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TECHNICAL NOTE L4017

MOMENTUM TRANSFER FOR FLOW OVER A FLAT
PIATE WITH BLOWING

By H. S. Mickley and R. S. Davis

SUMMARY

The effect on the boundary layer of blowing air through a porous
flat plate into a main airstream flowing parallel to the plate was
studied experimentally. Measurements were made of velocity profiles
and wall friction coefficients. Main-stream velocities ranging from
17 to 60 feet per second were used, the main-stream Euler number was

zero, and a length Reynolds number Ry variation of L X 10% to0 3 x 106
was investigated. The dimensionless ratio vo/ul of blowing velocity

to main-stream velocity was maintained constant, independent of length,
in a given experiment. Values of vo/ul of 0, 0.001, 0.002, 0.003,
0.005, and 0.010 were used. The experimental results were compared with
the results of earlier work and significant differences were observed.

In particular, at the same values of Vo/ul and Ry, the present experi-
ments result in friction coefficients 15 to 30 percent smaller than those
reported earlier.

The observed friction coefficients are predicted by mixture-length
theory if the Reynolds number at the outer edge of the laminar sublayer
is permitted to vary with vp/uj.

INTRODUCTTON

This report covers work carried out at the Massachusetts Institute
of Technology under the sponsorship and with the financial assistance of
the National Advisory Committee for Aeronautics. The results presented
herein deal with the effect on the turbulent boundary layer of blowing
gas through a porous flat plate into a main airstream flowing parallel
to the plate.

An earlier report (ref. 1) has presented the results of experimental
measurements of boundary-layer velocity and temperature profiles and wall
friction and heat transfer coefficients for flow over a flat plate with
blowing or suction and with blowing and main-stream acceleration. The
experiments of reference 1 were made using air as both the main-stream
and blowing or suction fluid. The present work was undertaken with the
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intention of exploring the effect of blowing a gas other than air through
the porous wall and into the main airstream. Experiments were carried
out in which a helium-air mixture was blown through the porous wall and
into the main airstream. Analysis of these experimental results showed
that the equipment was not behaving properly. Material balances would
not close and the measurements were not reproducible. When this situa-
tion became apparent, the primary experiments were stopped and an inves-
tigation of the cause of the anomalous behavior of the tunnel started.
Prolonged work finally uncovered the source of the trouble. A glass
heater cloth, supposedly securely fastened to the back side of the screen
forming the porous wall, had become slack in certain regions. This per-
mitted fluid from the main stream to flow behind the porous wall. The
flow by-pass passage thus formed was only 0.01 to 0.03 inch deep, but

its effect was readily discernible in the material balances. This tunnel
defect was eliminated by removal of the heater cloth. This seriously
restricted the capability of the tunnel with respect to heat transfer
measurements. Following this alteration of the tunnel, checks of the
tunnel operation gave satisfactory results.

The discovery of the tunnel defect raised questions concerning the
reliability of some unpublished results as well as of the work reported
in reference 1. Consequently, it was decided to delay the original
program and to repeat some of the earlier work in which air was blown
through the porous wall and into the main airstream. This report deals
with new measurements of velocity profiles and wall friction coefficients
in a turbulent boundary layer formed by the interaction of a uniform-
velocity main stream flowing parallel to a porous wall through which air
is blown normal to the main stream. These results are compared with
earlier work and with the predictions of various theories.

SYMBOLS

The units reported are those directly measured in the experimental
work.

cp local friction coefficient, ETO/plul2
-x 2 du
E Euler number, N e
e o ux
b
H ratio of displacement to momentum thickness, 83/9

K mixture-length constant
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dimensionless distance into boundary, y/g

static pressure

length Reynolds number, ulxp/u
boundary-layer-thickness Reynolds number, ulSQ/p
momentum-thickness Reynolds number, ulﬁp/u

slope of relation between & and 9 (see eq. (25))
local velocity in x direction, fps

main-stream velocity, fps

friction velocity, wuj\cr/2, fps

dimensionless velocity ratio, u/fus

Reynolds number at outer edge of laminar sublayer, uapya/u

local velocity in y direction, fps

distance downstream from leading edge of plate measured
paraililel teaplate, dng

normal distance from plate, in.

Pwm\er/2 ¥

dimensionless distance,
)

dimensionless profile factor, u/ul

boundary-layer thickness, somewhat indefinite distance to
outer edge of boundary layer, in.

displacement thickness of boundary layer (see eq. (2)), in.

99-percent thickness of boundary layer; defined as value
of y at which u/u; = 0.990, in.

momentum thickness of boundary layer (see eq. (1)), in.

local shear stress




4 NACA TN 4017

Subscripts:
a conditions at outer edge of laminar sublayer
o conditions at wall where y = O

EQUIPMENT USED IN EXPERIMENTAL STUDIES

The experimental apparatus used in these studies is shown in fig-
ure 1. The apparatus was designed to simulate two-dimensional flow over
a porous flat plate with both suction and injection of material into the
boundary layer. Provision was also made to study accelerated flow by
means of a flexible bottom wall used to change the cross-sectional area
of the tunnel.

The details of the equipment are described in reference 1. Only
the main features of the apparatus and the revisions made as a result
of the present work will be reported here.

The main-stream air is supplied by a centrifugal blower (see fig. 1)
to a calming section 2 fitted with a honeycomb of mailing tubes designed
to reduce vortex motion and turbulence. The calming chamber discharges
into a nozzle 3. The air from the calming chamber then enters the tun-
nel L4 which has a rectangular cross section. The top wall of the tun-
nel 5 is used as the test wall. This is made from 80-mesh Jelliff
Lectromesh screen 0.004 inch thick. The top wall is roughly 12 feet
long and 1 foot wide. The space behind the test wall is divided into
15 separate compartments. Each compartment has its own independent gas
supply line. Provision is made for boundary-layer removal immediately
upstream of the leading edge of the test wall 6 in order to simulate a
sharp leading edge on a flat plate. The bottom wall of the tunnel is
flexible and mounted on a ladderlike support which can be adjusted by
screw jacks 7. This arrangement was used to obtain constant main-stream
velocity by adjusting the tunnel area. Openings were provided in the
bottom wall at various intervals for insertion of the traversing gear
used in measuring profiles in the boundary layer.

The air issuing from the flow divider at the tunnel exit is allowed
to discharge into the atmosphere. The long metal duct 8 (see fig. 1) is
used for air intake. This technique gives better control of boundary-
layer removal and also reduces fluctuations in main-stream velocity by
stabilizing the flow at the fan inlet.

The slots provided in the side wall to allow for boundary-layer
removal were completely closed off. This was done to insure further
two-dimensional flow. Clauser (ref. 2) has reported having extreme
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difficulty obtaining two-dimensional flow because of boundary layers
migrating out of the tunnel through small slots in the test wall.
Admittedly, adverse pressure gradients were used in his work, but it
was decided not to risk this added difficulty.

The flow divider was used to control the static pressure level in
the tunnel and also the pressure distribution. It was found that with-
out the flow divider the boundary layer was noticeably thinner near the
outlet of the tunnel than would be expected. It was concluded that end
effects were propagating back up the tunnel because of the nonuniform
egress of the air from the tunnel. When the flow divider was installed
this effect was eliminated.

When fluids other than air were blown into the boundary layer, gas
of the desired composition was prepared by continuously mixing metered
streams of the second fluid (helium) and air in an external mixing sec-
tion. This mixed gas was then supplied and separately metered to each
compartment along the top wall. Periodically, a gas sample was taken
from each compartment supply line and analyzed. The results of the
analysis were in excellent agreement with the composition calculated
from the measured flow rates of the helium and airstreams.

The first measurements made with helium and air mixtures blown into
the main airstream showed that the tumnnel was not behaving properly.
Material balances failed to close to within the estimated experimental
errors, and measurements made on different days under supposedly the
same operating conditions differed by a small but nevertheless signifi-
cant amount. Every aspect of the tunnel was carefully examined. ZFinally,
it was found that velocity profile measurements made with very small
and carefully calibrated probes indicated a finite velocity at the wall.
Disassembly of the top wall revealed that the woven Fiberglas Nichrome
wire heating cloth (shown as item 9, section AA of fig. 1) had become
slack. As a result, a passage was formed which permitted fluid to flow
behind the porous screen parallel to the direction of main-stream flow.
In order to eliminate these channels, the Fiberglas cloth was removed.
Fine glass beads 0.011l inch in diameter were poured into each compart-
ment until a uniform layer 3/& inch thick rested directly on top of the
Lectromesh screen. Subsequent checks of the tunnel indicated that this
alteration had solved the problem. Material balances now closed. The
measurements were reproducible at will. Velocity profiles extrapolated
to zero at the wall. No three-dimensional effects could be discerned.

The removal of the glass heater cloth had one serious disadvantage.
The top wall could not be heated without blowing hot gas through the
compartment. It appeared that major construction changes would be
required to retain this feature. Consequently, it was decided to post-
pone heat transfer measurements until time permitted a new top wall to
be built.




6 NACA TN LO17
EXPERIMENTAL PROCEDURE 3

The basic experimental procedure was as follows:
(1) Main-stream velocity was set by means of fan speed.

(2) Boundary-layer removal was adjusted by means of a throttle
located in the air-intake line.

(3) The bottom wall was adjusted to make dp/dx or dul/dx equal
Zero.

(4) The blowing gas (if any) was turned on. The mass transfer dis-
tribution was adjusted by means of the valves in each line supplying air
to each compartment.

(5) Profiles were measured at nine different x positions along
the top wall with the tunnel operating at steady state.

RANGE OF MEASUREMENTS

The experimental measurements reported here deal solely with the
momentum~-transfer process in a turbulent boundary layer formed by blowing
air through a porous flat plate into a main airstream flowing at constant
main-stream velocity parallel to the plate.

The work completed to date using a gas other than air as the injected
fluid has been exploratory in nature. The data obtained are too fragmen-
tary to warrant publication at this date.

Experimental measurements are reported for the following range of
flow conditions:

IR T Tl T Tt o e e A S S K R i o, - - - ¢
RSnEl Ty hds FUDEnl R o « .o & oo ovspre. o o do o ee Oult 0730 % 102
Blowing velocity, vy, fPs « « « « o o ¢ 0 0 . o o ... . s OS5 TEO LIRSS

Dimensionless blowing ratio, vo/u Jiel 0 %0:0.010

Runs were made at vy/u; = 0, 0.001, 0.002, 0.003, 0.005, and 0.010.

Air was the only material injected into the boundary layer. At each
blowing ratio vg/u;, at least two different values of wu; were used in

order to see if Vo/ul was truly a correlating parameter for the skin-

friction data rather than some other function of vgy. Previous work had
not been conclusive on this point. -
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CODE USED TO DESIGNATE EXPERIMENTATL DATA

The following system was used to designate a run. The first letter C
indicates the fact that the main-stream velocity was constant, as it was
in all runs reported. The second group gives the value of the dimension-

less blowing ratio vo/ul multiplied by 102. The third group is the
approximate average value of the main-stream velocity at which the run
was made. The product of the second and third groups gives the value
of vo, used in that particular run.

Thus, C-1-50 is a run made at constant main-stream velocity with

vo/ul =1 x 1077 at a main-stream velocity wu; of 50 feet per second
with vy = 0.05 foot per second; C-0-50 is a run with a constant main-
stream velocity wu; of 50 feet per second with Vo/ul =04

MEASUREMENT AND CALCULATION TECHNIQUE

Velocity Profiles

Boundary=-layer velocity profiles were measured at nine different
X stations along the top wall. Depending on the boundary-layer thick-
ness, 15 to 30 profile points were taken at each station. Two separate
measurements of the static pressure were made at each station. One was
made using the wall static taps and the other by use-of a static probe
inserted into the main stream. No significant pressure gradient was
observed in the y-direction by this technigue.

A specially constructed flat probe was used to obtain impact pres-
sures in the boundary layer. The measured impact pressures were used to
calculate velocities in the boundary layer. The probe was made as fol-
lows. A short piece of nickel tubing with an outside diameter of
0.025 inch and 0.0025-inch wall thickness was flattened into a broad
narrow tip. The probe tip was 0.008 inch high with an opening of
0.003 inch and 0.0025-inch walls. This made a small probe capable of
measuring within 0.004 inch of the wall or to y' values of the order
of 2 to 6. The tip was then silver soldered to progressively larger
sizes of stainless tubing until an inside diameter of 0.25 inch was
reached. The length of very small tubing was kept to a minimum and with
this system the response time proved to be excellent.

The impact pressures used in calculating the velocity profiles were
measured by means of Prandtl type micromanometers using n-heptane as the
measuring fluid. These could be read to within £0.0005 inch of n-heptane.
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One manometer was used to measure the prcfile impact pressures and another "
used to measure the tunnel main-stream velocity. This latter manometer

was used to facilitate setting and adjusting the main-stream velocity and

to hold it constant during a run. &

The reference pressure for the profile manometer was atmospheric.
The main-stream velocity manometer was referenced to the tunnel static
pressure so that it gave a direct measure of tunnel velocity wuj. The

probe was brought into contact with the top wall by means of an electronic
contact indicator. With this device the y = O point could be reproduced
within t0.0005 inch.

Boundary-Layer Thickness

The measured velocity profiles were used to calculate the boundary-
layer momentum thickness

B f: 1ll—1<1 2 %)dy (1)

and the boundary-layer displacement thickness

8 = fow <1 - %>dy (2)

at each station. The integrations were performed on an International
Business Machines Corp. digital computer. All of the raw data points
were used to evaluate the integral quantities.

Friction Coefficients
Local friction coefficients were evaluated by means of the Von Karman

momentum equation with the terms involving products of the fluctuating
velocity components neglected:
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It is believed that except in the vicinity of the separation point or
at very high blowing rates the fluctuating terms may be safely neglected.
In the present experiments- dul/dx was approximately zero.

EXPERIMENTAL RESULTS

Velocity Profiles

Experimental data.- Velocity profiles were measured under the experi-
mental conditions shown in table I. The test fluid used for both main and
blowing streams was air. Traverses were made at selected stations varying
from 11.17 to 96.55 inches from the leading edge. In any given run both
the main-stream velocity and the local blowing velocity were maintained
essentially constant and independent of distance from the leading edge.

