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INVESTIGATION OF A SYSTEMATIC GROUP OF NACA l-SERIES

COWLINGS WITH AND WITHOUT SPINNERS

By 31 ARK R. NICHOLS and ARVID L. KEITE, Jr.

SUMMARY

.4TLinr~stigat.ion hag been conducted in the Langley prope[ler-
rescarch tunnei to study cm.ciing-8p”nner combinations ba~ed
(m thp ~Y.4C.4 1-sem”eanose Wets and to obtain systematic
(itwign data for one-family of approm”mately el[ip~m”da[~p”nner$.
IrI the main part of the investigation, 11 of tb relaied sp”nners
uvre tested in ran”ous combinations with 9 L5T.4C.4open-nose
rou-$ings, which were also tested without *p-n ners. Tle e$ects
(if iocation and shape of the &p-nner, shape of the inner surface
([f the cmrling tip, and operation of a propeller haring approm”-
mate[y oral ~hanks were inre$tigated briej?y. In addition, a
.+tudy was conducted to determine the correct procedure for
tixtrapoiat ing de.n”gnconditions determined from the towspeed
test data to the detign conditions at the actual j7ight Mach
number.

The design conditions for the ~\T.4C’Al-serie8 cowlings and
cvwling+p”nner combinations are prtxented in the form of
chart~from which, for un”derange8 of spt”nner propoti”ons and
rate~ of internal $ow, cowling8 with near-ma m”mum pressure
rfcore~ can be 8e[ectedjor criiical Mach numbers ranfi”ngfrom
().y~ to about 0.g6. In addition, the cha~~er.&ic8 of the
*pin ners and the e$ects of the q-in ners and the propeller on
the couiing design conditions are presented separately to
prornde initial quuntitatire data for We in a general design
procedure through which LV.4.CA l-series couiing~ can be
wlected jor uw with ~~”nners oj other shapes. By use of this
genera[ design procedure, correlation curres established from
th test data, and dericed compressible-.ow equations relating
the inlet-relo~”ty ratio to the s-reface pressures on the couiing
and spinner, ATAC.4 1-.wn-es cowlinge and cowling-spinner
combinations can be dem”gnedfor cm”fi”calMach numbers as
high as 0.90.

INTRODUCTION

The NACA l+eries nose idets are a systematic series of
open-nose cowlings, each having a near-maximum criticaI
speed for its particular value of length-diameter ratio and
inlet-diameter ratio at. the correct rate of internal flow.
Reference 1 reports the development of these cowlings, pre-
sents a simple procedure for their selection, and demonstratees
the general applicability of the ordinates used to the design
of other high-critictd-speed-inle~ w+gurat.ions such as wing
inlets, air scoops, and cowling-spinner combinations (D-type
covdings). Because of the great importance of the Iatter

type of inlet in the case of conventional engine and turbo-
propeller installations, a tentative procedure for the design
of codi.ng+pimer combinations utilizing the lfACA l-series
nose inlets as the basic component was also presented in ref-
erence 1. The usefulness of this procedure was seriously
Hmited, however, by the lack of information defining quan-
titati~eIy the effects of the spinner and the propeIler on the
performance of the cowbg and on the characteristics of the .
entering flow.

The present investigation was undertaken in the Langley
propeIler-research tunnel to make a detailed study of coding-
spinner combinations based on the NTACA l-series nose inlets
and to obtain systematic design data for one famiIy of ap-
proximatee~y ellipsoidal spinne~. For the main part of the
investigation, in which 11 of the related spimers were tested
in various combimt iona with 9 NACA l-series open-nose
cowlings, the maximum diameter of the spinner was located
at the codbg inlet. A representative configuration was
tested, however, with the spinner projected somewhat farther
ahead of the inlet, as might. be used for a dual-rotating-
propeller installation, and ako with spinner ~;ithdraw-ninto
the inIet, as is typical in the case of rotating cowlings (E-type
cowhn~~) and je~propukion nacelles. Additional tests were
conducted to study the characteristics of a conical spinner,
designed to have a smaller pressure rise along its surface
than that. for the corresponding approximately ellipsoidal
spinner, and to study the characteristics of a retied cowling
inner Lip using IYACA l-series ordinates to eliminate the
internal ffow separation which occurs at the higher inlet-
velocity ratios in the case of the standard LNACA l-series
cowlings. The nine NACA l-series cowlings were also tested
in the open-nose condition to estabEsha base for determining
the effects of the spinnem.

The effects of propeIler operation on the aerodynamic
characteristics of a typical covding-spinner combination were
studied through the use of a propeIIer with appro.xirnateIy
oval shanks. Although other propeIIer contlgurations were
not investigateed, some information reIative to the effect.sof
propeIler-shanli configuration is provided by reference 2 and
a beginnkg to the solution of the general propeller-covding-
interference probIem is afforded by reference 3 which preents
a detafled study of the speeds and directions of the flow in
the immediate field of seven of the coding ccmflgurations
discussed herein.
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Inasmuch as the present tests were conducted at low air-
speeds, the investigation necessarily included a study of the
procedure required to determine the design operating condi-
tions at the design flight Mach number from the low-speed-
test results. In this study, relations originally derived by
German investigators for open-nose cowlings (for example,
references 4 anti 5). were generalized for the case of the
cowling-spinner combination and extended to obtain a solu-
tion for compressible flow. The derived relations were..then
used to calculate the effect of hfach number on the design
“mlet-velocity ratio and to establish a simple correction
procedure.

The method of analyzing the test data for use in the
preparation of clesign charts is described, and design charts
are given for the open-nose cowlings and for these cowlings
when used in combination with eacL.spinner of the related
famiIy. In addition, the characteristics of the spinners and
the effects of the spinnem and the propeller on the cowling
design conditions are presented separately to provide fiitial
quantitative data for use iD a general design procedure from
which NACA l-series cowhngs can be selected for use with
spinners of other shapes.

SYMBOLS

area of stream tube containing internal flow
chord of propelIer section
a function of MOand Vi/lJ’O(see fig, 44)
cowling inlet diameter (see table I)
maximum diamet.cr
skin-friction drag
maximum frontal area of cowling
total pressure
total pressure loss between free stream and measur-

ing station
thickness of propeller section .-
mass rate of internal air flow
Mach number
propeIler rotatiorial speed
static pressure

()P–POstatic-pressure coefficient —
!20

()dynamic pressure ~ Pln

propeller torque disk-loading coefficient
(%?)

radius of propeller tip
radius from model center line unless otherwise

specified

propeller thrust disk-loading coefficient
c%?)

velocity
distance from inlet along cowling axis
distance from nose of spinner along cowling axis
length of cowling from inlet to maximumdiameter

station
length of cowling-inner-lip shape from nose ta

maximum-thickness station (see fig. 4)
length of spinner from nose to maximum-diameter

station

Y maximum ordinatc of cowling measured pcrpundicu.
lar to reference line at maximum-diameh’r statioo’

x“
D.–d

()
thickness of cowling ~

Y,

‘1’

maximum ordinate of cowling-inner-lip shape lncns-
ured perpendicular to reference line

maximum radius of spinnrr (D,/2)
ordinate of cowling mensurcd from rrfwcncc line
raclius to spinner surface
angle of attack of center line of modd
propeller section blade angle mrasurrd from plane

of rotation
ratio of specific heal at constau1.preeeuro to specific

heat at constwlL volume (1.4 for air)
nominal boundary-layw thickness (Mmcd ns

normal distance from surftiw to point where

-lh-otgq
!20

n propulsive efficiency

P mass density of air

Subscripts:

(2%+3))

au

c
cr

i
rnin
0

P
s
t
u

average value weighted nc,cm-dingto moss How in
case of int.crnaIflow and according to front~l “aI;en
in case of flow along surface

cowling
condition corresponding to prcdich.d critical Murb

number
coding inlet
minimum
free stream
propeller
spinner
condition corresponding to test Mach number
condition in propdkr slipstream just outside Cowl-

ing boundary layer

COWLING AND SPINNER CONFIGURATIONS

The.NACA I+eriea nose-inlet ordinates (from refmmcc 1)
ancl relations for their application to the cowlings uecd in
the present investigation are given in LahlcL & in rcfw-
ence 1, cmvlings mnforming to these orclinatw arc idcntifhd
by a three-number designation, for example, 1-70-150. TIN*
first number indicates that LheNACA l-series ordinates arc _
used; the second group and third group of numbers giw the
inlet diameter and cowling length, respectively, as pmcent-
ages of the maximum cowling diametw. The. cowling spmi-
fied, therefore, has a l-series profile with an idct-diam~tw
ratio d/D, of 0.70 and a hmgth ratio .I”/D, of 1.50. The
approximately ellipsoidal spinners of the family investigated
were arbitrarily designed by revolv;ng h~ACA 1-series uose-
inlet ordinates about their reference lino (table I) rind are
therefore identified by similar designations; for exa~plc, the

NACA1-40-060 spinner has a l-series profile with j+oAo
c

x,
and ~ 0.60.

c
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‘rhe 9 NTAC.I l-series cowhngs and 1I XAC.A l-series
spinners investi=wtd are shown in figure 1. Each cowling
m-astested in conjunction with aU spinners shown in the
same horizontal mw; in each case the maximum cli~meter
of the spinner was located at the cowling inlet unless other-
wise specified. The conf@rations tested to study the effects
of wu-ying the longitudinal location of the spinner with
ITSptwt (0 the hht are ShOWII in f@IY ?. Modihtions to
the spinner and cowiing shapes tested in attempts to obtain
improwd opwa.tion81 characteristics are presented in &~-
ures :3and 4, res~ectively.

MODELARRA~GEMEIsTMKDTESTS

Views of the model installed in the LangIey propelIer-
researchtunud areshown infigure5. The interred-flowsystem
(fig.6)included an axial-flow fan which was necessray to obtain
the higher inlet-velocity ratios. The internal flow was mn-
trokl by vary&& the speed of the fan motor and the position
of the butterfly-type shutters. Flow quantities were metis-

ured by means of the total- and static-pressure tubes at the
throat of the venturi and were checked by a rake at the exit..
A thermocouple attached to the e-tit rake was used to meas-
ure the temperature rise through the fan.

Prior to the tunnel tests, the venturi in the taiI of the
model was carefuUy ctdibrated to assure the accuracy of the
int.ernal-flow-quantity measurements. It W%S found that
accurate measurements could be obtained so loqg as the fan
did not introduce appreciable rotation in the flow through
the throat of the ~enturi. It was also determind that such
rotation could be avoided for any desired flow quantity by
simultaneoua adjustment of the resistante of the system (by
means of the shutters) and the rotational speed of the fan.

l.-p-.60Dc— 1
.60.?c—

< 2f.a?D&—
.OODC

FIGCEE2–TeW mn-gzritia~ #i[ii IL@[J &auy ~ISpMspfnner.
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FIGURE4.—ModMledhmer-IIpshapetested on two talc wwllngs

During the tunnel tests, uniform nonrotational flow in the
venturi throat was obtained for each test ct?ndit,ionby ad-
justing the shutter position and the fan speed until the
static-pressure distribution across the venturi throat was
uniform. Visual observation of a multitube manometer
was used to establish this uniformity.

