
NASA Technical Memorandum 78791

NASA-TM-78791 19790006160

Exploratory Investigation of
the Effect of Porous Surfaces on

Hypersonic Turbulent Boundary Layers
.i i - • "* 1" - _ tx _,2_

FO?';::_'".....

Ralph D. Watson

JANUARY 1979

!:

N/ .A





NASA Technical Memorandum 78791

Exploratory Investigation of
the Effect of Porous Surfaces on

Hypersonic Turbulent Boundary Layers

Ralph D. Watson
Langley Research Center
Hantpton, Virginia

National Aeronautics
and Space Administration

Scientific and Technical
Information Office

1979





SUMMARY

An exploratory investigation has been made with four different test sur-

faces to determine the effect of porous walls on the characteristics of a

hypersonic turbulent flat-plate boundary layer. The investigation was an
attempt to decrease the surface shear of the boundary layer by transmitting

fluctuating pressure energy through the wall and absorbing it in a cavity

beneath the wall. Pitot surveys were made at two locations, schlieren photo-

graphs of the boundary layer were taken, and hot-wire measurements in the flow

above the boundary layer were made to determine whether the surfaces affected

the turbulent boundary layer.

Neither an increase nor a decrease in surface shear or boundary-layer

growth was detected. For the present test conditions, turbulence may be pro-

duced far enough away from the wall that alteration of the wall pressure field

does not significantly affect the turbulence production. Also, the character-

istic impedance of the test medium on the surface of the model was ]/300 that

of air at standard conditions, making most surfaces highly reflective to sound

waves. Tabulations of the pitot data are included.

INTRODUCTION

Modification of the structure of turbulent boundary layers to decrease

skin-friction drag is an interesting theoretical problem and also of great

practical significance if successful. At Mach 8, the turbulent viscous drag

of a configuration representative of a hypersonic transport is shown in refer-

ence ] to be almost equal to the inviscid drag at flight Reynolds numbers.

Even small decreases in drag would result in large fuel savings or a signifi-

cant range increase.

In recent years, attempts have been made to reduce turbulent drag by a

variety of methods. It is well known that the turbulent shear stress in liquid

shear flows can be reduced by the addition of minute amounts of long-chain

polymer liquids. (See ref. 2.) Such substances damp turbulence near the wall

and thereby inhibit the production of turbulent shear stress. Three methods
which have been tried to reduce skin friction in air flows are (]) the use of

nonrigid surfaces (compliant walls) to absorb turbulent energy or to alter its

production or decay - this method has been tried for both passive walls and

driven walls (ref. 3); (2) the use of rigid, geometrically tailored walls to

inhibit the production of turbulent shear energy (ref. 4); and (3) the use of
external sources of sound energy directed into the boundary layer to alter the

turbulence structure (ref. 5). Onfortunately, no repeatable consistent reduc-

tion in net drag has been realized by any method although drag reductions have
been obtained in certain cases (ref. 4).

The present investigation was an attempt to reduce the surface shear of a

hypersonic turbulent boundary layer by absorbing pressure fluctuation energy



transmittedthrougha porous wall. The rationalefor conductingthe test at
hypersonicspeedswas twofold: (1) the thick sublayerallowedthe use of con-
ventionalmaterialswithout a roughnesseffect;and (2) the static pressure
fluctuationsrelativeto the mean staticpressurebecome large at hypersonic
speeds and may be more importantto the turbulence-productionprocessthan at
low speeds. A thick turbulentboundary layer on the surfaceof a sharp flat
plate at 4° incidenceto the flow (forwhich extensivemeasurementswere
reported in ref. 6) offereda suitable flow field in which a surfacethat was
both porous and aerodynamicallysmoothcould be tested. If the fluctuating
surfacepressure field in a turbulentboundary layer affects the cyclical
burstingprocess in the wall layer as suggestedin reference7, then dissipa-
tion of the pressure field might decreasethe burstingand tend to relaminarize
the flow. Bursts may be responsiblefor the productionof turbulencein the
wall layer. (Seeref. 8.)

At low speeds,porous surfacesused as acousticaltreatmentmaterials
induce roughnesseffects. (Seerefs. 9 and 10.) These effectsappear to be
caused by two mechanisms: the inflowof the tangentialshear flow at the sur-
face into pore cavities (ref.11), and the inflow and outflow of fluid through
the pores (ref.9) - an effectwhich is driven by the external turbulence. By
sizing the pores to be less than the sublayerheight,these effectsshould be
minimized. For the present tests, the sublayer,althougha fractionof the
boundary-layerthickness,was about 1.4 mm thick and therebymade it possible
to use commerciallyavailableporous materialsfor the test surfaces.

Four differentporousmaterialswere .testedin addition to a solid refer-
ence surface. A cavity under the surfacewas either filledwith various poly-
urethanefoams having differentsound absorbingpropertiesor was left open.
Changes in the surface shear near the end of the model were measured by survey-
ing the boundarylayer at two stationsand calculatingthe change in momentum
thicknesswith respectto surfacedistance. In addition,hot-wiremeasurements
were made of the mass-flowfluctuationsin a region of the shock layer influ-
enced by the acousticsurfaces.

Identificationof commercialproducts in this report is used to adequately
describe the model. The identificationof these commercialproductsdoes not
constituteofficial endorsement,expressedor implied,of such productsor manu-
facturersby the NationalAeronauticsand Space Administration.

SYMBOLS

cf local skin-frictioncoefficient

f frequency, cps

M Mach number

NStr Strouhal number, 2nf_*/ue

p pressure
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R Reynoldsnumber

rn resistiveacousticimpedance

T temperature

u velocity

uT shear velocity

uu generalizedvelocity, (p/pw)l/2 du

U+ = U*/U T

xn reactiveacoustic impedance

x,y coordinates(seefig. I)

y+ = yuTPw/_w

sound-power-transmissioncoefficient

boundary-layerthickness

_D thicknessused in law of the wake (seeeq. (5))

6v velocitythicknessof boundary layer

6" displacementthicknessof boundarylayer

8 momentum thicknessof boundarylayer

viscosity

constant in law of the wake (seeeq. (5))

0 density

T shear stress

Subscripts:

e edge value

t total value

w wall value

@ based on momentum thickness



free-stream value

( ) rms mean value

TUNNELAND M_DDEL

Tests were conductedin the Mach 20 leg of the high Reynolds number helium
tunnelcomplexdescribedin reference]2. A previous study (ref.6).of the
turbulentboundarylayer over the same model showed that model blockagedid
not affect the tunnel free-streamproperties. For the present tests, the tun-
nel was operatedat a nominalstagnationpressureof ]3 790 kPa and a nominal
total temperatureof 29].7 K. The free-streamMach number was ]8.05 and the
free-streamunit Reynolds number based on nominalstagnationconditionswas
48.2 x ]06. Measured stagnationpressures,total temperatures,and unit
Reynolds numbersvaried slightlyfrom run to run, about ±] percent,±5 percent,
and ±6 percent, respectively,from averageconditions.

The model was a sharp flat plate (6] cm wide by 229 cm long) at 4° inci-
dence to the flow with a leading-edgethicknessof approximately0.] mm and a
surfacefinish of 0.8 _m rms. The model was made in three sections- a
leading-edgesection,a middle section,and an afterbodysection. The after-
body (70.4cm long) consistedof a base to which the upper test surfaceswere
attached,as shown in figure ](b). An O-ring seal was used betweenthe test
surfacesand the afterbodybase.

Porous upper surfaceswere bonded to a backingplate containing]84 holes
4.45 cm in diameterand havingan open porosityof 78 percent. The backing
plate provided the necessarystructuralstiffnessto the fragilescreen and
Feltmetal] surfaceswhile providingnegligibleresistanceto sound waves.

INSTRUMENTATION AND DATA REDUCTION

Measured quantities of interest included pitot-pressure profiles, the

pressure in the cavity of the model, tunnel stagnation conditions, and mass-

flow fluctuations in the shock layer above the turbulent boundary layer. Each
pitot survey comprised two runs, one covering the low-pressure region of the

boundary layer between the surface and a height of ].3 cm and the other cover-

ing from ].3 cm to the outer edge of the boundary layer at about 5 cm. For the

different surveys, different transducers and linear potentiometer calibrations
were used.

The standard deviations for the linear potentiometer calibrations were

0.08 mm. Pitot pressures were measured with unbonded strain-gage transducers.
For the low-pressure range from 2 kPa to 52 kPa, the standard deviation of the

transducer calibration was 20.7 Pa. For the range between 52 kPa and ]45 kPa,
the standard deviation of the transducer calibration was 27.6 Pa.

]Feltmetal: Registeredtrademarkof BrunswickCorporation.