In order to test the validity of Vo/ul as a correlating parameter, meas-

urements were made for a fixed value of vp/u; 1in at least two separate

runs employing significantly different main-stream velocities. The com-
plete velocity profile measurements are tabulated in table II.

Accuracy of measurement.- The reproducibility (precision) of a veloc-
ity measurement reported here is

o 10 ®
u

where u is measured in feet per second. This precision is better than
that obtained in earlier work reported in reference 1 and results from
improved techniques. Near the wall, the accuracy of the velocity meas-
urements is poorer than that indicated by equation (k).

Near the wall, the interpretation of impact-tube measurements is
not well understood. Even when the impact-tube Reynolds number is greater
than 30 (as was always the case in the present work), the presence of a
wall seems to affect the impact-tube calibration. Preston (ref. 3) has
observed that near a wall the fluid velocity is proportional to the impact
pressure to the 7/8 power. Trilling and Hekkinen have shown in an unpub-
lished paper that when the probe is completely immersed in the laminar
sublayer, the velocity is proportional to the 5/5 power of the impact
pressure. The conventional pitot~tube expression, based upon Bernoulli's
equation, assumes the velocity to be proportional to the square root of
the impact pressure. These findings cast considerable doubt on any con-
ventional interpretation of an impact-tube reading made in or partly in
the laminar sublayer. In view of the fact that additional uncertainties
are introduced by blowing, no attempt was made to alter Bernoulli's equa-
tion when applied to impact measurements made in the sublayer.
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The position of the probe with respect to the wall was also subject
to some uncertainty. The value of y reported in table II is the dis-
tance from the center of the probe opening to the wall. This value is
uncertain by t0.001 inch. Near the wall, the effective probe center is
displaced relative to the geometric center as a result of the transverse
velocity gradients. This factor also reduces the reliability of measure-
ments made in or partly in the laminar sublayer.

It is believed that the errors due to turbulent fluctuations and
probe yaw were not important.

Momentum and Displacement Thickness

The measured velocity profiles were used in conjunction with equa-
tions (1) and (2) to calculate the values of the momentum thickness 9
and displacement thickness &7 by means of numerical integration with

the aid of a digital computer. The resulting values of 3 and 8; are
tabulated in table I.

The reproducibility of & and Jd is estimated to be

f?i = E;é (5)
01 U.12
9 ul2

where uj 1is in feet per second. The errors in ©; and 9 are some-

what greater than equations (5) and (6) indicate. This is due to the
fact that, although reproducible, the absolute values of the velocity
near the wall are uncertain.

Local Friction Coefficients

Values of the local friction coefficients were calculated from the
experimental data by means of Von Kérmdn momentum equation (3). The
values are tabulated in table I.

The uncertainty in the calculated friction coefficients depends
upon the relative magnitudes of the terms on the right-hand side of the
momentum equation. In blowing runs, the local friction coefficient is




NACA TN 4017 1L

obtained as the small difference between two quantities of the same mag-
nitude. In addition, one of these quantities (dﬁ/dx) is obtained by
differentiation of experimental results, a process which inherently
involves loss in precision. In the course of calculating the friction
coefficients from the experimental data, the precision of the final
result was estimated. These precision estimates are tabulated below.

2 z Estimated precision
Run Bigzing velocity | o priction coefficient,
0, Vo/uq
percent
C-0-50; C-0-60 0.000 £10
C-1-30; C-1-50 .001 +12
C-2-25; C-2-50 .002 +15
C=3=13 C=3-35; C=5-50 003 +30
C-5=-20; C=-5-40 .005 Friction data
C-5-3%30; C-5-50 highly uncertain
C-10-20; C=-10-26 L Friction data have
no significance

For v,/u; values above 0.003, the friction-coefficient data are

so uncertain that no reliable conclusions can be drawn from them. At
these high blowing rates, the data often indicated negative values of
the coefficients. However, the measured velocity profiles gave no evi-
dence of flow separation.

ANATYSIS AND DISCUSSION

Constant Main-Stream Velocity, No Blowing

Velocity profiles.- The velocity profile data of run C-0-60 are
plotted in the form of u' as a function of log y' in figure 2. The
solid line shown represents the relation

u' = 5.6 log y' + 4.9 (7)

which Clauser (ref. 2) has shown to be in excellent agreement with the
smooth-plate data of Ludweig and Tillmann (ref. 4), Klebanoff and Diehl
(ref. 5), Freeman (ref. 6), and Schultz-Grunow (ref. T) over the range

20 = y' = 400. There is good reason to believe that turbulent-boundary-
layer data obtained from smooth-plate flow should follow equation (7)
over the range indicated. The present data fulfill this condition, indi-
cating that the tunnel behaved like a smooth plate and that the present
measurement techniques were adequate.
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A second comparison of the velocity profile data obtained in this
investigation with the results of others is shown in figure 3. Here,

1- {u/uﬂ
the velocity defect ———— is plotted as a function of y/B PO
vcf/E
run C-O-60; ® 1s the boundary-layer thickness, and, following Clauser
(ref. 2), is taken to be

5.681

where ©&; is the displacement thickness. The area enclosed by the lines

& = (8)

in figure 3 encompasses the data given in references 2 and 5 to 8 for
constant-pressure turbulent-boundary-layer profiles for both smooth and
rough walls. The available evidence suggests that this plot is a uni-
versal correlation of constant-pressure boundary-layer profiles. The
data obtained in the present work follow this relation.

Friction coefficients.- The measured local friction coefficients for
all no-blowing runs are shown plotted as a function of length Reynolds
number Rx in figure 4. The solid line represents the relation

ep/2 = 0.0289 (9)
R,0-2

Although empirical, over the Reynolds number range of this work equa-
tion (9) is a good representation of available flat-plate, constant-
pressure flow data. The agreement between the observed friction coef-
ficients and the data of other workers is good.

The comparison of the no-blowing boundary-layer data obtained in
this study with the work of others strongly suggests that the tunnel
test wall behaved like a smooth flat plate and that the measurement
techniques were adequate. It appears that the tunnel modifications
successfully eliminated the anomalous behavior noted early in the work.
It is believed, however, that the results reported in reference 1 were
influenced by tunnel aberrations. In the previous work, the experi-
mentally determined friction coefficients for no blowing were about
15 percent higher than those observed here.
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Constant Main-Stream Velocity, Blowing

Velocity profiles.- Typical velocity profiles are shown in fig-
ures 5(a), 5(b), 6, and 7. In these plots, the ordinate is B = u/uy

and the abscissa is m = y/g where & is the value of y at which

u/ul =40,.990..

Figure 5(a) presents the data of run C-3-50, corresponding to
Vo/ul = 0.003, and figure 5(b) presents the data of run C-5-20, corre-

sponding to Vo/ul = 0.005. Examination of these profiles shows that

for a given blowing ratio the dimensionless profiles are not strictly
similar but form a clustered family.

Figure 6 compares the profiles obtained for run C-3-50 at sta-
tion H (Ry = 7.50 x 105), run C-3-33 at station J (Re = 7.4 x 109), and
run C-3-17 at station M (Rx = T.40 X 105). Although the main-stream
velocities for these runs differ by a factor of 3, the comparison is
made at the same Reynolds number. (the that when vy/u; and Ry are
the same for different runs, the momentum-thickness Reynolds numbers Ry
and the boundary-layer-thickness Reynolds numbers Rg are also equal.)

When compared on this basis, the dimensionless velocity profiles are
roughly similar.

Figure 7 illustrates the effect of blowing on the velocity profiles.
Each curve represents a different value of vo/ul. However, the boundary-

layer-thickness Reynolds number Rg is roughly the same for all the
curves. The effect of blowing is clear. At a given value of m = y/S,
increasing the blowing ratio vo/ul results in a significant reduction
QBN A= u/ul.

10

In view of the correlating success of a plot of —— as a
ch/2
function of y/B for the no-blowing case, this procedure was applied
to the blowing data. It was not successful. At a given value of Vo/ul

greater than zero, this method of plotting spread the profile data.

Friction coefficients.- The measured friction coefficients are shown
plotted as a function of Reynolds number in figures 8(a), 8(b), 9(a),
and 9(b). In each case the ordinate is the local coefficient cf/2 and

each curve corresponds to a fixed value of vo/ul. In figures 8(a)
and 8(b) the abscissa is length Reynolds number Ry; in figures 9(a)
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and 9(b) the abscissa is the momentum-thickness Reynolds number Ry
Although the local friction coefficients for vo/ul = 0.005 are shown,

these data are highly uncertain and represent order-of-magnitude values
only. Either of the two correlating techniques is equally satisfactory.
These results strongly indicate that for constant-main-stream-velocity
flow at constant values of vg/u;, the local friction coefficient is

solely a function of the blowing ratio vo/ul and a characteristic
Reynolds number.

Blowing has a marked effect on the local friction coefficient.
At Ry = 106, for vg/up =0, cg/2 = 0.0018, while for vo/ul =1OR005),
cp/2 = 0.00038, a reduction, due to blowing, of a factor of 4.7 in the
local coefficient.

Figure 10 compares the present friction-coefficient data with that
obtained before alteration of the tunnel. The solid lines correspond
to the present results, the dashed lines represent the constant-main-
stream-velocity data of reference 1. At given values of Vo/ul and Ry,

the friction coefficients reported in the earlier work are significantly
greater than those observed after modification of the tunnel. The present
data are believed to be more reliable.

COMPARTISON WITH THEORY

Mixture-Length Analysis

Rubesin (ref. 9) has presented a one-dimensional mixture-length
treatment of the effect of blowing upon a compressible, turbulent bound-
ary layer. When both the main and injected streams are considered
incompressible and of the same composition, his results reduce to the
following equations:

The formula for predicting the velocity profile for the laminar’
sublayer (O pS, y'a) is

1/2
y‘ = — log <]_ + vou'
v,

O

(10)

and that for predicting the profile for the turbulent core Qy'a < y‘) is
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A 1 e e L
1oge1'—=—31<1+° = o ke (11)
Y'a Yo g Ur

The formula for predicting the friction coefficient is

1/2
KRg oK - 1f2 o,
log, i | R R o s Lo (12)
1/2 Yo b
A Vo / Vrile /=
R e

a

Urjjce /2

Combination of equation (12) and Von KArmidn momentum equation (3) gives,
for the special case of constant main-stream velocity,

vo 1/2
loge RyK (Cf/2) <l + —-—>
/2 2Ku;

1/2
Mryep Vo 1/2 vt
g A
o > 4 14— - |1 +'7I—~_
a ©) ur Cf/2 i

(13)

In the above relations, the subscript a refers to conditions at
the outer edge of the laminar sublayer. It is assumed in the derivation
that the junction between the sublayer and the turbulent core is sharp;
that is, the thickness of the buffer layer is assumed to be zero. The
symbol K is the mixture-length constant.

For the no-blowing case, Rubesin tabulates the values of K, n'g
and y'a which best fit the extensive turbulent-boundary-layer data.
These values are tabulated below

Method of evaluation
Mixture-length | prom velocity profile From From
constants data (inner portion | cp-versus-Ry | ce-versus-Ry
of turbulent layer) data data
K 0.400 0.352 0.392
u'a 105 12.6 .94
pr 11.5 12.6 13.1
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It will be immediately evident that the numerical values of the mixture-
length constants depend upon the evaluation technique employed. These
differences are due to the inadequacies of the mixture-length theory
and to the mathematical approximations involved in the derivation. In
the case of blowing, experimental data must be used to determine the
best values of the mixture-length constants.

Examination of equation (11) shows that if the theory is correct,
a plot of the measured velocity profiles in the form of logg y' versus

’ 1/2
i Vo\l ! \\

1+ J
L . ]
turbulent portion of the boundary layer is considered. The slope of

B2
Vo“'€> / "

should result in a straight line provided that only the

ur

log, y'a. The measured velocity profiles are plotted in this manner

this line is 2Ku;/v, and the intercept at y' =1 is é.+

el
2Ku,
in figures 11(a) to 11(d). A straight line of slope 2Kur/v, with
K = 0.100 has been fitted to the data in the vicinity of y' = 20 and

is shown as a solid line in the figures. Over the inner portion of the
turbulent boundary layer (10 € y' < 200) the theoretical line is a reason-
able representation of the velocity profile data. As expected, the data

depart from the mixture-length line in the outer portion of the turbulent
layer and in the sublayer region.

If a method of predicting the value of the Reynolds number ug'yg'

at the outer edge of the laminar sublayer were available, the intercept
of the velocity profile could be determined from mixture-length theory.
In an attempt to establish a prediction technique, numerical values of
Ya's Ua', and ug'ys' were calculated for each measured velocity pro-
file by the following procedure. The value of the mixture-length con-
stant K was taken to be 0.400 and equation (11) was fitted to each
profile. This resulted in one relation between ug' and yg'. Intro-
duction of equation (10) then permitted wug' and y,' to be calculated
for each profile. The accuracy of such calculations was poor. The
straight-line plotting technique based upon equation (11) introduces the
experimental errors of both the velocity profile measurements and the
local friction coefficient. In addition, the precision of the calcula-
tion was low. Alternate fitting techniques gave results for a given
profile differing by as much as 10 percent. The following table gives
the mean of the computed values for a fixed value of vo/ul:
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yal ua 1 ua 1 ya 1
Vo b o
Bl i s Variation, Male ol Variation, Hoan i Variation,
percent percent percent

0 1.5 == 11.5 -—— 152 -———
.001 e D 3 55T tH 15 8
.002 1155 £S5 18.9 2 207 L0
.003 10.9 16 26,1 19 268 TS
.005 ey 19 5.0 112 206 122

The columns labeled "variation" give the variation found among the cal-
culated quantities from profiles cbtained at a fixed value of Vo /uy .

For example, at Vo/ul = 0.005, the profiles examined gave values of
u,'y,' renging from 161 to 251, that is, 122 percent from the mean
of 206. Inasmuch as errors may be responsible for a large part of the

variation, quantitative conclusions are not warranted. Qualitatively,
ug' and ugy'ys' increase with increasing values of vg/u;. Despite

their poor accuracy, the results rather definitely indicate that ugy'
and ug'ygs' must be permitted to vary with Vvo/up 1if mixture-length
theory is used.