A three-blade 5.7-foo&diameter propeller (figs. 5 (b), 5 (c),
and 7) driven by a vmiabk-speed motor was used to investi-
gate the effects of propelkr operation on the aerodynamic
characteristics of a typical cowling-spinner combination.
The approximately oval shanks of this propeller were similar
to those in general use. The propeller blade angle at the
0.75-radius station was fixed at 32° throu@out the tests as
this angle gave reasonable values of the thrust-torque
relationship over the test range of thrust, coe=cient. The
propeller operating conditions were as follows:

The lowest thrust disk-loading coefficient, 0.02, is typical for
the high-speed-ilight condition of current airpkmes but this
value is probably an upper limit to the high-speed-flight.
values for future high-speed aircraft.

Surface pressures were &easurccLby means of 11 flush

orifices distributed along the top center line of each spinner
and 22 orilices installed in the tip section of each cowling.
With propeller removed, pressure surveys were made at a
station 0.75 inch inside the inlet by means of 10 tcrtal-pressure

COMN-I~EE FOR AERONAUTICS

(a) NACA I-M-KU cowllrw w[th I-.tM$O splnnrr [nstallcrf,

(b) ProMler Installed;NACA 1-70-076cowkg with I-40-0G3splmmr.

(c) Dstsll view of Met showfng prop?ller and fmtrumentatlon; NACA l-iO-075wwlhg
with 1-4(!+90splnnrr.

FIGURES.–Views of model Instailet”h L+WkY P~Pdfer-r_c~ t~nr~.
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tubes extending across the anrndus at the top of the irdet
and 3 total-pr&sure tubes located 0.12, 0.25, ‘md 0.50 inch
from the cowling inner m.rface at the bottom of the inlet.
For the propeller-installed tests, this idet instrumentation
was replaced by rakes of shielded total-pressure tubes sup-
plemented at each end by boundary-layer rakes of four total-
pressuretubes immediately adjacent to the annular surfaces
(See fig. 5 (c).) Two rakes of shielded totaI-pressure tubes
at the top of the coding (~. 5 (c)) also were used in the
propeller-installed tests to measure the total pressure of the
flow in the vicinity of the surface ofice9. AU pressure

1.1 I measurements obttined by such instrumentation were
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@

FIGGEE7.–Plsn-fcwm nnd bkie-fmm crrmeafor tbe W tb.rec+kle 5.7-foot-diameter
pm@Ier.

recorded by photographing a rmdtitube manometer. Pres-
sures measured by the venturi instrumentation were read
-&Idly from a second multitube manometer.

With propeller removed, pressure surveys of each con&
uration were conducted for 11 to 1S vduee of inIet-velocity
ratio at angIes of attack of 0°, 2°, 4°, and 6°; angles of attack
of 8° and 12° viere &o irmestiggted in two instances. With
propeJler instalJed, p~ure surveys were conducted for
simihm ranges of inlet-velocity ratio at angles of attack of
0° and 6° for propelIer thrust disk-loading coefficients of
0.02, 0.06, and 0.12. A tunneI speed of 100 mike per hour,
which corresponds to a Mach number of 0.13 and a Reynolds
number of about 2X 10cbased on the maximum cowling diam-
eter, visa used for the majority of the tests for inlet-velocity
ratios leasthan 1.3. For the configurations having very large
inlet areas, the tunnel speed was reduced to 70 miles per
hour to obtain the higher inlet-velocity ratios with the limited
capacity of the fan.
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RESULTS AND DISCUSSION

FLOW OVER SPINNERS

Surface pressures on NACA l-series spinners,-Static-
pressure distributions representative of those measured
along the tops of the NACA 1-series cow]ing-spimer
combinations are presented in figures8 to 15. Sharp negative-
pressure peaks did not occur in the distributions over the
spinners for any of the conditions investigated, and the
minimum pressures c,n the spinners were rarely less than
that of the free stream except for very high values of inlek
velocity ratio. For given values of inlet-velocity ratio, the
penk velocities on the spinners, indicated by the minimum
pressure coefficients as summarized in figures 16 and 17,

generally increased with increases in spinner diameter and
angle of attack; except for the very high inlet-velocity
ratios, increases in spinner length also caused increases in
these peak velocities by moving the spinner nose farther
fihead of the retarded flow in the immediate vicinity of the
inlet.

The abrupt breaks which occurred in some of the spinner
preesure distributions in the vicinity of the inlet at the lower
irdet-velocity ratios (figs. 8 to 15) were caused by boundary-
layer separation. For given values of inlehvelocity ratio
and angle of atLack, tho shapes of the pressure distributions
for the NACA l-series spinners (see distributions for NACA
1-40-060 spinner which was typical) were changed some-
what by varia~ions in both cowling length and cowling inlet
diameter; however, the over-all pressurerise from the point
of minimum pressure to the inlet was essentialityunaffected
by these cowling variables. The phenomenon of separation
for these spinners, therefore, would be expected to be a
function mainly of the spinner proportions, the inlet-
velocity ratio, and the angle of attack so long as the inlet lip
is located at a reasonable distance (0.075D. or grcaf.er)
from the spinner surface. This conclusion may not apply
for other ty-pcs of spinners that might have, for example,
more severe pressure gradients.

Effeot of spinner location.-In “order to determine the
effect of spinner locat,ion, the NACA 140-040 spinner was
tested in several longitudinal positions relative to the
NACA I–7O-1OOcowding. (See fig, 2.) The configurations
with the nose of the spinner located near the inlet are of
interest for the case of the rotating @-type) cowling,
whereas the configurations with the nose of the spimer
located at 0.8D. and 1.OD. resemble the design frequently
proposed for dual-rotating-propeller inetallations.

Static-pressure distributions over the cowling-spinner
c.ombinatione of figure 2 are shown in figure 18, Insofar as
the spinner was concerned, the most important effect of
shifting its nose ahead of the irdet in successive increments
was LOincrease successively the severity of the minimum
pressure peak on its surface (fig. 19). Such increases, as

shown by the measurements of P. Rudcn in the similar tests
of reference 4, would cause corresponding increases in t.ho
pressure losses at the inlet at the lower inht-vcloeity ralios
and successive increases in the vahm of the minimum inh+
velocity ratio required to avoid such 10SSCS.

A comparison of the data of flgurcs 18 an~i8 to 15 shows
that the minimum pressure penks on the NAC’A 1-40-040
spinnw when its nose was located at 0.60]). tire] 0.80D,
ahead of the inlet were much more negative t.htinthee for
the normally located 0.60D,- and 0.80Z?,-length spinnws of
the same or larger maximum diamcicr. Thus, for durll-
rot.sting-propeller installations, the long normally located
NACA l-series spinners are superior to spinners having
cylindrical base sections just alwad of the itdeLwith rcgnrd
to the minimum vahw of inlet-velociLy rfi[io, which crm
be used without incurring flow separation,

Effect of conical spinner,—it study of the surftim pressure
distributions over the NACA ]-series spinners (figs. 8 LO15)

showed that appreciable pressure rises occurra] allt!ti(lof Llic
inlet a.tlow values of inlet-velocity ratio. A conical spinner
(fig. 3) was therefore tested in conjunction with the N.\CA
1–70-075 cowling to determine whether such a n]o(lifimtion
to the spinner shape would reduco the vrlocitics tilong [hc
spinner and thereby reduce the pressure rise acting on [lw
spinner boundary layer. A comparison of tlw surfficc pres-
sure distributions over the conical spinner with correspond
ing pressure distributions over NACA i-series spinners of
the same ma-ximumdiameter (fig. 20) sho~vs[hot the desired
result was obtained at all test values of inh.+velocity ralio.
Such spinnera are therefore supmior to the NAC~\ 1-series
spinners with regard to the minimum value of inlet-velocity
ratio, for which flow separation from thlhspinner surface is
avoided, and are worthy of further reacarch.

INTERNAL FLOW

Total-pressure distributions at inlet,- ~-’1’ot til-prcssur~

distributions acroes tho annulus at the top of thr inIcL of u
typical NACA l-series cowling-spinner cornbinti[ion wi[h
propeller removccl are shown in figure 21. At tin nnglo of
attack of 0°, a pressure-recovery coefflcienL of unity wus
obtaiued over most of the inlet at the highrr inlet-velocity
ratios. As the tat inlet-velocity ratio was decrcascd below
0.5, however, the boundary layer on the spinncw thickmwd
rapidly and soon separated under the influence of t.hoincreas-
ingly severe adverse pressure rise; this scpamtion caused
large losses in total pressure (fig. 22). The (~ffectof incwvw-
ing the angle of attack was to increase the scvcriLy of the
flow separation from tho spinner at tbc lo~vcr-i~deL-velocity
ratios and to require the use of a higher value of inIct.-vclocity
ratio in order t,oavoid such separation. It should bc noted
that the losses in inlet tohd pressure caused by fiow scparti-
tion from the spinners would become increasingly scvww
with successive reductions in the wid[h of the inlet annulus.
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Propeller opmntion effected large changes in the shapes of
the tottil-pressuredistributions at the top of the inlet (figs. 23
and 24). In generrd, the total pressures in the ticinity
of the cowling lip were increased, whereas those near the
spirmer w-erereduced. This radial total-pressure gradient,
which to a lesser extent would be present.even with thinner-
tiirfoiI-type propder shanks, would cause increases in
pre=ure recorery with increases in the width of the inlet.
annuIus and might be e~ected to encourage separation
from the spinner at the lower inlet-velocity ratios. Such
separation was not observed, however, and propeller oper-
tition either had a negligible effect upon or actually reduced
the value of irdet-~elocity ratio below which the mean inlet
total pressure decreased rapidly. (See fig. 2!2.) It. appears,
therefore, that witl a conventiomd propeller any destabilizing
effects of the propeller on the boundary layer are compen-
mted for by additional effects pos=ibly including: (1) the
removal of the spinner boundary layer along the propeller
blade surfaces, (2) the introduction of large-scale turbulent
mixing, and (3) the effect of the swirl introduced by the

propeller in reducing the pressurerise acti.qgon the boundary
layer. Further research is necessary to establish the effec-
tiveness of these compensating effects for the case of a
propeller tith thin-air-foil-type propeIIer shtmks. Since onIy
one propelIer blade angle was investigated, tests are desirable
with propellers set at high blade angles such as will be used
by high-subsonic-speed turbine-powered aircraft.

Minimum Met-velocity ratio for high pressure reoovery,—
Boundary-1ayer thicknesses at the top of the spinner of the
typical configuration being examined are presented in ‘“
I&u-es 25 and 26 as a function of inlet-velocit~- ratio. The ““
curves m-e of the same general shape and the breaks in the
curws, which are indicative of the onset of separation, occur
at nearly the same inlet--relocity ratio regardless of the
deflnition of boundary-layer thickgess used. Hence, the
boundary-layer thickness 5 has been defined as the nornd

H’–PQ =~.g~.distance from the surface to the point m-here~

The minimum inlet-velocity ratio for avoiding flow sepa-
ration also is defined arbitrarily as a value 0.04 greater than
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FIGURE17.—Mfrrbnumprermmsms&.?knta for top of spfrmersof represerrtatlve NACA l.eerf& ‘mwkg-sphrrer combiratlons. Propeller removsd;Mi-O,lx a -8°.

that corresponding to the intersection of tangents to the
inclinod and approximately horizontal parts of thisboundary-
layer-thickness curve.