The pressure in the cavity (approximately0.7 kPa) was measuredwith a
3.5-kPastrain-gagetransducerhavinga calibrationstandarddeviationof 4 Pa.
The transducerwas mounted in siliconerubber filler in the base of the after-

body (fig.](b)) to minimize the tubinglength and thus minimizepressure lag
effects. Tunnel stagnationpressureswere measuredwith bonded strain-gage
transducersthat are accurateto within ±69 kPa. Stagnationtemperatureswere
measuredwith iron-constantanthern_coupleshaving an accuracyof ±2 percentof
the reading. Before each run, a referencepressuremeasured by a secondary
standardwas recordedon each transducerto maintain accuracy in the data
reduction.

It was not possibleto measure the surfaceshear directlyby mounting
skin-frictionbalances in the porous surfaces;therefore,the gradientof the
momentum thicknessin the flow directionwas used as a measure of the local

skin-frictioncoefficient. The relationbetween d@/dx and cf (takenfrom
ref. ]3, page 252) is as follows:

+ + -- -M e =
dx ue 8 2- (])

The velocitygradient at the edge was evaluatedfrom pressuresmeasured on the
solid afterbodysurfaceshown in figure 2. The value of d(p/pe)/dx on the
afterbodywas -6.5 x ]0-4/cm,which contributedonly about 3.6 percent to the
local skin-frictioncoefficientthroughthe secondterm of equation (]). Since
the velocity-gradientterm contributedlittle to the local skin-frictioncoef-
ficient,a comparisonof dS/dx for differentsurfaceswas assumedto give a
valid indicationof changesin surfaceshear subject,however, to errors in the
measurementof 8.

Boundary-layerpitot profileswere reducedto Mach numberprofiles by using
equation (]6)of reference]4, with the assumptionthat the static pressurewas
constant throughoutthe boundary layer and equal to the measuredwall or cavity
pressure. Cavity pressuresmeasuredwhere the surveyswere made (fig.](b))are
shown in figure 3. Mach number profileswere reducedto velocityand density
profilesby using the Crocco relationas follows:

Tt-Tw u
= -- (2)

Tt,e - Tw Ue

The edge of the boundarylayer was found by using a method describedin
reference]5 that was based on the analogybetweenthe outer part of the tur-
bulentboundarylayer and a wake flow. Experimentallydeterminedvalues of
[] - (U/Ue)]]/2 were plottedas a functionof y3/2, as shown in figure 4.
Extrapolationof [] - (U/Ue)]]/2 to zero (i.e., u/ue = ]) produceda value
of y which was definedto be the edge of the boundarylayer. Values of 6
obtainedby this method agreedwell with the edge of the boundarylayer esti-
mated from pitot-pressureprofiles.



It is characteristic of turbulent boundary layers at the present test con-

ditions that the outer part of the boundary layer consist of a region in which

significant changes occur in static temperature (and thus Mach number and pitot

pressure) although changes in velocity are very small. Within the region of
significant velocity change, the velocity profile is a power-law function of

y, as for lower Mach number turbulent boundary layers. The thickness charac-

terizing this region 6v was found by plotting in(u/u e) as a function of

in(y) and extrapolating the linear portion of the profile to u/u e = ], as

shown in figure 4(b). Values of 6v found by this method were close to the

u/u e = 0.995 edge of the velocity boundary layer. Values of 6 and 6v, as
well as edge conditions found by the method previously described, are included

in table I. Pitot survey data are listed in table II.

Free-stream flow properties were calculated from the ideal gas relations

of reference ]4 by using the real gas correction factors of reference ]6. In

reference ]6, the correction factors are applied to free-stream quantities cal-

culated from the ideal gas relations by using measured stagnation pressures and

temperatures. It was more convenient to correct the measured stagnation pres-

sures and temperatures to an "equivalent" ideal gas state by using the appro-

priate correction factors from reference ]6. Free-stream properties from the

ideal gas relations using calculated equivalent ideal gas stagnation conditions

are then correct. The correction factors were 5.8 percent for the stagnation

pressure and 3.5 percent for the stagnation temperature.

SELECTIONOF POROUS SURFACESAND BACKINGMATERIALS

The purpose of the porous surfaceswas to transmitturbulentpressure
fluctuationenergy into a backingmaterialwhere it could be absorbedlike
sound energy is absorbedby acousticalblanketmaterial. The experimentwas
designedaround the possibilitythat removalof turbulentenergy from the
boundarylayer might decreasethe turbulentshear througha reductionin burst-
producingsurface-pressurefluctuations. Such an effectmight appear as a
reductionin surfaceshear and momentum loss. Since it was desirablethat the
surfacesbe aerodynamicallysmooth in order to avoid roughnesseffects,the
holes in the surfacewere constrainedto be less than the thicknessof the
laminarsublayer,which for the present test conditionswas about ].4 mm.

In order to estimatethe propertiesof surfaceswhich would be reasonable
choicesfor transmittingpressureenergy, knowledgeof the rms fluctuating
surface-pressurelevel and spectrumwas required. The rms pressure level was
estimatedto be 6 times Tw based on resultspresentedin references]7
and ]8. As shown in figure 5, the variationof Tw over the afterbodywas
from ]7 to 20 Pa. Using a mean value of ]8.5 Pa for Tw, Pw was esti-
mated to be ]]] Pa rms. The free-streamvalue of p_ from the data of ref-
erence ]9 was 4.5 Pa rms. Power-spectraldensitiespresentedin references20
and 2] for wall pressurefluctuationsin supersonicflow show that above a
Strouhalnumber of one, the power-spectral-densitylevel decreases. Using
the turbulentboundary-layerpropertiesfrom reference6, the frequencyat
NStr = ] was ]3 kHz.



Estimatesof the pressureenergy transmissionpropertiesof varioussur-
faces were made with a highly simplifiedmodel of the conditionsat the surface
of the model. Pressure fluctuationswere assumed to be caused by a sound field
consistingof plane waves in a stationarymedium impingingnormallyon the sur-
face. The medium was helium at the pressureand temperatureexistingat the
surfaceof the model. With these assumptions,the characteristicimpedanceof
the medium was ].2 rayls (] rayl = ] N-sec/m3). Due to the low characteristic
impedanceof this medium (]/300that of air at standardconditions),surfaces
which would be almost transparentto sound waves at standardambientconditions
were highly reflectiveat the assumedconditions.

Four differenttypes of porous surfacematerialswere tested: a fine-mesh
screen,a sinteredmetal-fibermaterial,and two differenttypes of perforated
steel sheet. The screenwas 200 mesh with a wire diameterof 0.05 mm, an over-
all thicknessof ].]4 mm, and a measuredrms surfaceroughnessof ]0 _m. The
resistivecomponentof the impedancewas measured to be ]4 rayls in the veloc-
ity range of ] to 26 cm/sec. Assumingplane waves at normal incidenceand
xn << rn, the power transmissioncoefficientof the surfacewas 29 percent.
(See ref. 22.) The sinteredmetal-fibermaterial,Feltmetal,had a measured
surfaceroughnessof ]9 to 24 _m rms, and rn was measured to be ]2 rayls.
The medianpore size of the materialwas 500 _m. Its resistivecomponentof
impedancewas slightlyless than that of the screen;however,it was still
]0 times that of helium at the staticconditionsexistingon the model surface.
Assuming xn << rn, the power-transmissioncoefficientfor normal plane waves
was 33 percent.

For perforatedsteel sheet, the impedancewas calculatedby the semiempir-
ical method presentedin the appendixof reference23. Two differentperforated
sheet materialswere used. One surface,designatedP-I, had a hole diameterof
0.84 n_nwith a surfaceopen porosityof 2] percent;the other surface,P-2, had
a hole diameterof ].]4 mm with an open porosityof 37 percent. Both materials
were 0.64 mm thick. The reactivepart of the impedanceis shown in figure 6
for frequenciesfrom ]02 to ]05 Hz. The sound-power-transmissioncoefficient
for the same frequencyrange is shown in figure 7.

The porous surfaceswere selectedto transmita significantpercentof
pressure fluctuationenergy while remainingaerodynamicallysmooth. Beneath
the surfacewas a cavity that was constrainedby model dimensionsto be no more
than 2.54 cm deep. The cavity was either left open or filledwith an open pore
polyurethanefoam availablein a range of thicknessesand pore sizes. Three
sizes having ]0, 30, and 80 pores per inch (ppi)were used. The void space was
97 percent, and the densitywas approximately0.03 gm/cm3 for all materials;
however, the resistivepressuredrop was an exponentialfunctionof the number
of pores per inch.

