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RESEARCH MEMORANDUM

EFFECTS OF COMPRESSIBILITY AT MACH
NUMBERS UP TO 0.8 ON INTERNAL-FLOW CEARACTERISTICS
OF A COWLING-SPINNER COMBINATION EQUIPPED WITH AN

EIGHT-BLADE DUAL-ROTATION PROPELLER

By Gene J. Blnghem and Arvid L. Keith, Jr.
SUMMARY

An investigatlion has been conducted at Mach numbers up to 0.8 for
the purpose of studylng the effects of compressibility on the internal-
flow characteristics of an NACA l-series cowling-spimner combination
(D-type), equipped with a dual~rotation propeller. Two 24-percent-
thick shank propellers were investigated; one bad a sealed propeller-
spinner Jjuncture and the other had s raised-platform-airfoil shaped
Juncture. A brief investigation was also made at & low-speed free-stream
Mach number (0.30) in order to study the effects of variations in
inlet height and rate of internal compression on the internal-flow
characteristics with propeller removed. The resulis of the main part
of the investigeticn indicate that the propeller had no apprecilsble
compressibility effects on the impact pressures when operating at the
design cruise blade angle. With increases in shank loading, however,
shock and shock-boundaery-layer-interaction effects caused reductions
in impact pressure at & Mach number of 0.8. Imnstallstion of the
platform~type propeller-spinner-juncture configuration investigaeted
with a blade-platform gap height of 0.020 inch (approximately 1/8 inch
full scale) caused & reduction in inlet impect pressure coefficient of
about I percent for the propeller design cruise blade angle. The
results of the low-speed portion of the investigation indicate that
the inlet height (as low as 0.055D, where D, 1s maximum diesmeter of
cowling) and rate of internal compression has no significant effect on
the inlet-veloclty rastlo at which separation from the spinner occurs.

IRTRODUCTION

The development of basic design data for NACA l-series cowling-
spinner combinations (D-type cowling} is reported in reference 1. In
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order to investigate the possibility of direct spplication of these

data to a gas turbine-propeller installistion, the effects of propeller-
shank thickness and propeller-spinner-juncture configuration on the
internal-flow characteristics of a cowling-spimner ccmbinatlon equipped
with an eight-blede dual-rotation propeller have been investigated at
low speed snd the results reported in reference 2. Further studies of
the effects of propeller-spilnner-juncture configuration (ref. 3) on the
pressure recovery of this type cowling with a four-blade single-rotation
propeller have been made at Mach numbers up to 0.83.

The purpose of the present investigation wes to study the effects
of compressibility at Mach numbers up to 0.8 on the internmal-flow char-
acteristics of a cowling-spinner configuration In conmbination with a
dual-rotation propeller. In effect, this study was an extension of the
previous low-speed investigation (ref. 2) in that the basic inlet and
spinner dimensions remained the same and two of the propeller-juncture
configurations studlied therein were lnvestigated.

For the main part of the tests, which were conducted in the Langley
low-turbulence pressure tunnel, the basic cowling-spimmer combination
was studied with propeller removed and with two propeller configurations
instelled. The two propeller configurations were similar in that they
had the same blade form and plan form. The shanks of one propeller
were extended to the splmnner surfece and sealed; the other had a raised-
platform-type Juncture with the gap required to allow blade-angle changes
located outslde of the splnner boundary layer. Several low-speed tests
were also made with three additional cowling configurations to determine
the effects of Inlet helght and rate of internsl compression on the
inlet-velocity ratio at which flow separstion from the spinner surface
occurs. The internal-flow characteristice were determined by total-
and statlc-pressure surveys at the inlet and diffuser stations and the
internal~flow rate was measured at a venturl station.

