mean
velocity are not inconsistent with the agreement shown by the experimental
results.
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) < 0° 10 20 30 40 50 6° ° 8o -10 -0 -30 40 -50 -6° ~70 -80
X/c
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.300 | .037|-.015|=.071| =-.091| -.153| =.58%| =-.930 -1.024| -1.0k2| .072| .118 .162 .213 .250 TG .296 .293
.350 | .037|=.002]|=.059| =.079| =.116 -.41] -.818] -.992| -1.042) .O0T2| .l12 <156 .20L 23 264 274 267
hoo| .037|-.002|=-.047| -.079| =-.090| -.287| -.681| =-.930 -1.004| .066| .105 .150 s .216 .238 .250 241
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TABLE II.- RESULTS FROM PITOT-STATIC SURVEYS
Y ] i (¢ Y 6, nk o ] u
c deé U, <2 i c deg Uy K o % deé :_w' % Cpt
x/e = 0; a = 2° x/c = 0.010; « = 4° 2¢fc = 0.025; @ = 4°
0.0002 | 40.2 [ 1.145 | 0.348 | 0.035 |0.0067 6.8| 0.283 | 0.921 | 1.840 | 0.0002 | 159.8 | 0.077 | 0.895 | 1.888
.0003 [ 39.3]1.163 | .349]| -.003 .0073 [ 12.8| .452( .957]| 1.752 .0012 | 167.5| .082 (| .898 | 1.890
.0005 | 37-3|1.20k | .368| -.082 .0080 | 17.9| .604| .938|1.572 .0028 | 171.9| .19%| .893]|1.870
.0007 | 3%.2|1.233| .526| -.078 .0083 | 19.1| .846| .915| 1.200 .oolfs 173.0| .161| .900| 1.873
\ .0010| 33.5|1.229 | .529| .007 .0087 [ 21.0| .995| .874| .883 .0062 | 177.2| .184| .902| 1.867
] .0013) 35.5)1.222 | .455| -.08% .0090 | 21.7} 1.100] .850 634 0078 | 176.8 | .183| .902| 1.867
10020 [ 33.2 | 1.206 | .452| -.018 .0093 | 21.8| 1.216 | .8k6| .367 ,0095 | 170.0| .156 | .900| 1.874
.0093 | 21.5| 1.243 | .895| .351
xfe = 0; o = ¥° gggg ggg iggg %’% B Jégg x/c = 0.025; a = 6°
.0002| 30.0( 922 | .880[1.030 | -177 gg:? o o8| oo | o6 [ 5.8 .oo7| .990(1.989
.0006 | 38.7 .th .633 .61% ‘o127 | 26.2| 1.265 | .595] -.009 L0176 17.8| .253| .976| 1.912
0009 37.g 1.181 .613 '261; 0160 | 26.5| 1.246 | .31k | -.ok1 .0186 | 15.7| .421| .983(1.805
.0013 | 37.8|1.181 | .619| .22 “0103 | 23.8| 1.oko| .55%| .013 L0196 | 16.9| .600|1.022| 1.662
.ggég g;g iég?( .ggg .JJ:(’)/? L0227 | 22.8| 1.0k :561 ‘o010 .0232 18.8 .822 | 1.058 | 1.381
g ¥ 4 2 L .02 19.8 | 1.031 | 1.070 [ 1.002
“0026 | 1.6 | 1,219 | .508| .o18 | -0260 | 21.8|1.246| .563| .008 | ‘opg | 5116 |1.219 | 1.0k5| .532
.0029 | 4b2.7]1.198 [ .431| -.007 .0236 23.8 | 1.334% | .984 ([ .182
x/ic =0.010; @ =6 02k6 | 24.8|1.362| .95 .080
T =65 o (@ 0256 | 25.1{1.369( .923| .033
.0083 0 76| .915( 1.883 0266 25.3 | 1.361| .891| .028
.0002] 23.7| .329|1.043] 1.935 | -0100 | 11.8| .k33(1.016|1.827( .0276 | 25.1 1,362 | .889| .02k
-0006 | 10.0| .518 | 1.06k| 1.797 .0107 | 17.6| .640|1.057| 1.64T
e e S B s TR R
. ool B3| 12| Feo| isee | -omx7| 22.3| 960|317 | 119 [ oous | 168.6] .o61] .930] 1.925
.0013 | 39.5|1.139 | .75%| .46o -gﬁg ggi igé% -ggg '%15 oo | 176.8| .106| .939( 1.926
.googé gg.g iﬁg .@{gg Eﬁ 20127 el s o112 | 179.3| .140| .950( 1.929
.0038 [ 39.5 [1.148 | .769| .bug | -0130| 28.5] 1.203| .721| .271
: ook6 | k6.4 | 1.187 | .508| .188 | -0137| 31.3| L.247( .621| .067 x/c = 0.050; o = 2°
.0123 33.8 1.262 .558 | -.035
.0187 | 33.0| 1.23 512 -.025 | .0056 | -15.5| .381( .738] 1.602
x/e = 0.010; a = 2° .gzo 31.5( 1.218 .Ego .ol .ogga ~11.k .hgﬁ .769] 1.530
.0253 | 30.3| 1.213| .487| .o11( .0089 8.7 .19 .756| 1.188
-gggg ig-g l-%‘_‘; -gl'g -ggg 0287 | 29.5| 1.205| .463| .oo7| .0106 6.7 |.0na |b vzl o5
e 13:0 e -799 -298 .0303 | 28.5]| 1.198| .438| 0 .0123 -2.6|1.128| .595| .32k
sl b '780 -117 .0353 | 27.5| 1.195| .31 o0 .0139 -3.0| 1.181| .537| .137
o o e yro ] .0k20 | 26.0( 1.195| .4ho[ .010( .0156 -2,0( 1.203( .508( .07T0
:0067 110'3 1%07 :(5(3) -035 o487 | 24k.5| 1.203| .455| .003 | .01T3 -1.5(1.203| .bk70| .033
o 1J+:5 1.298 .715 - .0562 | 22.8| 1.218| .501| .017( .0189 -1.3| L.202| .4k1| .018
.0090 | 14.3 | 1.283| .673| .020
.0107| 14.0| 1.248 | .607| .06 x/e = 0.025; a = 2° /¢ = 0.050; @ = 2°
0055 | 5.0 .199| .969| 1.927| .o003% | -28.9| .17h| .7OL( 1.6T1
/e = 0.010; a = 2° .83872 2| .609 '31—4{3 1.gzh og:o -25.5| .14 | .724| 1.691
.0080 I I I (R .875| .ook7 | -20.7| .270| .722| 1.639
.0033| O "é -ggé 1.992 .0088 6.4 1.101( .926( .T16| .005 -20.3( .309( .T43[ 1.6%7
-0827 0 .12 . i 1.849 .0097 7.0| 1.247| .877| .333| .0060 -16.4| .h20o| .746| 1.562
-gouo 0 -ﬁé 914 | 1.84k4 .0105 6.9 1.31%| .84%7| .139| .0067 -16.1| .476| .7ML| 1.519
-oua 2.5 L4581 .917| 1.708 .0122 6.9 1.329| .79%| .ok5 | .oOTh -12.4| .556| .737| 1.k27
.gokg 8.5 .665 | .923| 1.482 .0138 7.0] 1.313| .741| .031| .0080 -11.5| .603| .7 1.381
000 .3 .ggl .922| 1.358 .0155 | 6.3]| 1.295| .690| .025| .0087 -9.0( .729| .752| 1.219
-0052 1(9)~2 .881 glll‘ 1.139 L0172 3.1| 1.275| .639| .027| .009% 8.3 .798| .733| 1.09%
.ggﬁ u.a 1‘c9>13+5 Bg 1.018 .0100 -7.1| .932| .699| .8k
.0053 . L0k3 .81 .T91 R el .0107 -6.3| 1.013| .693| .679
88552 ig-g iﬁg -ng ggg e las i L0114 =5.7) 1.08%| .652] .489
.0057| 13.0| 1.165| .838| .47 .0002 | 174%.7| .316| .898| 1.797 >
“0058| 13.5 | 1.229 | .823| 315 | -0012 [176.3| .3W1[ .912f 1.79% %/c = 0.050; a = 2
.0060| 1%.3| 1.272| .791| .172 .0028 | 171.5| .264| .930| 1.860
10063| 14.6 | 1.311| .776| .095 | -0045 [138.1] .10 .938) 1.928 | .0003 [-17%.3| .335| .666] 1.571
et i) b |3k ] R
.0073| 15.4 | 1.300| . .01 i 2R | s : :
oobo| 154 | 1:3%0 | ldsz| ot bt ot o |- el €] Lot
y 2 : : : .0017 |-178.5| .267| . 1.62
0087| 15.3 | 1.288 | .678| 015 | oogo( kh.2| .1ho| .o11f 1.891| loo20 |-179.1| .256| .701| 1.63%
: 0122 | 9.7| .273| .934| 1.858| .0023 |-179.1| .232| 1.714| 1.659
x/c = 0.010; a = W .ol3g 12.8| .4o1| .9ko| 1.779
.0138 [ 13.5( .612| .962| 1.58
L0067 39| m 9::6 1.9})1; «olh7 | 15.2| .790] 97T 1-352 x/c = 0.050; a = ¥°
.0070 v 289 ( .949( 1.8 .0155( 15.5( 1.0 .9 L Okk
on| okl A2 27| e g | 127] | 95| 33| o6 | 27| 10| .om6| 1.6k
- ‘oo17| 13.0| .523| %88l 1.ms | .oar2| 17.5| 1.302| .950| .2ke| -O1T3 -0| .383| 1.024 1.8m
“0080| 17.0| .83 | .995| 1.508 | .0188| 18.0| 1.35%| .o12| .ov6| -9296 9-3| .563| 1.00k| 1.709
.0083| 18.5| .896|1.010| 1.207 | -0205| 18.0f 1.354| .886| .08 '&?23 9'3 -T69 1.018| 1.k27
0222 17.5( 1.345| .863( .okg| -9239 1.4 .990f .992 1.013
.0238 | 17.2| 1.335( .82k .036

