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SUMMARY

Alr—Flow gurveys in the vertical plane of symmetry of six
NACA 1-serles cowling-splnner combinatlons snd one NACA 1—serles nose
inlet have been conducted in the Langley propeller—research tunmel to
obtain quantltetive propeller—removed flow—Field Information useful for
the deslign of propeller shanks and cuffs. The results of the Investiga—
tion show that in the case of the cowllng—spinner combinations the
speeds and dlrsctions of the flow had appreclable gradients 1n the region
in which the propeller shanks would normelly operate; flow conditlons in
this region were also changed appreclably by changes in the angie of
attack, inlist—veloclity ratio, spinner proportions, asnd cowling proportions.
Flow conditions for the rotating cowling were much more uniform In the
propeller—shank region (located downstreem of the inlet) than was the
case for the cowling—splinner combinations. Data are presented from which
the flow—speed ratios and flow angles may be estimated for similar con—
figurations at angles of attack and Inlet—wveloclty ratlos of the order
of those investlgated. A calculation of the effects of compressibility
indicates that the results obtained are directly applicable for propeller
design for low and moderate subsonlc Mach numbers; corrections to the
data are necessary for high subsonlc Mach numbers.

INTRODUCTION

A requisite for the deslign of propeller shanks and cuffs is a
knowledge of the flow fleld In the viclnity of the body to which the
propeller 1s attached. The flow velocities In the vicinity of the nose
of a streamlined body of revolutlon can be calculated easlly and with
good accuracy. The speeds and directions of the flow nesr an irregularly
sheped body or one with an alr inlet nesr the nose, however, heve proved.
difficult to calculate; little information of this type is avalleble for
the deslgn of propelliers. Experimental Investigatlions, therefore, have
been undertaken in the Langley propeller—research tunnel to supply these
urgently needed propeller—design data. A study of the flow conditions
in the vicinity of the inlet of an NACA Dg—type cowling was reported in

reference 1. The present papsr extends this work by reporting the
results of air—flow surveys in the vicinity of six representative
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2 NACA RM No. L8Al5a

NACA l-peries cowling—splinner combinations and one NACA l—series nose
inlet (references 2 and 3) sultable for use as a rotating cowling (the
type of cowling in which the forward part rotates with the propeller such
ag the NACA E cowling described i1n reference L),

" The speeds and directions of flow in the vertical plane of symmetry
of the model were measured (without the propeller) by means of flush sur—
face orifices and tufts installed on a bigecting center plate blined with
the flow. The test conditions investigated included the values of inlet—
velocity ratio and angle of attack consldered most likely to be encountered

in both high-epeed and climbing flight.

SYMBOLS

a cowling-inlet diameter

D maximum cowling dlameter, 27.25 inches

DS maximumn spinner dlameter

M free—stream Mach number

M., design critical Mach number of cowling

M, test Mach number

X ' cowling length, meassured from inlet to maximum
dismeter statiomn

Xs gplnner length, measured from spinner nose to maximum
dismeter station of spinner (which i1s located at the
inlet)

y' ordinate of point in vertical plane of symmstry of
cowling-spinner combination, measured from model
center line (positive upwsard)

Vi/vo inlet-velocity ratlo, ratlio of average velocity of air in
inlet to free-—stream velocity

V,/No local flow—epeed ratio, ratio of local flow speed to
free—stream velocity

a angle of attack of model, degrees

flow—divergence angle referred to model center line
(positive upward), degrees
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MODEL: AND METHODS

The NACA l-series nose—inlet ordinates (reference 3) and the method
of their applicetion to the design of the cowlings and spinners used 1n
the present investigation are given In Table I. The number system used
for cowlings and splimners conforming to these ordinates is the same as
the one used in references 2 snd 3. An NACA l-serles cowling—spinner
combinstion heving 4/D = 0.70, X/D = 1.00, Dg/D = 0.40, - and
X,/D = 0.80 1s referred to as the NACA 1—70-100 cowling with the
NACA 1-40-080 spinner. Thus the First terms in the designations refer
to the series, the second terms refer to the cowling—Inlet dlameter or
maximum spinner dlemeter In percentages of the maximum cowling dlameter
(cowling—inlet—diameter ratio and spinner—dlsmeter ratio, respectively),
and the third terms refer to the cowling length or spimner length in
percentages of the maximum cowling diameter (cowling—length retio and
spinner—length ratic, respectively).