In correspondence with the discuwion in the preceding
section, it is noted in f@res 25 and 26 that propeller oper-
ation either did not affect or actually reduced the separation
value of h.det-velocity ratio. PropelIer-removed dat,a for
a high-critical-speed fuselage scoop (reference 6) show that
such separation values of inlet-velocity ratio are essentiality
unaffected by large changw in test .Mach number and by
reasonable changes in boundary-layer thickness such as
might be introduced by variations in the transition point,
A Iarge increase in Reynolds number might decrease the
separation value of inlet-velocity ratio; however, any such
decrease would be expected to be small. Therefore, inas-
much as a maximum pressure recovery in the ducting gener-
ally is obtained at an irdet-velocity ratio just greater than

the ma..imum value for which the irde~ flow is scparat,ed,
the experimentally determined minimum values of inlct.-
velocity ratio for avoiding flow scpa.ration in tho propcllcr-
removed condition are considered to he optimum-design
value9.

Boundary-layer thicknesses on the tops of the spinnws
of a number of NACA l-series cowling-spinner combinations
are shown in figures 27 and 28. So long as the inlet lip ww

located at a reasmable distance (0.075D, or greater) from
the spinner surface, the inlet-velocity ratios Mow which
the boundary layers thickened rapidly were essentially a
function only of the proportions of the spinner and the
angle of attack, as previously deduced from the pressure
distributions on the spinnem. Hence, within the useful
range of inlet-annulus widths, it was possible at each angle
of at&k to determine a single minimum inleL-velociLy
ratio for which separation from each spinner was avoided
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FIGUnElS.–Effwt of sdnner locatfon cmstatfc-pre- dfssbutkm cmerNACA 1-7I-1OO
eowbtg with M&040spinner. a-o% M-O. IS.

FIOUES19.—Y8rl8tfonof rnhfmnm stntk-p~ metlicfent for the ?iACAl-1+040 spinner

with fnlet-velodty ratio for S@WSI 9PhIerpmiffon% NAC4 I-*l@l mwlinm; ==@;
M=O.13.

regardks of the proportions of the coding used. Such
minimum values, which increase with increases in spinner-
diameter ratio, spinner-length ratio, and angle of attack, are
summarized in t@re 29.

It was not possible to determine single rl&imum values
of inlet-velocity ratio for avoiding flow separation from the
spinners where the width of the idet amuhs -wasless than
0.075D., because the separation inlet-velocity ratio then
was no longer a function only of the proportions of the
spinner. No attempt was made to determine more accurate
design conditions for such conflguratiom; they are seldom
used because the large thicknessof the spinner boundary layer
relative to the inlet anmdus results in a low pres9urerecovery.

The minimum inlet-velocity ratios necessary for avoiding
separation from the NrACA l-series spinnem (Q. 29) were
higher than generally would be desirable for high pressure
recovery. In reference 1, values of 0.35 to 0.40 were indi-
cated for the particular coding-spinner combinations ccm-
sidered. Further gains in interred pressure recovery appear

924ii&51—30
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possible through the development of new famili~ of spinn~~rs

witi lower separation Met-velocity ratios. lD this regard,

the ccinical spi~er of figures 3 and 20 is of interest inm-
much as tho previously noted decrea.w in the severity of the
pressure rise ahead of the irdet, obt.aincd by substiLuLing
this spinner for compa.rableNACA l-series spinners, rcsultd
(fig. 30) in reductions of 0.05 to 0.10 in the minimum usable
value of inlet-velotity ratio, Such reductions woukl cause
important gains in the ultimate pressure recovery at tho en~i
of the diffuser; where not limited by the geometry of UM
propeller hub, additionrd gains could undoubtedly be ob-
tained by increasing the cone angle.

Maximum inlet-velocity ratio for avoiding separation from
inside of lip,-At the higher inlet-velocity ratios the outward
displacement of the stagnation point on the inlet lip (figs. 31
and 32) caused high local pressure,peaks aL the inside of
the lip for both the open-nose and spinner-installedconfigura-
tions. These minimum pressure coe%icientsare summarized
in fi~e 33. Although appreciable scritter of the QYp~ri-
mental data occurred, presumably because of both the neccw
sariIy limited number of pressure orifices k the lip radii and
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(8! a=ll”.
(b) u-6”.

FIGrEE M.-Effect of Inlet-reIodtymtlonndpropelleropemtlonon weightedaveragetotBl-
psWare COe~d@ntSt statton 0.75 at top of Met. NAC.A KO-075 wwltng with I-lC-030
Swer.

the unsteady nature of the flowj a definite effect of spinner
size is discernible when, as shown, an attempt k made to
fair separate lines through the points for the diHerentspinner
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FIGCEE!ZL-Tot4WMSIHdfstrfbutioned *tIon 0.75 at top ofkd14.NACA 1-70-075
cmvllng with l-tC-W3 SPfnnen propener MWIed; u-W.

diameters. TiIen the spinner diameter Was sand tith

respect to the inlet diameter, small variations in spinner

proportions had little effect on the velocities along the inner

coding-lip surface. When the spinner diameter W= in-

creased to the point where the Wet anmdus tid th vras

0.075D. or less, however, these flow velocities increased
markedly, possibly because of the effect of the spinner
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boundary layer on the direction of the flow at tho cowling
Lip. Propeller operation (~. 34) also caused appreciable
increases in the flow velocities along this surface by distort-
ing the radiaI total-pressure distribution in the inlet (@s. 23

and 24) and by reducing the effective angle of attack of the
cowling lip.

Representative t.otal-pressure-losscoefficients measured by
a t&d-pressure tube 0.12 inch from the inner surface of the
bottom section of the inlet lip (the section where the most
severe separation Iossesare likely to be initiated in the cruise
and climb conditions) are presented in figure 35 for an -angIe
of attack of 6“. The formation of bubbles of separation is
indicated by the abrupt breaks in these curves beyond which
the losses increased rapidly until the local total-pressure
coefficients became approximately equal to the local surface-
pressure coef%cients. These data, which are typical for all
casea investigated, show that the Met-velocity ratios at
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w.)Propellerremoved.
(b) Pm@ler installed; T.-O.(J2.
te) PmpeIler Instal@ T.-O.06.
[d) Prr@ler SnstaIl@ T.-OX!.

FIGURE26.-EUe+rd ldet-~elocit y ratioand mpellw qwmtlon cmbmndary+.yar tkdckmm
on aphn~ at etatton 0.75attopofMet.NACA 1-70+8 mwling wfth 140+00 sptieq

which separation bubbles first occurred were again essentially
a function only of the proportions of the spinner. For a
given spinner the locations of the breaks in these curves were

T,
shifted by aa much as +0.03 ~ from the mean due by

changes in covding proportions; however, no consistent trends
were observed.

The inlet-velocity ratios for which the total-pressure-loss
coefficient WtiS 0.1, determined from plots of the type of
figure 35, have been arbitrariIy taken as the maximum dues
for which appreciable separation bubbles did not occur.
These limiting values for high pressure recovery (fig. 36)
increased with increases in spinner diameter and decreases
in spinner length and were und&rably low for the angles of
attack encountered in low-speed flight. .4s discussed in the
section entitled “Critical Mach Number C’haracteristits,”
the effect of an increase in flight Mach number at.any fixed
inlet-velocity ratio less than 1.0 is to decrcwe the effective
angle of attack of the coding lip and, consequently, to reduce
these already low limiting vaIues. However, propeller
operation, as ahovrn in figure 37 by data obtaiued with
shielded total-pressure tubes, has an opposing favorable
effect which, at the high propelIer thrust. disk-loading
coefficients encountered in the lo-w-speed cruise and climb
conditions, would more than counterbahmce the growth of the
local pressure peaks with increases in Mach number. Fur-
thermore, the Met totaI-pressure distributions of figures 23
and 24 strcmglyindicate that the internal flow would separate
from the inner surface of the diffuser rather than from the
coding lip at reasonably high values of inlet-velocity ratios.
It is concluded therefore that,flow sepmation from the inner
portion of the cowling lip, whiie of major importance in the
case of the ATAC.%open-nose inlets, is not of significant
importance in the case of the ATACAl-series covding~pimer
combinations, except for extremely severe combinations of
high irdet-velocity ratio and high angle of attack such as are
encountered in the takeoff condition.

Because of the importance of avoiding separation of the
internal flow in low-speed flight, tests were conducted on
two representative cwdings to determine whether the upper
limit of the separation-free operating range of inlet-velocity
ratio (fig. 36) could be raised by the addition of an inner-lip
fai.rkg. The NACA l-series ordinates inverted with respect
to the reference line through the cowling lip (table I) were
used in this fairing (@. 4) because the general applicability

of these ordinates to high-critical-speed con6gurations had

already been established and because the use of these ordi-
natm would permit the region of high curvature to be kept.
well forward. The addition of this fairing caused large re-
ductions in the peak negative pressure coefhcient on this
surface at the higher inlet-velocity ratios (figs. 38 and 39)
and corresponding large increases in the limiting -mIues of
inlet-velocity ratio (fig. 40). A faking of this type therefore
is desirable for installations in which separation of the internal
flow from the inlet lip is likely to be encountered. In the
case of coding~pinner combinations, it appears that such a
faking need only be applied as a “glove” in the bottom
quarter of the inlet.
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EXTERNAL FLOW OVER COWLING

~tai,ic-pressure distributions over the external cowli~

surfaces of sevaJ of the test co~urations are s~o]~m in

fi~ures 8 to 15, 18, and 20, The phenomena shown are
generally similar to those discuascd in reference 1. At the
lower inlet-velocity ratios, high negative pressure peaks
usually occurred on the cowling lips because of their high
effective angle of attack, and in the case of some of the sharper
lipped cowlings these peaks initiated separation of the cw-
ternal flow. & the inlet-velocity ratio was increased, these
negative pressure peaks decremed progressively in severity
until at particular values, determined by the cowling and
spinner shapes and the angle of attack, the pressuro distribu-
tions became essentially uniform. The surface prwsww
decreasedonly slightly and the distributions of thesepressures
were essentially unaffccted by large additional increases in
inlebvelocit.y ratio; thus, for each cowling, the critical speed
increased only slightly and, premunably, the external friction
drag decreased only dightly over a wide range of idet-velocity
ratio above the value necessary ta eliminate the pressure

a function of Inlet-vebdty rat!o snd cowIfngpropxtlons. Prqwllcr removed; a-v.

peak on the cowling lip, The eflecLof increasing the angle
of attack was to increase the severity of the pressure penli
on the top section of the cowling lip at the lower inlet-velocity
ratios and to increase the inlet-velocity ratio required to
eliminate this peak.