1Repeat run.
2Reverse-flow probe.

2>




26

TABLE II.- RESULTS FROM PITOT-STATIC SURVEYS - Continued

NACA TN 3876

6, 1 c c 8, u_ Y 8, u
{' deg U, P Py % deg i o cPt c deg u_w % CP"‘
0.0256 | 12.5 [ 1.175 | 0.969 | 0.584 | 0.0238 4.k | 0.527| 1.059 | 1.780 x/c = 0.100; @ = °
.0273 | 13.8|1.279( .905| .263 | .0255 6.1| .655|1.073 | 1.645
.0289 | 13.21.332| .863! .097 0272 7.1| .811|1.071|1.412 | 0.0194 -8.4 [ 0.150 | 1.051 | 2.028
.0323 | 13.2|1.338| .809| .oko [ .0288 8.6| 1.015 | 1.011 | 1,234 | .0227 | -2.9| .334|1.058 | 1.947
.0389 | 12.8 [1.323| .756| .025 | .0305 9.7|1.081 [ 1.024 | .764 | .0260 0 .507 [ 1.079 | 1.818
L0456 | 12.5|1.304| .707| .019 .0322 10.0| .428 | 1.223 | 1.044 0277 -2.2 | .605(1.091 | 1.726
.0355 9.7 1.30%| .881( .175 0294 2.5 | .695(1.082| 1.600
2, S .0388 9.5|1.327| .835| .062 | .0310 2.k | 1799 1.088 | 1.450
/c = 0.050; o = 4 .ol22 9.0 1.326| .807| .os6 | .0327 [ 2.7 .885|1.082|1.298
L0455 9.0|1.317| .769| .033 | .0344 4.3 .992|1.143 [ 1.061
.0002 [166.3 | .128 [ .907|1.889 [ o488 7.5|1.313| .162| .033 .0360 5.8 [1.096 [ 1.017| .811
.0011 |173.3 | .153 | .921(1.899 0377 6.1 (1.187| .979| .563
L0027 |17H.2| .196) .92k|1.882 2, - ) 0394 7.1 \xizsn) feal| 361
0046 |17h.2 | .214| .922|1.876 /e = 0.075; a = 6 .0k10 7.8 |1.287| .900| .242
0077 |17L.7 | .213 | .920(1.875 .ok27 8.3 [1.312| .867( .139
.0110-|169.9 [ .203 | .938 | 1.89% | .0006 [ 172.5| .15L| .950|1.975 | ,olkk 7.7 [1.324 | .841| .o78
~ggehg ﬁgg -igt gg‘; igiﬁ . 0460 8.2 |1.335| .820| .036
= e . . . > . . 0494 8.1 [1.330| .79%| .021
x/c = 0.050; @ = 6 _38% i.?;i gg?_ %g ig% el 2ol i eoe
0256 | 13.5 | .233|1.009[1.955 | ‘0085 | 17ai9| 132 | .98k |1.985
0273 | 12.9 | .375|1.018 | 1.906 | ’;of | 173.0| .170| .98%|1.955 %/e = 0.100; @ = 4°
.0289 | 12.8 | .469]1.025 | 1.803 0123 | 176.8| .170| .985]|1.956
.0306 [ 1h.0| .712(1.052 [ 1.54T [ “o1h5 | 175.0| .148| .993 |1.971 0002 |-177.0 | .272| .979 | 1.904
.0323 | 4.2 .900[1.061 | 1.24% | o156 | 17575 (137| .98k | 1.965 | -00_T [-179.2 | .349|1.002 | 1.880
.0339 [ 15.3 [1.112 | 1.056 | 821 | ;173 | 176.0| .108| .992|1.981 | -0061 |-178.0 | .332|1.012 1.902
.0356 | 16.3 | 1.268 | 1.069 | 45T 0100 | 176.5| .185| .981|1.947 L0094 |-176.7 | .31k | 1.025| 1.927
.0373 | 17.7|1.353 | 2.053 | .21k | "oopg | 17702 .160| .990 | 1.06k | -0127 |-175.0 | .265|1.027|1.956
.8529 ig-g i-3g§ l.ggg -gg -o2ho | 177.0| .087| .983|1.975 016)1‘ -173.0 | .209 | 1.03% [ 1.990
.oh23 . .3 . . 019% |-163.2 | .088|1.063| 2.0
.ob56 | 17.8 |1.390| .976| .065 0eT) || 4600l GR 11,5981 1. 201 : ’ -
s e Lo e e 2y/c = 0.075; o = 4° x/c = 0.100; o = 6°
2x/c = 0.050; a = 6° 0003 | 178.0| .203| .o77(2.933 | -0327 | 11.6| .19%|1.0371.998
20030 | 178.5| .277| .989|1.910 | -0360 | 10.4f .227|1.058 | 2.007
.0002 [166.3{ .05k [ .953{1.949 0063 | 177.30 -217! ‘990 |1.012 | -03%% 9.2 | .39%|1.079| 1.923
L0046 |165.6 | .055| .959|1.955 | 0096 | 176.1| .27%| .993|1.on7 | -0929 | 11.3 | .55%|1.098 | 1.790
L0077 [172.1 | 139 | 951 [1.931 | 0130 | 173.7| .239]1.006 |1.947 | 0460 | 11.6 .7H0 | 1.113 | 1,561