SYMBOLS
A area
b blade chord
d inlet dlameter
D maximum diameter
h normal distance from central body



NACA RM L53E12 L

h' blade thickness
H total pressure
M Mach number
n propeller rotational speed
P static pressure
P - Pg
static-pressure coefficient
Ho - Po
H - po
impact (total) pressure coefficient
Ho - Po
H - p,
—_— aversge welghted impact pressure coefficlent,
Hy = Pq
av 3&0 rc X - D pv
f f 2 r dr 48
o° rg Bo = Po PoVo
360° pre
f f OV . ar a8
o° rg PoVo
q dynamic pressure
v velocity
V/nD propeller advance ratio
R maximum radius
r redius from cowling center line
b 4 distance from leading edge of propeller, spinner, or
cowlling
X maximim length of component
Y maximum ordinate of component
Z land. height sbove splnner surface normal to axis



Cld
Subscripts:
av

c

L NACA RM L53E12

angle of attack of center line of model

angle of attack of propeller blades from plane of rotation
(blade-angle values given herein at (r/R)p =0.75)

nominal boundary-lsyer thickness Qéefined as normal

H -
distance from surface to point where Z " Po 0.95)

H - Po )

radial rake station messured clockwlse from top of model
looking downstream

blade section design 11ft coefficient

average
cowling

spinner or centrel body
inlet

diffuser or design value
free stream

front blade

rear blede

propeller

MODEL

A plan-form drawing of the model is presented in figure 1 and
photogrephs of the model are shown in figure 2. The baslc configuration
consigts of an NACA l-series cowling-spinner combination (D-type)
mounted on a ducted body of revolution which was supported in the

3~ by 7%-foot rectangular test section of the Langley low-turbulence

pressure tunnel by an airfoil strut. The cowling diameter (10.8 inches)
was determined to be the maximum that would permit choke-free tummel
operation up to & test Mach number of 0.8.

-
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Spinner.- The NACA 1-51.6-09%.4 spimner (Dg/Dc = 0.516; Xg/Dc = 0.9hk)
wes selected as being the shortest length, smallest diameter, l-serles
spinner thet would enclose a representative hub esnd blade-angle-change
mechanism for an elght-hlade dual-rotation propeller. The over-all
spinner dimensions were the same as those of reference 2 and the division
between the counterrotating portions, for the propeller-installed case,
was made at x/XB = 0.609; the gap between spinner components was

0.03 inch. For the propeller-remcved test the splnmer gaps were sealed.

Cowlings.- The NACA 1-69.8-077.7 cowling (a/De = 0.698; Xo/De = 0.7TT),
herein referred to as 'basic cowling, was selected by the method of
reference 1 to fulfill the alr-flow requirements of a representative
turbo-propeller engine producing about 5,500 horsepower when operating
at a cruise Mach number of 0.8 with an inlet-velocity ratio of 0.5 at
an altitude of 35,000 feet. An NACA l-series immer liner (Y = 0.01Dg;

= 0.04D.) was used, as recommended in reference 1, to aid in the
avoidance of flow separation from the inner 1ip when operating at high
inlet-veloclty ratios or et high angles of attack. The Internsl ducting
also included & L4.38° equivelent conical diffuser with an ares ratio Ag/A;
of 1.4 where A; = 18.6 square inches.

Three additional cowlings were also studied. The first was similar
to the baslic cowling with the exception thet it had no internsl diffuser
(Ag/A] = 1.0). The other two were the NACA 1-75.6-077.7 cowling with no
diffuser (A; = 26.04 square inches) and the NACA 1-63.8-0T77.7 cowling
with an 8.7 © equivelent conical diffuser (Ag/A; = 2.26 where

A1 = 11.54 squere inches). Each of the additionsl cowlings hed the same
NACA l-series inner liner as the basic cowling. Internsl area distribu-
tions and & sketch of the spinner snd cowlings tested are shown in
Pigure 3. Station 0 for each cowling was fixed at the same station of
the sp§nner (at the position shown by the NACA 1-69.8-077.7 cowling in
fig. 3).