Some effects of cowling ancl spinner geometry on [hc &
“tribu~icm md magnitudes of the surfncc pressures on the
cowling are shown in figures 8 to 15, 18, and 20. The inlct-
velocity ratio required to avoid a ncgat.ivc prcissurc peak
on the cowling lip increased with kmeascs in both cowling
length and cowling inlet diameter; at inlekvclocit,y ratios
above the critical va.hws, increases in these same vmiahlus
decreased the minimum surface pressure coeflkicnts. In
gencral, the addition of a smaI1-diameterspinner or a long
spinner to the basic open-nose cowling did not cause impor-
tant changes in the cowling preesure distributions. The
addition, however, of a spinnerwith a largo rate of dccrcasc of
cross-sectional area just ahead of the inbt, such as a shorl
larged~ameter spinner or a conical spinner, tended to cause
the formation of a negative pressure peak on the cowling
lip even at very high vaks of irdct-velocity ratio,
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The inlet-velocity ratio for which the s~ace pr~ure
distribution on the coding first becomes ementiaIly uniform
is a function of the free-stream Mach number. A detailed
discussion of the effects of cowling and spinner proportions
on this important operating condition is therefore delayed
pending an evaluation of the effect of llach number.

Propeller operation effected increasesin both the static and
total pressures in the vicinity of the coding surface. The
increases in static pressure (fig. 41) were large near the lead-
ing edge but were small near the position of maximum diam-
eter. The increasesin total pressurejust outside the coding
boundary layer (fig. 42) were approximately the same at the
fore and aft. rake locations (fig. 5 (b)) and were somewhat
les than values calculated for the ideal case of uniform
propelIer disk loading. Because the increases in total pres-
sure were greater than the increases in static presure,
except in the region of the lip, there was a net increase in the
m%.mum flow velocity along the surface which became of
signidcant magnitude at the higher propeller thrust disk-
loading coefficients.

CBITICAL MACH NUMBER CHABACTERIS’JX=

The critical Mach number has tiportant design signif-
icance in tint it is the lower limit of the range of Mach
number within which sigficant force changes due to ““–”

shock can occur. NTumemus tests of wings and bodies
have indicated that an appreciable margin may exist be-
tween the critical Mach number and the force-break Mach
number, especially when the critical Mach number is deter-
mined by prewms ahead of the maximum thickness sta-
tion; hence, the critical Mach number may be unnecessarily
conservative for design purposes. The prwent &cusaion
must. be limited to the critical Mach number, however$
because of the lack of data defining the margin between the
two Mach numbem.

Extrapolation of low-speed test data.—In estimating the
high-speed operational characteristics of a particular cowling
from low-speed test data, such as those of the present
investigation, it is necessary to consider the effect of increas-
ing the free-stream Mach number on the magnitude of the -
surfacepresmre coticients and on the minimum value of
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ink+velocity ratio for which the surface pressure clistribu-

tion is essentially uniform. Previous discussion has pointed

out that the inlet-velocity ratio required to avoid flow sepma-

tion from the Bpinncr need not be considered as it is essen-

tially unaffected by increases in the free-stream .kfaeh number.

The Von Kftrmfm method of extrapolating the measured
surfac~pressure coefficients (reference 7) was shown in
reference 1 to bo vaLid for cowling data obtained at tesb
Mach numbers as low m 0.3 so long as sharp forwardly
iocated peaks did not occur in the measured pressure distri-
butions. A comparison in figure 43 of the results predicted
from the present data with the higher-speed results of
reference 1 shows that the Von Khrm6n method likewise is
applicable, with the same reservation, b the present data
obtained at a test Mach number of 0.13; hence, this method
has been used to predict the critical Mach numbers for all
test coniigurationa.
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at top of Met. NACA 1-70-076cowlln~ propelIcr removti.

The data contained in figure 43 show the importanb
influence thaL the test Mach number has on tho minimum
value of inlet-velocity ratio for which the surface pressure
distribution is essentially uniform and below which thcr
predicted critical Mach number decreasea rapidly owing to
the formation of a negative pressure peak on the cowling lip.
The decrease with increasing Mach number shown was
ignored in making the selection charts of referenco 1, kauso

the &if t was in a conservative direction and appeared small

for those tests and because t.hcoreticaI justification for n

correction was lacking. This shift, however, must k

taken into account in analyzing and applying the low-speed

data of the present investigation.
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The problem of estimating the magnitude of the inlet-
velocity-ratio shift just discussed may be attacked theoreti-
cally on the basis of an extension of the work of Ruden
(references 4 and 5). (See appendix.) By relating the
premwe force on the cowling to the change in pressure and
rate of change of momentum of the entering air, Ruden ob-
tained an incompressible-flow expression for an open-nose
cowling which can be written in the form (equation (5) of
the appendh)

(“~-gy

where PC=,is the average pressure coefficient on the external
coding surface weighted with respect to frontal area. When
compressible-flow conditions are assumed, this expression
(as shown in the appendk, equation (10)) becomes

where

.

The factor C is gi-ren in f3gure44 as a function of the free-
stream Mach number and the inlet-velocity ratio. If it is
assumed that the Iow-speed surface pressuredistributions can
be extrapdatwl by the Von K6rmhn equation to obtain
possibIe surface pressure distributions at higher Mach
numbers, this e-spressioncan then be used to find the inlet-
velocity ratios required by these higher~peed pressure dis-
tributions. In the case of the N’ACA 1–70-050 open-nose
coding, for example, the measured pressure distribution for
which the predicted critical Mach number is 0.715 may be
extrapolateed to obtain prewwe distributions for Mach
numbers of 0.30 and 0.715. Then, the irdet-veIocity ratios
for the test Mach number (0.13) and these two higher
Mach numbers can be calculated from equation (10) of the
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appenclix after each pressure distribution is mechanically

integrated to obtain the weighted average surface pressure

coe%icient. For this emtrnple case, the following comparison

with the e~periment al results of figure 43 is obtained:

Vijvo
Maoh

number
TWt calculated

0:: 0.29 ti.m
.32

.715 .S2 %

The calculated inlet-velocity ratios are shown to be in
excellent agreement with the values observed experimentally.

The foregoing results in&ate tigt equation (10) of the
appendix and the similar compressible-flow relation for
cowling-spinner combinations (equation (9) of the appendix)
can be used to calculate the increments of VJT’O through
which each point on the test curves of M,, plotted against
VJVO must be shifted to correct the low-speed test data.

(See fig. 43.) However, the amount of work required to

make such corrections is prohibitively large in the present

ease even if only the points near the knee9 of the curvss are

considered; also, the results for cowW-sp~er combinations

might be subject to appreciable error as a result of the

failure of the Von K&rmftn relation to predict accurately

the variation of large pusitive pressure coefficients with
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Mach number. Hence, equations (9) and (10) of the ap-
pendix were examined in an attempt to determine a simple
factor which would accurately predict the shifts of the knees
of the curves. As a result of this study, it was found that
the major parts of such shifts were caused by the change
in idetiensity ratio pi/Powhich accompanies an increase in
flight MFLchnumber. This result can be explained physicaUy
(m. 45) by considering that, for a constant inlet--re1ocity
ratio, a change in inlet-density ratio requires a change ahead
of the inlet in the area of the stream tube centaining the
internal flow and a corresponding change in the effecti~e
angle of attack of the coding Lip. At inlet-velocity ratios
less than unity, the effective angle of attack is decreased,
whereas at. idet--n%cit.y ratios greater than unity the effec-
tive angle of attack is increased. Thus, the minimum value

of inlet-velocity ratio required to obtain a uniform pressure

distribution on the external surface (less than unity) de-

creases regularly with increases in flight lfach number.

Figure 46 shows the greatly improved correlation between

the critical llach number restits obtained in the present

tests and those of reference 1 when the test idet-relocity

ratios were multiplied by the inlet-density ratio PJP& Ex-
tensive at@ysis failed to uncover any other simple factor
which would more riccurately predict the shift of the knees
of the curves. In view of the pretioudy discussed difficulty
of calculating these shifts, therefore, this approximate but

—
We+- velocifyra+%, Vjflfo

(a)a-r.
(b)a-r.

Fmcms 37.-Efket of WOpeUerowmtlon on tokal-pmssnre-k cwftlcknt at ststfon 0.76at
bottom of inlet. .NACA HO-075 cowllng with 1++32 spinner.



614 REPORT 96&NATIONAL ADVISORY

always conservative comedian factor was used; all critical

Mach number results of the present report are presented M

functions of the mass-flow coefficient

v,
or the inlet-velocity ratio

()To ,,
which corresponds to this

mass-flow coefficient t at the predicted critical hkch number.

Inlet-velocity ratios corrmponding to the mass-flow

coefficients given in the present report maybe determined by

use of an inlet-area chart (fig. 47) and a conversion chart

(fig. 48). As an illustration of the use of these charts,

suppose that a particular configuration with a spinner-

diameter ratio DJD. of 0.30 and an inlet-diameter ratio (l/D.
of 0.72 has a predicted critical .Mach number of 0.65 at a.
mass-flow coefficient of 0.165. The inlet-area ratio AJF is
firstdetermined to be 0.425 by reference.to figure 47. Then,
by proceeding through figure 48 as indicated by the short-
dash line, tho inlet-velocity ratio corresponding to this
predicted critical Mach number and the test mass-flow

L I
P-Ao

COMMITTEE FOR AERONAUTICS

coefficient is found I,o be 0.325 as compared with the tcet
value of 0.385.

NACA l-series cowlings and oowling-spinner combina-
tionsi—The predicted critical Mach number chmticteristics
of the NACA l-series cowling-spinner combinations at
angles of attack of 00, 2°, 4°, and 6° are presented in figures
49 to 78 as a function of the maw-flow coefficient and com-
pareclwith the characteristics of the basic open-nose cowlings.
A key to these data is given as table 11, The inlet-velocity
ratios located by ticks on the curves are the minimum usable
design values from the viewpoint of avoiding flow separation
from the spinners (&g. 29) and are therefore opt imum with
respect to obtaining minimum internal losses, Except for
the relatively thin lip cowlings, these irdct-velocity ratios
usually occur above the knees of the curves and thus define
the “design points” for the high-speed condition. However,
when these ticks fall below the knees of Lhe curves (figs. &i

to 66) or when no spinner is used, Lhomost desirable rates of
internal flow are determined by the locations of the knees,
where the pressure distribution over the cowling first bc-
comm essentially uniform. The method for determining tho
latter type of design coudltion is outlined in the section
entitled “Envelope Values of ilf~~and (V{/Vo)Cr.”

I
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(FJ a-o”.
(b) m-6°.

FIGURE4z–EfYm+ of propelIez o~oratlon oh arsragototal-pressure coemdent for flow fnst
outside boundery layer of mw’ling. NACA l-7&07&ioowlfng w’lth 1+3-064 spkmer;
M,= O.18.