.olkh |i73.5 | .ak1| .96k | 1.9k | o153 | 169.k| .160(1.021|1.990 | -OMO% | 13.5| .9k [1.0911.196
L0211 |173.3 | .134|1.950( .972 [ 0196 | 151.2| .o7h|1.026|2.020 | -0927 | 15.1[1.153 (1.018| .685
L0560 | 16.5 1271 .938 .357‘
A . s 4 .1
x/c = 0.075; o = 29 x/c = 0.075; « = 6° _%Z{; i;'i i'gg .gﬁg 1039
L0660 | 16.7 1.3 .822| .o11
L0055 |-11.6 | .554 | .341|1.036 0272 | 14%.0( .103| .991(1.978 ; y 3k 0 =
L0072 |-10.1] .652| .373| .98 .0322 | 11i.7| .287}|1.02311.938 il ) o
.0088 | -8.8| .755| .384| .815 0338 10.6 | .362|1.040 [ 1.909
.0100 | -5.8 | .905| .357| .536 | .0372 | 11.5| .593]1.068 |1.715 2¢/c = 0.100; a = 6°
0120 | -b.%| .953| .307| .339 | .0388 | 13.2( .737|1.098 | 1.570
.0140 | =4.2 [1.111 | 432 | .197 .0k05 12.8| .864|1.088 | 1.343 .0002 | 172.0| .124| .984| 1.968
.0150 | -3.3 |1.073 | .269| .097 | .O405 | 1k.7) .867]1.090 | 1.361 L0027 | 172.0| .206| .985] 1.943
.0190 | -5.8 |1.102 | .253| .oMl Jok22 16.1| .985|1.062 | 1.073 L0061 | 17%.0| .225| .990| 1.938
.0220 | =6.6 [1.105 | .252 | .032 0438 16.0( 1.121| 1.056 [ .T795 .009% [176.0 | .225| .997| 1.947
.0l55 16.0( 1.225 | 1.041 | .538 L0161 | 180.0| .232|1.005| 1.951
= .ok72 | 15.8(1.300| .996| .299 [ .0227 [ 180.0 | .225| 1.011( 1.961
*x/c = 0.075; o = 2 L0505 | 15.5 1.325 .95k g .029% | 180.0 | .168 | 1.029| 1.999
-0535 15.7| 1.363| .925| .063
.0002 0 .2ho | .203 |1.145 L0572 14.3]|1.350| .885| .061 =
.0027 [-11.7| M3 | .275 [1.105 | ogos | 12.1|1.350| .872| .046 x/c = 0.150; a = 2
.0034 [-12.5 | .44k | .285|1.088
.ggtl -12.6 | .u82| .28k |1.053 T > ggi’g '1-; -’5*215: -t -%i’
E -12. .517 | .302 | 1.0 x/c = 0.100; & = - . . .
7 IR e =2 L0023 | -1.5| .633| .027 .657
2 o .0002 1.5| .o .119| .926 L0063 | -1.7| .699| .028| .541
x/c = 0.075; @ = & 0007 | -1.5| .s15( .126| 859 [ .0130 | -1.5( .837| .029( .331
0014 -2.7| .562| .142| .828 L0197 -5 .92al .o31| .181
.0003 [178.0 [ .203 | .977 [21.933 .0027 | -3.3| .609| .171| .798 .0263 0 .9¢. " w2018 | .023
.0030 [178.5 [ .277| .989 [1.910 | ook | -h.3| .662| .180| .738 .0330 0 .999| .015| .019
.0063 [177.3 | .277| .990 (1.912 | _oo6o | =k.k| .727| .180| .6k8 | .OM6O 0 .999( .015| .017
.0096 [176.1 | 274 [ .993 |1.917 0077 | =3.7] .790| .195| .572 | -0630 0 .999 | “.015( .019
0130 [173.7 | .239 [1.006 [1.947 [ ,oook | -3.5| .8k .196| .k76
.0163 [169.% | .169 |1.021 [1.990 | o110 | -2.9| .91k| .180| .34 =0 150 ke =10
.0196 [151.2 | .OTh4 [1.026 |2.020 L0127 2.6 .963| .176| .250 g
Lol [ 2.2 .996| .158| .161 0250 L g 1.846
x/c = 0.075; o = 4° (o160 | -2l0| 108 | (10| 095 | o2 3.9 552 1.332 1.797
LOLTT -2.0| 1.046 | .11 | .053
019 5.0| T.055 139 029 .0299 5.0 .584] 1.009| 1.670
.0105 R .980 [ 1.983 '0227 el lmea '132 62 .0333 4.3 | .704| 1.001| 1.437
0172 | 5.8 | .28 | .981|1.932 | - Fed Siol Tt ize| oot .0366 3.0| .860| .977| 1.236
L0188 | -2.6 | .181 |1.021|1.989 | - ~E e A2 20399 | 1.0{1.009| .939| .018
L0205 6| .292 [1.027 | 1.9%0 .0l33 o |1.133| .867| .577
L0222 | 2.6 | .42k |1.042 |1.860 . 0l66 -.5|1.222| .822| .320

1Repeat run.
2Reverse-flow probe.