At standardatmosphericconditions,the foam materialbehaveslike a soft
blanket, absorbentto incidentsound waves in variousdegrees,dependingon the
material specificimpedanceand thickness. At the model test conditions,the
material behaved in effect like an absorbingmedium intermediatebetweena soft
blanketand a rigid tile. (Seeref. 24.) Inasmuchas the analysisof inter-
mediatematerialsis not straightforwardand the assumedsound wave model was
highly simplified,no analysisof the backingmaterialwas made. Tests both



with and without the materials were made to determine whether any condition

significantly affected the characteristics of the turbulent boundary layer.

RESULTS AND DISCUSSION

Schlieren photographs of the model with the end plates removed were taken

to see if large changes could be observed in the turbulent boundary layer due
to the effects of the porous surfaces. A schlieren photograph of the turbulent

boundary layer over the rear portion of the model is shown in figure 8 with the

various surfaces and test conditions noted. Above the model, the shock wave

appears to be a broad band because of the interaction of the shock wave with

the turbulent boundary layer on the tunnel wall. No distinct change in the

boundary-layer structure can be seen for any surface, and the apparent thick-
ness of the boundary layer is 4 cm in all cases. Some additional schlieren

photographs not presented here were made for various surfaces backed with 10,

30, and 80 ppi foam. No change in the boundary-layer flow was noted, even for

the most porous surface backed with different materials.

For each test surface,pitot surveyswere made at two locations(2.54cm
apart) in order to determinethe local skin-frictionvalues. One locationwas
215.9 cm from the leadingedge of the model, which correspondsto station8 for
the data of reference6. The other locationwas 2.54 cm upstreamof this point.
Surveysfartherupstreamwere not possiblesince it was found that probe inter-
ferenceeffectscaused the cavity pressure to increaseas the probe approached
the wall. The reason,as suggestedin reference25, was probablydue to flow
separationunder the probe. In order to minimizeboth probe interference
effectsand streamwisecorner effectsdue to the end plates,the upper surfaces
were masked as shown in figure 9. With this arrangement,the cavity pressure
did not increaseas the probe approachedthe wall. Some preliminarysurveys
were made for materialsbacked with variousfoams; however,no change in
boundary-layercharacteristicswas evidentwhen the backingwas changed. For
this reason,the data presentedhere are for test surfaceswith no backing
material used in the model cavity.

Pitot profiles were reduced to incompressible generalized velocity profiles

by using the following equation

* S 1/2
u = (P/Pw) du (3)

The resulting reduced profiles were compared with the law of the wall

]
u+ = - in y+ + C (4)

k

where the constants k and C were found in reference 6 to be 0.43 and 5.5,

respectively, for reduced hypersonic helium profiles. Figure ]0(a) shows the

data at station 213.4 for various surfaces, and figure ]0(b) shows the data at



station215.9. The shear velocities Dr used to nondimensionalizethe veloc-
ity profileswere calculatedfrom the Tw measurements(balancedata) of ref-
erence 6 for the solid surface.

It is evidentthat the measured impermeablewall shear satisfactorily
reducesthe profiles to the incompressiblelaw of the wall for all surfaces,
from which it can be concludedthat in no case was there a significantincrease
or decrease in the shear stressnear the wall.

The outer part of the reducedprofileswas examined in law-of-the-wake
form (ref.26)

u - ue ]
= - in (y/6D)+ -(w- 2) (5)

Dr k k

where w = fn(Y/6D) (fromref. 27) and H = fn(dp/dx). In equation (5), 6
is often used for 6D to facilitatedata reductionalthough the two thick-
nesses are usually slightlydifferent. The errors involvedin neglectingthe
differencein 6D and 6 are examined in reference27. For the presentdata,
6 was used for 6D since relativedifferencesbetweenprofileswere primarily
of interest.

The data are shown in figure 11 at two differentsurvey stations. Also
shown in the figure is equation (5)with k = 0.43 and _ = 0.55. This value
of H was found in reference26 to be characteristicof fully developed,zero-
pressure-gradientturbulentflow. Figure ]1 shows that for the outer layer,
as for the near-walldata in figure ]0, there are no significantdifferences
betweenvelocityprofiles and thus no apparenteffect of surfaceporosity.

An independentcheck on the value of cf for differentsurfaceswas made
by plotting @ at the two survey locations,as shown in figure ]2. For com-
parisonpurposes, dS/dx from measuredsurfaceshear data and 8 from the
profiledata of reference6 at x = 215.9 cm are also shown. The data of the
presenttest at x = 213.4 and 215.9 fall within ±4 percentof a mean value
and show no trend consistentwith the local value of 8. That is, some sur-
faces producelarge apparent dS/dx althoughothers show large negative dO/dx,
but in all cases the level of 8 is close to the solid surfacevalue. It was
concludedthat the variationsin slope were due to scatterin the data and could
not be attributedto the effectsof the surfaceson the flow.

Mean values of @ for the presentdata are consistentlylower than for the
data of reference6, becauseof possibleerrors in the measurementof y near
the wall, probe interferenceeffectsnear the wall, and differencesin the value
of _ betweenthe two tests. An error in y of ] mm near the wall (greater
than the estimatederror for this test) would producean error in @ of about
2 percent. Thus, the most probable causesof differencesin @ betweenthe two
tests are probe interferenceeffectsand differencesin the choice of 6. Fig-
ure ]3 shows a typicalfunction (pu/PeUe)[] - (U/Ue)], which was integrated
over y to obtain 8. It is evidentthat probe interferenceeffectsnear the
wall could producelarge errors in 8 becauseof the steep slopeof the func-
tion near y = 0.



Finally,hot-wiremeasurementsof the mass-flowfluctuationsin the shock
layer were made to determinewhether the surfacessignificantlyaffected the
radiatedsound field. The hot wire, locatedas shown in figure]4, was in the
flow field that was influencedby the boundarylayer of the test surfaces.
Measuredvalues of (_)/pu were convertedto p/p and were found to be
within about ±5 percent of the measured free-streamfluctuatingpressuresin
reference19. Since the free-streamsound level dominatedthe hot-wiremea-
surements,it was concludedthat the variationsobserved in measured sound
pressurelevels were probablywithin the experimentalscatterof the data. The
measuredmean flow and pressure fluctuationsare shown in the followingtable:

Sur face (_) / (pu) p/p

Solid 2.57 × ]0 -2 3 60 x 10-2

Feltmetal 2.78 3 89

P-] 2.47 3 46

Screen 2.78 3 89

CONCLUDINGREMARKS

An investigationhas been made on the effect of four porous surfaceson
the characteristicsof a hypersonicturbulentboundarylayer. Schlierenphoto-
graphs,pitot surveysof the boundarylayer near the downstreamend of the test
surfaces,and hot-wiremass-flowfluctuationsin the shock layer above the
boundarylayer were made to determinewhether the surfaceschanged the boundary
layer. The surfaces testedshowed neithera decreasenor an increasein the
skin-frictiondrag of the boundary layer when examinedby severalmethods.

It is possible that, for the present test conditions, turbulence is pro-

duced far enough away from the wall that changesin the pressure field at the
wall do not significantlyaffect the turbulenceproduction. Also, the charac-
teristicimpedanceof the assumed test medium on the surfaceof the model was
approximately1/300 that of air at standardconditions. The surfaceswere
reflectiveto sound waves, and the simple acousticalmodel used to estimatethe
abilityof the surfacesto transmitsound waves may not be realisticfor hyper-
sonic flow. Therefore,the experimentdoes not prove that sound and pseudo-
sound absorbingsurfacescannot reduce turbulentactivity;it only proves that
the surfacesused in the present experimentdid not seem to have such an effect
for the limitedspatialextentof the treatedsurface.

LangleyResearchCenter
NationalAeronauticsand Space Administration
Hampton,VA 23665
October26, 1978
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TABLE I.- EDGE AND INTEGRALBOUNDARY-LAYERPROPERTIES

Surface x, Test Runs Me Re, 6, _v, _*, (9 R8
cm per meter cm cm cm

Solid 213.4 45 18,22 ]1.49 63.4 × 106 5.]3 2.48 2.47 2.52 × 10-2115 936
Feltmetal213.4 45 17,23 1].]9 58.9 5.47 2.51 2.38 2.52 14 802
P-] 213.4 45 19,24 ]1.42 62.3 5.04 2.29 2.49 2.59 16 100
P-2 213.4 45 i16,2511.33 62.8 5.18 2.41 2.51 2.59 16 241
Screen 213.4 45 20,21 I].6] 63.2 5.19 2.39 2.51 2.58 16 300

Solid 215.9 44 2,33 ]1.58 63.3 5.24 2.39 2.48 2.50 15 835
Feltmetal215.9 44 9,35 ]].46161.3 4.80 2.27 2.41 2.49 ]5 255
P-I 215.9 44 14,31 11.44 63.6 5.27 2.29 2.42 2.48 15 766
P-2 215.9 44 4,36 11.31 59.6 4.98 2.41 2.46 2.60 15 456
Screen 215.9 44 7,30 ]1.67 65.5 5.02 2.34 2.38 2.39 15 646
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TABLE II.- PITOT SURVEY DATA