Changes in spinner diameter shifted horizontally the knees

cf the curves of il~.r plotted against m/Po~l’o of &urw 49 to

?8 because of resulting changes in the inlet area. The data
for an angle of attack of 0° -weretherefore replottecl in figures
79 to 83 as a function of (VJVo)C~to show the effect of spinner
configuration on the aerodynamic phenomena. In general,

(D’ )
the addition of the smallest-diameter spinners ~= 0.2

to the open-nose cowlings did not cause large changes in the
critical Mach number characteristics. Further increases in

spinner diameter and changw in the length of the larger-
diameter spinners, however, frequently caused important
changes in the location of the knees and in Lhecritical Mach
number above these knees. The nature of such changes
depended primartiy on the boundary-layer-separation
characteristics of the spinners.

When the flow was separated from the spinner, successive
increases in either spinner diameter or spinner length caused
successive decreases in the inlet-velocity ratio at which the
knee of the critical Mach number curve occurred. (See data
in figs. 79 to 83, except those for the NACA 1–70–100 and
1-85-050 cowlings.) This trend is believed to have resulted
from growth of the separation region on the spinner, which
caused the divergence of the flow to take place farther ahead
of the inlet. So long as the spinner flow was seprwahd at
the knee of the curve, the magnitude of the critical Mach
number in the important design range above the knee was
not appreciably affected b.y changes in spinner proportions.
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c

HO+- velo ciiy ratio, If~o

FIGCCI 4i–Factoc C’h eqnmfons (9) and (10) of the appendix as a function of inlet-nlodty fio end fm+sham Mach number. (Symbo4 are u$ea only tor PWWW of fdentilleatbm]
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When the flow was not separated from the spinner at the

inlet-velocity ratio corresponding to the knee of the critical

hlach number curve for any particular open-nose cowling

(for example, the NACA 1-70-100 and 1-85-050 cowlinge,
figs. 79 to 83), the phenomena were importantly different
from those just discussed.. Increasing the diamotor of a
given-length spinner or dec~e~ing the length of a given-
diameter spinner shifted the knee to a higher inlet-velocity
ratio because the flow angIe at the cowling lip increased in
accordance with the change in slope of the spinner surface
just aheacl of the inlet. The spinner pressure distributions
of figures 10 to 13 indicate thaL a steepening of the adverse
pressure gradient just ahead of the i.rdetwas responsible for
a large part of such increasesin flow divergence at the cowling
lip. Above the knee of the curve, the flow divergence in
the region of the cowling lip was still affected by the presence
of the spinner so that a change in spinner proportions that
shifted the knee to a higher inlet-velocity ratio ako caused
decreases in the critical Mach numbers above tho knee, As
these decreasw and the magnitude of the shift of the knee
both become important in the case of the large-diameter
spinners, the desirability of conducting further research to
develop spinner shapes with 1sss severe adverse pressure
gradients is again indicated.
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Except for these changes due to the spinner, the effects of
cowling proportions on the critical Mach number character-
istics of the NACA l-series coding-spinner combinations
were generally similar to those for the NACA l-series open-
nose co=dings (figs. 79 to 83). & the trends show-n have
idready been extensively discussed in reference 1, further
discussion is omitted herein. The effects of coding pro-
portions on the design conditions are analyzed in detail,
however, in a subsequent section of the report entitled
“Envelope Yaks of -U., and (17t/1”0)~.”

Effect of spinner location.-The effects of the longitudinal

Iocat ion of the XiWA 1-40-040 spinner on the critical

llach number characteristics of the ~~~~ 1–70–100 coding

me shown in figure 84. In order to be consistent with the

rest of the report, the inlet- area used in calculating the inlet-

velocity ratio was always taken to be the u.nobstruct ed area

in the most forward plane at which the diameter of the inner

surface of the cowling was a minimum.

With the nose of the spinner at the inlet, the influence of

the spinner on the flow fie~d ahead of the inlet was small so

that the critical X1ach number eharacteristios were Tery

nearly the same as those for the NT~C~ 1–70-100 cowling.

(compare figs. 81 (b) and S4.) This result indicates that

the design data for the hT~C~ open-nose cowlings are di-

rectly applicable to the design of rotating co-dings regardless

of whether the propeIIer-hub fairing is located at or riell
inside the inlet.

When the nose of the spinner was located 0.1511c ahetid

(X.=o-’o)’ ‘he bee
of the inlet or in it9 normal position ~

of the criticaI l~ach number curve vms shifted to the right

of the knee of the curve for the position ~= O (fig. W) be-

cause of the previously discussed effect of the spinner in

increasing the flow angle at the coding lip. Also, -when the

nose of the spinner was moved to 0.60~c and then farther

forward to positions of interest for dual-rot sting-propeIIer

installations, the knee of the cur-ie was shifted back to the

left. This finding -ivould appear to indicate that the spinner

should be cylindrical for a short distance ahead of the inlet

to reduce the flow angle at the cowling Iip and thereby to

increase the critical 31ach number at the lovier inlet-velocity

ratios. k previously noted, however, the spinner flow

became separated at the inlet-velocity ratio corresponding

to the knee of the curve for these forward spinner locations.

Such protruded spinnem, therefore, are inferior to the

corresponding norndy located spinners of the same length,

vrbich have appro.ximately the same knee inlet-velocity

ratio tith unseparated spinner flow. (See fig. 81.)

BiTect of conical spinner.-The advantage of using a

conical spinner to reduce the separation value of inlet-

velocity ratio has previously been pointed out in the section

entitled “l?low over Spinners.” If the co-ding used with a

conicaI spinner of the type investigated (fig. 3) has a rPla-

tively blunt lip so that the knee of its critical X1ach number

curve occurs at a v-cry low value of inlet-velocity ratio, the

critical Xlach number characteristics should not ~er

appreciably from those for the open-nose coding. When

such n spinner is used with a relatively thin-lipped coding,

however, the increase in flow angle at the coding lip causes

a marked reduction in oritical llach number so that the

critical llach number characteristics are inferior to those

for the cowling with a comparable Bl~C~ I-cries spinner

(fig. 85); this decrease in Ilach number would be accen-

tuated by an increase in cone angle. Further research

appears to be required, therefore, to determine if thk

undesirrible characteristic of the conical spinner can be over-

come either by keeping the spinner cylindrical for a short

distance ahead of the inIet or by modifying the cowling lip

to allow for the change in the effective angle of at tack.

Effect of cowling-inner-lip shape.—The effectiveness of a

revised cowling-tier-lip shape incorporating the lS-AC~

l-series ordinates oft able I has previously been shown in the

section entitled “Internal F1ow.” Data presented in figure 86

show that installation of the revised inner-lip shape did

not appreciably affect the critical llach number character-

istic of severid widely different cowling configurations.

Hence, the design data for the standard NACA l-series
co-dings can be used to design &TACA l-series cdingg
utiliz@ this revked shape provided that the change in inIet

area is taken into account.



620 REPORT 950—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

FxGuxm4S,-VarMon of Inlet-veh?ity rotio w!th mass-flow oxfllcicnt fw gfven Maoh numbem and MeMuea rotios.
1

x%’(m) [Y”’-YM’(WIG”
(See reference 1 or the appendix.)

Effect of propeller operation.-l?redicted critical Mach
numbers for the NACA l-series cowling-spinner combination
tested with and without a propeller are presented in figures 87
and 88. The critical Mach number characteristics predicted
for the propeller-installed condition from the pressure co-

efficient P=p~ (fig. 87) are obviously in error since it has

been shown previously that propeller operation effects in-
creases in the maximum velocities along the cowling surface.
Reasonable values of critical Mach numbers are obtained,
however, if fictitious critical hlach numbers are first pre-
dicted from pressure coefficients based on the dynmnic prc~-
sure in the slipstream just outside the cowling boundary

layer ~U–_QO— and are then converted to values based on the

free-stream velocity by multiplying the predicted values

d

.-
by ~=- ~U~pO—. (See fig. 88.) Such values decrease

regularly with increases in propeller thrust disli-loading
coefficient as required by the accompanying increases in

velocity along the cowling surface.

The knees of the curves of M,, plotted against (lri/l”o)., for
the propeller-installed condition always occumcd at lower
inlet-velocity ratios than was the case for the prop~ller-
removwd condition regardless of the computational method
used. (See figs. 87 and 88.) This shifL is believed to htivc
been caused in part by the contraction of the slipshwam,
which changed the flow direction in the vicinity of the ink%
lip, and in part by the static pressure gradient imposed by
the slipstream. The irdet-velocity ratios which correspond
to the Selection points for the propeller-removed conrli.tions
therefore appear to be amply conservative for dosign pur-
poses. A cross plot at the propeller-removet[ ([esign valup of
inlet-velocity ratio (fig. 89) also indicates that within the
high-speed range of flight conditions the dccrcase in critical
Mach number c~ueto propeller operation is negligible; thus,
the propeller-removed critical Mach number chtwaeterietics
of the present report are directly applicable without correc-
tion for the purpose of design. It is interesting to note in
figure 89 that the decrease in critical llach number duc to
the propeller was only about half as large when computed
from the measured pressure data as when computed ou the
basis of uniform propelhmthrust disk loading.
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Mass-flow coefficient, ~~

(8) u-w.
(b) u-7.
[c) a-4’.
[d) ==W.

FIGCBE49.–Prsdicted ~Ical Mash numbers for ths XACA 1-5H50 SOwlfng. (’H&s hate rn!nktrnm desfgn MUM of VJVU dstermhd by sspratlon from sphmsm)

Propelfer remov@-$ =0.!0.
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E?iVELOPE VALUES OF M. AND (V~Vt)cr

Typical construction plots, in which the critical Mach
number characteristics of coding conf@rat ions with the
same i.det diameter and spinner were grouped together for
the purpose of determining env-elopecurves of critical Mach
number and inlet-velocity ratio, are shown in figures 90 to 92.
As discussed in reference 1, the envelope curve for each such
family of cod.ings has important significance in that the
covrhg whose critical Mach number cm-v-eis tangent to this
curve at a given point has the minimum inlet-velocity ratio
for which the critimd Mach number corresponding to the
point of tangency can be obtained by any cowling of the
family; with the given spinner, such a cowling is also the
shortest cowling of any idet diameter for which this critical
Mach number can be obtained at this irdet-velocity ratio.
Therefore, vihen the flow is not separated from the spinner
or when this consideration is ignored, the design inlet-
veIocity ratio and the design critical Mach number for a
given coding are considered to be the values corresponding
to the point of tangency of the critical Mach number curve
for the cowling with its respective envelope curve.

Envelope values of critical Mach number and inlet-
~elocity ratio for the several h’~C~ l-s.eMes cowlings investi-

gated are presented in figures 93 and 94 as a function of
spinner proportions. The addition of spinne~ to the open-
nose cavdings had an ahnost negligible effect on the envelope
critical Mach numbers in most cases. However, in accord-
ance tith the pretious discussion of the effect of spinnem on
the locations of the knees of the critical Mach number curves,
the en-reIope inlet-velocity ratios for the cowl.ing~pinner
combina tions were usually less than those for the open-nose
co-dings when the flow was separated from the spinners and
were usually higher than those for the open-nose codingg
when the flow was not separated from the spinners.