The seven cowlling configurations Iinvestligeted In these tests are
shown in figure 1 along with the configuration previously investigated in
the tests of reference 1. The NACA 1—T70-100 cowling was tested with
short spinners of three different dlameters suitable for silngle—rotating
propellers and one long spinner sultable for a-dual—rotating propeller.
Design conditlons for these confilgursatlons fall in the range of internal-
flow quantity suitable for current gas—turbine and reclprocating—engine
installations. The NACA 1—70-050 cowling (design Men ® 0.71) and the
NACA 1-55-100 cowling (design Mgy, ® 0.81) were tested in conjunction
with the short spinner of intermediate diameter to show the effects of
the inlet—diameter ratio and length ratlo of the cowling on the speeds
and directiona of the flow in the region of the propeller. The
NACA 1-55-100 cowling alsc was tested wlthout a spinner to obtaln
information epplicable to the design of a propeller for a rotatling
cowling.

The center plates used In determining the local speeds and direc—
tions of the flow 1n the vertical plane of symmstry of the model are
shown in figures 2 and 3. Fach of the plates was 0.5 inch thick and had
a sharp—nosed oglval leading edge 1.25 1nches long. Removable sections
were provided in the two longer center plates to permlt the use of these
plates with dlfferent spinners.

Local flow speeds along the center plates were determined from static
presgures obtained from the flugh surface oriflces installed in the left
gldes of these plates. With the center plates removed, the flow speeds
on top of the spinners and the cowlings were obtalned by means of pressures
meggured on the surfaces. The flow—speed ratlios near the surfaceg of
the gpinners and the cowlings obtalned wlth the center plates removed
agreed well with those obtalned with the center plates in place; this
corroborates the validity of the method used.
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The flow directione along the center plates were determined from
photographs of tufts fastened to the right sldes of the plates. Check
rung with tufts on wires showed that there were no measurable dlifferences
in the flow angles inside and outside the boundary lesyers of the center
plates except within about 1/4 inch of the spimner surfaces. Total—
pressure surveys showed that the boundary layers in the intersection of
the center plates with the spinners were scmewhat thicker than the
corregponding boundary leyers on the isolated splnners. However, the
differences 1n boundary—lsyer thickness were not excesslive and separation
dild not occur for any of the conditlons investlgated.

The internal~flow system of the model, figure 2, included a
25-horsepower axial—flow fan which was neceasary to obtain the 1nlet—
velocity ratios for the climb conditions. Control of the flow quantity
was obtained by varying the rotational speed of the fan and the position
of the butterfly—type shutters. Internal-flow quantities were measured
by means of the total-pressure and statlc—pressure tubes at the throat of
the venturl and were checked by & rake of tubes at the exit., A thermo-
couple attached to the exit rake was used to cbtain the temperature rise
through the fan.

Prior to the tumnel tests, the venturl in the tall of the model was
carefully callbrated to assure the accuracy of the internal-—flow quantity
measurements. It was found that accurate measurements could be obtaired
if the fan dld not introduce appreclable rotation in the flow through the
throat of the venturl. It was also determined that such rotation could
be avolded for any deelred flow quantity by silmultaneous adJustment of the
fan rotatlonal speed and the position of the flow—control shutters. Dur—
ing the tummel tests, the existence of a uniform static-pressure distri—
bution in the venturl throat which was indlicative of the absence of flow
rotation was estsblished for each test conditlion by visual observation of
e multitube manometer.

The test conditlons lnvestigated are listed in table IT. The inlet—
velocity ratlos used for the high—speed conditions correspond approximately
for the NACA 1-70-100 cowling %o the minimum value for which an essentlally
flat surface—pressure distribution (reference 2) was obtained on the
cowling; for the NACA 1-55-100 cowling and the NACA 1-70-050 cowling these
inlet—welocity ratios were somewhat above the minimum valuea. The climb
intet—veloclity ratios were set arbiltrarily et from 150 to 200 percent of
these values. Since the tufts and orifices were installed only on the
upper haelves of the center plates, data applicable to the flow in the
reglon of the hottom of the model at poeitive angles of attack were obtailned
by testing at the numerically equal negative angles of attack.

_ Tests on the NACA 1-55-100 cowling with the NACA 1-40-O040 spinner

were conducted at a tunnel speed of about 100 miles per hour. All other
tests were conducted at a tunnel speed of about 80 miles per hour which
corresponds to a Mach number of 0.10 and a Reynolds number of sbout 1.6 x 10
based on the maximum cowling diameter.