At a fixed vallue of vo/uy, Ug' tends to increase with increasing
length Reynolds number. The trend of Yg' 1s less definite but it
appears to decrease with increasing Reynolds number. Values of ug' and
of yg,' obtained from one profile of a sequence often departed signifi-
cantly from the general trend. As a result, the values of ug'ye''iElumes
tuated widely and no definite trend of ua'ya' with Ry at constant

Vo/up could be discerned. The profile results suggest that ug'yg'
may be a function of Vo/ul alone, but the data cannot be considered
to support this conjecture adequately.

There is no assurance that the value of K should be independent

of the blowing rate. The velocity profiles suggest that K increases
as Vo/ul is increased. However, below values of Vo/ul of 0.005, any

effect is small. The strongest indication is found from the profiles
for vg/up = 0.01. Although no friction data are available for this
case, the situation may be treated in the following way. For large
values of Vo/uj, the data indicate that cr/2 1is very small and in the

Yol
turbulent region of the boundary layer O _>>1. Under such circum-
Ur

stances, equation (11) reduces to
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i o B i)l/ # s (Ez)l/ 7 (14)
J Cmm L u
a \/:’O/ul AL i

Consequently, a plot of log, y versus 61/u1)1/2 should be a straight

line of slope 2K/y§o/ul. Profiles for run C-10-26 are shown plotted in

this manner in figure 12. The solid lines represent a value of K = 0..00.
The dashed lines represent K = 0.550. The higher value of K appears to
be a better fit of the data.

The local-friction-coefficient data were also employed to examine
the predictions of mixture-length theory. Equation (12) was compared
with the Cf/E and Ry data and equation (13) was compared with the
cr/2 and Ry data. In either case, the procedure used involved deter-

mining the constants of the mixture-length equations from one experi-
mental value of cg/2 at a fixed value of Vo/u; and Reynolds number.

The constants so determined were then used in the mixture-length expres-
sion and the predicted values of cf/2 were calculated over the experi-
mental range of Reynolds number. The curves of cf/2 versus Reynolds
number at fixed values of Vo/ul calculated from the mixture-length

equations were then compared with the corresponding experimental curves.
In every case it was assumed that sublayer relation (10) was valid; this
determined y'ps in terms of u'jy.

The relation between cf/2 and Ry predicted by equation (13) was

tested first. The mixture-length constant K was taken to be 0.392,
the value which best fits the extensive no-blowing data. Numerical
values of u'y and y'y were then found by fitting equations (10)

and (13) to one data point at Ry = 106 for each value of vo/ul. It
was assumed then that at a given value of vo/ul, u'a was constant.
Using this value of u'y, the curve of cg/2 versus Ry was calculated

by means of equations (10) and (13) over the range of experimental data.
This technique did not result in satisfactory agreement between experi-
ment and theory.

In view of the indication given by the velocity profile data that
the sublayer Reynolds number u'py'y might be a function of vg/uy

only, this assumption was tried. Again with K = 0.392, u'gy'y was
determined for each value of vy/u; by fitting equations (10) and (13)
to one experimental point at Ry = 10°. The resulting values of u'ay's
are shown plotted versus vo/ul in figure 13. With the value of u'ay'a

determined at each value of vo/ul from one experimental point, the rest
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of the curve of Cf/2 versus Ry was calculated by assuming u'gy's to
be invariant with Ry at constant values of vy/uy;. A comparison of the

calculated and experimental curves is shown in figures 8(a) and 8(b). The
correspondence is good; the agreement between theory and experiment on
this basis is well within the experimental error. Further, the plot of
u'gy's versus v,/u; shown in figure 13 discloses a happy circumstance -
over the range 0.001 £ vy/u; < 0.005, u'gy'y is linear in wv,/uy and

the relation
u'gy'y = 195 + 2.5(10”) <v0/ul> (15)

holds. For no blowing, equation (15) gives u'yy'yo= 195 lion milges
¥'g = 13.96 which is 6.5 percent greater than the customary value of

13.1. This discrepancy may well be due to the fact that no starting
length correction was applied to the present experimental cf/2 and

RX data.

The comparison of the experimental cf/2 and Ry data with the

predictions of equations (10) and (12) was made in the same fashion.
The value of K was taken to be 0.352, independent of v,/u; and Rg.

One experimental point for each value of Vo/ul was then used to cal-
culate u'y and y's; and the product u'gy'y. The laminar-sublayer
Reynolds number u'gy's found in this manner was then plotted as a
function of vg/uj. It was found (see fig. 13) that the straight-line
relation

ulirt, = 1586 # 2.5<1o4> (vo/ul> (16)

fitted the calculated values with a maximum deviation of 5 percent. Con-
sequently, equation (16) was used in conjunction with equations (10)

and (12) to calculate values of Cf/2 over the range of Vo/ul and Ry

covered by the experimental results. A comparison of the values of Cf/2

calculated in this fashion and the experimental values is shown in fig-
ures 9(a) and 9(b). The measured and calculated values agree to within
the experimental error.

Tt is clear that over the Reynolds number range 5 x 102 S Ry

3 x 100 or 1,000 € Ry £ 7,000 and blowing-velocity-ratio range

0 S vo/uy S 0.005, the mixture-length equations (10) to (13) may be
used to predict the measured local friction factors provided that the
laminar-sublayer Reynolds number is permitted to vary with Vo/ul- In
order to predict cg/2 as a function of Ryx, use equations (10), (13),
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(15), and K = 0.392. 1In order to predict cr/2 as a function of Ry, .

use equations (10), (12), (16), and K = 0.352. It is to be emphasized
that the experimental friction-coefficient data are less accurate than
the precision with which the mixture-length equations fit them. At
values of vo/ul of 0.003, the reported experimental coefficients are

subject to errors of t30 percent and even larger errors are possible at
values of vo/ul of 0.005.

Mixture-length-theory relations are a reasonable fit of the measured
velocity profiles over the inner portion of the turbulent layer up to
values of Vo/ul of 0.005 if the mixture-length constant K is taken to

be 0.400. However, such a fit demands that ug'yy' vary with vg/u;

and possibly with other quantities. The data reported here are not suffi-
ciently accurate to permit the formulation of a reliable method for pre-
dicting ua‘ya' for the purpose of calculating velocity profiles.

The chief value of an essentially heuristic approach like that of
mixture-length theory is in correlation and extrapolation of experimental
data. Over the ranges listed above, it is a satisfactory local-friction-
coefficient correlation method. It is known that in the no-blowing case
the mixture-length predictions hold up to Ry = 108 and that velocity
profiles and friction coefficients as a function of momentum-thickness
Reynolds number Ry are reasonably predicted when nonseparating pressure
distributions are imposed. It is likely, therefore, that in the case of
blowing the mixture-length predictions will prove to be satisfactory at
higher Reynolds numbers and a fair approximation when nonseparating pres-

sure gradients are imposed. Experimental confirmation of this conjecture
is needed.

Extrapolation to values of Vo/ul greater than 0.005 must be made
with caution. The velocity-profile data suggest that at vo/ul = 0.01

a larger value of K 1is needed. An analysis based upon use of the
measured values of the boundary-layer thickness points in the same
direction.

The measured velocity profiles determine the momentum thickness 9
and the boundary-layer thickness 8. Since & is difficult to obtain
quantitatively from profile data, it is convenient to replace it by B,
the value of y at which u/ul = 0.990. Now, consider mixture-length

relations (11) and (12). Gloss over the experimental evidence that the
best fit of the velocity profiles entails somewhat different values
of K and u'ay'a than the best fit of the cf/2 and Ry data. Take

K and u'ay'a to be independent of the type of data to be fitted.
Then, combination of equations (11) and (12) gives
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Combination of equations (21) and (22) gives

K

IKCf/Z) + (Vo/ul):]l/2

0.01K

[(cf /2) - (Vo /ul):l 1/2

§/9 = (23)

exp

When the experimental values of & are plotted as a function of 93, a
straight line of the form

5 = 89 (24)

represents the data for a fixed value of vo/ul to within the probable

precision of the measurements. This is illustrated in flgure 14. The
slope of the line is a distinct function of Vo/ul as shown as follows:

K

[(\cf/2> + (Vo/ulﬂ e

Vo /0 5/9 or slope s Mean value of K

0.001 8.0 - 0.4
.002 i) el A3
.003 T30 i Qv
.005 6.5 545 4o
.010 5.6 6.0 .58

92

The values of K i[(cf/2> + (vo /ulﬂ / shown above were calculated from
{ -

equation (23) using the experimental values of ’5/1‘). The column labeled

"Mean value of K" was calculated using the mean value of cg/2 of the

experimental data at a given value of Vo/ul' The data for vo/ul = 0.005
show a trend with main-stream velocity. For run C-5-50, &/9 = 6.8; for
run C-5-20, B&/9 = 6.0. Runs C-5-30 and C-5-40 lie within the above
limits. The value of §/9 of 6.5 given above is a mean of all rums at
Vo/ul = 0005 .
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The table just presented indicates that a satisfactory'correlation
of the experimental data over the range 0 S Vo /U1 < 0.005 should result

if K is taken to be constant and independent of v,/uj;. This is con-
firmed by the other comparisons presented earlier. On the other hand,
the data at v,/u; = 0.01 indicate that a larger mixture-length constant
is needed. The present velocity profile data at Vo/ul = 0.01 leave
much to be desired, however, and it is felt that both a check of these

measurements and additional measurements at high positive values and
negative values of vy/u; are needed before a definite statement is

warranted.

CONCLUSIONS

An investigation of the effect on the boundary layer of blowing air
through a porous flat plate into a main airstream flowing parallel to

the plate results in the following conclusions:

1. With zero Euler number flow and constant blowing velocity, speci-
fication of the blowing velocity ratio Vo/u1 and the local Reynolds
number Ry fixes the local dimensionless velocity profile and local

friction coefficient.

2. The present results indicate that blowing has a larger effect
on the boundary layer than that found in earlier experiments. At the
same values of Vb/ul and Ry, the present experiments result in fric-

tion coefficients 15 to 30 percent smaller than those reported earlier.
The new measurements are believed to be more reliable.

5. Within the blowing-velocity-ratio range 0 S v,/u; S 0.005 and
over the turbulent-flow Reynolds number range experimentally investi-
gated <5 x 100 SR, €3 x 100 or 1,000 < Ry S 7,000 where Ry is

momentum~-thickness Reynolds number), the mixture-length equations of

Rubesin (NACA TN 3341) adequately predict the measured local friction
factors provided that the laminar-sublayer Reynolds number is permitted
to vary with vo/ul. Equations are presented which predict the local

friction coefficient as a function of Ry for flow with zero Euler num-
ber and K = 0.392 and as a funection of Rg with K = 0.352 where' K

is the mixture-length constant. The experimental friction coefficients
are less accurate than the precision with which the mixture-length equa-
tions fit them. Extrapolation of the equations to values of vo/ul

greater than 0.005 must be made with caution. The velocity profile data
suggest that at values of vo/ul above 0.005 the value of K increases
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with increasing values of vg/uj. It is likely that the mixture-length
predictions will prove to be satisfactory at higher Reynolds numbers and
to be a fair approximation when nonseparating pressure gradients are
imposed. Experimental confirmation of this conjecture is needed.

Mixture-length relations are a reasonable fit of the measured veloc-
ity profiles over the inner portion of the turbulent layer up to values
of vgfu; of 0.005 if K is taken to be 0.400. At larger values of

Vo/ul, larger values of K are indicated. In order to fit mixture-length
theory with the experimental profiles, ug'y,' must vary with Vo/u1

and possibly with other flow variables. The present data are not suffi-
ciently accurate to permit the formulation of a reliable method of pre-
dicting wug'y,' for the purpose of the calculation of velocity profiles.

Massachusetts Institute of Technology,
Cambridge, Mass., January 9, 1956.
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TABLE I.- SUMMARY OF EXPERIMENTAL VELOCITY PROFILE MEASUREMENTS AND FRICTION FACTORS