(a) Summaryof test conditions

Surface x, Test Runs Pt, Tt, Tw/Tt R_,
cm kPa K per meter

(a)

Solid 213.4 45 18 1.358 x 104 294.3 0.973 4.640 × 107
213.4 45 22 ].348 279.3 ].008 4.952

Feltmetal 213.4 45 20 ].333 301.5 .953 4.403
213.4 45 21 ].353 288.7 .981 4.745

P-] 213.4 45 17 ].356 289.3 .985 4.744
213.4 45 23 ].350 284.8 .989 4.825

P-2 213.4 45 ]9 ].344 300.4 .954 4.464
213.4 45 24 ].344 285.4 .988 4.793

Screen 213.4 45 ]6 ].360 292.1 .972 4.696
213.4 45 25 ].348 285.9 .991 4.792

Solid 215.9 44 2 I.358 299.8 .988 4.522

215.9 44 33 ].348 291.5 .976 4.666

Feltmetal 215.9 44 7 ].340 297.6 .970 4.506
215.9 44 30 ].331 283.7 .987 4.782

P-] 215.9 44 9 ].343 300.4 .963 4.460
215.9 44 35 ].362 292.6 .974 4.689

P-2 215.9 44 14 I.364 287.6 .994 4.809
215.9 44 31 ].344 290.9 .980 4.666

Screen 215.9 44 4 ].358 307.6 .951 4.365
215.9 44 36 ].362 297.6 .960 4.582

aData listingscorrectedto Pt = ]3 790 kPa.
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TEST 45 TABLE II.- Continued
RUN I8

(b) Data listing

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

5. 392 141 •708 3•914 135. 097 2.237 49.5 32
5. 382 141. 941 3 • 891 134.9_ 1 2.202 48.205
5.375 142.313 3.573 134. ?25 2.151 45. 435
5. 368 142. 476 3.846 134.5 39 2 .088 42. 688
5. 363 142,523 3.806 133.631 2.020 39.546
5.359 142.523 3.752 131. 582 1.957 36. 846
b. 364 142. 476 3.687 120.5 Ii 1.908 35. I00
5 .336 142.453 3.61_ 127.76b 1.878 34.076
5.303 142.523 3.560 12_.043 1.861 33.404
5.253 142,406 3.518 125.205 1,846 33,261
5.198 142.290 3.492 124.623 1.818 32 586
5.154 142.104 3.474 123.599 1.774 31.073
5.124 142.010 3.451 122.644 1.714 29.141
5.104 142.173 3.414 121.760 1.646 27.209
5.088 142.453 3.361 119.595 1.577 25.114
5.069 142.592 3.299 116.034 1.524 23.485
5.034 142.569 3.230 111.052
4.983 142.499 3.165 106.539
4.921 142.383 3.115 103.674
4.853 142.104 3.084 i01.£58
4.790 141.592 3.064 101.672
4.744 141.312 3.046 101.183
4.714 141.126 3.015 98.879
4.692 141. 196 2.970 95.434
4.671 140.963 2.911 91.081
4.637 140. 660 2.843 86.425
4.589 140.358 2.777 _1.305
4.528 139.869 2.721 77.720
4.458 139.403 2.687 75.439
4. 393 138.938 2.664 74. 275
4. 344 138. 798 2.648 72. 878
4.310 139.031 2.624 71. 109
4.289 138. 915 2 • 585 68. 782
4.271 138. 752 2.530 65. 313
4. 243 138.635 2.466 61. 217
4.200 138.053 2.397 56. 747
4. 142 137. 169 2 •339 53. 070
4.075 136.424 2 • 298 5 i. 324
4. 005 135. 889 2.271 50. 509
3.952 135. 28 3 2.255 50.067
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TEST 45 TABLE II.- Continued

RUN 22

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

1.467 22.064 .974 12.348 .377 5.976
1.458 21.68_ .952 12.126 .362 5.769

1.454 21.358 .933 11.873 .352 5.631
1.451 21.121 .921 11.605 .347 5.577

1.447 21.013 .913 11.543 .344 5.547
1.438 20.937 .909 11.566 .340 5.516
1.421 20.?52 .905 11.543 .331 5.501

1.399 20.262 .900 11.467 .314 5.370
1.377 19.786 .886 11.367 .291 5.110

1.360 19.104 .865 11.167 .269 4.880
1,349 18.621 .842 10.937 .252 4.734

1.342 18.460 .822 10.761 .240 4.619
I,338 18. 375 .808 i0.577 .234 4.481
i.334 18. 460 .781 I0.209 .231 4.404
1.328 18. 536 .763 9.979 .228 4. 351

1.314 18.329 .741 9.757 .223 4.328
1.293 17.747 .720 9.542 .210 4.197
1.271 17.287 .704 9.358 .197 4.036
1.253 17.141 .694 9.212 .187 3.868

1.242 16.957 .688 9.174 .182 3.722
1.235 16.773 .685 9.105 .179 3.683

1.232 16.443 .681 8.974
1.229 16.366 .674 8.806
1.224 16.198 o659 8.645
1.210 16.136 .637 8.453
1.189 15.830 .616 8.300

1,168 15.293 .599 8.139
1.148 14.802 .587 8.008
1.135 14.541 .580 7.893
I.ii0 14,273 .577 7.840
1.093 13.997 .575 7.763
1.071 13.629 .570 7.717
1.052 13.261 .556 7.610
1.038 12.954 .535 7.387
1.029 12.778 .512 7.180
1.025 12.678 .494 7.034
1.021 12.617 .481 6.904

1.018 12.548 .444 6.613
1.011 12.586 .423 6.444

.996 12.548 .399 6.214
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TEST 45 TABLE II.- Continued
RUN 20

(b) Continued

y, Pitot y, Pitot
cm pressure, cm pressure,

kPa kPa

5,240 143,239 3,161 103.525
5.229 143.429 3.144 103.051
5.201 143.500 3.118 101.817
5.155 143.595 3.074 99.445
5.095 143.547 3.015 95.839
5.029 143.239 2.950 92.090
4.969 143.073 2.881 86.966
4.928 143.049 2.826 81.462
4.899 142.S12 2.788 79.398
4.879 142.812 2.767 78.710
4.852 142.859 2.750 77.619
4.809 142.765 2.725 75.863

4,752 142.527 2.683 73.325
4.684 142.361 2.629 69.885
4.512 141.934 2.563 65.757
4.544 141.365 2.493 62.008
4.493 140.724 2.431 58.426
4.461 140.155 2.390 55.816

4.440 140.036 2.363 54,654

4.205 138.470 2.348 53.871
4.134 137.972 2.328 52.827
4.079 137.901 2.293 51.261
4.043 137.284 2.242 48.818
4.020 137.047 2.178 45.283
4.001 136.976 2.107 41.795
3.973 136.834 2.040 39.186
3.928 136.715 1.990 37.454
3.870 135.885 1.960 36.339
3.802 134.343 1.941 35.675
3.730 132.184 1.924 35.509

3.667 130.025 1.896 34.555

3.624 128.222 1.851 33.160
3,597 127.012 1.790 31.191
3.577 126.561 1.720 29.103

3.553 126.087 1.650 26.826

3.394 118.637 1.594 24.857
3°323 114.486 1.559 23.504
3.258 109.931 1.538 22.816
3.210 107.416 1,522 22.698

3.180 105.186 1.500 22.105
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TEST 45 TABLE II.- Continued
RUN 21

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

1.489 21.496 .982 11.715 .482 6.175
1.476 21.037 .968 11.493 .479 6.168
1.460 20.693 .959 11.325 .475 6.129
1.448 20.464 .954 11.203 .463 6.076
1.438 20.265 .951 11.180 .445 5.954
1,433 20.105 ,946 11.096 ._22 5.770
1,430 19.845 .934 10.989 .402 5.572
1.427 19.623 .913 10.844 .385 5,388
1.423 19.448 .890 I0,607 .376 5.258
1.410 19.226 .869 i0,263 .369 5.167
I. 391 18.951 .855 9,935 •366 5.113
1.369 18.699 .843 9.759 .361 5.083
1.351 18.462 .837 9.621 .350 5.021
1.338 18. 164 .835 9. 522 .330 4. 884
1.330 17.835 .831 9.438 .305 4.708
1.325 17.476 .821 9.384 .280 4.471
1.322 17.285 .801 9.285 .260 4.227
1.316 17.033 .775 9,239 .246 4.051
1.301 16.926 .751 9,079 .239 3.898
1.279 16.743 .734 8.895 .235 3.799
1,254 16.292 .724 8.766 .233 3,715
1.231 15.872 .717 8.682 .226 3.654
1,214 15.627 ,713 8.590 .212 3.516
1.203 15.474 .709 8.521 .191 3.302
1.197 15.375 .701 8.437 .165 3.004
1.193 15,352 ,b85 8,338 .145 2.706
l.lg0 15.276 .663 8.124 .131 2.385
1.181 15.123 .640 7.849 .122 2.156
1.163 14.825 .621 7.627 .117 2.003
1.140 14.450 ,609 7.5_8 .i14 1,912
1.115 14.114 .601 7.421 .ii0 1.528
1.096 13.801 .597 7.344 .099 1.774
1.083 13.404 .594 7.306 .082 1.698
1.075 13.228 .588 7.268 .067 1.591
1.070 13.228 .575 7.199 .057 1.507
1.068 13,190 .554 7.062 ,052 1,461
1.060 12.999 .530 6.878 .049 1.423
1.045 12.708 .510 6.634
1.023 12.342 .496 6.435
1.000 12.013 .487 6.252
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TEST 45 TABLE II.- Continued
RUN ]7