Propeller and propeller-gpinner Junctures.- Plan-form and blade-
form curves of the test propeller are shown in figure 4. The propeller
was composed of NACA 16-series alrfoll sections and was designed to
operate at sn advance-dismeter ratic of 4.2 at a cruise Mach number
of 0.8 in sccordance with the design considerations of reference k.

The root blade thicimess h'/b was 0.24 at the spinner surface; blade
angles at the spinner surface for the front end rear blades were 85. 6°
and 82.8°, respectively.

Two types of propeller-spinner junctures were Investigated. The
Pirst, designated ideal juncture, had the shank-spinner gap sealed and
faired into the spinner surface; the other had a raised-platform-type
juncture (fig. 5) which located the gsp required to allow changes in
blade engle outside of the spinner boundary lsyer. Thls juncture was

——
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the most efficlent prectical juncture investigated in the low-speed test
reported in reference 2. The platform was fixed at the design cruise
blade angle with a Junction gap of 0.020 inch. Conslderations leading
to the cholce of this gap height are discussed in a subsequent section.

APPARATUS AND TESTS

Megsurements of pressure distributions were made at the inlet and
diffuser stations and the intermal mass-flow rate, which was regulated
by a moveble tail plug, was determined at the venturi. Unpublished dats,
obtained during the low-speed test of reference 2, indicated that the
flow angularlty behind these blades did not necessitate the use of
shielded pressure tubes. The model meassuring stations are shown in fig-
ure 1 and the tube arrangements are gilven in the following table. (The
inlet rakes were removed when diffuser messurements were being made.)

Number of tubes
per rake Number of| paye pogi-
NACA cowling |Measuring surface | ty5ng, @,
station Total Static orifices d.eg
pressure | pressure | PeT rake
Inlet 8 1 2 21(0152;1;2?5
1-69.8-077-7 ) ’
(Basic cowling 0, 135, 180,
Diffuser 10 1 2 270, and 315
0, 135, 180
Inlet 8 1 2 2
1-69.8-077.7 270, and 315
A7 = 1.0
(Aa/Ay ) Diffuser 8 1 2 0, 135, 180,
270, and 315
0, 135, 180,
. Inlet 6 1 2 270, and 315
1-63.8-07T.7
0, 135, 180,
Diffuser 10 1 2 270, and 315
0, 135, 180,
Inlet 10 1 2 270, and 315
1-75.6-077.7 5 3 18
3 7 ’
Diffuser 10 1 2 270, and 315
0’ 1"5) 9(),
------------ Venturl 5 1 1 105, 180, :
225, and 270
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The static orifices in the central body and Inner cowling purfaces
were located 1 tube dimmeter {0.050 inch) shead of the plane of the
total-pressure rakes snd these tube reasdings mey have been influenced by
the pressure field of the rake. Determinations of inlet-veloclty ratios
by use of all the Inlet-pressure tubes, however, checked witihin 0.0l of
that obtained at the venturi station for separation-free conditicns.

The average welghted impact pressure coefficients and the inlet mass-
flow ratios were integrated by the use of Simpseon's Rule with the fol-
lowing assumption made with regard to pressure (see preceding table):
at inlet end diffuser radius rake station, 45° same as 3159, 90° same
as 270°, and 225° same as 130°; at venturl radius rake station, 315°
pame as 45°.

Comparisone of the everage impact pressure coefficients of the
present study at the lowest test speeds and those presented in refer-
ence 2 for the same splmmer-inlet and propeller components willl show
discrepancies especially for inlet-velocity ratios where flow separe-
tion occurred ahead of the measuring station. Such discrepancies are
attributed mainly to dlfferences in pressure-tube instrumentation. The
total-pressure-tube instrumentation used in reference 2 consisted of
only one rake of tubes ingtalled in the inlet and diffusger at the top
vertical center line, whereas the present test configuration has five
total- and static-pressure tube rakes distributed around the amnuius
of the inlet and diffuser with each rake more sdequately covering each
annulus station.