Stationlx, in. |uy, fps Ry lsl, in. |9, in. H I Ry L Vo /u1 L 9/x I ep/2
Run C-0-50
E i bt I 50.2 0.274 x 105 | 0.04385 | 0.03291 [ 1.332 | 810 0 2.957 x 10-3 [ 2.58 x 10~3
G 21.73 50.8 .545 .06703 | .05165 | 1.298 | 1298 0 2.381 1.998
H 29.73 50.8 T34 .08697 | .06599 | 1.318 | 1639 0 2.226 1.868
7 38.42 5140 .955 .1080 .08207 | 1.315 | 20kk 0 2.1k0 1.7%
& 46.48 51.2 1.155 .1308 .09779 | 1.337 | 2432 0 2.106 1.767
K 58.55 Gl 1.452 .1624 L1223 | 1.328 | 3035 0 2.090 1.754
T TO. L4k 512 1.762 .1818 1367 | 1.329 | 3420 0 1.941 1.629
M 83.55 51.3 2.092 .1981 1507 |1.315 | 3776 0 1.805 1:515
N 96.55 51.4 2.422 .2338 LA770 | 1.321 | hhk2 0 1.834 1.539
Run C-0-50
(2)
E 1017 50.3 0.279 0.04608 |0.03585 | 1.285 | 900 0 3.201 2.68
G 21.73 50.8 549 .06857 | .0530k4 | 1.293 | 1342 0 2.445 2,04k
H 29.73 50.8 752 .09309 | .06950 | 1.339 | 1761 0 2.341 1.957
I 38.42 51.0 .976 .1119 .08389 | 1.333 | 2135 0 2.187 1.829
J 46.48 50.9 1.180 213028 | .09693 | 1.34k [ 2461 (o] 2.087 1.745
K 58.55 51.1 1.4k92 L1401 .10312 | 1.359 | 2630 0 1.762 1.643
L T70.h44 51.0 1.79% .1881 21399 [ 1.345 | 3560 0 1.986 1.660
M 83.55 51.6 2.150 L2041 .1531 | 1.331 | 3940 0 1.833 1.533
N 96.55 51.8 2.495 .2308 L1737 | 1.329 | 4490 0 1.800 1.505
Run C-0-60
E 11.17 58.0 0.323 0.04053 (0.03157 | 1.284 | 917 0 2.836 2.25
G 21.73 58.2 .632 .06609 | .0509 [1.298 |1483 0 2.347 1.941
B 29.73 58.2 ¥ .09256 | .07013 | 1.319 | 2040 (o] 2.362 1.83%6
I 38.42 58.2 1.100 .1107 .08367 | 1.323 | 2400 0 2.182 1.805
5 46.48 | 58.6 | 1.362 1257 .09493 | 1.32Y | 2782 0 2.0hh 1.691
K 58.55 58.6 1.690 .1510 .11403 | 1.324 | 3291 0 1.94%9 1.612
L 7044 585 2.030 1834 L1378 | 1.331 [ 3970 0 1.957 1.619
M 83.55 58.6 2.2 .2023 21529 | 1.323 | 4420 0 1.831 =515
N 96.55 58.5 2.780 2337 1772 | 1.319 | 5100 0 1.836 1.519
Run C-1-50
E 11507 50.5 | 0:277 0.04889 |0.0337 |1.452 | 836 [1.00 3.020 1.605
G 21.73 50.4 543 .08176 | .06093 [ 1.341 [1523 | .988 2.804 1.432
H 29.73 50.3 Th .1119 .08193 | 1.368 [2042 | 1.00 2.691 1.320
I 38.42 50.4 .959 .1346 .09839 | 1.366 | 2456 |1.00 2.561 1.210
J 46.48 50.8 1.167 L1591 L1164 | 1.366 2922 | 1.00 2.504 1.160
K 58.55 50.6 1.467 .191k .1396 | 1.370 |3497 | 1.00 2.384 1.055
L TO. L4k 51.0 1.762 .2283 .1660 | 1.370 (4100 | .990 2.356 .980
M 83.55 50.9 | 2.085 .2597 .1899 |[1.366 |4737 [1.00 2.278 .960
N 96.55 50T 2.%0 .3016 .2198 [ 1.370 |5462 [ 1.02 2.276 .936
Run C-1-30
E it il 29.2 0.162 0.04783 |0.0358 | 1.341 | 518 | 0.983 3.20 1.780
G 21.73 29.4 .318 .08572 | .06209 [ 1.375 | 910 | 1.00 2.863 1.470
H 29.73 29.3 RN 20,85 .08480 | 1.394 1236 | 1.025 2.950 1.432
T 38.42 29.5 .565 L1436 .1028 | 1.395 1513 | 1.00 2.680 1.310
J 46.48 29.85 .692 L1667 .1226 | 1.360 (1826 | 1.00 2.64 1277
K 58.55 29.70 867 2135 1521 | 1.koo 2152 | 1.00 2.60 1.2k0
L 70.44 29.80 |[1.045 2741 .1790 | 1.400 |2655 | 1.00 2.54 1.190
M 83.55 30.3 1.242 3007 .2072 | 1.430 |3080 | 1.00 2.48 1.140
N 96.55 30.3 1.447 .3403 .2345 | 1.440 |3515 | 1.00 2.43 1.095
Run C-2-50
E 37 49.5 0.265 0.06336 | 0.04383 | 1.450 |1042 | 2.021 3.938 1.359
G 21.73 50.1 .522 .1042 .07363 | 1.415 |1773 | 2.001 3.395 .91k
H 29.73 50.0 T4 1362 L1362 | 1.420 |2331 | 2.00 3.267 .807
i 38.42 50.3 .928 L1707 L1183 | 1.4h42 |2861 |1.90 3.089 .750
J 46.48 50,94 |1.136 .2119 - | .1%00 | 1.460 |3422 |1.91 3.012 .680
K 58.55 50T 1.427 3046 L1720 | 1.450 |4193 [ 1.97 2.938 .650
L TO Ul G e R UG 3159 .2188 | 1.440 {5380 | 2.06 3.107 .620
M 83.55 50.9 2.042 L3439 L2494 | 1.420 |6100 | 1.980 2.986 .590
N 96.55 51.4 | 2.385 .3910 .2832 | 1.410 (7000 | 1.976 2.934 .549

8Flow divider omitted.
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I
‘ - TAELE I.- SUMMARY OF EXPERIMENTAL VELOCITY PROFILE MEASUREMENTS AND FRICTION FACTORS - Continued
|
|
| -
Station [ x, in. | uy, fps Ry 8y, in. | 9, in. H Ry Vo/u1 —i 8/x cp/2
Run C-2-25
E 21,27 23.62 | 0.1307 x 106 | 0.06239 | 0.04416 | 1.411 519 2.00 x 1073 3.968 x 10-3 | 1.410 x 10-3
G 21.73 2k.00 .2585 .1106 .07909 | 1.400 943 2.00 3. 1.131
H 29.73 23.85 .352 L1546 L1075 | 1.440 | 1273 2.11 3.620 1.00
I 38.42 2k.02 458 .1788 1249 | 1.430 | 1510 2.00 3.400 .920
J 46.48 2k.25 .560 .2320 .1631 | 1.420 | 1972 2415 3.502 .870
K 58.55 2kh.40 .T709 .2809 21902 | 1.430 [ 2305 2.00 3.250 .800
L T0.14h 24.61 .862 3260 .2252 | 1.4ko | 2760 2.000 3.200 .T750
M 83.55 24k.82 | 1.050 .3680 .2505 | 1.460 | 3150 1.900 3.000 .680
N 96.55 24.90 | 1.195 4250 .2895 |[1.470 | 3584 2.000 3.000 .580
Run C-3-50
E 1.7 49.2 0.276 0.06553 | 0.0456 | 1.437 | 1155 3.0k 4.097 0.680
G 21.73 50.2 .548 .1160 .08186 | 1.417 | 2069 2.95 3.TTh 483
H 29.73 | 50.2 .T50 L1639 | L1122 [1.461 | 2830 3.00 3.779 436
T 38.42 51.2 .989 .1982 L1367 | 1.450 | 3525 2.90 3.564 .340
J 46.48 51.3 1.198 .2518 .1689 | 1.491 | k360 2.96 3.636 .330
K 58.55 51.5 1.516 .2998 L2039 | 1.470 | 5290 2.90 3.485 .270
7 T0.4k 51.6 1.825 .3620 .2538 |1.485 | 6320 2.86 3.462 290
M 83.55 52.2 2.187 4026 L2783 | 1.447 | 7290 2.80 3.332 250
N 96.55 52.2 2.530 4766 3271 | 1.460 | 8570 2.83 3.389 250
Run C-3-33
E 117 32.15 | 0.176 0.0729 |0.04956 | 1.470 85 3.20 4 .453 0.850
G 21.73 32.50 U7 .1229 .08502 | 1.445 | 1359 3.00 3.919 .562
H 29.73 32.4%0 73 .1690 A1k 11.481 ) 1817 2.98 3.843 .515
i 38.42 33%.0 622 .2207 L1490 | 1.480 | 2410 3.00 3.878 480
J 46.48 33.3 Rn 2644 779 | 1.486 | 2850 3.07 3.8%0 410
- K 58.55 33.3 .958 .321% .2192 | 1.468 | 3591 3.01 3.750 .4oo
L T0.4k4 33.4 1.156 <3751 .2605 |1.4k0 | L4280 3.00 3.700 365
M 83.55 33.8 1.388 409 23070 | 1.436 | 5110 3.00 3.677 .340
N %.55 | 33.92 [1.670 4936 | 3435 | 1.437 | 5950 2.950 3.563 -290
& Run C-3-17
E 15T 16.97 | 0.0375 0.06879 | 0.04809 | 1.430 161.5 | 3.00 4.305 0.911
G 21.73 17.00 .1866 1273 .09402 | 1.407 77 2.99 4.161 .791
H 29.73 16.85 255 L1705 21200 |1.420 | 1021 2.99 4.0%6 .680
I 38.42 17.00 +330 .2129 L1468 | 1.450 | 1260 2.90 3.820 .570
J 46.48 17.23 Lol .2700 .1850 |1.460 | 1606 3.00 3.980 .620
K 58.55 17.15 .507 .3292 L2223 [1.481 | 1922 2.90 3.79% 550
L T0. 44 27.25 .61k -3979 L2678 |1.486 | 2335 2.97 3.801 .486
M 83.55 i7.52 .Th0 4676 .3185 |1.470 | 2820 3.01 3.812 455
N 96.55 17.62 .860 .5253 L3591 |1.463 | 3200 2.97 3.719 410
Run C-5-50
E s B 49.5 |o0.274 0.0864 |[0.0600 [1.518 | 1400 5.25 5.370 0.190
G 21073 50.8: 548 L1644 .1089 |1.510 | 2750 5.12 5.020 | ===
i 29.73 5.2 -T55 .2389 .1499 | 1.59% | 3815 5.08 5.048 —————
& 38.42 51.4 .980 .2903 .1847 | 1.572 | 4720 5.06 4.816 ———
J 46.48 51,8 1.197 .3513 .2100 |1.591 | 5690 5.02 4.515
K 58.55 | 52.5 |[1.526 4163 L2671 [1.559 | 6960 k.95 %.565
L TO.4h 627 1.830 L5146 .3268 |1.575 | 8480 4.9% 4.641
M 83.55 552 2.180 .5739 3723 | 1.541 | 9730 4.88 4.458
N .55 53.8 2.565 .6659 4343 | 1.533 111920 4.83 4.500
Run C-5-40
E 1 iy 39.0 | 0.214 0.0922 |0.0598 |1.542 | 11h7 5.13 5.3T3 0.220
G 21.73 39.5 L21 L1656 .1091 | 1.517 | 2120 5.06 5.029 | ===—-
H 29.73 39.7 580 .24h9 L1555 | 1.574 | 3035 5.03 5.237 .100
I 38.42 4o.k4 762 .2959 L1914 | 1.545 | 3805 k.95 4.990 .070
J 46.48 [ 1.6 .951 3696 2422 | 1.526 | 4955 4.81 5.215 .080
K 58.55 k.2 1.187 4679 .3013 | 1.552 | 6110 4.85 5.150 .060
L TO. 44 .y 1.433 .583%6 L3631 | 1.607 | 7380 4.83 5.156 .050
i M 83.55 k1.9 1.725 .6093 4200 |1.536 | 8190 .7 5.030 .0k0
N 96.55 42.3 2.010 L7196 4800 |1.537 | 97kO 4.3 4.970 s iR
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TABLE I.- SUMMARY OF EXPERIMENTAL VELOCITY PROFILE MEASUREMENTS AND FRICTION FACTORS - Concluded

Station | x, in. |uy, fps Ry 8y, in.| 9, in. H Ry Vo 11 3/x cp/2
8Run C-5-30
E 11.17 | 29.2 [0.167 x 105| 0.0949 | 0.0625| 1.518| 939 | 5.13 x 10~3 | 5.615 x 10~3 | ~mmmmemmme-
G 21.73 29.5 <329 .1695 2134 | 1.495( 1720 | 5.07 5.228 | mmmmeemmeee
H 29.73 | 29.7 453 .2340 .1514 | 1.546 [ 2310 | 5.0% S0 1h s o fem e e
T 38.42 | 30.k4 -5% 3063 L1967 | 1.557 | 3060 | k.93 5.0208 ¢ & |esee——mmceo
J 46.48 | 30.5 -725 3803 | .2ko2|1.583 | 3750 | 4.93 Bl e C
K 58:55 30.8 .924 4506 .2923 | 1.542 | 4615 | 4.85 4.996 | smemcceaeaa
i 7044 30.8 1.108 5486 34191 1.6051 5390 | 4.78 4.855 | mmmmmmmmeee
M 83.55 31.6 1.343 .6019 .3853 | 1.562 | 6200 | 4.74 3 O B
N 96.55 31.8 1.562 .7053 L4483 | 1.573 | 7260 | 4.68 4645 | mmmmmmmeee
Run C-5-20
E 1127 18.9 0.10k4 0.0950 | 0.0646 | 1.469| 603 | 5.28 5.807 0.33 x 1073
G 21.73 19.0 .203 L1845 .1198 | 1.540| 1120 | 5.17 5.523 .26
H 29.73 19.3 .282 .2638 217251 1.529 | 1635 | 5.40 5.810 21
k1 38.42 19.4 .366 3242 L2069 [ 1.567| 2005 | 5.06 5.395 A5
J 46.48 19.8 453 ko029 .2609 | 1.544 | 2545 | 5.32 5.618 ol
K 58.55 | 19.9 572 4679 | .3007 | 1.5% | 2960 [ 5.0k4 Sean I e
L YCR 20.1 . 700 .6029 L3796 | 1.588| 3770 | 5.10 5.391 10
M 83555 20.2 834 .6366 4119 1.546 | 4165 | L4.96 4920 | | Semeemmraea
N 96.55 20.5 .982 .6903 U533 1 1,523 [ 4612 | 4.87 4.697 | =mme—eemme-
8Run C-10-26
E 1027, 2557 0.143 0.1599 | 0.0988| 1.618| 1265 | 10.1 8.88 e DL
G 21.72 26.4 .284 .331h .2013 | 1.646( 2635 | 9.86 Chl MR I | e
H 29.72 26.6 .392 4696 2743 1.712| 3620 | 9.77 s R S |l LA
T 38.42 26.9 .510 .5989 .3403 | 1.562| 4530 | 9.65 goamar - Rl el
J 46.48 28.0 642 6764 .3983 | 1.698| 5510 | 9.28 UG ] (Rt P
X 58.55 28.0 .810 .8319 4816 1.727| 6700 | 9.28 (3ol et ) V. 1L SRR
T, TO.4h 28.6 .99k .9749 .5403| 1.804%| 7620 | 9.10 A R 8 [ = S
M 83.55 29.1 1.215 1.096 .6126 | 1.789/10180 | 8.93 | TR R [P S
N 9%6.55 30.1 1.432 1.073 .6913| 1.552[10250 | 8.65 Fredbeeoa’ [ S2lu L T
8Run C-10-20
E 11.17 19.7 | 0.108 0.1799 | 0.1109( 1.577| 1075 | 10.2 9.96 | mmemmmmeeee
G 2173 19.4 .207 .3916 .2298( 1.704| 2197 | 10.3 10.59 | meemeeeeee
H 29.73 [ 19.6 .286 .5056 | .2894| 1.747| 2790 [ 10.2 9.75 | mmmmmmmeeee
1 38.42 20.5 .387 .5856 23393 1.726| 3425 | 9.76 8.85 | mmmemmmeee
i 46.48 20.8 76 .6829 .4083| 1.673| 4180 | 9.61 8.79 | mmemmmm————
K 58.55 20.9 604 .8585 L4926 | 1.743| 5080 | 9.54 8.92 | mmmememeee
1, TO. L4l 21.3 .728 .923%9 .5500| 1.814| 5260 | 9.40 7.23 | mmm——————
M 83.55 21.5 .872 1.035 .6300| 1.704| 6340 | 9.31 6.27 | mmmmmm————
N %.55 | 21.9 |[1.030 1.082 .7050} 1.689! 6830 [ 9.11 7O | R R

85kin-friction coefficients computed for these runs showed erratic behavior and were at
times negative; consequently, skin-friction coefficients for these runs are not reported.