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

5.359 143.297 3.785 132.410 2.066 39.59_
5.356 143.554 3.757 131.314 2.004 37.361
5.353 143.880 3.713 129.775 1.936 34.377
5 •350 144 •230 3.656 128.540 i,873 3I.696
5.338 144.276 3.5 89 126,815 1.825 29. 114
5.309 144.253 3.520 123.854 1.795 28.991
9.265 144.067 3.€60 121.243 1,777 28.19B
5.208 143.437 3,419 120.240 1.760 27.779
5.168 I_2.668 3.394 120.147 1,732 27.219
5.097 142.365 3.377 119.587 1.685 26.077

5.062 142.505 3.354 118.282 1.628 24.375
5.038 142.€35 3.316 115.647
5.01o 142.505 3.263 111.544

4.987 142.481 3.200 106.905
4.941 142.525 3.131 102.545
4.8_3 142.225 3.065 99.328
4.818 141.642 3.018 96.251
4.74_ 141.246 2.988 93.383

4.690 140.9€3 2.969 92.031
4.651 140.686 2.952 92.077

4.627 140.593 2.922 90.422

4.607 140.849 2.876 87.788

4.585 140.873 2.818 83.521

4.549 140.709 2.750 77.763
4.496 140.243 2.683 71.865
4.435 139.707 2.632 68.018

4.365 139.217 2.596 65.966

4.302 138.588 2.575 64.661
4.257 137,772 2,559 63.938
4.228 137.702 2.536 62.260
4.208 137.702 2.495 59,345
4,189 137.492 2.441 55.q6b
4.156 137.352 2.377 52.04h

4.111 137.212 2.310 48.631

4.051 136.606 2.252 46.313

3.984 135.720 2.212 44._21

3.917 134.648 2.186 43.352

3.863 134.042 2.170 42.630
3.828 133.272 2.151 41.884
3,805 132.853 2.117 41.091
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TEST 45 TABLE II.- Continued
RUN 23

(b)Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

1.618 23.987 1.134 13.459 .533 6.637
1.601 23.237 1.118 13.283 .513 6.491
1.588 22.900 1.095 13.091 .490 6.292
1.561 23.091 1.073 12,854 ,469 6,093
1.545 22.425 1.054 12.770 .453 5.g09
1.525 21.889 1.040 12.609 .443 5.802
1.506 21.215 1.032 12.402 .437 5.771
1.491 20.771 1.028 12.226 .433 5.764
1.480 20'618 1.026 11.996 .429 5.748
1.474 20.587 1.021 11.736 .420 5.695
1.471 20.633 1.008 ii.568 .402 5._03
1.468 20.511 .988 11,284 .380 9.251
1.463 20.082 .963 10.978 '358 5.059
1.449 19.984 .942 10.787 .341 4.937
1.427 18.972 .927 10.741 .330 4.814
1.406 18,551 .892 10,725 ,323 4,745
1.388 18.390 .872 10.534 .320 4.699
1.376 18.359 .850 10.220 .316 4.638
1.370 18.191 .829 9.883 .310 4.554
1.367 17.999 .813 9.707 .296 4.409
1.364 17.770 ,802 9._77 .275 4.217
1.360 17.639 .796 9.500 .25% 4.026
1.347 17.417 .792 g.477 .239 5.650
1.328 17.157 .788 9.431 .229 3.696
1.306 16.736 .777 9.232 .225 3.620
1.288 16.391 .759 8.972 .223 3.566
1.274 16.192 .736 _.735
1.266 16.024 .714 8.528
1.260 15.656 .695 8.252
1.256 15.626 .683 8.046
1.252 15.618 .675 7,946
1.242 15.411 .671 7.923
1.224 15.090 .668 8.030
1.202 14.799 .660 8.122
1,181 14.439 .644 7.969
1.166 14.041 .622 7.640
1.155 13.696 .599 7.234
1.149 13.551 .580 7.004
1.144 13.558 .566 6.866
1,141 13,928 ,558 6,790
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TEST 45 TABLE II.- Continued
RUN I9

(b) Continued

y, Pitot y, Pitot
cm pressure, cm pressure,

kPa kPa

5.094 14Z.875 3.262 111.506
5.036 142.993 3.218 108.872
4.974 142.804 3.190 107.931
4.924 142.546 3.172 i06,850
4.887 142.381 3.149 i06,144
4.864 142.452 3.113 104.075
4.846 142.569 3.060 100.853
4.821 142.593 2.997 96.197
4.781 142.240 2.928 90.695
4.726 142.052 2.862 85,215
4.662 i41.9Ii 2.8ii 81.64i
4.593 141.005 2.780 79.360
4.532 140,994 2.759 78,819
4.489 140.523 2.742 78.231
4.46i i40.i94 2.713 76.280
4.441 140.100 2.667 73.787
4,419 139.983 2,610 69,813
4.383 139.606 2.544 65.909
4.330 139.160 2.476 61.583
4,269 13£.525 2.420 57.820
4.200 138.101 2.384 55.422
4.133 137.749 2.302 54.646
4.083 137.537 2.345 54.505
4.050 137.631 2,321 53,070
4.028 137.560 2.282 50.624
4.009 137.0q0 2.227 48.132
3.977 136.620 2.161 45.639
3,928 136,173 2.092 42.559
3.868 135.350 2.032 39.713
3.800 133.069 I.g89 38.114
3.729 130.294 1.962 37.550
3.673 128.907 1,945 37,127
3.634 128.178 1.927 36.398
3.610 127.825 1.894 35.504
3.591 128.013 1.843 33.411
3.563 127.026 1.781 31.013
3.521 125.380 1.712 28.661
3.464 122.276 1.646 26.615
3.397 Iig.195 1.595 24.899
3.324 115.244
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TEST 45 TABLE II.- Continued
RUN 24

(b) Continued

y, Pitot y, Pitot y, Pitot

cm pressure, cm pressure, cm pressure,
kPa kPa kPa

I. 564 24.698 1.150 14.781 .602 7. 539

1.560 24.552 i.143 14.904 .597 7.509
1.558 24. 321 1.128 14.842 .594 7. 470

1.555 24.360 i.i07 14.497 .588 7.447
1.548 24.037 1.087 14.074 .573 7.293
1.534 23.406 1.071 13.682 .551 7.086
i.515 22.768 1.060 13.290 .528 6.786
1.496 22 .399 I.027 12. 544 •509 6.540
1.480 22.153 1.007 12.121 .493 6.348
1,471 21,984 .985 ii.821 .485 6.194
1.465 21.761 ,967 ii.568 ,480 6.156
1.461 21.638 ,954 11.475 .477 6.171
1.458 21.600 .944 11.514 .473 6.171
1.452 21.415 .937 11.637 .463 6.094
10438 21.162 .933 11.575 0445 5.925

1.418 20.708 .929 11.506 .422 5,717

1,398 20.239 .918 ii.437 .400 5.533
1.381 20.016 .899 11.183 .383 5.364
1.370 19.701 .876 10.822 .371 5.179
1.363 19.493 ,855 10.676 .365 5.987
1.360 19,194 .840 I0,645 ,361 5.010
1.357 19.063 .830 10.668 .358 5.010
1,353 19.109 .825 10,645 .351 5.018
1,341 18,971 °820 10.430 .337 4.941
1.321 18.609 .816 10.176 .317 4.772
i.300 18.202 .809 9.946 .296 4.541
1.281 17. 756 ,793 9.715 •278 4.288
1,268 17,272 .772 9. 461 .266 4.088

i.259 17.033 .751 9.338 ,258 3.957
i •255 16 •718 •735 9. 246 ,25 4 3 .919

1.251 16. 618 .723 9.I00 .250 3.895
1.249 16.695 .717 9. 023 .246 3. 865

i.240 16.726 .712 8.938 •234 3.749
1.224 16. 472 .709 8.785 •214 3.588
1.201 16.042 .701 8.654 .194 3.473
1.183 15.580 .684 8.439 •179 3.450
1.169 15.173 .663 8.162 .170 3.442
1.161 14.889 .640 7.924 .166 3.465
1.157 14.819 .622 7.770
1.153 14.766 .609 7.632
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TEST 45 TABLE II.-Continued
RUN ]6