6
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RESULTS AND _DISCUSSION

Bagic data .- The tuft photographs used to determine the directions
of the flow along the center plates are presented in figures Lk to 10.
Speed-ratio contours and lines of constant flow angle 1 the vertical plane
of symmetry of the seven cowling configurations are presented in figures 11
to 17 for the test conditions tabulated in table ITI. In the case of the
cowling-spinner combinstions the local speeds and diréections of the flow
have appreclable gradients in the reglon in which the propeller shanks
normally operate. Flow conditlons iIn the propeller-shank reglon of the
rotating cowling are much more uniform for all the opsrating condltions
investigated than is the case with the cowling=-splnner combinations.

Tt should be noted that Vy/V, 1s a scalar quantity. The inlet—
veloclty ratio Vi/Vo 1s the integrated average of the local values of
(Vy/V.)cos @. The high values of @ at the inlet, together with the
boundary layer on the spinmner, account for the differences between VZ/VO
and V3/V, near the inlet. It also should be noted that the lines of
constant-speed ratic are true contours and form closed curves in the plane
of the center plates whereas the lines of constant flow sngle do not
necessarily close in this plane and msy end at the surface of the model
or at a point In space.

The speed—ratio contours are estimated to be accurate wlthin 1 percent.

It was not necessary 1n any Instance to refair the conbtours to msks them
conslistent when compared on the basis of the varlous test varisbles. The
values of ¢ are belisved to be accurate within 2° throughout the flow
reglon investigated, except in the immediate vilcinity of the cowling nose
where it was more difficult with the tufts to gel accurate measuremsnts

of the high flow angles. Same of the flow-angle curves were refaired to
make them more consistent. !

Effects of inlet—veloclty ratlio and angle of attack.— The data
obtained 1n the present Investigation do not permit exact determination
of the variatlon of the flow characteristics in the vicinity of the
gseveral cowlings with V3/V, and «. However, the trends of the flow
characteristics of the cowling of reference 1 (in which & more complete
rangs of these variables was covered) may be used as a guide iIn the
Interpolation and extrapolation of the present data.

The flow characteristics 1n the propeller-shank reglon of the con-—
figuration of reference 1 are plotted in figure 18. It should be noted
that a first approximation to these curves can be mede by replacling each
set of curves with straight, parallel lines, equally spaced. Thils
approximation 1s closer for the local flow=-speed-ratio curves than for
the flow-angle curves; however, propeller design is relatlvely
insensitive to moderate varlstlons in the flow-divergence angles-.

Effects of changes in the Inlet—veloclty ratio and angle of attack
on the flow characteristics in the propsller—shank reglon of each con—
figuration of the present investlgation are shown in figure 19. As
listed in teble II, the local flow speeds and flow angles wers obtalned
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for inlet~velocity ratios ranging fram 0.51 to 0.68 for the high—speed
conditions and from 0.91 to 1.03 for the climb conditions. The flow
characteristices for figure 19 and for some of the following figures were
adJusted to values corresponding to inlet—velocity ratios of 0.60 for the
high—epeed condltions and 1.00 for the climb conditions by assuming the
linear variation shown to be valid for the first epproximstion of the data
from reference 1. This was done to get better comparisons of the effects
of the different variaebles on the several cowlings. These edJustments
should cause small error in the data.

The variatlons of flow cheracteristice with Inlet—welocity ratio
for a = 2.5° (fig. 19) are plotted from two points, Vi/V, = 0.60 and 1.00.
The variations of V3/No and ¢ with o were obtained at two different
inlet—wvelocity ratios. For Vi/Vo = 0.60 the flow characteristics are
plotted for two points, a = 0° and 2.5°9., For Vi/Vo = 1.00 the flow
characteristics are plotted for three points, a = 2.59, 59, and 10°, The
small curvature in the three—point curves, together with the trends observed
in figure 18, indicate that connecting the two—point curves in this figure
with straight lines leads to small error.

The local flow-speed ratios {fig. 19) near the surfaces of the spinners
of the several cowllng-gpinner combinatlons lncrease considerably with
increases In inlet—veloclity ratio. At points farther than the cowling—
inlet radius from the model center line the effects of Inlet—wrelocity ratio
on the local flow-speed ratlios are very small., The divergence of the flow
at both the top and the bottom of the cowlings decreases with increases
in inlet-weloclity ratio. Near the surfaces of the splnners these vaerlations
of the flow angles with inlet—velocity ratio are large and differ widely
for the different cowling-—splinner combinatlons; at pointe of greater radii
than the cowling inlet, however, the flow angles vary only & small amount
with inlet—welocity ratio.