NACA TN Lo17 29
TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA
(a) Run C-0-50; Vo/ul = 0; u; =50 fps; v, = O fps
u/ul for station® -
7 L o1
E G H 5 J K ' M N
0.010 |0.435 [0.486 |0.413 |0.352|0.347 [0.365 |0.368 | 0.354 | 0.339
Shlk5 8yl | 5351 500 | L4661 371 Wbipdl. Aokl GEEEY N
.020 skl 995 563 | 5341 463,090 | 465 | oS S
.025 018 | 621 | o594 | .568 | 525 .53k | L5109 L5009 e
.030 65l | Bhe | 616 ) 594 | 5594 45551 kel i (NS
<035 Sfe ] 6601 .630 ] .6131:.5791 575|088 SO
.0%0 w682 1 66T | .6he | 626 5961 58k | 5781 570 LG
.050 SE0B | 686 ] 1.661 | 6391 .619 | .6081 5951 T o5tk
.060 gLy .705'] ..675 ] 6581, 641yl .623} 6074 . E1ETNEE
.070 SO 1 AL 682 671 ) 6547 631 | L62RT LGOS TR
.080 W] 750 ). 698 | 680 | 670 .650°] .637 1 GEE RIS
.090 Skl T3] LTO9 ] 691 ] .675] 662 | .645 1 SESIEEEEE
«100 BBy 51| 720 | 700 | .681H 671 | 6551 G55t
50 SBFr 801 [ ..7651 7501 .72k | 7054816001 i oLt at
.200 954 | B9l 805 | 8| .759 | ..738 | .7P0l 718 R T0S
. 250 §0> 1 0871 .8h2| Bi2]| .786|..760. uBl Lidl R
. 300 a8 9207 879 8371 811 Ly8hil 761 LSt
ool 2901 | 952 .90k .869}|..834 | .809°} .785'F LETAY L
RTols) S - .975 | 930 ] .888 - .8ukll 8301 001 E RS N
O i 995 | 972 933 | .9027 .845.) .8hypp LBy 8
W R . L.000{ .994 | .966{..931:] .880 | . .8721. (G0N
g | TR R 986 | .963| .919 | .900| .888 | .861
- | e | e 995 |- 9871 948 | .9%501 .911 | WwE86
] - f e | i .998 | .970 | .9521" 93521 SO0
L e RS SN SRR, PR 1.000| .991 | .970| .9481] .924
L L R SR RS B SN e .992 .980 | .953
1.400 | mmmem | s [ e | meeen | mmee [ — - 999 | .993| .976
L0 b e -2 CIUR RS [ Ry | BUSVINIVE (A .997 | .99k
S A TGN (SVRICIRE TENRISIRIC SREEEGR SRR et 1.000 .997

3 x distances corresponding to lettered stations are listed in

Bable T,
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TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(b) Run C-0-50; vo/ul = 0; uy = 50 fps; vy = O

u/ul for station® -

aiin.
E G H I J K L M N

0.010 | 0.434 | 0.492 [ 0.383 [0.324 | 0.313| 0.35% | 0.325 | 0.337 | 0.303
w015 Shs o553 | L6k | Jb36| Jh2i| WSk W19 337 406
.020 .603| .597 | .530 | .so7| .496| .s507| .4B0| U485 [ 475
.025 frot e bl 500 | 501 | 2533 909 B15 | 580 14305
.030 el e [, TR Ys Besil CU56E Y a0k L 529 53T | -519
05 6754658 | .607 | .597f .D79] 5T | .5950| .547 Sl
.04o0 s6gp P L6a7 | 619 (609°) #5587 582 9621 .560 | VHAT
.050 i716] 686 .6k | .632) .61L]| .6O4| .986( .582| .57
.060 R e ol Gl 626 (6L .6eaL 5603 .589
2670 SRS i lE - gmE | LEB6' L6251 635t (613 615 | 603
.080 L5 Va7 888 | 67| 651 6M3|  .624 623 | .612
.090 Proeha el *ieoB | 6861 6611 6907 .635f 635 | 620
.100 BoEc T s q0p '} E96 ) L6Th] 658 .6hL] 652 |l629
.150 iR et eeg 1 7EGH. 718 ] 699 6761 675 | V1667
.200 g glisl 7o | LTkl .75 | JT729 .70k .706 | .692
.250 i gaL Sty R B aBes ] L8 TR S L iT25 | ETE5
. 300 o7 co16tl 865 | L8371 .812| 780| .762] .796 | 742
.350 o cobet " 809 | .86 .837 | i806| LTIl LT6T }.T58
.400 st o] ool 886 861 | (BoT] " (7987 - .T94 }ULTTR
.500 994 | 99271 .965 1 .930| .904| .987| .832( .823| .808
.600 sogat e Jgdal]l ogwil: .0651 .9%9 | (905 ] “.870Y ©.835 |- .8359

.T700 | ===-- .999 | .998 | .986| .970| .932| .898| .883 | .860
.800 | -=--- 1.000 | .999 | .999| .986| .956( .924| .906 | .881
.900 | mmmmm | mmmmm | = | mmm - 9% | .979| .951| .928 | .903
1.000 | wmmmm | mmmmm | e | m - 1,000 ;9924 967 991 | 5926
1.200 | mmmmm | mmmmm | mmmmm [ = | memmm | == .99%| .980 | .960
1.400 | mcmmm | mmmem | mmmmm | e | s | = 1.000| .995 | .981
1.600 | ammmm | ommmm | mmmmm [ mmmee | mmem | e | mme - .998 | .995
1.800 | =ccaa] cmmam | mmmme [ mmman | e | mmmem | e 1.000 [ .999

a y distances corresponding to lettered stations are listed in
table I.
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TABLE II.-~ EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(¢) Run C-0-60; vo/ul = 0; u; = 60 fps; vy =0

u/ul for station® -

Vi, 1
E G H I J K L M N

0.00% [0.372]0.350 [0.328 | 0.279 [0.306 | 0.297 | 0.291 | 0.283 | 0.277
.006 ol | Jhod 0331 | 4309 | ..330) .31k | 208 [hg 265 e
.008 Aok | 453 | 381 | .361 ] 37| .3581  .332F .336} 298
.010 599 | .b93 | h37 1 408 k27| 406|376 BT5 IR0
$015 2566 1--,959 | ~.519 | .4884, .491 | .4U8T7| ' .h60:]u SoE B
.020 626 {..603 | .556 | %539 | 5401 .527 | .5031 SuosEshos
$0P5 B4B | 620 | .583 | .56k .561] . .596 | .53kl i530 1R S00
.030 $6T0 |- 63T | .60k |*-.588 | . .579f 566 |4 551 b a0l S Ea
.035 S00B 1,657k .615 |« 59T [ ...588.1 +.583 | 565 SA RS A
.040 696 | ,668 | 1,627 | .615:] .600 5600 <5T%L ST AR
.050 724 1] 688 .6L6 | .636 | .6221 .609 | .50 | 505 SusEE
.060 2Tl 705 ] 6661 .64T | .636] .626| .60 609k 602
.070 sT6R. | .T16-| weTe/| ..660 .| 648} .6%6 1,628 k=" 615 RSO
.080 2TTOF 2T29 1 686 | 676§ .65T7) 692 6355k . O]
.090 799 | .Th2 | .699 | .686 | .676] < .665 1 .640 63T I R6D5
.100 B15 1 .Th9 | 703 | .696 | .685| .669 |- .653 | 646} 6T
5150 S00D. 808 4 796 | LTUL ) . 728 | .70k | o 682 1N 68l TR
.200 ULl 8D E L TIT L STTH - . TOT | . T57 b TIaEE A 7O
.250 9751 888 | .835 | .80k | .7891..T59 700w T) DT
. 300 2990 «.923 .4 .867 | 837 |+ 813 L0, 7O i: . T99 Sk TUOR T e
.350 W792.1°,955 1+.896 |.7,860. | - .840 |.. 813 P JOCH L TTH it
.400 29951975 | .925 | . .890: ] - 862§ .832 |+ .803 b, TOR RS
.500 «999 1-.995 | .967 | -.951 | .903 |- .869 | ,.830:} .828 | 2805
4600 |21.000 |1.000 { .988| .964 | .939| .907| .868| .853 | .832

et o Lo 995 | .986 | .969| .938 | .904| .880 | .856
ot [l R ST 996 | .996 | .989| .960 | .924| .905| .879
et e R (. 1,000 }11.000) .981 | .952| .927 | 3905
RN~ | Enern L romms | wspan, | nmaa- .993 | 968 950 t vaSLl
o RS PRI, NI R . o 1.000 | .993 |% .978 | 4954
L TERNE (SR SO ST S g, e 1.000_| 1,000 18975
s Lo | e | mesda i oo o e it s UL R .996
SO RS BSRRR SAE EREE S SO N S SIS SO SR 1.000

8 x distances corresponding to lettered stations are listed in
table I.
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TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(d) Run C-1-50; volul =1 x 107%; u; = 50 £ps; v, = 0.05 £ps

ulul For shation® =

Yy A,
E G H i J K L M N

0.004 | 0.374 |0.341 | 0.302] 0.263 | 0.286 | 0.276 | 0.250 | 0.253 [ 0.255
.006 Se0 555 zeat mrlo.msl o298 | .26k | 259 | 263
.008 Moo L il o365 <HET BT I L3R 303 | 275 |2yl
.010 shfe besiic Fo- hol | .om0a | 383 LBT8 | .33 0315 | #3516
015 L5 eisie dhra ) chesd Lhiad - 436 F 399 1 390 | W38T
.020 589 | .552| .509| .495| .48 | .483| .Mu6| .436 | .43L
.025 618 b s letshe | 5261 5081 505 | b | gk | LL66
.030 639 | .596| .559| .s41| .527| .524 | 484 | .49k | .L4TO
.035 SR oo b 58 b a5k | oLs kel (B9B) 51F v Lhg2
.0ko o S Peas asBET el | J5a7 |55 512 |0 .529 | 2499
.050 Yoo et Soogl .58 a7l BT 551 | 543 | L5585
.060 SI02 e ana it 600 4 el T 589 1 .579 | 548 |1.550 | 539
.070 T e Il esE ¢ L w607 3883 | 566 565 | T.BkT
.080 W ERete | el eesh ] 9623 F.609 | 5724 .58% | 563
.090 oG T 00N 660  JBhS | 62T L 620 | 4565 | 591 | <515
.100 ST isiieral  .eo6 | L6235 | p20 | 58T ] .598 11u591
.150 cls e eren fee o o0t 683 |. 666 | 6FL | 633 | .615
. 200 seiamct e b0 b . 729 | L il | 696 P e6h | .662 | 643
.250 foa IR O TR 70T | STSB A TIY T 6900 692 | w672
.300 sas e EOR T o83 L LT91t.-T2 ) Ty | .8 | .70 | <698
350 a8t eoaggled 1 28s8 | 807l .T9T |apée | T LT3T | <708
.400 JoueiEecas0 tousel L B (855 190 | LT L7597 728
/500 - | 1heo0 {992 %043 | .901 | <863 | .824] w790 | .T70 | 75k

600 | ===== L0898 b osoro Y938 [T g0 | 861 - WBe5 | .81a | 78T
00 |} s ooty 008 | Lo7h | 932} 893 | 854} .84k {unB16
800 | frameei f vaean 2,000 Léwgos |0 970 | Joeer] 882 |- .870. | .835
e bk TR RSt B 15000 |- .989:| <8952 .912 | - 890 | .859
S R RO TSR I | L5000 L9978 k. -958 | - 90577 873
0 g g Al T N ST ) S U (U 1.600 | ..968 | .950 §1.922
2 HO0 T aabs U AR SRR TR A Cug EEESR SSeG - 1.000 | .982 | .950
1.600 | cmmmm | mmmem [ mommm | e [ o | e [ === .993 | .976
it RN ) B Aty D S R ST IR 1.000 | .991
o 000 | cadtd faasdhde s | cones Jooman | canms | senma | ameae 1.000

& x distances corresponding to lettered stations are listed in
table I.
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TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(e) Run C-1-30; voup = 1 X 10735 uy = 30 fps; v, = 0.03 £ps

ulul for station® -

Vo il
E G H 10 J K L M N

0.00% | 0.313|0.297] 0.288 | 0.238| 0.260 | 0.270 | 0.243 | 0.193 | 0.334
.006 320 | .302]| .306| ‘.279| .282] .277| .251 | .23h HEEE
.008 3671 3461 w37 297 .207| <301 | 270§ @7 S
.010 Jo3| 38| .355| .303| .3%0| .334| .300| .2098| .415
.020 549 | 516 476 | Jubs| Lb32| b6 | Jk29 | Jbak | (h52
.030 6=kl .5097| .556| .535| .503] .512| 490 S4T0 INLSE0
.04k0 aB6l .e27| .504 | .562| .54g | 545 | S1T | CADEL BERCEEE
.050 foli| .668| .619| .606| 57T} 568 | .530 | %340 PSS
.060 Wer |l 6701 .632| 618 .597] .582 | 546 F DS TSN
.070 .Th2| .695| .651| .623| .598| .609 | .564| .568 | 576
.080 sl roh|. .665 | .646| 624 )1 .616 | 579 " %500 EEaEE
.090 F8o| .7ak| .676| .665| .6h6 | .61T | 6047 J5SO LESSES
.100 8o5| .7an| .671| .667| .650| .628| .592| .591 | .605
.200 vasnt 812 .760| .738] .T1T| 689 | 653§ (CEOVNGENT
.300 b | 806 816 .79T| .T69 ) T55 | STOS [ TICRLREE
W beooo| .9k | .806| .Buo| 822| .796 | TEL| LEALG CEES