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

5.360 142.416 3.897 135.490 2.246 47.703
5.351 142.440 3.873 135.09) 2.213 46.355
5.347 142.440 3.856 134.979 2.163 43.892
5.343 142.556 3.830 134.770 2.102 41.149
5.342 142.556 3.791 133.817 2.034 37.849
5.340 142.463 3.737 132.166 1.969 35.176
5.334 142.370 3.673 130.214 1.919 33.479
5.314 142.509 3.605 127.704 1.886 32.456
5.279 142.811 3.546 125.333 1.867 31.875
5.230 143.090 3.503 124.125 1.851 31.132
5.175 143.416 3.475 123.474 1.824 30.225
5.128 143.625 3.456 123.055 1.781 28.714
5.095 143.555 3.436 122.498 1.725 26.855
5.074 143.601 3.401 120.406 1.660 24.763
5.056 143.695 3.352 117o012 1.595 22.764
5.036 143.555 3.290 114.688
4.998 143.346 3.224 111.643
4.947 143.114 3.160 107.622
4.886 142.858 3,111 103.718
4.819 142.509 3.079 101.022
4.759 142. 137 3.058 98.628
4.714 142.044 3.040 97.558
4.686 142.161 3.014 96.768
4.668 142.370 2.971 94.746

4.646 142.300 2.914 90.609
4.613 142.207 2.849 84.984
4.564 142.184 2.782 79.360
4.504 141.649 2,727 75.455
4.437 141.092 2.690 73.293

4.373 140.929 2.668 72.433
4.322 140.441 2.653 71.527
4.289 140.046 2.630 70.225
4.269 139.790 2.592 68.041
4.251 139.650 2.540 64.484
4.222 139.534 2.478 60.812
4.180 139.325 2.410 57.419
4.122 138,883 2.350 54.281
4.056 138.558 2.309 51.120
3.989 137.675 2.283 49.168
3.934 136.304 2.265 48.610
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TEST 45 TABLE II.- Continued
RUN 25

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

1•585 23.005 1.065 II. 863 .500 5.767
1.582 22.760 1.060 ii, 810 .481 5.599
1 •5 71 Z2 •36 1 1.055 11.840 •4_7 5.468
1.552 21.816 1.051 11.856 .460 5.361
1.532 21.494 1.041 Ii.764 .455 5.254
1.514 21.088 1.023 11.457 .452 5.231
1.502 20.528 .998 II.043 .447 5.200
1.476 19.815 .974 10.782 .435 5.131
i.459 19.409 .954 I0. 568 .415 4.970
1.439 18.864 .941 10.391 .392 4.786
1.418 18.573 .933 I0. 337 •371 4.6 17
1.403 18.351 .929 I0. 307 .356 4.479
1.394 17.998 .926 i0. 238 .346 4.364
1.388 17.783 .918 i0.161 .341 4.295
1.385 17. 630 .901 9.954 •338 4•280
1.382 17. 561 .877 9. 755 .335 4.249
i.379 17.438 .853 9.563 .326 4.203
1.359 17.085 .833 9.348 .309 4.103
1.338 16.618 .819 9.126 ,286 3.935
1.316 16.273 .784 8.535 .264 3.735
i.300 15. 881 •762 8.390 .250 3.613
1.290 15. 713 .738 8.183 .242 3.482
1•283 15. 536 .716 7.983 •239 3. 429
i. 279 15 •38 3 .701 7. 761

1.274 15,260 .690 7.615

1 .Z69 15. 053 .685 7. 477

1.256 14.892 .682 7.447
1.236 14.593 .679 7.447
1.214 14.256 .670 7.454
1.195 14.033 .653 7. 347

1.181 13. 757 .630 7.140
1.173 13.581 .608 6.910
1.168 13. 458 .591 6.687
I .166 13. 474 .579 6.549
I. 162 13. 389 .573 6.45 7

1.153 13.083 ,570 6.381
i.134 12•761 •566 6.312
i. Iii 12.400 .560 6.258

1.090 12.070 •547 6.13b
1.075 11.948 .524 5.982
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TEST 44 TABLE II.- Continued
RUN 2

(b)Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

5.638 143.596 4.069 138.056 2.308 54.300
5.639 143.950 4.054 137.750 2.288 52.414
5.619 144.374 4.041 137.797 2.275 52.24_

5.578 144.421 4.019 138.103 2.268 52.131
5.522 144.515 3.977 138,056 2.245 50.929

5.456 144.421 3.919 137.255 2.202 49.184

5.386 144.397 3.848 135.652 2.136 46.379

5.336 144.350 3.775 133.672 2.060 42.843

5.304 144.138 3.718 131.904 1.976 38.741
5.288 i&3.997 3.682 131.196 1.909 35.559
_.279 144.020 3.659 131.196 1.866 33.437
5,276 144.162 3.648 130.937 1.841 32.636

5.259 144.067 3.638 130.631 1.825 32.707
5.226 144.350 3.623 130.466 1.817 32.400
5.174 144.327 3.588 129.593 1.802 31.929
5.114 144.280 3.534 126.930 1.767 30.538
5.048 144.138 3.458 123.724 1.708 28.534

4.996 144.327 3.377 120.164 1.634 26.177
4.963 144.350 3.305 116.133 1.550 23.961

4.945 144.138 3.253 113.422 1.475 22.146
4.935 143.879 3.220 112.526 1.422 20.849
4,930 143.525 3.202 113.422 1.393 19.977

4.920 143.549 3.190 113.563 1.376 19.505

4.894 143.431 3.176 112.220 1.368 19.435

4.846 143.337 3.145 109.226 1.350 19.034
4.783 143.195 3.097 105.690 1.312 18.115
4.708 142,959 3.026 i01.258

4.636 142.559 2.944 95.978

4.579 142.205 2.865 89.778

4.542 142.323 2.805 84.733
4.518 142.182 2.767 81.103
4.507 141.899 2.746 79.547

4.492 141.545 2.733 78.722
4.469 141.215 2.720 77.944
4.422 140.885 2.690 76.035
4.362 140.414 2.640 72.876
4.2B4 139.966 _.56g 70.023
4.206 139.117 2.489 65.497
4.141 138.551 2.40q 60.665

4.096 138.528 2.347 57.081
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TEST 44 TABLE II.- Continued

RUN 33

(b) Continued

y, Pitot y, Pitot y, Pitot

cm pressure, cm pressure, cm pressure,
kPa kPa kPa

1.302 18.003 .776 g.435 .265 4.190
1.289 17,718 .771 9.350 ,262 4.228

1.267 17.195 .755 9.196 .256 4.182

1.243 16.534 .731 _.920 .239 4.020

1.222 15.903 .706 8.650 .215 3.713

1.206 15.411 .665 8.304 .188 3.282

i.i97 15.i26 .t73 8.027 .164 2.882

I .191 15.103 .6tl 7.943
1.188 15.265 .657 8.020
i.185 15. 326 .653 8.066
1.182 15.303 .651 6.066

1.168 14.995 .647 8.012
1.146 14.588 .635 7.866

1.121 14.196 .613 7.635
1.097 13.880 .587 7.312
1.080 13.657 .564 7.02_
1.069 13.380 .547 6.935
1.063 13.280 .537 6._97

1.059 13.296 .530 6.889
1.057 13.226 .527 6.843
1.053 13.173 .524 6.835

1.039 13,019 .521 6.805
1.015 12,727 .512 6,689

•988 12.257 .494 6.481
.961 11.904 .469 6.235
.941 11.611 .444 5.935

•927 11.342 .424 5.751

•919 Ii.227 .41i 5.651

•915 ii.219 .403 5.635

•912 11.204 .399 5.635
•909 Ii.iii .397 5.651
•901 11.019 .394 5.620
•882 10.788 .386 5.543
.857 10.481 .368 5.343
•831 10.081 .343 5.112
.810 9.812 .317 4.851
•796 9.612 .295 4,636
•787 9.573 .280 4.413
•782 9.612 .271 4.274

•779 9.535 .267 4.i74
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TEST 44 TABLE II.- Continued
RUN 7