The local flow—epeed ratlos and flow angles In the propeller—shank
region of the rotating cowling are almost constant and independent of
inlet—welocity ratio (fig. 19 (f)).

Increase in the angle of attack (at a constant inlet—velocity ratio)
causes the locel flow-speed ratios in the propeller—shank region at the
top of the model generally to Increase and those at the bottom to decrease.
The flow angles generally become more posltive at both the top and bottom
of the model with increases in the angle of attack. These effects are
larger for the cowling—spinner combinations than for the rotating cowling.

The flow charascterlstics in the propeller—shank reglon of the
cowling configurations Investigated are reedlly obtained for
Vi/No ® 0.60 and 00< a< 2.5° and for Vi/Vo® 1.00
and 2.5°9 < a < 10° by the use of figure 19. Values of Vi/o
and ¢ are read at the desired angle of attack from the curves plotted
for the inlet—veloclity ratio closest to the deslred one. These values
are then corrected for Vi/Vo differences in the Vi/No plot. For
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exemple, the flow characteristics for the NACA 1-70-100 cowling with the
NACA 1-40-0LO spinner for o = 1°
figure 19(b) from the o curves for Vi/No = 0.60 the followlng values
of Vi/Vo and @ are found at «

Vi/Vo = 0.60, a = 10
'/ VilNo (deg)
0.25 0.82 18
«35 .82 26
.50 .93 15
.825 .99 3

and Vi/Ng = 0.70 will be found. In

These values are plotted on the V3i/Vo plot at Vi/Vo = 0.60 and curves
parallel to the corresponding y'/D curves sre constructed through these

points. At V3/No = 0.70 the following desired values of V3/Vy and ¢
are resad:
Vj_/Vo = 0.70, o = lo
¥/ '
Vi/7 (deg)
0.25 0.86 15
.35 .84 21
.50 .93 13
.825 .99 3

For angles of attack and ilnlet—welocity ratios outside the range of the
variables plotted in figure 19, the date mey be extrapolated in the same
manner, but,of course, with less assurance of accuracy.

Effects _of spinner proportions.— The effects of changes in the
spinner—diameter railo and splnner—length ratio on the locsl flow—speed
ratios and flow angles 1ln the propeller-shank region of the NACA 1-70-100
cowling are shown in figure 20.

For the same spinner—length ratlo, the local flow-speed. ratios show
Increases with an Increase in the spinner—dlasmeter ratio; this would be
expected from a consideration of the increased deviatlon of the stream—
lines adjacent to the splmmers and, in the case of the high-speed conditions
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(low'Vi/Vo), the reductlon in area of the low veloclity fleld in the
region of inlet. Increasing the spimner—length ratic for o = 0° causes
the flow to be initially deviated ferther upstream so that the flow speeds
are closer to the free-stream value for the longer splimmer at 0.1D ahead
of the inlet. At a positive angle of attack the direction of the flow

on the under side of the spinners tends to prevent the formation of thick
bpoundery layers so that an increase in the splnner—length ratic has little
effect on the flow—speed ratios 1in this reglon. However, on the top of
the spinners (at a positive angle of attack), the boundary leyers tend to
thicken with increases 1n the splnner—length ratio so that the local flow
speeds near the spinner are lower ln the case of the longer spinner.

The divergence of the flow dces not vary in a uniform manner wilth
changes in either spinner—dlameter ratlo or length ratio, and it sppears
that for each inlet—veloclty ratlioc there is a spimmer for each cowling
for which the flow deviation in the region of the propeller shanks is a
minimm. In the cage of the spimmers of equal length it is belleved that
this phenomenon results from the decreases in internal—flow quantity (for a
constant inlet-velocity ratio) associated with the incresses in spinner—
dliameter ratio. The data obtained do not permlt determlnation of this
characteristic guantitatively.

Local flow-speed ratios and flow angles downstream from the inlet
of the NACA 1-55-100 cowling with the NACA 1-40-OLO spinner and with no
spimmer sre shown In figure 21. It should be noted that the flow charac—
teristica of the two confilgurations are very nearly the seme in the
reglon in which a propeller would be installed in a spinner—cowling (0.2D to
0.6D downstream from the inlet). Data for the NACA 1-70-100 cowling with
different splnners (fig. 22) also show that spinner proportions 4o not
have large effects on the flow characterlistics 1n thls region. Flow
characteristics downstream of the 1nlet obtained for cowling-spinner com—
binations may therefore be used for rotating cowlings with amsll error.