.500 | -=--- S8 .9%9 | .890| .864| .815 | T35 WEID T
600 | ----- 1,000 .965| .9k0| .903| .885 | 813§ L.092 |G
700 | ===== | ===~ 1.000| .960| .930| .881| .844| .818 | .T9T
800 | —==-= | mmmmm | m---- .987| .950| .909 | .878| .843 | .820
.900 | === | === | =---- 1.000| .979 | .937 | . <901 r J875 [ISEa
1.000 | =====| -====| ===== | ===-- 1.000 | .950 | <9111 886 | 866
1.200 | === | ===mm | mmmmm | == | == 1.000 | .957| .926 | .89k
1.400 | mmmm= | mmmmm | mmmmm [ e | e | me-- 976| .963 | .93k
1.600 | ===== | =mmme | == [ mmmmm | mmmem | = 1.000 | .989 | .958
1.800 | -==-=| === | mmmm= | === | o= | e [ - 1.000 | .975
2,000 | ===== | —m=m= | mmmmm | mmmmm | e | mmmem | mmem | — - 1.000

& y distances corresponding to lettered stations are listed in
table I.
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TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(f) Run C=2-50; vo/uy = 2 x 10=2; u; = 50 fps; v = 0.10 fps

u/ul for station® -

y, in.
E G H I J K L M N

0.004 | 0.299 | 0.304 |0.281 | 0.231 | 0.262 | 0.236 | 0.235 | 0.234 | 0.257
.006 Sl el [ORE e L 2Tl RETL el - 25 w2hG |1 .260
.008 268l .36 | .329 | 316 | -.20h | SegR | 268} 281 | 267
.010 O LT beoEra oot o538 2325 ] 298 | L30h | <353
.020 et Lihsns Pl BT | o Il | 425 388 A3l 2395
.030 S| 556 | 516 4851 W56 | 473 | .Leg | (486 | L6l
.0ko 611 | .580 | .54 | .s517| .488 | .4o1 | .W6T| .507 | .496
.050 633 | .606 | .567 | 549 .520 | .508 [ .u84 | .510 | .51k
.060 d56 v .615 | 583 | 55T | ..955% | «B22 | ‘b9t | .57 | WiB21
L OT0 o L oal b 6001 BTT - 2554 | 2eBBl L B0F | 55T | 528
.080 696 | .652 | .616| .582| .559 | .548 | .532( .547 | .548
.090 Jr1a"PR.aele | 619 ETi599 | 5T [+u570 | 527 | <576 | #5U5
.100 A be66g | 688 602k .585 | «5T0 | 5% .595 | 567
.200 SOl ieinoy T | sec0 L6028 | 6hF - 613 | .6L3 | 636
.300 loT e | 788 | 1756 784 yo .66 T 67a | 601
400 peoS 4 NCasd Wa853 | gl 776 ¢ 658 | -.T02 sl | W0l
.500 onaav o7l 114088 1. 3859 | 819 | 4691 | +T501 158 | V139
S6001 19000 1 2996 |aiosT | .00k | 8644 .T29 | T81 |--T68 | .TH4

700 | ==--- 15000 | 992 |- .98 .899 |+ 769 | 818 | T84 |i¥T65

800 | —m=mm | === 25000 1 $975 {931 |* 810 | .84G | -.826 | FI6

2900 | === | mmmmm | e 1.000 t 963 |+59134 -.859 | «842 | 817
1.000 | ===== | mmmmm | mmmmm | mmmm 976 | 957 ¥ .96 | -.861 | «B36
1.200 | ==-== | mmmmm [ mmmmm | mmmm- 1.000-|: %973 |- -.946"| 912 | .868
1.400 | mmmem [ mmmmm | e | mmmem | m - 2996 | 9791 936 | <907
1.600 | ==--= | mmmmm | mmmmm [ e | mmm e 1.000 | .991 | .971| .93k
1.800 | ==--= | mcm=m | mmmmm | mmmem | mmmmm [ mmm-- 1.000 | .990 | .967
2,000 | ==mm= | mmeme | mmmem [ e [ mmmem | e | - 1.000 | .990
2,200 | ==m== [mmmmm | mmmmm | mmmem [ mm e e e | - 1.000

8 y distances corresponding to lettered stations are listed in
table T.
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. TABIE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued
(g) Run C-2-25; v /u; = 2 X 1073; uy = 25 fps; v, = 0.05 fps
3 a
u/ul for station -
Yy L
E G H 18 J K E M N
0.004 | 0.296 | 0.292] 0.307] 0.225 ] 0.261 ] 0.228 | 0.199 | 0.173 | 0.165
.006 206 | 27 24| 2481 273 <249 199k G0Nt
.008 Rl 358 ) ..328 2251 .289 208'Y “.225 K D L ina
.010 2es b 30t 336 250 ) J3oh | .288 ) 210 WEBLUE AER
.020 S00 ) JLhlh) 381 6L} w396 |- 39| .2L5T LEUTEIRIEEE
.030 okt 5371 e8| 53| 64| Ak b L3502 | L3168 SRR
.0ko 635 | .589| .532| .519| .518| .509| .340] .340| <376
.050 6681 608] .550] 5351 506 H3L| <355 | h2 L 505
+060 sl 6251 S| ST H2T| 95k |- -2060F SN DT REEES
.070 w12l 4658 L602] S58L] 532 D53 | WIN T LOGRHEES
.080 .50 | .666 6201 6001 55T) 5T, 582 | Sltilnaas
.090 43| .680]| .630] .618| .570] 5T8| .4235| .505 | 448
.100 58| .693| .628| .622| 594 | 613 JLbk]| 510 | W41k
.200 B8l .1671 .720| 706 | .661| 646 | .50B]. =S5THH A0
.300 0960 |- 8561 767l L] .7i| 706 ) 583 ] CORTERBGH
400 Jog1 | .90k|' .838] .818] .748]| .Th2] 637 ] 6561 REEE
el 000 ). .56] 8719 856 ) .B19| .T72| .681 ) O5HUNOEE
- 600 | ~=mw= 976 .9350] 881 .853 ¢  .81h 4 .TU3} 506 EE T
I (0o I (E—— 1.000)] .996]| .916] 877 BU6 | T4 (20N
800 | = | memme 29901 .9u5 | . .895 ] .864| LTI we O NG
«900 | mmmmm | mmmm 1.000] 9731 .929] .876] .888 {1 LAOETEaNaE
1.000 | m=—m= | mmmmm | =mmmm 1.0001 .96%.] .900] .852] 812 [".q60
1.200 | mmmmm | mmmmm | e | e 992 | 9601 .209] 622 fsi56
1.400 | ;memmm | cmmem | e | e 1.000] .9821 9371 B5Usli06T
1.600 | cmmmm | mmmem | e | mmmmm | e 1.0001 .9641 911 1 <007
1.800 | mmmmm | mmmme | mmmee e | e | e 1.000] .960 | .90k
2.000 | ~e=-- cmmmm | mmmee | cmee | e | e | e 1.000 | .7
2.200 | mmmmm | mmmmm | mmmem | mmmem | e | e | mmmem | - .968
2.400 | mmmmm | mmmem | mmmme | e | mmem | e | e | e 1.000
8 x distances corresponding to lettered stations are listed in
table I.
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TABIE IT.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(h) Run C=3-50; vo/ul =R 10'5; u; = 50 fps; v, = 0.15 fps

u/ul for station® -

Yy, in.
E G H i J K L M N

0.004 | 0.303 |0.317 | 0.276 |0.269 | 0.248 |0.232 | 0.221 | 0.211 | 0.227
.006 TR ] 50k | 276 euBl] L2l 2 | 281 2229
.008 ST 6TE 329 | 227 1 251 275 |24 22T 229
.010 SEOa R 1 s R Y 0B T L305% 267 -.236 24k
S5 Shef 1 JUSOM Laok R385 L w855 | 563 <317 | <301 ] .284
.020 So00it o0l JAEnil A4 3T6 ) 396 5B | B332] .539
.025 sl e | U501 A4BH3 | 53061 OB | L3370 | 373 »361
.0%0 amE S e ) Pkl l el Loy 1 4330 38T F w5991 (391
055 SehAY il SB00 F A8 Ml ] 453 ) UeLl 41T J4OO
.040 R e SO JE90i bS] 459 LT | su35 k1
.050 S0061 Tl 5261 505 | LUESL NHTB U501 b} b5
.060 6301 .5831. 541 ] .524 | 48B3 | .ho6 | Lu6h] u6h] 438
.070 Sanpil 600l 055 530 1 .900°1 5101 ATh) ATy 51
.080 ST Ao STO 54T 135090 Bl 1T GhTh | JAB3 ] L858
.090 686 | 631 S5T6| 566 | 522 | 521 | 488 | .493| 478
.100 N0k 658 | 450kl BT 555 553 L4981 5034 o3
{50 B 0692 L6551 .626°] TL5T6.] SO B0 T 551 ] B1S
.200 s ERE B 26T L6570 615 | Bk 18181 BT ] 570
«250 soo T TRl - 7061 686 1 63k 6281 591 1 o84 586
+300 R gl T Tes Y gl 674 L Bhs ] <686 P25 599
.350 g0 b w880 LT85 .Tu2'l 703 67T B2 b 6L 620
LS00 Lk noos MBO6H 8180 LTSl -T22'] 6871 .699.]..659] €50

500 | —=ee- SHERTO L DS CSTTLE A5 S0 ] #6091 ET2
600 | ==emaa SO TOlg Bt | RBABW ATIOL TS 1 <7264 - SOk
700 | ====- 9991 .9691] nogl2 | ".860:] 8061 .76k | .T36:] 729
B00 | ~=ass ool Y a80 “nark JBoni ) JBU2Y - B05LE LTTO - JTh2
900 | mmmma| mmmaa TG00 L.OmRdl Caahil 868 53T 8031 1
1.000 | =ccoc | cmcae | ccee- 988" T 005 J8561 8ok LT89
1.200 | cwane | conem ]| c==e- 1.000| 991§ 953 .906'| 869] .828
UOD | anbnw | sesend —taan | cmenn 3.000 | BT 9371 -.905] 866
1IG00 . Jiommen | wmmme | simee [ acane | mense 10001 9FTY «9h1]" L9061
1.800 | cemmee | cocae | cccae | cccaa | ceman | caeaa +992 1 9671 <926
SN R EPRIRTRS, SRR SRR e Smm T 1.000 | .988]| .955
2,200 | cemmn | cnmme | cncna | cccae | cmane | canan | sene- 1.000 Y «. 976
2.400 | mmmee | cmmee | cmmee | mmmee | mmmen | mmmee | e | e .99%
2,600 |immama | cncenl comae | ccmae | cnoce [ amcan | cacas | caaae 1.000

@ x distances corresponding to lettered stations are listed in

table I.




NACA TN Lo017 o

TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(1) Run C-3-33; voful = 3 x 10725 uy = 33 fps; vg = 0.10 fps

u/ul for station?® -

Vo' s

E G H I J K L M N

0.004 | 0.279 |0.286 | 0.269 | 0.241 [0.205 | 0.204 | 0.182 | 0.227 | 0.200
.006 2309 | .29871 .2719 ]| .259 | 236 ) .230 ] .04} LE3C NEAE
.008 Ll | WBLT | .285 | .264 239 | .28k |21 SRhs | I
.010 862 | 352 | +300 | «27h | 265 2421 .255 1SRG N
.020 DN JUBT T b0l 3TL T 358 1.350 | 200 ST
.030 SEDR | 521 | LW68 | Jh1 | Sk sskl6 [ A6 45 00 SRR
.0k0 2001 F 0552 | s bok | 482 | 437 | L3840 302 PGkl IR
.050 60 | 578 ) 536 | .500 | w458 ] Ju62 | JHo9 | HEEOC TS
.060 B3k | 593 | .555| .523 | 499 | 489 | 429 | <509 | ul2
.O70 662 | .608| .560| .534 | .500| 498 | 434 | .525| .463
.080 686 |- .614 | .5835| .555 | .532 | .506| .456 | .538| .LOT
.090 26090 | .629 | 5931 .568 | .526 | 4520 | L4622 | EB8 FsE0l
.100 §109 | .650°] .603 | .578 | .552 | 5k {1482 D T EEDS
. 200 SOl JTHO | L6TT| 65T | 619 +599 | 560§ Q0T LA
300 SO 1 W18 [T | JT1L | s6T5 | V655 | 501 [h VIO TS E
400 902 | 887 | 81T | 758 | «T25 |.oa702 |« <649 |V GELNE R
.500 B0 | 9kl | 876 807 | 769 | «T37T | 588 | i6EGENGEE
RO RRNO00 | J987 | w917 | 851 .81 | WTTR) 722 | SS LR

«TO0 | ~==-- 1:000 1 959 | .892 | 860 | (799 | . TUB | LS NRNERE

800 [ ~=emm | —m--- 991 | 4921 | 886 | 8314 B4 FUSHS5 e

«900 | ~=s-e | === 1.000 | 953, |7 .915 | =869 1802 | oY LN
1.000 | === | =moee | =mmem 976 | 2953 | 8821 819! |  ~&Lk FESNEE
1.200 [ ~==o= | ==cee | ===a- 1,000 | .990f “493T [« <879 [ -856.f WEed
LU0 [ aaaee | mmmme | mmmem | mmmae 1.000 | 967 .928 {  «896 |60
1.600 | ===== | =ccoc | comae | ecman | mmmae 1.000 | ..969 | 930 FiSE0E
1.800 | emeee | coome | mmmee | cmmen | e | wmmma 983 | 862 IS0
24000 | === | == | mocan | mmeea [ mmmna [ aneaa 1.000 | .979 | .946
20200 | === [ === [=mcoe | mcmen [mmane | mmmae [ eaaaa 1.000.{ +9%&
S0 TR BRI P I RIS SIS R PR 1.000