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

5.402 142.767 3.929 13g.O3B 2.377 65.543
5.357 143.101 3.855 137.270 2.304 01.671
5.333 143.269 3.796 136.027 2.230 56.867
5,321 142.982 3.756 135.429 2.167 52.637
5.316 142.862 3.731 135.190 2.127 49.936
5.312 143.054 3.715 135.238 2.104 48.526
5.297 142.982 3.704 135.644 2.093 47.617
5.261 142.599 3.684 135.262 2.085 47.307
5,213 143.006 3.647 133.995 2.069 46.375
5.152 143.651 3.587 132.418 2.034 45.132
5,092 144.320 3.517 130.506 1.979 42.670
5.042 144.774 3.437 127.829 1.909 36.941
5,012 145.157 3.368 125.391 1.838 35.452
4.991 145.181 3.321 123.407 1.779 33.062
4.979 145,396 3,294 122,332 1.744 31,891
4.973 145.515 3.276 121.543 1.724 31.102
4,963 145,683 3,265 121,447 1,713 30,696
4.932 145.444 3.251 121.614 1.708 30.720
4.886 145.061 3.221 120.491 1.697 30.313
4.822 144.416 3.171 117.527 1.672 29.262
4.745 143.747 3.105 114.229 1.623 27.636
4.674 143.436 3.031 110.238 1.556 25.509
4.622 143,006 2,965 105,792 1,478 2Z.952
4.587 142.504 2.917 102.542 1.404 20.753
4.566 142.599 2.887 100.295 1.348 19.367
4.552 143.101 2.870 98.980 1.312 18.578
4,535 143.388 2.863 97.738 1.293 18.267
4.507 143.269 2.856 97.260 1.283 18,076
4,466 143.077 2,833 96,829 1,272 17,885
4.404 142.767 2.794 94.965 1.248 17.431
4.331 142.384 2.737 91.093 1.205 16,499
4,261 141,_35 2,664 86,026 1,143 15,232
4,205 141.54_ 2.599 80,505
4.168 141,476 2.552 76,442
4.150 141.357 2.523 73.956
4.138 141.524 2.508 73.383
4.127 141.715 2,499 73,144
4.103 i4 .691 2,491 72,283
4.061 140.783 2.472 70,658
4.001 140.066 2.434 68,411
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TEST 44 TABLE II.- Continued
RUN 30

(b) Continded

y, Pitot y, Pitot
cm pressure, cm pressure,

kPa kPa

1.093 14.15 8 .613 7.832
1.084 13,854 •607 7.770
1 •066 13. 590 .592 7.715
1.043 13• 317 .569 7,474
I•022 IB,052 ,544 7.170
1.007 12. 826 •522 6,936
•996 12•608 ,506 6.796
•990 12.421 .496 6,757
,987 12.468 ,490 6.640
.985 12.522 .486 6.601
•984 12.343 .483 6.656
•975 12.125 ,481 6.648
,958 11.837 .473 6,508
•934 11•587 ,455 6,297
•911 II.B07 .431 6,056
.894 11.065 .409 5•853
•882 I0,902 ,394 5,705
•874 i0• 793 •383 5 •596
•870 10,777 ,377 5.511
•857 10•910 •374 5,440
•864 I0.96 4 ,371 5•409
•857 i0•746 •368 5,464
•841 10.497 .B61 5.456
.818 I0.263 •347 5,324
•794 10.006 .325 5. 152
•774 9.764 ,302 4.926
•761 9.554 .283 4,669
•752 9.38 3 ,Z69 4.482
•747 9.219 .260 4.428
.746 9.110 .255 4.420
.741 8.977 ,252 %•389
.736 8•977 .250 %.396
•721 8.985 .247 4.365
• 698 8.8B7 ,236 4.264
•673 8.494 ,215 4.054
,650 8.191 •192 3•726
.634 7.965 .172 3.430
.624 7.856 ,157 3,197
•618 7.840
•615 7.856
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TEST 44 TABLE II.- Continued

RUN 9

(b) Continued

y, Pitot y, Pitot y, Pitot

cm pressure, cm pressure, cm pressure,
kPa kPa kPa

5.353 142.202 3.523 128.541 1.723 27.676
5.343 142.297 3.501 128.327 1.693 27.410
5.322 142. 369 3.487 128.374 1.677 26. 838
5.285 142 •321 3.465 127.850 1.667 26. 647
5.232 142.607 3.422 125.990 1.645 26. 170
5.167 142.631 3.362 123.177 1.606 24.859
5.092 142.512 3.288 120 746 1.547 23._38
5.021 142.536 3.205 116.407 1.472 21.402
4.965 142.464 3.130 I12.091 1.388 19.281

4.929 142.703 3.0?3 108.515
4.906 142.440 3.037 104.963
4.892 142.321 3.017 103.151
4.875 142.464 3.004 102.794
4.846 142.512 2.990 102.436
4.797 142.536 2.962 i01.149
4.731 142.464 2.914 98.812
4.656 142.417 2.845 95.284
4.578 141.630 2.769 90. 182
4.517 ]40.605 2.695 83.531
4.473 139. 770 2.644 77. 976
4.448 13_.I03 2.614 75.353

4._34 138.3o4 2.598 74.447

4.421 136.674 2.587 74.400
4. 396 13g. 580 2.578 74. 161
q.353 140. 366 2.555 72.540

4.292 139.603 2.5 14 70. 108
4.21_ 136. 840 2.451 66. 318
4.140 138.5 78 2.375 61. 454
4.0 71 138. 340 2. 296 55. 876

4. 023 138.12b 2.225 50. u93

3.c)g3 136.07e 2.176 47. g13
3.977 138.221 2.147 _6. I01
3.961 -137.853 _°•i_3. 4_.600
3.938 136. 290 2•120 45.696
3.902 134.597 ? .I00 44.933
3.845 134. 025 ?.061 43. 192
3.772 133.762 ? .002 z'O. bl_
3.691 133,190 ]._2_ 37.€_5
3.615 131.879 1.650 34.062

3.559 129. 638 1.776 30. _67
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TEST 44 TABLE II.- Continued
RUN 35

(b) Continued

y, Pitot y, Pitot y, Pitot

cm pressure, cm pressure, cm pressure,
kPa kPa kPa

1.359 17.997 .854 9.752 .319 4.506

1. 354 17. 777 .852 9.699 • 317 4. 415
1,337 17,685 ,846 9,630 ,315 4,385
i.314 17,289 ,830 9.470 •309 4.362
1,289 16,772 ,806 9,173 .293 4.27_
1.267 16, 376 .779 8. 869 .270 4.02 7
1.252 16.033 .757 8.625 .244 3.753
1,242 15.744 .741 8,397 .224 3.502
1.238 15,576 ,733 8,268 ,?08 3.311
i,236 15,614 ,727 8,207 ,19_ 3.159
1,234 15,683 ,724 8,138 .193 3.095
1,228 15,599 ,722 8,161 •191 3,083
1,212 15,219 ,718 8.161 •IQO 3.00@
1,187 14,587 ,706 8,085 ,1@7 3,007
i,161 14.054 ,684 7. 872 ,175 2.592
1,139 13,757 ,657 7,590
1,124 13.719 ,633 7,346
1.115 13.620 .615 7.156

i.ii0 13.323 .606 6.958

1.10..3 12,980 ,600 6.889
1 ,I07 12,836 ,597 6,905
1.103 12.566 ,596 6,935
1.091 12._07 ,591 6,928
1.0_£ 12.341 ,578 6.867
1.040 IZ. 158 ,556 6,646
1.016 ] i. 996 ,527 6,349
•gg9 ii,@31 ,501 6,098
.988 11.617 ,481 5,930
,9_3 11.419 ,468 5,793
.979 ii.244 °462 5,763
,q78 11.244 ,459 5,755
.976 11.221 .456 5.725
•9_7 11.062 .453 5.664
•_4_ i0 826 .443 5.618
.922 10.63£; .424 5.451
•897 IC. 30C .398 5.207
•880 9.965 ,369 4•971
•869 9,790 ,347 4,773
,862 9.729 ,331 4,644
,858 9,722 ,322 4,567
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TEST 44 TABLE II.- Continued