TABLE II.- RESULTS FROM PITOT-STATIC SURVEYS Continued
) a 6, u 6, 1l e &
% deé U_m Cp Cpt % deg K Cp cpt % deg er P Py
0.0499 | -1.5| 1.268 | 0.777 | 0.168 2¢/c = 0.200; a = 4° 0.1100 5.4 [ 1.329 | 0.859 | 0.102
L0933 | -1.7[1.2/8| .723| .085 .1200 5.3|1.336 | .809| .020
.0599 | -2.5| 1.282| .681| .035 -172.0 | .248 | .59%|1.533 | .1300 5.0 113250 | -ol0
. 0666 -3.0] 1.270] .63%] .o19 .0026 | -180.0 | .280 | .625 | 1.544 L1367 5.411.316 | 747 | *.010
| 0799 | -3.3|1.232| .537| .019 | .0059 | -180.0 2& 1661 1.6%
| .0093 [ -178.5 | . 681 [ 1.6 2 T
‘ 2/c = 0.150; o = ¥° 0126 | -177.6 | .14 | .703 | 1.690 *x/e = 0.250; & = 6
| .0003 [176.5 | .270 (1.018 | 1.9%%
[ .0002 F176.0( .335( .846[1.732 x/c = 0.200; a = 6° .0033 [-180.0 | .546 [1.033 | 1.737
i .o000k [177.8| .345| .850(1.730 .0099 [178.0 | .359 |1.058 [ 1.929
| .oo2k |180.0| .387| .867(1.716 .oko1 -6.6 O7L (1.135|2.128 .0166 |-178.0 [ .350 | 1.076 | 1.953
.0058 -180.0( .34%9( .84%5(1.772 . 0468 -1.3 | .262 (1.124 | 2.055 .0232 1-177.3 | .315(1.085)1.986
J .0091 [180.0| .312 .923|1.826 .0535 2.7 | 463 [1.148 | 1.949 .0299 [F175.5 | .252 | 1.092 | 2.023
; L0124 [178.5( .262| .926| 1.856 . 0601 3.4 | .627 [1.158 | 1.787 .0366 [-172.4 | .215 [ 1.106 | 2.059
1 .0158 f177.8( .198| .957|1.917 . 0668 5.0 | .875 [1.155 | 1.L49k L0433 [-166.7 | .129 [ 1.119 | 2.101
L0191 [F17h.6) .006( .97711.996 | .0735 6.5 11.052 {1.11011.009
L0224 |-173.0| .003| .970|1.97% | .0801 8.0 [1.218 [1.022 | .530 x/c = 0.300; @ = 2°
L0258 |16k.3| .002| .970|2.021 . 0868 8.5 1.3ﬁ0 .gu .333 vl
-0935 9.1 [1.3%0 | 883 082 | 4u0p 2.5| .539| .086| .178
x/c = 0.150; & = 6° .1001\ 9.1 [1.337 | .825| .035 | ‘o007 ( o | .620| .087| .686
.0027 -8 .56 | .092| .508
0466 5.6| .382]1.138|1.992 2¢/c = 0.200; & = 6° .0061 -.6| .813| .099| .k23
.0l99 6.5 .512]1.153 |1.893 L0161 -.6| .894| .097| .282
.0533 7.4 .611(1.180 | 1.809 -177.0 ( .268 (1.032 (1.958 .029% -4 9951 .085( .097
. 0566 8.7| .756|1.193 | 1.622 .0026 | -180.0 | .321 [1.0L5 | 1.9%0 .0k27 -.1(1.029 | .072| .013
.0599 9.0| .913|1.195(1.362 .0059 | -179.0 | .351 [1.060 | 1.927 .0527 -.1/1.032 | .069| .006
o 0633 | 10.1f1.077|1.175|1.010 | -0093|-178.5 | .347 [1.063 [1.942
10666 | 10.0( 1,212 (1.154( .681 | .0159( -178.0 | .327 (1.073 (1.969 x/c = 0.300; @ = &°
L0699 u.i 1.297| 1.135 | .449 -%26 -ijgi -ggg 31.-8;133 égg <
L0733 | 11.4(1,357|1.108| .262 | .0293 | -175.0 | . 5 4 ’ o e ; 1.00
‘o33 | 1Lk | 1369 | 1ioo3 | 215 | w0359 | 172k | -2t0 [1inn|2.067 | 0% | 373 5 SZ? 1o
- .0766 | 12.2(1.399 (1.09% | .133 0027 [ -k.5( .245 | .292(1.232
-0799 | 11.8|1.k22|1.118 | .075 x/e = 0.250; a = 2° 20061 | -9.9| .256 | .313|1.2k7
-ggg lﬁt i’;gﬁ 1'33% o 0161 | -13.2| .365| .37h|1.2M1
. > 0 : .0002 1, 547 | .090| .75 0294 -9.6 | .597 | .1 |1.053
20967 | 11.611.392( .953( .009 [ 4005 2 572 (2096 .75k | .ok27 | -6.0 .Bh9( .380| .657
.0012 -8 | .669 | .093| .628 | .0%61 | -h.k]|1.017| .330| .295
2¢/c = 0.150; a = 6° .0026 -8 | .135 | .00 .537 | .069% | -3.5|1.091 | .263| .059
- 0059 -9 | .801 | .120| .B53 | .0827 | -2.5|1.112| .252| .018
.0002 [178.2| .143| .991[1.970 [ -0126( -9 | .870 [ .l5| .3k | .0961 | -2.2(1.111( .2k | .00
o024 |178.0| .23k | .982|1.928 | -0226 -.8 | .963 | .103| .160
.0091 |180.0| .303|1.026|1.935 | -9326 -.5 [1.018 | .087| .0k3 /e = 0.300; & = 6°
0158 | 179.0| .276|1.038 | 1.961 .0ko6 -5 [1.03% | .082| .o10
022k (178.5( .213(1.029(1.984 | 0926 =2 [1.036 | .080( .005 [ oko7 [ -21.3( .119 [1.084 (2.068
L0291 | 177.3| .22k [1.029 | 1.979 .0561 | -10.0 | .371 |1.111|1.973
.0358 | 175.0| .o01|1.053 [2.054 x/c = 0.250; & = 4° L0694 | -3.8| .624 |1.109|1.720
.ggé'{ -.3] .928 [1.061 1.i99
= s =20 .0002 .6 | 012 | ko4 |1.412 | -0961 1.5 1.197 | .93L| .497
x/c = 0.200; @ = 2 S 6 | t050 | oz |1.koo | -209% o 1.2?6 83; .11%
000! S | .100 | . .0026 -9.4 | .093 | .439 |1.431 1227 2.911.313 | .75 .03
.oo3<3> 0 ?[2.‘? .106 ;215‘ 0126 | -22.8 | .20k | .510|1.469 | -1361 3.6 [1.303 [ .707 | .006
.0063 0 809 | .118| .he1 | .0e26| -16.% | .ol | .542(1.382
.0063 (o] 822 | .12k | .b46 .0326 | -10.0 | .658 [ .552 |1.119 2x/c = 0.300; @ = 6°
L0097 1.0| .856| .118| .383 .0k26 -6.8 | .870 | .526 | .T66
.0163 0 933 | .1a7| .240 | .0526| k.3 |1.05% | .h50| .3%0 | 0003 |-173.%| .317| .946 |1.845
.0230 | -1.0| .998| .098 | .103 | .0626| -3.% [1.129 | .398| .102 | .0033 |-180.0| .387 | .989 [1.839
‘ 0297 | =-1.0|1.028 | .088| .133 | .0726( =-2.9 |L.147 | .357| .029 | 0066 |-178.5| .37% |1.012 |1.872
i 0363 -1.0|1.032| .083| .018 .0826 -2.1 [1.152 | .34% | .o10 .0099 |-178.0| .318 |1.027 |1.926
o430 | -1.0(1.037| .083| .010 .0166 -17'67.8 .3809 1.032 l.gzg
) . g kO .0232 |-176.7| .280 [1.027 [1.
%/ 2 5ia00; G 2 ko He =020 a=h .0299 |-173.9 | .187 |1.064 | 2.028
d .0003 | -168.3 | .o71 | .361 |1.356 | -0366 |-166.3 | .060 |1.081 |2.077
.0183 |-19.0] .281) .735)1.656 .0033 | -177.0 | <054 | .%00 [1.397
o201 |-19.0| .307| .736 [1.643 | .0066 [ -167.6 | .ooL | .k30 |1.k37 x/e = 0.350; a = 2°
.0235 |~15.0| .383| .754 [1.606
.0268 |~-10.5| .510( .758 [1.498 x/e = 0.250; & = 6° .0002 14| .558 | .ot2| .762
.0301 ﬁ.e .582 .75’3 1.&13 LS .0005 2| .615] =068 .géu
.0335 2| .665| .754 |1.31 R 250 1 129 | 2.11 .0012 -5| .698 | .ot2| .587
.okl | -5.3| .B79| .731| .960 8‘;82 jﬁ_% 5715 i.13§ 2,063 .0022 -7| .75%| .073| .505
L0468 | -3.3[1.080| .636( 468 | ‘ogo0| k.o | .480 [1.16% [1.936 | -0038 -.6| .78 | .060| .
.0535 | =3.011.175 [ 573 | 184 | “oopp 6| .698 [1.159 |1.670 | -0078 -.5| .8k2| .o76 | .368
.060L | -2.3[1.207| .526 | .06% | ~oang 2.8 | .981 [1.116 |1.150 | -0145 -.5| .89% | .075 | .276
b L0668 | ~1.5]1.209 | .k92 | .030 | 500 4o [1.209 [1.006 | .5k9 | -0278 -4 973 | .073| .2123
.0735 | -1.0[1.208 | .41 | .020 | 1500 5.3 [1.311 | .016 | .188 | -0412 -.2(1.018 [ .061 | .02k
.0868 0o |1.193| .436| .ol . .0546 -.1|1.026 | .058 | .005
e 2Reverse-flow probe,