& x distances corresponding to lettered stations are listed in
table I.
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TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

03) Bun C-3=1T; vo/uq = 3 X 10'5; Uge= 17 £ps; vy = 0.05 fps

u/u; for station® -

Y, in.
B G H I J K L M N

0.00% | 0.326 | 0.292 | 0.279 | 0.221 | 0.249 | 0.191 | 0.263 [ 0.216 | 0.172
.006 Ot B e SRR 218 | CJBTE| <19} 272 L21h | 25D
.008 casl b bas | DT |8 P8D | R, 305 | 16210 22T | S2Ts | s2T5
.010 FEo - B0 1 3306 | 268 259 [ »2594 J2u9 1 Ae3hk | L2557
025 06 [ nes [oamp BB | J287 | %260 | %305 . <226 |ivee2
.020 ot 58 38 [0 520 | 272 w282 | 323 | <234 | 23T
.025 el B - 398 | 398 5T | r.BBk Y .52% ) 309 |.272
.03%0 525 ) B85 | G E J392 ) .352 b w33l | 338 324 .293
.035 S0 LamBuE l 0469 | o nlthod - oo ). .F82 | 351 | 346 | .329
.040 596 | 547 478 .457| JhoO| ho2 | .369 | .399 | .378
.050 651 | 585 527 | <504 o 418 Jh27 | 425 | e418 | .bO3
.060 §o L7 [res6@y P o552 | w519 |68 st | U466 | h52 fai L33
.070 652 633 571 541 | 497 | 469 | 478 | 485 | JhLh
.080 2673 1 02646 |, 609 | .559 | 497 500 | LuTL| 476 | 481 .
.090 9081 | 2006 1FRa608| =568 Jshe | <515 489 | 5509 | 50
.100 L0606 |.a585 | w591 1 SUT| «525 | 488 .ho6 | 501
<350 ST785 269k | w650 | »638] 605} 559 | .528 | -519] .549 -
. 200 Sl 7t EsGan | V6L b .619 4620 | 455X | hTH . 5TH
250 shaliteoaad oo o986 | 05, - 660 | <645 | 0592 |153628 | 591
« 300 gosld L vmao LuuThs | - J6oksl 0681 | 657 | 618 | 961k | 1.628
2550 Bn e [ he7ee I .32 ] 718 fs6bg | a632 Jeb28) .61T
.400 So0H [ =aBBdc 806 | a0 | 125 | 1669 ) - 4667 | J6NT | .62k
.500 O loasanel o858 1 810} . JTHS [ iTr2 b 698 | <655 | 662
.600 206 [0 2075 =008 8al 185 | JTaEl STB9} 682 w662
. 700 Rl | ool M-S0l Tl 888 s w35 | cvTO0 | JTHT |k | 0,691
oo PRS00 9ot eio59 | w918 | 85Tl 822 | LTTT S +T58] (<715

900 | -==-- gRuo0 [958 wokb | w866 | a8l 820 | 8B (KTAS
1.000 | =====| ==--- .98 | .965| .87| .879| .80 | .796| .T6O
1.200 | =====| ====- 4,000 | a8000 ] <950 |- 000 856 | <829 | 1. 815
L HO0 |immmae | momee | mmmen | —mmea 9821 985 |. 93k | 862 856
Te000 [P e - | aenee a0l —ain- 1.000| 1.000| .955| .891| .868
1.800 | mmmmm | mmmmm | e | mmmee | mmmm | e SRS 1 ] 0908
2,000 | ==m==| mmmee | ;e | mmmme | mmmem | —mme- 10001 ~.5661 928
2,200 | m=mmm | mmmmm | mmmmm | mmeen | e | e | == 1.000 | 95T
2,400 | —emmm | mmmmm | mmmmm | s | mmmmm | mmmem | 2 | e .985
2,600 | mmmmm | mmmmm | mmmem | mmmm | e | mmmem | e | e 1.000 i

8 x distances corresponding to lettered stations are listed in
table I. >




NACA TN 4017 39

TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(k) Run C-5-50; vo/u; = 5 x 10735 uy = 30 fps; vo = 0.25 fps

u/u; for station® -

y, in.
E G H 1t J K L M N

0.00% |0.284 |0.299 | 0.286 |0.211 [0.222 [0.233 |0.206 |0.172 |0.204
.006 289 1 305 | .28% | .233 | 238 | .2ho | .203 | L1BTNIEE
.008 9001 317 | .291 | .2u7 | .235 | s262:| .208 [Tl ot
.010 2959 | 338 | .299 | .268 | .2skifi ok | 219 |G| R
.015 389 | .386 | .342] .208 | .281 | .313 | .259 | .239 | .255
.020 a2 | W13 L3719 | 331 | L300 | L3ke.] .282 | aaltanE
.025 2460 | 438 | .392 | .355 | .321 | .350 | .300 ¥ .30k [.288
.030 482 |-.053 [ 418 | ,366 | L3ukef L3753 | G317 L310 [REEEE
.035 501 | W67 | .23 | .389 | .352 | .384 | .325| .339 | .331
.040 2926 | A7 | 435 hOT | LB5T 139k | 339 | UL35T W BhE
.050 A090 195506 | 455 | WMk 2386 | Lkl 1ia356 {1 LaT0 [RaEe
.060 §90l 1. .523 | .h68 | 438 | Jho6 | ko7 | .36T |Lun8illie e
.070 $90 11 .5307] - Lu83 | Wh9 | LL18 | k38 |- 380 i Zoqii NS RE
.080 $610 | ".5h2 | U493 | 465 | 430 Juhpill ozol RN d00 | e
.090 2622 | 551 | .99 A2 | i3 | ouus6 | Jhoo § Lkl SRS S
.100 263 11,566 | .516 | 482 | L6l | Lh6T | .hosd e | iss
.150 $(e6 | ®12 | .553 | .52k | 492 | .500 {“ 458 fRikried SRAEE
.200 #8083 1 658 | .596 | 558 | .539.| 53k | 488 P i500 | SCHEE
.250 2868 1 0k | .52k | 597 | 570 561 | .515 | .52k | 516
300 L LooT38 | 65T | L6307 ,588 | 0570 FiishT PER S e
«350 9962 [/ .T75 | -.695.1 .653 | 620 [ 60k | 575 }aB62N| L E6a
400 BT [ =815 | .T29 1 .675 | .66 75620 | 7,605 PHESEE NS
SD00 S E.000 | .88L | 785 | .733 | .687 | .649 | 6331618 | iL5E8

600 ' | =oeee JOUR = B4 | JTT5 | 0729 | 19685 || 65T R EELoN]

c700 | m==mm <9821 ~.897 | 829 | .g61 | T2k | 685 PriaTiil SEElS

800 [ ==em- 2.000 | 2939 | .868 | '.808 | '.754 (L7153 { L6061 e

¢900 | mmmmm | mmmem JOTH | 910 .1 1846 | (V788 | T VTHSI 1 CFIG6 | AN
1.000 | ====- Smmee | 0991 | .939 | .880 | 1.81T7 | U.76h| |-oTHLU| VeTAD
1.200 | =m=em= | mmmem 1.000 | 987 | OL3 | i8T0L B15( |- 1FF0 LTINS
1.400 [ ==mem [cccem | cmmee 1.000 | .986!| 916.1 86T (<830 | STl
1.600 || =e=ee |cmaem B 1.000 |- «958 | 908} 866 | %683
1.800 | ===== |~mmem | mmmmm | cmmee | mmeee .987 | .94k | .910 | .859
2.000 [===== [=mmme [ cmmee | mmee | e 1.000 |- .972||-- 929 | “BTT
2.200 | ===m= |mmmee [ mmmee e | mmmee | e .989 | .965 | .921
2.400 | memmm [ mmmee [ s [ eme | emem [ oo 1,000 |---982 |1 JGHE
20000 [P=eems | wmame | =e—aa S | ] R e— E—— 1.000 | .961
2.800 [===m= |mmmee | cm——— | e ] e r TN [T [ — .982
3.000 | =mmmm | memme [ e | emeen | —meem BTl [y - 1.000

& x distances corresponding to lettered stations are listed in

table I.
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TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA

NACA TN 4017

- Continued

(1) Run C-5-40; v /u; = 5 x 10735 uy = LO fps; v, = 0.20 fps

u/ul for station® -

Yy, in.
E G H I J K i M N
o:00k - |0-26% | 0.292 | 0.245 | 0215 | 0.279 | 0.211 { 0.1 |0.188 | 0.000
.006 280 1" 300 | . .80k a5 280 | 207 | .a75 | .201 | .O78
.008 3161 .34k | 264 e B R N N R 1T - - -
.010 341 | .361 | .268 2501 299 | 2541 .180'| .20h 1 .212
.020 L4361 425 | 343 308 | .329| .311| .257 | .269| .288
.030 193 | 462 | 394 Bl T3 60 279 | 331 316
.0k40 Solml “He0 | hes 519 153395 . 380 | 300 | 348 | 338
.050 O o515 | 450 429 | .40o9| ok | .333 | .363 | .362
.060 569 | .528 | .468 &3 b hB5T . h12 |- .3k0 | 378 | 381
.070 50611 5391 L beo | .uu3 | M28 | W7l a2 | .389
.080 BUT ] WBLs | Jbgh W | JhsBl LT L UL368!) . 416 | . 405
.090 650 559 .511 hoa | “.4651 443 | 390 | 430 416
160 S6h% ) LaTT | 510 4bog | .485| .W62| .399 | .hho | .46
.200 802 | .666 | .588 Beatl o sskl 885 | A8 WSk L84
.300 2] a2 - 651 635 | .605| 560 | 550 | 552 | .540
400 282 [ 2820 | .m6 691 | 6601 - 610 | 569 |- <5871 .56k
500, ‘F1.000%" .89 1 787 T3T4 6991 .650 | 6091 .625| 600
B00 | mmma= 943 | .846 T} . 759 679 | 647 | 650 | 631
700 | ===e= .98% | .897 Boh | 769l .2l 6781 66T 645
800 | -=eem 1.000 | .935 B8] <803t The | JTo0 .| 6Bk 675
«900 | ==mom | mmmee .965 902 | v.O%a ] 82 | T30 ..T22| .688
1.000 | ===== —————| .987 o8h | .BT2 | 205 .T59Y JThU] <705
1.200 | ===em= | m=m=- 1.000 goy | OBk Eel ] 803 LTTT| .T3B
1.400 | memme | mmmmm | e 00 a9 E TN T oBlhg-l (8361 I8
1.600 | cmecm | mmmme | cmcae | mmmem 9921 .95k | .888°71 .861| .81k
1.800 | =mmem | mmmee | cmmee | mmmem 1.000| .982 | .934 | .899| .840
2.000 | ===m= | mmmee | cmm—e | e | - TTTl 81T 93] 872
2,200 | swmuw | m=mam cemee | cemee | cane- 1.000| .980 | .960 | .909
2 W00 4 e e e 1.000 1 L9821 agT
2.600 | =mmem | mmmem | mcmee | mmmme | e | s | e .995| .969
25800 || Smwmm | = ] mm——— | sm——— S R 13000 a7
3,000 |[===-- B ey G e | cmmme | mmmee | mmmem .986
3,200 | mmmm= | mmmem | mmmee | mmmem | e | mmmee | e [ —meem 1.000

8 x distances corresponding to lettered stations are listed in

table: 1.
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NACA TN 4017 L1
TABLE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued
(m) Run C-5-=30; Vo/ul = 5 X 10’5; u = 0 fps; v, = Q2 18
u/ul for abablon =
Yy 1D
E G H I g K o M N
0.004 |0.249 ] 0.246 | 0.276 | 0.194 | 0.186 | 0.219 |0.139 | 0.18% | 0.19k
.006 G5l 270 242 L2077 190 | 236 | JI5T Sl DA R
.008 245 2901 253 | 229 | 4194 | «225 | <208 LRI,
010 245 o2 ' +305 2us i 28 L2h6 | .208 «207 4 i dio8
015 U6 1 2351 | 314 | B301LY 236 | 272 | 216.] B S,
.020 ool [ g g [ T 528 | W2hk2 | 204 | 2605 SeRNE i
025 il 435 | 379 333 | «2867] o337 | <263 .293 | .286
.030 i) 1 Jhb1] 392 | L381 | 311 | L3607 L3001 DLl fEREEe
035 W01 L MT79 1 LH05 | WBT0 | J32 | . «392 | 262 skt Rl s A
.0k0 W0 | JMB8B 1 UL | 396 1329 | «3T9 .| 348 | « DL
050 | G5 451 LL23 | i3TL] L3392 |..300 | D6l FIE
060 0,519 | W65 | A53 | L3T6 | WA23 | awT61 |l Do s e
.0T0 G031 536 486 460 | .387| U431 | <365 <3907 56D
.080 SO7 | 552 JL93 ] A6k | L35 | ELd35 | <S80 1 D9 ] R
.090 610 558 | 5071 U485 | bl | GBS | 391 SRS0T R
.100 5 HW] 521 | 4T6 ] sz ] LAET] B399 S08 G
150 8L 6921 553 518 L4957 480 422  JAESREETEES
.200 st 0] 6621 .599 | 549 | 522 SUE | JOT | aD00N SIS
«250 SN0 | 60k | 62T 589 1 55| 55471 SHALTE S0 B
.300 SO0 STk Lo 664 | 622 1 583  «58L| S0 TE TR
<30 EE 786 JT12 ] 655 612 | w603 | G620 SOAT HIESE
400 0] 810 ] .T32 ) 683 ] 6501 6107 S8BT 02| e N
.500 S 8631 (T2 | WT2B | 68T | 640 .60k EOT |
DORERO0 | 932 | Bh1 ] JTIE ] <728 OTHYT 650 | O RS
OO | ==mua= 66 "800 808 | 7521 70T | 672 ] =00 Seetay
05 s S (- 996 1 929 | 850 | T93| T3l | .TOO T, 008 | iatnt
+900 | smea- 10001 56| B77] 8191 790 | <91 Sfib St
1.000 | ==me= | ccwa- B9 | 921 | 856 L8051 .TH9 | . <f23 aa
T TG — 1,000 1 .972 ) 91831 85k 1 JIC2 ] w'iidy it
1400 | emmme | cccme | cmaee 1.000] .58 895 | B840 | 820 <TG
) ) ) (ST [ (R P — 9851 .ohk} 8861 60§ 5
1.800 |[=momm | mmmmm | e | mmmem 1,000 | <977 | «938 | 8081 &%
2,000 |=mcce | mcmme | cmeme | coeee | e «990 | <967} : <O SET
ERNOIINE e ] e | e e [ e 1.000 | 994 | 944 ] <905
00 Jemee | mmmmm | ommae | cmcan | e | cmee 1.000 | .978 | .939
2.600 |=mmme | cmmme | cmmee | e [ e | mmeem | e BT | 58
2800 | omeme | ~mwee | cmmne | e | ccnee | mvmma | cemmam 1.000 | 9T
3.000 | =mmmm | mmmeme | s | mmmem | e | e [ e [ 1,000

a

x distances corresponding to lettered stations are listed in
table L.