Effects of cowling proportions.—~ The effects of chenges in the
cowvling—inlet~dilamster ratio and the cowlling—length ratio on the speeds

and directions of the flow in the propeller—shank reglon are indicated in
figure 23. The NACA 1-40-0L0 spinner was used with the three cowlings
inz?stigated.

A comparison of the flow characteristics in the propeller—shank
region of the NACA 1-70-100 cowlling and the cowling with the smaller Inlet—
diameter ratio, the NACA 1-55-100 cowling, showa that reducing the inlet—
dismeter ratio causes the polnt of minimum flow speed and the point of
maximm flow deviation to shift nearer to the surface of the gplmner. In
the high-speed conditions (Vi/No = 0.60; a = 09, 2,50) the flow—speed ratios
in general are closer to the free—streem value for the cowling with the
smaller Iinlet—dliameter ratio and in the climb conditions (Vi/Vo = 1,00;
a = 2.5%, 59, 100) are closer in general to the free—stream value for the
cowling with the larger inlet—diasmeter ratio. This phenomenon results
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from the smaller area of reduced velocities In the reglon of the inlet for
the cowling with the smaller imlet—dlameter ratio iIn the high—speed condi-
tions (V34/¥o = 0.60). The higher inlet—velocity ratios required for the
climb conditions cause the flow gpeeds in the reglon of the iniet to
approach free—stream values. The blumnter nose of the cowling wilth the
smeller inlet—dlameter ratio therefore becames the factor which reduces
the flow—sepeed ratlos In front of the nose to values below those for the
cowling with the larger Inlet—dismeter ratio. The blunter nose of the
amaller inlet-dlamster-ratlo cowling also gensrally causes the flow—
dlvergence angles to be greater.

A comparison of the flow chersacteristics for the NACA 1-~70-100
cowling and the cowlling with the shorter length ratlo, the NACA 1--70-050 cowl-—
ing, shows that a reduction 1n the cowling—length ratlic has 1ittle effect
on the location of the polints of minimum flow speed and the polnts of maxl—
mum flow deviation. A reduction in the cowling—length ratio (which also
mekes the cowling nose more blumt) generally makes the flow speeds more
substream snd increases the divergesnce of the flow.

As previously noted, lncreasing the angle of attack Increases the
fTlow-—speed ratlos sbove the splnner and decreases those below. Also the
angle of divergence of the flow becomes more positive both above and below
the spinner with lncreases in the angie of attack.

The approximate effects of changes in the cowling proportlons on the
flow characteristics downstream of the inlet (in the reglon of the propeller)
for rotating cowlings are shown in figure 24. Data for cowling—spinner
combinations were used In accordance with the observation noted in the
preceding sectlion that the presence of a splnner affects the flow charac—
terisgtics downstream of the Iinlet by only small amounts. Decreases in
cowling—length ratio cause £the flow—speed rallos to increase while changes
in Inlet—dlameter ratlo for cowlings of equal length have only & small
effect on the flow speeds (especlally at distances greater than 0.2D down—
stream from the inlet). These effects result from the fact that the mag—
nitude of the flow—speed ratlios 1s a function of the bluntness of cowling—
1ip shape. (See dlscussion in reference 2). Decreases in cowling—inlet—
dismeter ratlo cause the flow—dlvergence angles to hecome larger because
of the Increased slope of the cowling surface; no such lncrease in magni-—
tude of the Tflow angles occurs with a decrease in cowling length because
the characteristice of the cowling with the smaller length ratio are shown
for a location much closer to the maximum dismeter statlon than for the
longer cowlings, and conseguently the magnlitude of the flow—divergence
angles is leas than 1t would be at & corresponding location.

Effects of compressibility.— The Prandtl-Glauert method (one develop—
ment of which is given in reference 5) was used to estimate the effects
of compresslibility on the speeds and directlons of the flow in the region
in which a propeller would normally operete (0.1D upstream from the inlet).
The theory was developed for a slender body of revolution for which the
departures of the local velocities from the free—stream velocity are small.
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Obviously the method 1s not generally eppliceble to a cowling. When the
inlet—veloolty ratio ls approximately unity, however, the results obtained
by the Prandtl-Glauert method should glve a first—order indication of the
compressibllity effects, except 1n the lmmediate vicinity of a stagnation
point. The calculations were confined, therefore, to the NACA 1-70-050 cowl—
ing with the NACA 1-40-0LO spinner for the conditions of « = 2. 50

and. Vi/Vo =1.0.