The envelope critical Mach numbe~ for the NACA l-series

codingj configurations investigated are shown in &re 95 as

Y’ d
a function of an empirically determined parameter ~ ~.

All the open-nose coding data exhibited an excellent degr~e
of correlation on the basis of this parameter and were in good
agreement with the higher Mach number data of reference 1.

As would be expected on the basis of @urea 93 and 94, the
data for the several cowling-spinner combinations also
correlated to an acceptable degree on the same line as the
data for the open-nose covrlingg. On the basis of the vari-
ation shown, it is evident that within the usual range of
inlet-diameter ratios the envelope critical Mach number
increases with increase in either covdin.g length or coding
inlet diameter. Usually increasing the coding length is the
more effective means for obtaining a. required increase in
critical Mach number.
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The surface pressure distributions mwr the .NACA l-series
cowlings are not absolutely uniform at their envelope selec-
tion conditions. As a result, the envelope inlet-velocity
ratios for these cowlings are somewhat higher than vahwa
calculated, by means of equation (10) of the appendix, for
cowlings having the sam~riticd Mach number and the
same idet diameter but having sharp inlet lips and al.Mo-
lutely uniform surface pressure distributions (&. 96). As
shown in @ure 96, however, a fixed relationship exists
between the two sets of inlet-velocity ratios. The inlet-
velocity ratio for any given NACA laeries open-nose cowling
therefore may he eetimated with acceptable accuracy by
first calculating the irdet-velotity ratio required by the
surface pressures on the cmresponding theoretical open-nose
cowling (by use of equation (1O) of the appendix) and then
by correcting the value obtained with reference to @ure 96.

The insertion of an NACA l-series spinner can be assumed
to have a negligible effect on the envelope value of critical
Mach number for any particular NACA l+mries open-nose
cowling. (See figs. 93 h 95.) Mso, the preceding paragraph
has pointed out a means for calculating the envelope inlet-
velocity ratios for the open-nose cowlings. It is necessary

only to establish the effect of spinner proportions on the
required value of inlet-velocity ratio, therefore, in order to
utilize the available NACA l%rics open-nose-cowling datu
in the design of NACA l-series cowling-spimmr combinations

outside the range of cowling proportions investigated, As
an approach to the problem of deLerminiug this effect of
spinner proportions, an attempt was made to compute (by
means of equation (4) of the rappendix,with the skin-friction
drag of the spinner being neglectwI) the inIct-vclociLy ratio
required at the test hfach number to obtain a predicted
critical .Mach number for each cowling-spinner combination
with unseparated spinner flow equal to the envelope critical
Mach number for the open-nose cowling used as its basic
component. When the actual pressure diitrilmtions on tlw
cowling-spinner combinations were used iR the calculatioms,
the calculated and experimental values of required inlct.-
velocity ratio (.@. 97) were generally in good agrcemenL til
small values of spinner-diameter ratie, Apprecinblo Dis-
crepancies existed in some cases at lingo values of spinnm-

diameter ratio, however, probably because the minimum

pressure peaks on the inner surface of the cowling, which

contributed greatly to the thrust force on the cowling aL the
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higher iilet-velocity ratios, were very sensitive to smtdI
changes in lip contour such as may have existed at sections
of the inlet Iip outside the immediate region of the measur@
station. When the measured pressureson the spinners were
used in the calculations in conjunction with the a~emge
surface-pressure coefficients for the basic open-nose cowIings,
the agreement between the calculatti and the e-xperimental
dues of required inlet-velocity ratio again was generally
satisfactory at smalI values of spinner-diameter ratio where
the insertion of the spinner would be e-xpected to have only
a small effect on the pressure distribution over the open-nose
cowIing. Thus, if the spinner diameter is small with respect
to the inlet diameter of the proposed coding ancl if pressure
distributions over the spinner when inserted in a cowling of
approximately the idet diameter Com<ideredare existent, a
rough estimate of the irdet-velocity ratio required by the
proposed covdingspimer combination (at the Mach number
for -which the test data are available) may be obtained as
follows :

(1”) Calculate P,a, for the coding at its envelope value of

17,/T“-*.
~2) Calculate P.., for the spinner at YJ~70just. greater

than the envelope wdue for the coding.

(.3) Use PS=, from step (1) and P,a, from step (2) and
calculate ~“~VOfor the coding-spinner combination from
equation (4) of the appendix.

(4) Compare the calculated value of T“,/IZ of step (3)
with the value assumed in step (2). If the two values di.fler
appreciably, assume a new spinner pressure distribution

—
Ciificc$k#ff-ve10c)7y ro fro,fi~o]cr

f-b)U=7.

numkw for the NACA l-70-0i5 mwltng. Propelk remowd.

corresponding to ~’~~o obtained in step (3) and repeat
steps (2) and (3).

(5) Repeat step (4) until the assumed and calculated
W&% of T’JT’o agree. The l“~~~ofially obtained is. the
required -ralue.

Inasmuch as equation (4) of the appendix predicts the
effect of spinner proportions on the required inlet-velocity
ratio for a given cowling tith reusonable accuracy (fig. 97),
equations (9) and (10) of the appendix can be used to study
the effect of Mach number on the increments by which the
envelope irdet--re1ocityratios for the NACA l-series open-
nose cowlings must be increased to allow for the insertion of
NACA 1-seriesspinnem. Consider, for instance, the NACA
1–70-1 00 open-nose cowling and the IXACA 1–70–1QOcovrling

tith the A“ACA 143+60 and 1-60-060 spinners instakl.
If for these configurations the measured pressure distribu-
tions are extrapolated by use of the Yon K6.rmfmrelation to
the predicted critical Mach number for the open-nose cowling
(0.822) and the corresponding inlet-velocit~- ratios are cal-
ctiated by use of equations (9) and (10) of the appegdix, the
foI.Ioving comparison with the low-speed vahes of figure 97
is obtained:

T-’t-a

I NACA
qhner Test Crdcrlhted

, ~M.0J3 IM.U3 p=,= ,
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These remdts indicate that the change in required irdet-
velocity ratio caused by the addition of a spinner is sub-
stantially the same at high speeds as at low speeds. The
experimentally determined inlet-velocity-ratio increments
of figures 93, 94, and 97 therefore appear to be directly
applicable to the extrapolation problem discussed in the
preceding paragraph.
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DEVELOPhlENT OF SELECTION CHARTS

The method used for selecting the design conditions ftwtile
NACA l-series cowling-spinner combinations is illustrated in
figure 98, The envelope values of critical Mach number and
inlet-velocity ratio, labeled ~, were a~way%used unkss tlLey
fell to the lefL of the vertical line which idontifics lho mini-
mum inlet-velocity ratio for which flow separation from the
spinner was avoided (~. 29). Wheu the knee of the curve
for a given cowling fell to the left of this vertical line, tho
design conditioge corresponding to the.points of intcmcction
of the c&ical Mach number curves with this verlicd limt,
labelad @, were selected. The coyling-spinner comhinaiion

with ita knee curve tangent to the envelope curve nt point
@ has the highest criLicalMach number that can be obtained
at the specified lower limiting value of inlet-velocity mtio by
any coding-spinner combination of the family; in accord-
ance with the concepts of reference 1, such a configuration
is heresfter referred to as an “optimum combination. ”

The separation-free design conditions for theNACA 1-series
cowling-spinner combinations obtained as just discussed arc
presented in figures 99 and 100 as a function of spinm’r
proportions. The slightly irregular variations in the
design inlet-velocity ratios for several of the thinner-lip
cowlings resulted from the variations in spinner proportion
which caused changes in the flow phenomena on Lhcspimu?r
and, therefore, required changes in the selcction mcthml. It
should again be noted that the values of inlet-velocity ratio
and mass-flow coefficient specified in this figure are high
enough to avoid appreciable negative pressure peaks on the
cowhg lips; further increases in the rata of internal flow will
therefore increase the critical Mach number only a small
amount.

Cowling selection charts based on tho data of figures W ,
and 100 are presented in figures 101 and 102. The dashed
lines which divide the cowling-spinner charts into two parts
define the optimum combinations having the mmimum
critical Mach number obtainable at the minimum inlet-
velocity ratio for unseparated spinner flow. Abovo these
lines, where the design conditions were determined by the
locations of the knees of the curves of AI= plotted against
(VdVO),,, the variations were established by cross-plotting
the envelope data of figures 93 and 94 (extrapolated u reason-

able amount) as a function of the cowling-inlet diametur and

cowling-length ratios. Below the dashed lines, whew tlw

design conditions were determined by the consideration-of

avoiding flow separation from the spinners, the variations

were. obtained by similarly cross-plotting all the data in

figures 99 and 100 for which the design inIet.-velocit y rat ios

were those defined in figure 29. The lmge areas klow llIC

dashed lines again point out tho desirability of developing

new families of spinners which can be used at lower VOIUM

of inlet-velocity ratio than those of the NACA l-series

spinners without incurring flow separation ahead of the inlet -.
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The large breaks in the critical Mach number contours of
figures 101 and 102may be explained by reference to figure 98.
So long as the design inlet-velocity ratios fell to the right
of the vertical line, the design critical Mach numbem
followed tie cm-elope curve -with decremes iu cowling
length. When the cowling length decreased beyond that
for the optimum combination (point@), however, the deeign
critical Lh!faehnumbers dropped below the envelope curve
aIong the vertical line so that the critical hfach numbers
changed less rapidly with further decreases in cowbng length
than would be the case if the deeignconditiom were assumed
to occur along the envelopo curve. In other words, when
the required inlet-velocity ratio was higher than that corres-
ponding to the knee of the curve of M., plotted against

(17~/~70),,as is the case below the da@d lines of figures 101

and 102, the design critical Xfach mumber was somewhat

greater than that corresponding to the knee of the curve.

The corresponding small breaks in the curvee of mipoFVO
of figures 101 and 102 may be explained in a similarmanner.

Design data for the NACA l-series open-nose cowlings
obtained in the present investigation are presented in fig-
ures 101 and 102 in the same form w the design data for the

h7ACA l-series cowling-spinner combinations, These. data

tire also replotted in figure 103 with the parameter mlpoFVo

replaced by the parameter (l~i~l’o)e, to facilitate the use of

these data in the general design procedure outlined in lhc

next section of the report. The values of critic.al Xfach

number and inlet-velocity ratio for particular cowlings giwm

in figure 103 are apprcmimately the sfunc as those spccithxi

in the selection charts of reference 1; some diflerencea mist,

however, becauae of differences in the methods used 10 &tmt-

polate the test data.