Lo NACA TN 4017

TABIE II.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(n) Run C-5-20; vy/u = 2 X 10725 w) = 20 fps; Vo = 0.05 £ps

u/ul for station® -

E G H I J K L M N

0.004 |0.300 |[0.226 |0.258 |0.170 |0.217 |0.226 |0.152 |0.174 [0.191
.006 S Fap1 PEesR Yl JITe | 250 | 226 | 366 351 | <209
.008 st o610 a0 | 102 | 2514 2294886 | 120 | (209
.010 aahg sl ol | 192 dus266 | G286 | 205 B29 | .22
.020 VUios bash8 | 3p9. ] w252 | .281 | 287 | 4205 | .27k | .256
.030 St =l | 576 556 | L5200 | A5 | .8D5°1 31k | .302
040 SEDNENRGas | siaB ol G363 | 320 | 361 | 298 {1368 | ke
.050 Saat o506 | w438 | JhoE Y W3k | L3901 .350 ) JB12 | L.3k4e
.060 607 [ o532 ko2 | oJlal | 397 | W20 ] JBWS5 | JAdT | o2
.070 621 | 539 | 516 | b9 | 387 | A3k | 596 | A3k | JheT
.080 656 | 547 | 508 | U485 [ JL26 | 456 | 396 | 443 | 410
.090 669 | ST | 540 | WAT76 | 435 | W46k | 40T | W426 | 418
.100 NB05 | 562 |52k .505 .u52 L5600 396 | JA60 | 428

400 BhL 785 707 677 6&6 591 567 | 564 592
400 1000 832 53 725 | 6874 623 628 | .590 623
.600 |1.000 906 816 o 4 =TI 672 1655 | vut09 631
T00 | s==mm 965 856 7897 .78 | 7L | 672 | 640 651
800 | ~===- 1.000 899 841 | .789 | .T49 | .686 | .668 686
c900 | mmmem | mmae- ST | a887 835 1 19| 7291 0L | 688
1.000 | ==co= | ==-e=-= 975 g%l || 43865 | <195 THO | T3 725
1.200 | m=moe | =mm=- 1.000 958 905 | .868 785 | 739 727
1400 | mcmmm | mmmce | = 1.000 956 | 922l 8211 812 806
1.600 | mmmmm | mmmee | mmmee | e OT6 | 943 |- 871 | .84k 792
1.800 | ==m== | mnnee | cmane | mmmaa 1.000 990 | .908 | .868 854
2.000 | mmmme |mmcce | comen |mecne | caaa- 1.000 | .963 | .894 | .88k4
2,200 | mmmmm |mmmme | cmmee | mmmme | mmmee | e 858 9 | 918
2.400 | mmmmm |mmcme | cmmee | mmmee | e [ mmeem 1;000 1 w961 | 94
2,600 | mmmme |comee | cmcae | cmaa- R R R 1000 | 956
23010 0 N [RTSUN PUSEI P P — e P R all .982
;70100 [N IS [ i R Rl Rl T T 1.000

& x distances corresponding to lettered stations are listed in
table T&
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TABLE IT.- EXPERIMENTAL VELOCITY PROFILE DATA - Continued

(o) Run C-10-26; vo|up = 10 x 107%; w = 26 fps; v, = 0.25 fps

ulul for station? -

B 33 i
B G H T J K L M N

0008 "H0.297 10.290 |0.280 ] 0.166 |'0.294 | 0.17% | 0,157 1'0.15L {0,188
.006 .259 .298 2525 .201 2ok .188 - alipent Sl «21.8
.008 2882 1L 1300 | .320 | 169 ) 270 161 LABT L St i
.010 voho & o022 | w306 | 19D | 5282 #1981 LA51 | wOlH PSS
.020 s ] 850 | .506 | .221.) 2871 183 | 180 | GAiGeENTaEe
.030 o | 330 | 3394 223 | 2313 | «222] .204 [hraiae i Sa
.040 0 | 3ho | w3390 273 | L30T 1 2hT] 23] W00 FDEEE
.050 Ml F 391 | V320 | 284 .326 | 28B4 .23k | L2hO EEEEE
.060 65 1 397 | 0,358 | .288| 321 | 299 | =Tl g iTaaak
.070 W87 | 385 | .339 | .3121.333| 299 .250 | .25k | a0
.080 B | k13 | W38 | 332 355 | @335 25T LG P
.090 o0l + 8 1 .392 1 354 360 <330 257 | gt HEe
.100 L80 | 459 | h09 | L3B2 54,355 | a335| 250 [iLaRal EesEn

" .200 S | 511 | chlio | oz | ke | k25| L334 | ST NS

.300 B0 | L5684 | 487 | 468 | Ju7h | wbbO| 5Bk A9 A

.40oo #Esh ] ek | SU8 Y .507| 503 | <483 CLAT | LAHR2 PN IEES

- .500 gn] | w880 | 603 | 555 | .543 ) HiL]| U501 cileiEl S

.600 Bao | the | B52| 602 566 539 480 | SHEL [T

FEERE 1000 | Bok | 684 | 0| 618 562 527 RG22 T

: SO Eee0 | 855 | J7hs 1 672 634 ) 4574 .5BR | SNBSS FElEE

900 | —==-= 000 .792 ] .703 | 661 | 6111, 585 | ~HGa S
1.000 | -==-- 943 | 8281 736 | (7021 .635| 615 | =501 NEES
1.200 | ==--- 2080 ..901 | .811| .753| «682| .655| --Gla LEGEE
L2000 | ~rsae 1.000 | .962| .878| .816| 79| .68F| -5 | iGES
1.600 | ===== | ====- 999 | .925| .863| .789( -.7H9| <609 | 653
1.800 | ====m [=mmem | —mmmo 971 .915] 833 | 795 | -Ies| isthm
2.000 [ --=oc [=mmam | =mm-- 1.000| .950| .874| .812| .64 | .THO
2.200 | —mmmm | mmmmm [ mmmee | omem 980 | «92k| .856| --82T7 | 765
S e A ST TR R 1.000 | 952 -.909 | =GLadiEiEnl
2.600 [ =-mom [mmmmm [mmmmm [ mmmem | —mmm- 972 925| 875 10
2,800 | ==mem | mmmmm [ mmmmm | mmmem | mmee 1.000| .952( .89% | .849
3.000 | =mmmm | mmmmm | mmmmm [ mmm e | m e | = 973 | 4950 LiinEHo
3.200 | —=o-= |=-em- S R Ty 987 .952| .901
3,400 | mmmmm | mmmmm [ mmmme | s [ mmmem | m === 1.000.}:-.988 . 928
3,600 | =mmm= | mmmme [ mmmme | s [ e | mmeem | —ee-- 1.000 { .949
3,800 | mmm== | mmmmm [ mmmme [ e | e | e | - wide - 4 TROHE

E 4.000 | =mmem | mmmom [ mmmme | mmeee | mmeem | mmmem | mmmem | e .991
4.200 | ==mmm [===-- e IEEE e e IR 1.000

& x distances corresponding to lettered stations are listed in

table .
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TABLE IT.- EXPERTIMENTAL VELOCITY PROFILE DATA - Concluded

(p) Run C-10-20; vgfup = 10 x 1073; uy = 20 £ps; v, = 0.20 £ps
ulul for station® -
TR
B £ H - g K ; M N
0.004 | 0.265 [0.286| 0.298 | 0.192 | 0.267 |0.222| 0.143 | O 0.200
.006 e5 I 300 | 209 J¥o2| 215 | .206F 143 .09% ST

.008 s ROy ieEl ) Al ) agser 8T ) 285 197 0 115
.010 o8a'| ik .28k | 228 | e80Tl w7l sk 180 .216
.020 okt | A6 L 2TT 27k |lse20k ]| 8651 ERS} .180 | .231
.030 STl 3391 J%0k| 2] .3e2q @65 | <165 | .30h| .200
.040 spEiohiczsy | el ek o338 L. .27 .20L] B0Ok] .258
.050 el azas ' (281 ) 831 338 |- 308 185 f 36| .216
.060 ek feasEel 3811 336 3u8 ] (292 «@nFl. .30k] .2l
.070 ol has Y 8 | G833 eTt e85 . 311 ). 336 L2060
.080 519 | k29| .38@| .%69| .316] .33%6| .274| .355| .283
.090 581 | o5 -d386 3L 368 39l 29871 385 294
.100 whatl s 30| L0 378 3Ll .298| 365 | L5316
.200 L8561 el Mol deol 439 F A1 .3l .%91) .393
.300 52 1 .sok] us8 | uuh | 489 | Jubh] .363] WO | .361
.400 seg 1 ST6 1 e8] 541 s51kl 478 LS| 490 432
.500 801 106281 592) 5751 .67 | 510 | 5% .542]. 513
.600 Ay hareod 6251 6obl 519l SRkl ¥ .5het 548
. 700 o6t alial 7081 B638)] 6301 Skl 483} .517] .523
.800 o leelo0 1t ek | 682 655 F 8563 F .5811 .536| .566
W00 1LL.000 1 85kt el (T20) 676 59k b 602} 555 | 4584

1.000 | ===e= B9 185 7361 687 | .6351 .602) .567| .6%5
1.200 | ~===- STl | hEER L @3B | T1oqk G128k E5a  J60E| 656
1.400 | —=esn 1.000 1 95 81 el reel (705 0 660r] 688
1.600 | =memm |=me-- 1,000 953 | +.854 | 783 | .7h2| .716| 683
1.800 | eme=e joceee | —eae- 8651 .910 - B .78E| 759 736
22000 | | S, erwns | e 1.0000 9521 856 .80 7721 STH6
8 000} wewn [eewmn baanes [ amae 982 | .90k | .844]| .825| .779
I 05 o geen Sy, B, | (SRR TS =000 | 943 & .905') 8291 8008
2.600 | mmmm= |mmmmm | mmmem [ mmmem | mmee 972 .926| .874| .845
2.800 | —=-== |omemm | mmmem | mmeem | —mme- 1.000| .962| .903| .868
3,000 | e |ommmm | comen | mmmem | meee | meeee 8T 95| 913
3.200 | =mcee |ommmm | cmmom | mmme | e | e 1.000| .968| .927
3400 | mecmm |mmmen | mmmem | menem | mmeee | mmee | mmeea 1.000 | .966
3,600 | memem |omemm | cmmme | mmeem | cmmen | mmmee | mmee | = .987
3,800 | mmmmm |mmmme | memve | ccen | mmee | s | e | e 1.000

8 x distances corresponding to lettered stations are listed in
table I.
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Figure 1.- Apparatus used in experimental work.
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Figure 2.- Universal velocity distribution for turbulent velocity profiles near smooth walls

compared with present data.
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Figure 3.- Universal plot of turbulent-boundary-layer profiles compared with experimental no-
blowing velocity data. Area enclosed by dashed lines encompasses data given in references 2
and 5 to 9 for constant-pressure turbulent-boundary-layer profiles for both smooth and rough _ﬁ

walls.
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Figure 4.- Comparison of experimental no-blowing local friction coeffi-
cients with correlated results of other workers.
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Figure 5.- Dimensionless velocity profiles.
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(b) Run C-5-20; E9 ~ 0.005; uj ~ 20 fps.
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Figure 5.- Concluded.
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Figure 6.- Comparison of dimensionless veloecity profiles at Vo/ul ~ 0.003.
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Figure 7.- Comparison of dimensionless velocity profiles at different values of vo/ul.
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(a) Vo/up = 0, 0.001, 0.002, and 0.003.

Figure 8.- Variation of experimental local friction coefficients
with Vo/ul and length Reynolds number and comparison with

mixture-length theory.
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Figure 8.- Concluded.
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(a) v,/u; =0, 0.001, 0.002, and 0.003.

Figure 9.- Variation of experimental local friction coefficients
with Vo/u]_ and momentum-thickness Reynolds number and com-

parison with mixture-length theory.
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Figure 9.- Concluded.
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Figure 10.- Comparison of present experimental local friction-
coefficient data and earlier results of reference 1.
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(a) Run C-1-30.

Figure 11.- Velocity profiles compared with mixture-length theory.
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(b) Run C-2-50.

Figure 1ll1l.- Continued.
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(¢c) Run C-3-50.

Figure 11.- Continued.
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(d) Run C-5-30.

Figure 11.- Concluded.
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Figure 12.- Velocity profiles of run C-10-26 compared with mixture-
length theory. .
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Figure 13.- Value of Reynolds number at outer edge of laminar

sublayer u'pyy'y as a function of v,/u;.
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Figure 1l4.- Boundary-layer thickness 5 as a function of momentum
thickness 9d.
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