The detalls of the calculations were as follows:

(1) The coordinates of the cowling and spinner were stretched in the

fl - M2
atream direction by the factor -————%— where M was taken as 0.736,
l-M

the critical Mach number of the installstion. (This stretched body would
correspond to an NACA 1-T70-OThk cowling with an NACA 1-40-059 spimmer).

(2) The incremental velocities u' and v' in the x and y direc—
tlons, respectively, were obtained for the stretched body for My = 0.1
(essentiaslly incompressible flow). These perturbation velocities could
be calculated for incompressible flow from potential flow considerations
by the aid of reference 6. In the present instance, however, they wers
obtained from linear interpolation of the data for the NACA 1-70-050 cowling
with the NACA 1-40-OLO spinner (at the station 0.1D shesd of the inlet)
and the data for the NACA 1-70-100 cowling with the NACA 1-40-080 spinner
(st the station 0.2D shead of the inlet).

(3) The incremental velocities in the propeller region of the
unstretched body in compressible flow were calculated from the corresponding
incremental velocitles obtained in step (2) by the relatilons

u=u' 1 —'Mt€>zum. v=v' _;:3&1“
1 - M VI—ME

The speeds and directions of the flow in the propeller-—shank reglon
of the NACA 1—70-050 cowling with the NACA 1-40-OLO spinner, calculated
for M = 0.736, are compared with the experimental values measured at
M = 0.1 in figure 25. For the case invegtigated, these results lndicate
that within this region the large assumed increase in flight Mach numbsr
would have little effect on the flow angles end would decrease the local
flow—epeed ratios by less than 0.1. The effect of Mach number on the
change of flow—speed ratic due to compressibllity at the points above and
below the epinner where this change is the greatest 1s shown in figure 26.
It ghould be noted that these maxlmum changes in flow-epeed ratio are quite
small, less than 0.03 up to M = 0.5. Somewhat greater changes would be
expected for the lower iInlet—veloclty ratlos which correspond to the high-—
speed conditions and for the higher angles of attack which correspond to
the climb conditions. The reasonably small varlation of the flowspeed

ratios with Mach number for the case investigated, however, lndlcates
that, with respect to compressibility effects, the data presented can be
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used dlrectly for propeller design at low and moderate subsonic Mach num-—
bers. Corrections, which can be roughly estimated by reference to

Pigures 25 and 26, are necessary for application of the data for propeller
deslgn for high subsonlc Mach numbers.

CONCLUDING REMARKS

The present study of flow condlitions ln the verticel plane of symmetry
of representative NACA l-series cowlings indicates that the gradients in
the speeds and directlions of the flow are sufficlent to warrent considera—
tion in the design of propeller shankg or cuffes for cowlling—splnner com—
binations. The gradlents are much less severe over the cowling where the
propeller 1s located in the case of the rotating cowling. The baslc flow—
field contours (which wers cobtained over a wide area in the vicinity of
the cowlings and spinners) are presented. Variations of the flow chaxrac—
terlistics with the several variables are shown only for typlcal propeller
locations, but the varlations may be obtalned for other locations from the
basic date. The results appear to be directly applicable for propeller
design for low and moderate Mach numbers; correctlons for the effect of
Mach number are necessary for high subsonlc Mach numbers. The flow condi—
tions may be estimated for simllar configurations at angles of attack and
inlet~velocity ratios of the order of those tested through spplication of
the data presented.

Langley Memorial Asronautical Laboratory
National Advisory Commlttee for Aeronsutics
Langley Fileld, Va.
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TABLE I
NACA 1-8ERIES ORDINATES AS APPLIED TO COWLIKG AND SPINNER
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For r = 0.025X:
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Yo D-¢ - > (1 ~ 5) .
2,05 2,05
[orainates in percent; taken from reference 3
x/X or| y/X or| x/X orf ¥/Y orl| x/X or|¥/¥ or || x/X or} ¥/¥ or
xg/Xg | TufTg || Xal%e | ¥ults || *Xa/%a | ¥a/¥a xg/%g | Tu/Ys
o 0. 13.0 | H4l. 4.0 | 69.08 60.0 | #9.11
.2 L, 80 12.0 43.22 % <0 73.03 62,0 93.20
o4 6.63 15.0 42.30 36,0 | 71.05 6,0 [ 91.23
.6 8.12 16.0 | 46.8% 37.0 | 72.00 66.0 | 52.20
.8 9. g 17.0 | u4&.40 8.0 | 72.9% || 6%.0 | 93,11
1.0 10.% 1%.0 | 49.48 %O.o 71.55 70.0 3&.95
1.5 ¢ 12,72 13.0 1.31 .0 | 7h. 72.0 .75
2.0 [ 1B, 72 20.0 2.70 hRi.0 72.2? THe0 g'g.
2.5 | 16.57 21.0 1.0 Be.0 | 76.4% 76.0 .16
.0 | 18.32 22.0 52.22 53,0 | 77.32 8.0 | 96.79
3.5 19.31; «0 . 4h.0 ; 78.15 280.0 | 97.3
.0 | 2. 2k.0 ;.92 45,0 | 78.9 82,0 | 97.2
3.5 | 22,96 25.0 % .1 LE.0 79.;0 a0 | o&.3
2.0 2ll-.gg 26.0 . 7.0 | &0. &6.0 | 98.7
.0 g;. g 6l. hd,.0 81.23 2,0 | 99.09
7.0 &7 0| 62,67 49,0 | &1.9 90.0 | §9.10
%.0 1.81 29.0 =79 .0 | 2,69 92.0 9.8
9.0 éé 0 0.0 &8 2.0 | &4.10 «0 .s?
we | wd | B8 o) ge Bh) ) oy
20 | 15:53 3.0 ghos | 2ac0 5723 100.0 | 100,00
Cowling nose radlus: 0.025Y