NACA TN 3876

TABLE II.- RESULTS FROM PITOT-STATIC SURVEYS - Continued

] a o e, o Y 0, a_
AN B Py S B (S %, c deg | % | %
x/c = 0.350; @ = 4° 2¢/c = 0.400; a = 6° x/c = 0.500; o = 4°
0.0002 0.6 {0.259| 0.165] 1.097 | 0.0003 | -173.4 | 0.279 | 0.754 | 1.666 | 0.0002 -2.0 | 0.423 | 0.123 | 0.946
.0005 -1.1| .288| .171| 1.088 ,0023 | =180.0 | .353| .772|1.64. .0006 -2.1 465) .128 912
.0022 -3.9| .359( .200]1.072 .0087| -180.0 | .320| .812]1.709 .0023 -2.5 559 | .136 | .825
.0078 -5.8 | .Jhoi| .245]1.083 .0156 | -180.0 | .259 | .838|1.770 .00%0 2.5 592 | .1ko 792
0212 | =7.7| .558| .292| .981 .0223| -178.5 | .220| .856 | 1.808 .0073 -3.3 | .619| .156 773
.0212 -7.6| .538| .293| 1.003 .0289| -177.1| .166| .880]1.852 .0Lko -3.k} .674] .180| .T36
0345 | -6.3| .727| .297| .768 | .03%6| -173.2( .084%| .900|1.893 0273 | k3| 749 .196 | .634
.ok78 4.7 .899| .277| .458 .0ko6 -3.4| .842| .195| .48T
.0612 -2.7|1.015| .231( .202 /o = 0.450; @ = 2° .0539 -3.6 | .930| .182| .322
L0745 | =2.4 1.%2 .281 .ochB) X{e=10-490;08 S L0673 | -3.1| .991 .1%6 ]6%12;
0878 -L.7 | 1.082( AB87| .. .0806 -2.5 | 1.027| .14
loie | -1ih|1lo85| 181| .oos | -0002f 1.3| 5681 .055| -T39 | [ogko | —2.0|1.0k9| .128 [ .0k5
-000k o STT| -OM8| .76 | ‘1556 | —2.0|1.059| .127| .006
= .0011 -9 4| .ou3 [ .577 : ' ’ i
x/c = 0.350; @ = 6 .0018 -1.0 35| .06 509
L0034 - | 795 | .ob7| W16 x/c = 0.500; a = 6°
L0345 | ~33.6 | .002| .992]|2.003 .0051 -] .823| .o0k9 372
ok79 | ~20.3 230 | 1.014% [ 1.958 .008% -4 .862| .o48| .306 L0140 | -29.3| .152| .58% [1.559
0612 | ~10.3| .451| 1.037|1.835 .0151 -.3| .907| .o46| .225 L0273 | =29.3 | .1bh] .623 | 1.60L
oTh5 -5.3 709 | 1.021 | 1.518 . 0284 -3 976 036 | .086 .oho6 | -23.k | .276| .653 [1.574
.0878 -2.%| .980| .965| 1.006 .ok1T7 -.3|2.005| .029| .018 .0539 | -17.0 [ .M6| .662 [1.k61
.1012 -1.1]1.185( .85k ([ .443 .0551 -.2|1.012( .029| .005 L0673 | =1%.0| .629| .657|1.259
L1145 0 |1.268| .T55| .14k L0806 | -9.81 .813}| .650| .987
.1278 .3|1.282| .687( .028 /o = 0.450; @ = 4O L0940 | =7.7[2.201| .595| .381
1395 1.0 | 1.284% | .é64| .oak X/ei=0-00; T = 1056 | -7.3]1.093 th .34
.1213 <5.711.253| « .150
. 000k -.2| .393| .12 .967 185 18 o5L
2¢/c = 0.350; a = 6° ooll| L.z | .be7| .13k| Lenz | (2339 ) 23 : 209
oos1| -2.2| .s60| .157| .843 k73 | k5 |1.193| WM31) .018
.0003 [|-173.4| .226 | .824[1.776 .0151 -3.7| .626| .184| .790
002k |-179.9 | .37 | .892|1.749 .0284| -3.9| .725| .201| .6T5 2¢/c = 0.500; a = 6°
.0090 |-179.8 | .337| .925]1.811 .okl7| -3.2| .83%| .193| .ug8
.0157 |-179.% [ .316| .939|1.84% .0551| -2.0| .932| .167| .301 .0003 [-166.2 | .155| .47 [1.446
.0223 |-177.8 | .260| .96%|1.896 .0551 -2.1| .932| .169| .301 .0036 [-180.0| .192| .518 |1.480
.0290 |-176.5| .215| .974|1.927 . 0684 -1.2| .995| .1k | .147 .0103 [|-177.0| .070| .544 |1.539
,0357 |-17%.7| .15%| .993|1.969 .0818 -1.1]1.032| .120| .057 L0169 |-170.2| .051| .570]1.567
Joh2k [-168.0| .094 | 1.008 [ 2.006 .0951 -1.0|1.04%| .110| .019