COWLING SELECTION

The optimum cowling-spinner combination for a given
airplane is considered to be the one for which the.operating
inlet-velocity ratios are a minimum and for which, under all
important flight conditions, the flow is unseparated from the
spinner and the critical Mach number is equal to or grmtcr
than the free-stream Xlach number. In tlm present section
of the report, a procedure for the selection of the optimum
NACA l-series coding-spinner combination is hsL pre-

sented. A generalized procedure permitting seleclion of

NA~A 1-series cowlings for use with any spinner-propeller

configuration for which certain application data are available

is then developed and illustrated. Fimdly, a method is

outlined for extrapolating the prewnt cowling-spinner design

data through t~e use of figure 95, figure 96, and equation
(10) ~f the appendix in conjunction with the general design
procedure.
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Design procedure for NAt2A l-series combinations.—
R’AC.% 1-series coding-spinner co-mbinations tithin the
range of proportions investigated may be selected by the use
of figures 101 and 102 provided that the propeller-shank
configuration is similar to the one investigated. For example,
assume that it is desired to design a cowling~pinner
combination for a 3,000-horsepovrer gas-turbine unit to
be mounted in a 40-inch-diameter naceIle (frontal area.
F=S.73 Sq ft). &o, assume that the effective angle of
attaclc of the coding axis and the engine air-flow require-
ments are known for all flight conditions. The required
design procedure is then as follows:

(.1I Select. for consideration the following high-speed
operating condition which appears to offer the most se-rere
combination of high flight Mach number and low inlet-
vdocit.y ratio:

Operatingaltitude,feet.------------------------------- 35,000
Airriensit~at altitude,PO,slug per cubic foot ------------- 0.000736

Flight speed, J-O,feet per seeond (538 mph) -------------- 790
Effective angle of attack of cowling center line, a, degree--- o
Flight 31ach number, 3f0------------------------------ 0-81
Total combustion and cooling air flow, m, slug per second-_ 0.762

Mass-flow- coefficient, m/hFJ’O------------------------- 0.15

(21 From a layout of the propeller hub and the engine
installation, determine that. the NACA 145+50 spinner is
the smallest spinner -whichwilI enclose the propeller hub and
vriIIftiir smoothly to the fked ducting of the engine. The
data of tlgum 2!9show that this minimum-size spinner should
be used as it has a lower separation value of inlet-velocity
ratio than that of longer or Iarger diameter NTACAl-series
spinners.

(J) ‘With cs=OO, .i~~o=O.S1,and ~O=O.l 5, select in

w4n&sl-44

figures 101 and 102 the following opt imum cowling propor-
tions for spinners bracketing the 3-ACA 1+5-050 spinner:

—l—;— I

I I

(4) Determine b.y cross interpolation that the XACA
1–66–095 cowling ~ optimum for the design conditions
considered.

(5) Construct curves of .M~ plotted against m/@”. for
the Y’ACA 1-66-095 coding with the 145-050 spinner (for
angIes of attack of 0°, 2°, 4°, and 6°) by interpolation of the
data presented in @m-es 49 to 7S.

(6) Check all known operating conditions against the
curves of step (5). If, in any importnnt flight condition the
critical Mach number is less than the flight.Mach number or
the mass-flow coefficient is lower than the minimum value
for a-ioiding flow separation from the spinner, repeat steps
(3) to (6) (use the mbre critical design conditions so deter-
mined) to select a new cowling.

Additional considerations may necessitate the choice of 8
diflerent cowling. For instance, if the inner-lip fairing of
figure 4 is to be applied to a large percentage of the inner-
covding-lip surface to reduce the likelihood of flow separation,
it is desirable ,-wherethe design inlet velocity is determined by
the considerateion of ffovi separation from the spinner, to use
a slightly larger irdet-diameter coding in order to allow for
the inlet area blocked by the revised fairing. Also, it may
be found that the exterior linesof the coding initially selected
do not clear the engine installation. In such a case it is
necessary to start with a larger-diameter spinner and thereby
choose a coding with a larger inlet diameter; if this process
lends to the use of an excessively high inlet-velocity ratio, it
may also be desirable to increase the ma.xirnumdiameter of
the nacelle.

General design procedure .—A number of desi.m com~~~erq-.__
tions are automatically taken into account in the preceding
coding-selection method. A more fundamentrd design pro-
cedure utilizing f@.ree 47, 4S, and 103 or the comparable
design charts of reference 1 fl now be presented to explain
these considerations. This procedure, which treats the
individual effects of the spinner and the propeller on the
performance of the open-nose cowling separately, is essentially
that presented in reference 1 with the addition of the fol-
lowing quantitative application data for the particular
family of spinners and the propeller tested:

(1) The minimum inlet-velocity ratio for unseparated
inlet flow (fig. 29)

(2) The effect of the spinner on the envelope critical Mach
number of the cowling (figs. S4, 93, and 94)

(3) The effect of the spinner on the envelope idet-velocity
ratio of the cowling (figs. 84, 93, and 94)

(4) The effect of the propeller on the design conditions
(figs. 25,26, and 8S]
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As pointed out in the preceding discussion, some application
data for hemispheric.al-nosespinners are given in reference 4,
data on the particular conical spinner of the present
investigation are presented in figures 20, 30, and 85, and
data prwented in references 2 and 3 aflord a beginning to
the solution of the propeller-cowling interference problem.
The method considered therefore has immediate application
to the d~ign of NACA l-series cowlings for use with hemis-
pherical-nose spinners and oonical spinners similar to the
one investigated. When the existing application data are
supplemented by the moommended spinner-shape and pro-
peller-interference research, this method then can be used in

the design of NACA l-series cowling configurations incor-
porating desirable changes in spinner and propeller geometry.

The proposed generrd design method assumes that inlct-

ffow stability determines the minimum inlet-velocity ratio.

Thus, after due allowance is made for the usually small

tiects of the spinner and proprller on the selection VRIUC of

critical Nlach number, an NACA l-series cowling is selected
for the inlet-diameter ratio corresponding to this critical
vahm of inlet-velocity ratio. Then, the envelope inlet-
velocity ratio for the cowling so selected is corrected for tho
presence of the spinner and the resulting value compared
with the separation inlet-velocity ratio. If the envelope
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inlet-velocity rat io for the coding-spinner combination is

lower than the separation inlet-velocity ratio, the selected

coding is the one required. Hovvever, if the envelope inlet-

velocity rat io exceeds the separation inlet-velocity ratio, the

selection procedure must be repeated, with the intermediate

values of inlet-velocity ratio being used, until both design

criterions are sat isfied at the design mass-flow coefficient. A

an illustration of this design method, assume that the spinner

considered has the same maximum diameter ratio and design

characteristics as the hTACA 1-KF060 spinner and that the
propeller is similar to the one investigated. Mao, assume
that the design critical Mach number is 0.82, the design
mass-flow coefficient is 0.23, and the design angle of attack
is OO. The selection procedure is then as follows:

17;()(1) From figure 29 or equivalent, determine ~ for
O mix

unseparated inlet flow to be 0.51.
-7

0(2) With }: ~,n, Mm, and m~poFT”Oknown, determine

.4 jF to he 0.36 ‘kom figure 48.

(3) Read $=0.72 from figure 4i.

(4) From &eparated-spinner-flow data of figure 93 or

equivalent, determine that for open-nose covdi.ngs with

-0.8 addition of the spinner considered~C=0.7 and .llw-

does not change Mm (’m is typical for spinners which are
essentially cylintilcaI for a short distance ahead of the inlet)

‘“” by 0.04.()but increases ~ ~

(5) From f&n-_; ‘8S or equivalent, determine that pro-
peller operation also does not change Mm but decreases

SPIN2TERS 669

(6) From steps (4) and (5) determine that addition of the

()
T“, of _. ~3spkmer causes a A31m of zero and a A
Km””

(7) With ~=0.72 and 31,,+ AW=0.S2, select from
c

figure 103 the N.ACA 1-7-W94.5 open-nose cowling

()
V,~ ~=0.57. For the co-ding-spinner combination,

17,
()

~“i 1
To . ()

=0.57+A ~ ~=0.54

with

a value greater than the assumed value of 0.51 which cor.
responds to the design m/mFYo. Thus, a second selection
must be made.

(S) For the second selection, start with

17’() =0.51+034=0 525
~= 2 .

and repeat steps (2) and (3) to obtain $c=0.i12. Then

from @ure 103 select the ~AC~ 1-71.2-096 open-nose

.

()

T-,
covdmg with TO ~ =0.555. Since

the assumed value for the coding-spinner combination, this

cowling satisfies the design conditions.
Bxtrapolation of cowling-selection data.-When the desiam

critical 31ach number appreciably exceeds the range covered

m figure 103, figures 44, 95, 96, and 97 and equation (10) of

the appendk may be used to extrapolate the experimental

design data to obtain longer or larger-inlet-diameter codings.
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h an illustration of the proposed extrapolation procedure,
()

(4) In order to allow for effect of the spinner on ~ ~~
take all the conditions of the preceding example except the

critical Mach number and assume a new required critical

Mach number of 0.90. Then proceed m follows:

(1) From figure 95 (a), determine required X/D, for each
/ v

of several values of dlD,. (For example, SC= 1.87 for

MO=O.90 and $O=O.?O.
)

(2) l?rom figure 44 and equation (10) of the appendix,

()v<
calculaterequired values of ~ ~ for theoretical open-nose

CUwlings with sharp inlet lips, uniform surface pressure

distributions corresponding to local M=l.Q at MO= O.90,
and the same values of d/~, as the cowlings selected in

()step (1). (For example, ‘t
~70 cr

-Oe51 for $C=0.70.
)

()(3) Determine values of ~ ,, for the NACA l-series

()open-nose cowlings which correspond to values of ~ ~ of

( ()”step (2)by reference to figure 96. For example, ‘t
Vo ,,

=0.66

()for &=o.70, where ~ ,,= 0,51 for the theoretical cowling
0

of this inlet-diameter ratio.
)

()add an increment of ~~ ,,=0.04 to values obtained in

step (3) after reference to application data such as those of
figure 97. Thue, for the NACA l-series cowling-spinner

()
combination with -&=0,70, ~ ~ =0.70.

(5) Determine values of ~ from figure 47. (For

–=0,70 and fi=O.40.)exampLe,$= 0.33 for ;O

(6) Determine design values of mass-flow coefficient from

figure 48,
(

vi
()

For example, ~= 0,28 for . - = 0.70,
Vo 0,

Mti=u.90, and #=0.33.
)

(7) Cross-fair the aesumed values of dlD, and the wmre-

sponding valuea of XfD, from step (1) as a function of the

mass-flow coefficients determined in step (6).

(8) At the required mass-flow coefficient of 0.23, determine

from the cross fairing of step (7) that the NACA 1-66.5-198
cowling is the one required.

()
(9) From @ure 48, determine that ~ ,,=0,05 for the

cowling-spinner combination of step (8). Then, note from
figure 29 or equivalent that this value cxceods that neces-
sary for avoiding separation from the spinner.
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SUMMARY OF RESULTS

.- investigation has been conducted in the Langley pro-

pelIer-resemch mnnel to study co-ding-spinner combinations

based on the N.ACA l-series nose inlets and to obttiin sys-
tematic design data for one famiIy of approximateely ellip-
soidal spinners. The more important conclusions of the
investigation are summarized as follows:

]. For each spinner there is a single minimum inlet-
velocity ratio below which boundary-layer sepmation from
the spinner occurs at or ahead of the irdet. in the case of
the NTACAl-series spinners, this irdet-velocity ratio is often
higher than that necessary to obtain an essentially uniform
pressure distribution on the codbg and, thus, determines
the high-speed design conditions.