14 NACA RM No. I8Alba
TABLE II.— KEY TO BASIC DATA
Cowling configurations Inlet—+velocity ratio
R tormon NACA NACA Eigh-speed CLimb
cowlings | spinners a=0%{a=25fa=2.5}a=5la=10°
k, 11(a) 1-70-100 | 1~30-040 0.58 | ~~~eev-= U R [
L, 11(v) 1-70-100 | 1-30-040 | ~=caa- 0,60 | comemena] cmaeea ————ae-
4, 11(c) 1~70-100 { 1+30-0L0 | =+-ce=| meew e-=={ 0.91 cmeam = | mmameea
L, 11(a) 1~70-100 | 1-30-040 | ~==v-- crmemmen | comeaaae 0.91 | cccmenn
L, 11(e) 1-70—100 | 1~30-040 | =v-mee| cmaccna- cemmcmce| memee=}] 0.91
5, 12(a) 1-70-100 | 1-40-0L0 0.63 | =wmccvme | cmmccwaa S S
5, 1251:) 1-70~100 | 1-40-0k0 | ~=-em~ 0.66 cocmmcan| cermen | cmaneaa
5, 12(c) 1~70~100 | 1~-40-0k0 T [—— 0.99 ccmeme | ~merana
5, 12?1) 1-70-100 | 1-40-0kLC D T emw | memmmeea| 0,99 | creeeea
5, 12(e) | 1~70-100 | 140040 [ e-c--=] wcmmceac | mommmcea| —cuce- 0.99
6, 13(a) 1-70-100 | 1-50~040 0.62 | c=emmua Y R S
6, 13(1v) 1~70-100 | 1-50-040 | ~ewm--- 0.68 S R "
6, 13(oc) 1~70-100 | 1-50-0k40 Ll L Tt 1,03 | —cemmm | weun —
6, 13(a) 1-70—100 | 150040 | ewcew| covomoma | coene wme} 1,03 | eoemaaa
6, 13(e) 1-70-100 | 1~50-040 ammme o | e ———eveen | —cene- 1.03
7, 1hi(a) 1-70-100 | 1-40-080 0.61 | emrcemmn | caccmcac| ccccea }mamee o
7, 14(v) 1-70-100 | 1-40-080 | «re=w=- 0.65 | ecmmcomn] comas - emm———
7, 1k(c) 1-70-100 | 1-40-080 | ===--- commmeme | 1,00 | mmesee | me—m—e-
T, 1h§d; 1-70-100 | 1~-4o-080 B I Ty 1.00 }=e=u-ua
7, (e 1~70-100 | 1-40~080 fwweome | comacemn [ —oman oo | mm——— 1.00
8' lﬁ(a) 1-55—100 1"'""’0-014'0 0.53 --------------- —erw e e S -
8, l5$'b) 1-55~100 | 1-40-0k0 v | 0.53 [ e—mecenc]| cmccon foammeaa
8, 15(¢) 1-55-100 | 1-40-0kLo comrme | cmmeceae 0.93 | mw—ee- ———
8, 15(4) 1-55=-100 | 1=40-040 |~---- | emmevmee e 0.93 |ewacene
8, 15(c) 1-55-100 | 1-40-040 |emmcec | comeccac | cmmccaen| weeos 0.93
9, 165:;) 1-55-100 | No spimner | 0.52 | eemeveca | ceccmcac] commcc [ eameans
9, 16(b) 1-55-100 | No spinner fe=ere=| 0.52 ]| commmccc} ~cmcec | comvenn
9, 162c) 1-55-100 | No apinner |e—-e- | coeccwa- 1.02 | mmemee | cemeeae
9, 16(d) 1-55=100 | Ko spinner |=——-w =] cceccvea | camcaaae 2,02 | ommemee
9, 16(e) | * 1-55-100 | No spimner |-—--=| cmcmamu | comeccnn| acecnu 1.02
10, 17§a) 1=70~050 [ 1-40-0LO 0,51 | mwumewew | vmemm e ccaeee | ceme oo
10, 17(Db) 1-70-050 | 1-40-0kho —-— | 0.51 e | memaae | me————a
10, 17(c} 1~70-050 | 2140080  |eem-me | cmmcmes 1.00 | ~e=-e- ——————
10, 17§c1) 1=70-050 | 140040  femamen } memmn e | cemme e 1.00 [ cmeman
10, 17(e) 1-70-C50 | 1-40-0k0 el L B B 1.00