.1085 -.%)1.051| .110| .006 x/e=10.550} 1w )= 20
x/c = 0.400; a = 2°
x/c = 0.450; o = 6° .0002 0 568 | .o45 | .72k
.0002 1.1| .585| .057| .76 .0008 | -2.2| .632| .oko[ .641
.0010 -h| em| .o%2| .603 [ .ouwa7| -ek.3| .248| .767[1.706 | .002k | -2.5( .75k .ok2 [ .7k
.0016 -h | ourek | .056| 533 | lossi| -16.2| .Mho| .776|1.50% [ .ooki | -2.k| .Boo[ .oko| -ko2
.0033 -4 .90 .057| 434 .0684| -11.0| .617| .T75|1.393 L0074 -2.3| .847| .038| .324
.0050 -4 | 822 .059| .385 .0818| -8.0| .827| .78 [ 1.061 .ok | -2.3| .893| .ok1| .243
.0083 -4 .887| .060| .275 .0951 -5.5|1.017| .70L| .666 L0274 -2.3| .956| .o3%| .118
.0183 =4 .92k | .058| .206 1085 4.3 (1.1%0( .606| .303 .0408 2.2 .996| .027| .035
.0283 -4 .81 .o54| .091| .1218| -3.h|.1.191| .sk7| .l09 | .O3%L | -2.2|1.008| .020| .035
.0383 -.3(1.001( .ok6| .02k .1351 -2.8(1.215| .515| .okl L06Th -2.1|1.008 .019 | .035
.0k83 -.1|1.007( .o43] .o10 | .1k38| -2.3|1.215| .ko6| .021
.0550 -.1|1.019| .o43]| .005 xfe = 0.550 @ = &°
2¢/c = 0.450; a = 6°
x/c = 0.400; o = 4° Z L0002 [ -1.1] M| .107| .913
.0008 -2.3| k95| .108| .853
-0003 -3 | .304[ .138|1.048 .o013| -170.5 | .209 [ .589| 1.545 .002k | -3.1| .587| .121| .78
.0010 =-1.3 .385 .151 | 1.003 .0017| -180.0 .281 L617 | 1.537 L0041 =-3.1 .616 121 LT
.0016 -1.6 | .Jh21| .159| .983 .0050| -180.0 | .272 [ .645] 1.570 0074 =3.2/| .657| -135| 70T
20050 | =3.0| .470| 179| .957 | looB4| -180.0| .230| .662|1.609 | .01 [ -3.3| .68% .151| .661
0083 | -k.3| .s0k| .202| 988 | lgi17| -179.8| .20k | .682(1.6%0 | -027: | -3.3| .9 .162| .87
.0183 5.5 .556| .228| .917 .0150| -177.5| .179| .687]1.65% 5 -L,1| .823| .162| .43
.0283 =5.6 | .672| .245( .792 .0183| -176.7| .151| .698| 1.672 L0541 -3.6| .905| .147| .330
.ok17 | -2.0| .816| .236| .572 oe17| -17h.6| .119| .695|1.679 L06TH | -3.1| .960| .129| .205
c0500 | -2.8| .ob5| .213| .324 | ops0| -173.% | .o76| .72k |1.722 | .0808 [ -2.6|1.008| .1l09| .l02
.0683 -1.6 | 1.019| .17%| .134 0941 -2.%]1.030| .098| .039
.0817 -1.3|1.046| .143| .039 5 L1074 -2.3|1.038| .092 | .01k
0950 | -1.2|1.061| .138| .01k x/c = 0.500; & =2 1ok | -2.2[1.0k2| .092| .008
.0002 -1.0] .597} .067| .Ti2
x/c = 0,400; « = 6° .0006| -2.0| .618| .057| .676 x/e = 0.550; @ = 6°
.0023 2.5 .758| .060| .488
.0k17 | -27.4 [ .198| .905]|1.86% | [ooko| -2.k| .806| .062| .45 0002 0 o3| .387|1.380
L0550 | =17.7| .369| .913|1.777 .0073 2.2| .852| .065( .3%0 ol | -17.5 o | b7k [1.453
‘o83 | -10.3 | .577| 930 1.59% | owko| -2.1| -900| .o10| .262| -oe7s | -2L.k| .239| .511|1.h5k
20683 | -9.9| .593| .908|1.553 | lopy3| -2.2| -967| .069| .136| 0485 | -18.8| .335| .5k |1.h33
.0817 | -6.%| .872| .888|1.201 “okos| -2.0|1.009| .061| .03 o541 | -14.1| .546| .542[1.272
0950 | b5 |1.076| .786| 654 [ los39| -2.0|1.023| .062| .005| 067k [ -11.2( .67h| .54 [1.097
.1083 | =2.3[1.198| .75| .276 .0808 | -8.0| .829| .545| .859
1217 -1.5 [ 1.236| .636| .791 L0941 -8.5 956 | 481 572
,1350 | =1.0|1.253| .597| .05k J1074% | -8.0[1.051| .48 | .34
W1431 -.7|1.250( .577| .013 L1074 -8.3|1.056| Wbk 328

2Reverse~flow probe.