2. Short conical spinnersare superior to comparable ATACA
l-series spinners with regard to the minimum inIet-Yelocity
ratio for -whichflow separation is a~oided.

3. Separation bubbles occur on the inner-lip surface of the
h’.lCA I+eries cowlings at high inlet-velocity ratioe and, in
the case of the open-nose codings, initiate important sepa-
ration of the internal flow. In the case of the cowding-
spinner combinations, propelIer operation causes a strong
outwardly increasing total-pressure gradient in the inlet
which ddays and tends to eliminate such separation. A
revised inner-lip shape of the type in~estigated can be used
to dekiy the formation of such separation bubbks to con-
siderably higher inlet-vdocity ratios.

4. Wit4in the usual range of proportions, the addition of
NACA I+eries spinners to NACA l-series cowlings does not
change appreciably the design critical Mach numbe~ for
the (*owlingsbut frequently causes large changes in the irdet-

velocityratbs required to obtain essentiallyuniform pressure
distributions on the cowlings. Where the &sign conditions
are not deterrninecl by the ffo-iv-sepmation characteristics
of the spinner, the design inlet-velocity ratio increasesrapidly
with increases in the slope of the spinner surface just ahead
of the inlet; important increasesmay be obtained when short
conical spinners are substitutecl for conventional spinners of
the same over-all proportions.

5. With a propelIer having approximately o-d shanks,
propeller operation retards flow separation from the spinner

and inner cowling-Iip surface and, within the usual range of

high-speed operating conditions, does not reduce the design

critical X1ach number.

6. Increases in flight llach number reduce the effective

angle of attack of the cowlir.g lip for given values of inlet-

-relocity ratio less than unity and, thus, reduce the minimum

due of inlet-velocity-ratio for which a near-uniform surface

pressure distribution on the cowhg is obtained and tend to

make the inner cowling-Iip surface more susceptible to flow

separation.

basmuch as the present tests were conducted at low

test. airspeeds, the investigation necessarily irduded a study

of the procedure required to determine the design operating

conditions at- the design flight ~hich number from the low-

speed test results. Ii this study, e.sisting relations for

open-nose codings were generalized to the case of the

covdingg+pin.ner combination and e.stended to the case of

compressible flow. The derived relations were then used to

calculate the fiect of lfach number on the design inlet-

-relocit y ratio and to establish a simple correction prooedure.

The design conditions for the X.!C.$ l-series cowlings and

cowhng+pinner combinations are presented in the form of

charts from which, for tide ranges of spinner proportions

and rates of internal flow, cowlings with near-mmimum

pressure recovery can be selected for critical llach numbers

ranging from 0.70 to about O.S5. In addition, the char-

acteristics of the spinnem and the effects of the spinners and

the propeller on the coding design conditions are presented

separately to provide initial quantitative data for use in a

general design procedure through which ~~C~ I-cries

co-dings can be selected for use with spinners of other

shapes. By use of this generaI design procedure, correlation

curves established from the test data, and the equations of

the appendk, h’~c~ l-series cowlings and covdingspirmer

combinations can be designed for critical Jlach numbers

as high as 0.90.

LANGLEY MEMORIAL ~ERONAUTICAL LABORATORY,

NATIONAL ii.DVLSORY COMMITTEE FOR hRON.~UTICS,

LANGLEY FIELD, ?’A., F&uury d, 19d8.



APPENDIX

EQUATIONS RELATING lNLET-VELOCITY RATIO WITH SURFACE PRESS~RES AND FRONTAL AREAS OF COWLING AND SPINNER

P, Ruden in references 4 and 5 presents incompressible-
flow equations relating the inlet-veIocity ratio, inlet-area
ratio, and surface-velocity ratios forli nose idet. Because of
their importance to the present investigation, these equations
are herewith generalized to cover the case of the cmyling-
spinner combination. The sch~e wed in the basic deriva-
tions is also used to obtain similar compressibhxflow relations
for both open-nose cowlings and cowling-spinnercombinations.

Consider in figure 104 the volume of reference, which
encloses the cowling for a- distance aft of. thti maximurn-
diameter station great enough to allow the extermd velocities
to return to the free-stream vahe Q@. which is so Iarge that
the pressures on its bomdaries o@i@. of...the coYl@g q?e
everywhere equal to the free-stream pressure. In steady
fight, this volume must be in equilibrium; hence, the differ-
ence between axial forces on the ends of this volume must
equal the rate of change of momentmg of the internal flow.
On the external surface..of the coyl.jg, the skin friction
corresponds approximately h the momentum loss in the
boundary layer so that both maybe neglected in setting up
the force equation. Thus, the axial pressure force on the
spinner plus the pressure force on the inlet area plus the
axial pressure force on the cowling minus the product of the
free-stream pressure and th~ cowling frontal area plus the
skin-friction drag of the spinner must equal the rate of
change of momentum of the internal flow. If forces which
tend to push the reference vo~ume in the thrust direction
are defined as positive, this relation em be expressed alge-
lmaicdy as follows:

=pfz’livi(vo-vi) (1)

If the free-stream pressure is taken as the ref e.rence presaurc

and all terms are divided .by go, th following exprmsion in

terms of the pressure coefficient is obtained:

“(YW(WH=’ (2)

Then, if the local pressure coefficients in the three terms on
the left are replaced by average pressure coefficients weighted
with respect to frontal area and all terms arc then divided

682
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‘rlle~
by F=— 4 ~equation (2) becomes

Incompressible-flow case, —If the flow is incomprcssilde
v, 2

()
so that pt=po, ~i=l — —

T’,
. Therefore, ho second rmd

fourth terms can be combined and t.hc following gcncrrd
incompressible-flow expression for the averngc surfaco pres-
sure coefficient on a cowling-spinner cornbinnt.ionobtained:

p =(;Yp”@,+[(i)-(%Y(4)

‘a 8 /d\a(DC) -,

where the term j,/@ can be negleckd unless the spinner

diameter is very large with respect to the maximum dinm-

eter of the cowling. It will be noted that the inld-velocity

ratiooccurs only as
()
1—fi ‘ so that a given set of pres-

sures would appear to cor&pond to two different inlot-
velocity ratios, one greater than unity and one loss thtm
unity.

Equation (4) can be used to compute the average surftice
prewure coefficient on one component of the cowling-spinner
combination if the surface pressure distributions on khcoLhcr
component, the inlet-velocity ratio, and the frontal dimen-
sioW of the inlet are known. Similarly, with the surftice
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pre.%ureeand frontfd dimensions of one component known,
the required frontal area of the other component. for stipu-
lated average surface pressure coefficients can be calculated
for tirbitrary -dues of inlet-velocity ratio. Also, as in the
present. report., this rdation can be used to compute the
inlet-vekwity ratio from the frontal proportions of the
imstaIIationand the surface preesure distributions.

In the case of the open-nose cording, the spinner-diameter
ratio goes to zero so that equation (4) for this special case
becomes

(5)

This equution can tw transformed directly into the forms
given in references 4 and 5.

Compressible-flow case.—.$n examination of equations (2)
and (:3I shows that aII terms of these .ggneralrdat ions are
affected by u departure from the msumption of incompres-
sible flow. However, it is possible to calculate the effects of
compressibility on the inlet-static-pressure coefficient Pi and

on the inlet-density ratio Piipoas a function of inlet-velocity

ratio. Therefore, the stimc method of analysis can be used

to obtain compressible-flow expressions relat ing the inlet-

velocit.y ratio to the surface pressure coeffkients and frontal

areas of the spinner and cowling.

C’onsider the energy equation,

or

:-:=5(,+9

(7)

Tilth expressions (7) and (S), the second and fourth terms

of equation (3), as in the incompressible-flom case, again can

bc combiued into u single term

If a symbol C’ is assigned to the quantity within the large
parentheses, the followkg compre~ible-flow expression for
the average surface pressure coe5cient on the coding
of a cow~m-pinner combination can be obtained from
equation (3):

P.=,= () [(9-(31+*“,,,z‘‘=’’+2CD.
d ‘_l

()
.-
D,

where, it is aawinnoted, that the termf,/goF can be neglected,
unless the spinner diameter is very large with respect to the
maximum cliarneter of the coding The corresponding
expression for the open-nose cowling is then

(10)

As an aid to the solution of these equations, factor C is pre-
sented in figure 44 as a function of the free-stream Mach
number and the inlet-velocity ratio.

Equations (9) and (10) when used with figge 44 have
approximately the same field of application as incompressible-
ffow equations (4) and (5). Also, as developed in the te..t,
it is possible by use of these equations to determine
the appro.tiat e I@h-speed inlet-velocity ratio from low-
spced test data by extrapolating the measured surface pres-
sure coe5cients b~- means of the Yon Kfm-nfm relation.
However, inasmuch as the Von Kfwrnhn relation does not
accurately predict the variation of large positive pressure
coefficients with 31ach number, the latter application can
gire reasonabl~ accurate results only so lo~v as the region of
large positive pressure on the cowling and spinmx is amaIl
with respect to the region of negative pressure on the cowling.
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TABLE L-NACA l-SERIES NOSE-INLET ORDINATES AS
APPLIED TO COWLINGS AND SPINNERS

[Ord[nates in percent, referonc$1]
—-

~J
x I

Ref~nce linethrough
cenfer of nose raobs K

...—.—. d

L—-4---4 I II

=J--==LO
<iL__..____._.__.l I

./4

d

/

.074Dc0’

()D= 1–;
D.-d_ .

‘w ‘=O”mH 1’= 2.06 2.06

[/xor
z#/x*

I&o
14.0
lb, o
16.0
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Xao
19.0
m.o
n. o

%;
240

W

:;

80:0
.31.0
.3a0
S3.o

-
v\Y or
WJY*

C+lwlhg nose radhu: 0.026Y

!fxor
XJX,

F/Yor
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TABLE 11.—BASIC CRITICAL hlACH NUMBER DATA FOR
NACA l-SERIES COWLING CONFIGURATIONS

Figure

P)

40

H“
&a
63
54

:
67

it
a
61

;

65
68

U
al
70

$
7&74
7.5,76
77, 7s

Cowllng

Splrmcr

(
XJ
D. I

—1
ox, 0.33,0.40
O.m, 0.30,0.40
0.40
O<sO,O.w, 0.40
Oa), 0,24),0.40
0.40
O.!al,0.30,0.40
Oa), ox!, 0.40
0.40
0.20,0.33,0.40, O.&l
~+tj O.* 0.40,0.63

ok 0.30,0.40, 0.8)
0.s0, 0.30,0.40, O.ta
0.40
0.20, ox ‘-
O.a), 0.3(

-=...-. -...
0,0.40, O.EO,0.06

0,40,0,60
0.20,0.60,0.40,0.60
O.q O.q 0.40,0.60, O.KI
0.40,O.w
o m. n w. 0.40. n.m
(m ii%,iii iii, OJYI. .. . ..
tit M
0.40,O.KI,0.00
0.40,O,(W

-.

I --- :

. D8tnforop?n-now condition are presented tn each tlgure for pUrIXJWof comparkon.
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