RUN ]4

(b)Continued

y, Pitot y, Pitot y, Pitot

cm pressure, cm pressure, cm pressure,
kPa kPa kPa

5.484 144.256 3.900 136.719 ;:.155 48.770
5.448 144.326 3.864 136.696 2.13b 44.112
5.395 144.326 3.812 136.132 ;.i00 4b.211
5,331 143.856 3.744 134.113 2.043 43.014
5,273 143,387 3.669 132.470 1.975 39.707
5.230 143.434 3,597 130.568 l._qq 35.a04
5.200 143.880 3.546 129.488 I._ 29 32.546
5.183 144.303 3.511 129.582 1.777 30.269
5.171 144.303 3.492 129.323 1.746 29.283
5.158 143.622 3.479 128.596 1.730 28.719
5.133 143.739 3.465 128,196 1.720 28.484
5.088 143.575 3.437 127.891 1.707 28.156
5.029 142.025 3.391 126.459 1.682 27.404
4.958 141.133 3.327 123.149 1.637 25.949
4.885 141.415 3,254 119.040 1.577 24.071
4,828 142.495 3.180 114.579 1,502 21.958
4.787 143.246 3.121 110.611 1.429 19.938
4.761 143.082 3.079 109.156 1.372 18.459
4.746 142.354 3.055 108.944
4.735 141.485 3.042 109.038
4.719 141.391 3.030 108.217
4.687 141.790 3.006 106.761
4,635 141,837 2.965 103.685
4.569 141.462 2.907 99.201
4.499 141.368 2.837 94.223
4.436 141.180 2.761 88.166
4.391 140.616 2.697 82.813
4.360 140.523 2.649 79.221
4.342 140.382 Z.622 77.671
4,3Zq 140.070 2.605 77.178
4.312 140.123 2.591 76.638
4.286 139.665 2.566 74.384
4.230 139.630 2.523 70.135
4.164 139.443 2.461 65. 439
4 .092 138.762 2•392 60.978
4.026 137.517 2.314 56.447

3,960 !36,437 2.249 52.197
_.949 135.991 2,205 49.192

3.931 136.320 2 .180 48.347
3.919 13b.649 2.165 45.3q4
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TEST 44 TABLE II.- Continued
RUN 3]

(b) Continued

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

1.333 17.790 .847 9.755 .292 4.1_5
1.322 17.643 .829 9.640 .285 4.142
1.304 17. 155 .804 9.408 .26_ 4.027
i.289 ib.78C .776 9.162 .243 3.803
1.279 16.o10 .755 8.930 .217 3.541
1.274 16.718 .740 8.6g9 .194 3.279
1.271 16.841 .731 8.529 .180 3.101
1.271 i0._03 .727 8_475 .171 2.968
1.770 16.7o5 .724 8.422 .167 2.885
1.267 16.402 .722 8.329 .164 2.816
1.254 16.27_ .717 8.221
1.232 lb. O47 .702 8.090
1.206 15.600 .678 7.859
1.182 I_.149 .649 7.589
1.167 14.752 .625 7.427

1.155 14.45o .608 7.288
1.151 14.420 .597 7.180
1.148 14.266 .591 7.041
1.146 14.212 .588 6.949

1.139 14.243 .586 6.918
1.123 13.981 .581 6.926
1.097 IB.665 .568 6.864
1.067 13.171 .546 6.710
1.039 12.577 .519 6.455

1.019 12.130 .494 6.209
1.005 11.907 .474 5.993

.998 11.806 .460 5.854

.993 11.745 .453 5.761

.991 11.698 .449 5.684

.987 11.629 .447 5.600

.978 ii.590 .442 5.530

.956 11.398 .430 5.445

.929 11.051 .4_6 5.322

•904 10.665 .377 5.120
•884 i0.372 .34_ 4.079
.870 10.172 .325 4.690
.863 10.048 .309 4.512
.859 9.910 .301 4.366
.857 9.802 .29_ 4.273

•855 9.755 .294 4.196
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TEST 44 TABLE II.- Continued
RUN 4

(b) Continued

y, Pitot y, Pitot y, Pitot

cm pressure, cm pressure, cm pressure,
kPa kPa kPa

5.467 144.382 3.691 133.320 1.791 31.I_2
5.397 144.571 3.609 131.299 1.715 28.354
5.368 144.641 3.529 128.566 1.630 29.242
5.317 144.500 3.465 126.230 1.553 22.578
5,299 144.382 3.425 124.981 1.499 20.8_I
5.286 144.076 3.401 124.887 1.464 19.985
5.264 163.936 3,385 125,005 1.447 19,867
5.226 144.028 3,364 126.606 1.436 19,844
5,176 144 335 3,327 122.364 1,421 19,679
5,109 144.712 3,268 118,216 1,386 18968
5,037 144,641 3,197 113.807 1,332 17651
4,972 144,830 3,116 107,961
6,925 144,924 3,035 103,294
4,896 144,618 2,976 99,899
4,877 144,453 2,937 97,895
6,864 144.288 2.915 96.552
4,851 144,005 2,904 96,387
4,820 143,416 2.889 97,212
4,776 142,968 2,860 95.373
4,711 142,590 2,809 90,867
4,636 142,284 2,742 85,331
4.556 142.001 2.661 78.496
4.489 141.813 2.579 71.682
6,443 141.435 2,510 67,132
4,412 141.577 2,465 65,175
4,393 161.699 2,437 63,879
6,379 141,671 2.421 62,653
4.353 141.530 2,408 61,569
4,309 141,247 2,383 59.942
4.246 140.775 2.339 57.467
4,171 139,432 2,276 53,648
4,087 138.442 2.198 49,452
4,013 137,829 2,116 45,374
3,957 137,145 2.042 41,838
3°924 135.990 1.989 38.985

3,901 135,990 1,956 37,547
3,886 136,320 1,939 37,170
3,863 136,296 1,925 36.793
3,824 136,108 1.900 39'732
3,765 134,929 1,854 33.752
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TEST 44 TABLE II.- Concluded
RUN36

(b) Concluded

y, Pitot y, Pitot y, Pitot
cm pressure, cm pressure, cm pressure,

kPa kPa kPa

1.329 17.150 .781 8.666 .252 3.834
1.326 17.036 .779 8.651 .249 3.781
1.315 16.937 .773 8.651
1.295 16.762 .759 8.597
1.271 16.473 .735 8.430
1.248 16.176 .708 8.141
1.232 15.849 .685 7.867
1.222 15.445 .669 7.669
1.216 15.118 .659 7.547
1.213 14.974 .654 7.448
1.210 14.920 .651 7.372

1.208 14.882 .648 7.357
1.197 14.799 .644 7,357
1.175 14.502 .634 7.296
1.148 14.068 .613 7.098
1.121 13.596 .588 6.855

1.099 13.224 .563 6.557
1.087 12.934 .545 6.459
1.080 12.828 .532 6.307
1.075 12,721 .525 6.178
1.073 12.546 .520 6.117

1.069 12._17 .518 6.026
1,057 12.204 .514 5.988
1.035 11.839 .505 5.g49

1.007 11.550 .487 5.873
.979 11.359 .461 5.714
.957 11.108 .435 5.523
•942 10.857 .414 5.341
•933 10.621 .400 5.18q

• 928 10.484 .392 5.082
•925 10.416 .388 5.014
•923 10.325 .385 4.983
•915 10.256 .383 4.937
.897 10.051 .375 4.899
•870 9.853 .359 4.869
•841 9.587 .335 4.702
•817 9.275 .308 4.489
.800 9,077 .285 4.276
.790 8.902 .268 4.093
.784 8.742 .257 3.933
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-_Inner boundary of test section

(a) Overall model dimensions.

Figure 1.- Model sketch. All dimensionsare given in centimeters.
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(b)Afterbodydetails.

Figure ].- Concluded.
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Figure 2.- Pressuredistributionon solid surfaces. Data of reference6.
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Figure 3.- Cavity pressures measured at x = 213.4 _. Solid symbols denote dam of reference 6.
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Figure 4.- Boundary-layerthicknesses.
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(b)Method of finding _v for runs ]7 to 23 on Feltmetalsurface
at x = 213.4 cm.

Figure 4.- Concluded.
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Figure 5.- Turbulent boundary-layer properties (ref. 6).
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Figure 6.- Calculatedreactivecomponentof impedancefor
perforatedsteel sheet.
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Figure 7.- Sound-power-transmission coefficient for perforated steel sheet for normal plane waves.



(a)Solid surfacefor R_/m = 42.8 × ]06.

(b)Screen surfacewith no backingfor R_/m = 42.5 x ]06.

(c) Screen surfacewith 80 ppi foam backingfor R /m = 42.8 x ]06.
L-78-]53

Figure 8.- Schlierenphotographs.

44



(d) P-2 surface with no backing for R /m = 42.6 x ]06.

(e) Feltmetalsurfacewith 80 ppi foam backingfor R_/m = 42.9 x ]06.
L-78-]54

Figure 8.- Concluded.
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Figure 9.- Maskingof afterbodysurfaceto preventprobe interferenceand end-platedisturbance.
Dimensionsof masked area in centimeters.



(a)Data at x = 213.4 cm.

Figure 10.- Generalizedvelocityprofiles in law-of-the-wallform.
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(b) Data at x = 215.9 cm.

Figure 10.- Concluded.



(a) Data at x = 213.4 cm.

Figure I].- Generalizedvelocityprofiles in velocitydefect form.
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Figure 13.- Typicalmomentumdefect functionfor runs 7 to 30 on screen surface
at x = 215.9 cm and @ = 0.0258 cm.
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Figure ]4.- Locationof hot-wireprobe.
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