Note: NACA F55-00 cowling wos
olso fested wiih
no  spinner,

/ ] L L L
- ! 1= = T T= T T I T T T T T | Lol T T 1 1 T T T T= T T T "—|—'—
M._hh__‘:\_\_ —
Spinners - L 1
e - 7
1-50-040
/-40-040
~30-040 [_/ a0
17100 cowling — 04170 '}—WH
Q7L DN
-__'L Q6H0 +n
ap
- I —+——t = ——-— - - - ~——-—H——+ —
—-IalQ:— 14
1 T

1-70-030 .
figure |.-NACA I-series  configurations investigoted

Configuration from reference

end conflguration from reference /.

BGTVET 'ON IWH VOVN

GT




9T

i
i

oo NACA [-B0-100 cowling with

NACA 1-40-080 spinner

NACA |-70-100 cowling wi

NACA /- 40-040 spinner

;“7 / Cermferplate

[

NACA +70-050 cowling with
NACA /~46-040 spinner

NACA 1-85-/00 cowling with

NACA 1-40-040 spinner

Scole

LI-I-LUJJ-I-IJ
-Air-flow contro/ 10 inches

shutters, qpen position (Al dimensions

2T hp a-c¢ moter are irr inches)
Shutter onfravmnes
aoctuator Axlal-Flow fan
100 Dig, rolibrated
nturi
: T - Mock/
7 \ 1500.Die, ¢
o - HH- - _ - -

R /]

! ]

4

Removoble
section

Aﬁhss.ww measurin
Air soafs Stations

Mookl support struts W reae

E723 Dia. eylindricol section

Flgurs & ~Arrangement and ovardl] dimensions of model

BGIVET "ON INY VOVN




L] L] !
! '.
- ]_ .
-'.“ . -Ii
W T
L
&
a1 -
F ' '
f L
. e lﬁ >
- b oo T T
.I\ - N 5
l'.:;|
s SEREIR .
¥ ' 1 [ gl o w
r i - :
] * "“!"ﬂjr ¥ '. . Y
¥ &L bl o T
s ‘::HIE r]' ¥ \ L-ﬁUQ‘
il .NACA

. [V, 4

Figure 3.- General view of model with tunnel not running.

NACA 1-40-040 spinner.
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Figure .- Tuft photographs of NACA 1-70-100 cowling with NACA 1-30-0l0 spinner,







Figure 5.- Tuft photographs

of NACA 1-70-100 cowling with NACA 1-40-040 spinner.
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04,0 spinner,

~70-100 cowling with NACA 1~50-

Figure 6,~ Tuft photographa of NACA 1







Filgure 7.- Tuft photographs of NACA 1-70-100 cowling with NACA 1-40-080 splnner.
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Vi/V, 8 0.93; a = -5° Vi/Vo = 0.93; a = -10°

Flgure 8.~ Tuft photographs of NACA 1-55-100 cowling with NAGA 1-l40-040 spinner
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Flgure 9.~ Tuft photographs of NACA 1-55-100 cowling with no splnner,
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70 NACA RM No. 1L8Alba

line symbol 7/D
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(a) NAOA 1-70-100 cowling with NACA 1-30-040 spinner, 0.1D upatream from inlet,
Pigure l3.-Lffeot of changes in angle of attack and inlet-velooclty ratio on lcoal flow-pspesd
ratios and flow angles in the propeller-shank reglon,
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Fizure 19.-Continued,
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