NACA TN 3876

TABLE II.- RESULTS FROM PITOT-STATIC SURVEYS -~ Concluded

L 6 @ c P 2 a_ X 6 a_
c deg | Ty | | Pt  lae | T % | ™ e aes | T | % | ™
C.1124 ~7.7| 1.081) 0.423 | 0.253 x/c = 0.650; a = 2° 0.0945 -1.0| 1.002 | 0.086 | 0.089
.1207 ~6.7|1.120| .ho2| .1k7 J1145 - 7| 1.02% | .075| .029
1340 | -6.7(1.146| .378| .061 | 0.0002 } -0.5|0.531|0.037|0.756 | -13k45 -.5|1.030( .o73| .013
L1483 =5.8 13581 .362[".023 .0003 2.6 | 74T 0313+ ,uP 1545 -.2| 1.033| .073| .008-.
.0161 -2.4| .888| .03 245
2x/c = 0.550; o = 6° gﬁgg 'g'h ggg 823 égg x/c = 0.700; o = 6°
2 . =2 3% 5 o
.0561 -2.3 | 1.004 | .02k | .015
.0003 |-153.8 | 0 375 | 1.378 05 .0002 6| 198 | .225|1.193
.0029 [-180.0| .ook [ .h10[1.hoz | -06%% | -2.3|1.008| .021| .005 [ o012 | -2.0| .259( .247(1.180
.0096 [-167.4| 0 453 | 1. 467 .0212 -9.6| .807 323 | .668
x/e = 0.650; o = 4° 0412 | -11.1| .869 358 | .603
x/c ='0.600; @ = 2° L0611 | =7.6) .928| .363( .500
e FAEFEREAE R E R
.002 -2, 625 | . 17 . -T. 5 § ;
'ggﬁ _g 5 '2% ﬁ 1231 L0161 | -3.%| .730| .135| .602 012 | =5.4% ] .9k2 | .326 | .L31
'0029 2.5 ‘752 oo | 478 . 0294 =3.9| .768| .11 .549 .1212 -4.0] 1.038 285 | .209
'0096 2.0 '856 '045 .315 .okoh -3.9| .864%| .137| .392 k12 -4.0] 1.094 | .266| .080
‘0220 | -1.9| loo1| lok3| o7 | -069% [ -3.3[ .95 .119] .22k | 15T | -3.5)1.109| 254/ .029
0362 | 19| som| w2 | loo7 | 989 | -2.6( .91 '099 -099
.0hg6 | -1.8|1.005| .036| .o27 1092 -2.3 l.ozz 08 .034 x/c = 0.800; a = 2°
P L0629 | -1.8]|1.012| .035| .o10 lﬁ9,+ ~&.211.03 083 015
.0762 [ =1.8(1.012( .030( .005 149 -1.911.037] .081! .007 }  ooo2 6| 5261 .019 .g&g
.0009 =12l 61BN R o1 63
x/c = 0.600; o = 4° x/e = 0.650; « = 6° -0076 -i~2 -ggg 'o:lé igg
o iy .0209 | -1.0] . .0 .
gl .0002 -3 | .138| .272|1.253 -0342 -9 .950| .14 .112
'ggeog _;3 );g; 'igg ?(gg .0028 -3| .256| .302|1.2k1 | .OT6 -.8| .981| .o08| .ok5
'0096 2.8 77| 36| 678 L0161 |-12.0 | .276| .357|1.280 .0609 -.6| .99%| .oo1| .013
o229 | -3.3| hp| 15k | lsee | -0361 [-13.0| .Mg| .hoo|1.223 .o7h2 5| .998 | .00l .005
20362 _3:1+ :809 157 :505 L0561 | -11.3 | .568 | .4%20|(1.097
«olise. | 2.9 87| .15k | (393 | -O761 | =.9| .768) M9 .830 x/c = 0.800; o = 4°
i || 2.8 .oar| 13| 259 | 061 | Bed A9 305y .30
Ll =] arrl s eime | (EOL | =7 | 1.063] =336 529 | doe 6| .A53| .o12| .867
%606 | -six|1.007| 05| o8y | 136 | hT|1-0000 3031 00 | looog | -1.0| .3| .om i TR
s | cioda oz loor| .ozel| WS+ | Bk jlae0) 2gef Ok oAl R B
1162 [ -1.81.038| .095 | .016 .03%2 | -1.5| .811| .100| .hk2
1296 [ -1.8|1.0k0| .092 | .010 x/c = 0.700; a = 2° .05%2 [ -1.3| .869 .091| .338
k29 | -1.7)1.0k0] .087 | .005 .o7h2 | -1.1| .928 | .082) .221
.0002 6| .532| .030| .748 0942 -5 .982| .om1| .119
e 210,600, o= 6° .0012 -1.E .653 | .028| .602 gtg e -g% .glig
el .0078 | -1. .832| .029| .339 - : : %
.0212 -1.3 [ .909| .027( .203 L1542 1.0(1.02% | .055| .008
e | p| 83| 360 [1ides | ol | 12| o8| o3| o6
T R B B Tl e Mg M| O x/c = 0.800; @ = 6°
.0362 [ -17.8 | .369 | .47k [1.355 crof il g | S
.0562 | =12.5| .552| .ho2 [1.215 | -OT¥> | =-9|1.00%( .016] .O7T | .ooc2 | -1.1| .250 | .177[1.11%
.0762 9.4 .74k | koo | .9k .0076 -3.6| 1| .227]1.058
. 0962 -6.81 .9311 M3 .569 x/c = 0.700; @ = 4° .0209 -6.3| .42 | .262 |1.048
J1162 | =5.0|1.017| .390| .23k .03%2 | -7.7| .531| .280| .999
1362 | -k.4|1.120| .350| .081 .0002 6| .58 | .089| .880 .05%2 | -7.6| .635| .293| .885
.1500 -3.6 ) 1.141| .336| .036 .0012 -1.k| .568] .093| .772 .0T42 -6.6| .766 | .285| .699
.00 | -1.5( .700| .109| .618 -gtg -2.2 ggg 257? .5(1)3
I A, L0345 -2,k | 812 | .126| .46T7 . =k . . -3
2¢/c = 0.600; o = 6° o545 | -1.7| e87| 12| [335 .13)1:2 -4.6 .937 .2&2 .296
L0745 -1.4 | .951 | .095| .186 <1342 =3.7(2.047 | .23 .135
.0003 |-168.3 | .086| .341 [1.332 ot g 3 ;
L0046 |-179.7| .o0L| .367 |1.372 1D S e Sk

2Reverse~flow probe.
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TABLE III.- RESULTS FROM HOT-WIRE ANEMOMETER

SURVEYS
r i | V=2 % o | JmE X T e e i | J=m2
c Ueo a c Uoo a e U o e Uoo 1
x/c. =105 e =22 0.00695 [ 1.329 | 0.015 | 0.01387 | 1.203 | 0.049 | 0.00575 | 0.679 | 0.242
.00745 | 1.323 | .012 .01637 | 1.209 | .025 .00908 | .826 | .239
0.00020 [ 0.078 | 0.101 .00825 [ 1.318 [ .008 .00887 | 1.203 | .0LT .o12k2 | .9k [ .170

.00027 330| .100 .00978 | 1.293 . 006 «0213T | 1215 +QL3 .01575 .999 .098

.00033 | 1.252 | .203 .01245 [ 1.265 | .005 .02387| 1.192| .0L0 .01908 [ 1.040| .0k2
. 00040 1.33ﬁ .009 .0R242 1.82&0 .025
.0004T | 1.30! 008 e o 1 ~ o0 .02575 | 1.0k0( .016
"000c0 | 1278 | LooB | F/o =001 =k x/c = 0.05; a = ¥ .03242 | 1.046 | .009
'882?9{ iggﬁ '83? ‘oocia| 01| o6k || woodie| .rce| son| 298 |i-ei6l 000

e : ' 00132 | .062| .Lis2 .00125 | .123 1 .588
.00232 | .079| .M15 .00192 | .141| .575 1x/c = 0.10; o = 4°

x/c = 0; @ = 4° .00332 | .086| .h11 .00258 | .146 | .543

00432 | .a01| .h11 .ook25 | .171| .518 | © .20k | .548

.00013| .016| .120 .00532 | .105| .k17 .00592 | .180| .327 .00202 | .336| .%16
.00023 | .025| .148 .00632 | .148 | .395 .00758 | .173| 473 .0070L | .313| .k2k
.00035| .039| .206 .00681 | .255| .356 .00925 | .216| .481 .01202 | .273| .456
.O000kT7| .685] .229 L00732 | Mo | 282 .01090| .301} .461 01468 | 260 439
.00060 | 1.318 | .017 .00782 | .700| .210 .01260 | .389 | .4ko 01735 | .256 | W
.00075 | 1.331 | .017 .00832 | .875| .1k2 .02002 | .291 | .4hko

.00117 | .098 [ .Lkk .00975 | .198 | .330 e
.00123 | .330 0 .34k 015 | . 13+o7 .316

.00132  .655 | .250 .01075 | .431| .259
.oo1ko| .go7| .201 | .o1125 | .605 [ .209 '882015‘2 -gl*l -628 x/c = 0.10; a = 6°
00153 | 1.246 | .o8k | .omx75 | 811 .166 | 02| -3

= 0.05; a = 6°

00167 1.305 | .038 | .01225 |1.108 | .128 :gggg% -_ggfi Egi -(Ojgggg gg -g;g
.00177 | 1.325 [ .03k .01275 | 1.191 [ .100 01258 i iigo .00702 .17J+ '516
.00190 | 1.319 | .026 .01325 [1.297 | .065 201592 :17& :1“39 o e .189 .1486
loo236 [ 10300 | .7 | o375 |Loaky| .o | OBRN Aol o GRS | ues
.00310 | 1.287 | .013 | .0mk25 1.358 | .029 | " oocg | Taog| L3 | opoee | Lo | Lb72
.00402 | 1.263 | .01l .01475 | 1.349 ,oeg g . . .02702 20 .h&
.01575 | 1.336 | .oL : : !
.01708 |1.315 | .010 = . @ - O .03202 | .228 [ .ush
x/e = 0.01; a = 2° .01508 1.293 .007 He=0oie 0 .03702 | .353| .ke3
02175 | 1.277 | .006 | 01960 | .158 | .Lk7

.oog};a 057 .z7l+
~oooks | 152 | Lhoe

ix/c = 0.05; 0 .024k70 | .206 | .356
'882@ 'igé tgg erhios st ~02720 .261+ “Lhg .02210 .190 t5i
; : . ooov2 | 229 .83 | -0970| .E51| .503 | .ce6lo| .190( .k3
_88%17’5 o L‘t; oes | o3| 363 | -os60| .86k | k23 | .o3110| .186| .A36

L2220 | .15 1 .L426 x/e = 0.10; o = 6°

00125 | 231 | . .03410 [ 1.184 [ .303 | .036l0( .222 [ .b57
pered el et Oonsn | io8s | 379 | -o36b0|1i3e9| Amh | .okio g .3%9
“ooo78 | [151| L37h 00258 | .398 | .337 .03910 | 1.365 | .0T3 .ol»o_lo L3
“oos12 | .163| .37 .0k160 [ 1.378 [ .09 -05110 | 1.076 | .237
o035 | 235 | 1320 - .oll10 | 1.378 033 .05610 | 1.266 | .121
00378 Py 331 xfc = 0.05; a = 2 .0k660 | 1.365 | .025 .06110 | 1.325 | .086
 ooh12 '1079 '293 .04910 | 1.358 | .02 .06610 | 1.338 | .028
'oouhs “é81 '237 .00017 | .186 | .39% .05450 | 1.358 | .016 .07110 | 1.338 | .017
:001”8 :931 :198 .00103 .ggo .307
.00512 | 1.066 | .125 '88232 :wﬁ ;’gg x/e = 0.10; a = 2° x/c = 0.20; o = 2°

.00545 | 1.225 | .086 s '2
.00595 | 1.313 | .01 :gﬁg,?{ l%gg 12% .00008 | .138 | .324 .00013 | .145 | .259
.00645 | 1.334 | .022 .00075 | .ok | .267 .00093 | .655| .151
.o002k2 | 581 [ .273 .00260 | .767 | .135

1Reverse=-flow probe.

.00103 |2.323| .01T .00882 | 1.088 | .08k = 0.5, & =P .02268 | .384% | k21 -
.00150 | 1.299 | .o017 | .00932 |1.262| .053 S = s o = .02535 | .536| .388
.00270 | 1.269 | .015 .01032 | 1.310| .020

‘on132 | 1281 | lonz | -00BT| .17h| .348 N e

01265 | 1.263 ol .01237 | .170( .308 x/c = 0.10; a = 4
xfc = 0; & = 6° '01598 1'25 '009 L0453 | .169 | .286

: RN < 01703 | o3k | .81 | .o1w10| .209| .ka9
.00013 [ .021| .155 .01953 | .Mb7| .301 .01610 | .250( .429
.00023 | .022| .212 x/c = 0.01; a = 6° .02203 | .T799| -283 .02110 | .289| .4o8
.00035 | .022 | .273 .02453 | 1.144 | .185 .02610 | 448 ] .390
.o000U8 [ .022 | .3%56 .00008 | .039 | .l27 .02703 | 1.282 | .099 03110 7oL |F 376
.00061| .oe2l .k32 .00108 | .063| .333 .02953 [ 1.324 | .039 .03610 | 1.160| .2k0
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A-19240

Figure 1l.- General arrangement of the Ames T7- by 10-foot wind tunnel
with the false floor and ceiling installed.
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Figure 2.- The geometry of the simulated flat plate and a view of the
model installed in the wind tunnel.
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Figure 3.- The traversing mechanism employed for the pitot-static and
hot-wire anemometer surveys.
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Figure 4.- The probes employed for the pitot-static surveys.
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Figure 7.- Results from the pitot-static and hot-wire measurements of
the mean flow.
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Figure 11.- Results from the hot-wire anemometer measurements of the

velocity fluctuations.
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