The eight-blade counterrotating propellier was driven by a
60-horsepower induction motor and the power was transmitted through a
3-to-1 gear reduction drive {fig. 1). Because of the drive power
limitations and the test-section widih, each propeller was cut off at
the 45.9-percent-radius station and the tips were rounded; the advance
ratios presented, however, are baged on the full-scale model diameter
of 3.0 feet. A preliminary investigation showed that reducing the model
propeller dlameter which was used for the test of reference 2 to the
present value of r/R = 0.459 bad no significant effects on the internal-
flow charscterlstics.

Tests were conducted over a range of inlet-velocity ratio from
approximately 0.2 to 1.0 for the following test conditions:
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Configuration |Blade angle, deg a, deg V/nD Mo
Propeller removed | —-=——--=w-- 0, 2.5, and 5{~--- {0.3 to 0.8
Cruise b
Br = 63.1 |%, 2.5, and 5| ' (0.6 t0 0.8
Br = 62.3 ®6 gg 0.6 to 0.8
Pgopeller.installed
tested with basic .
cowling only) Hlgh speed: b5_25
Bp = 67.4 %0, 2.5, and 5| 7'°10.6 0 0.8
b
By = 66.6 ° 4 £:23]0.6 to0 0.8

BTdeal Juncture
Assumed operational values
CPlstform juncture

Both alr, at atmospheric pressure, and Freon-12, at a stagnation
pressure of 10 Inches of mercury ebsolute, were used as testing mediums.
The resulting Reynolds numbers were 1.92 X 106 for air (Mg = 0.3), and
ranged from 2.60 X 106 to 3.05 x 106 for Freon-12 (Mg = 0.6 to 0.8)
based on a maximm cowling diameter of 10.8 inches. The data obtained
in Freon-12 are presented as corresponding values in air. The conver-
slon from Freon-12 to alr was based on the streamline similarity con-
cept discussed in reference 5 and was almost negligible for most of
the parameters meagured 1n the present investigation up to the maximum
test Mach number of 0.8.

RESULTS AND DISCUSSION

Baslc configurstion, propeller removed.- Typlcel total- and static-
_pressure distributions at the five inlet- and diffuser-rake stations of
the basic cowling-spinner combination are shown in figure 6 for esngles
of attack of O° and 5° (M, = 0.68). Near-stream impect pressure 1s
indicated over the annulus at the high Inlet-velocity retios with the
exception of the reglons affected by skin-friction losses. As the
iniet-veloclty ratio was reduced, the boundary lsyer thickened and
finelly separated hecause of the adverse presgure rise of the intermsl-
flow system. At 0O° angle of attack the distributions also show that
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flow asymmetry begen to occur at the inlet for the lower inlet-veloclity
ratios. It wes noted during the test that, under these conditions, the
flow surged alternately from one position to another.

The effect of increasing the angle of attack to 5° (figs. 6(c)
and 6(d)) was to thin out the boundary lsyer st the bottom of the inlet
for the entire test range end to require e higher inlet-velocity ratio
for the avoldance of separation from the top of the spinner. At an
inlet-velocity ratic of approximately 0.4 snd below, the inlet pressure
distributions indicate that the flow in the top portion of the inlet
wag reversed and that the separated sir spilled sbove the inlet. For
these conditions, the intermal flow moved up and around the central
body and the local Impact pressure coefficlents were higher in the top
portion of the diffuser than for the O° angle-of-attack case. As the
Inlet-veloclity ratioc was Increased, separated fiow began to enter the
top portlon of the inlet and the pressures in the top portion of the
diffuser were progressively reduced over a small range of Vl/Vo- With
further increamses in inlet-velocity ratio, separation was eliminated
ahead of the inlet and the diffuser local lmpact pressure coefficient
began to increase. It will be noted that the NACA l-serles inner liner
used In this case was sufficlent to avold separstion from the inlet 1lip
for all test conditions.

The effects of inlet-velocity ratic and angle of attack on the
internal pressure recovery are best shown by the corresponding weighted
impact pressure coefficient (fig. 7). At an angle of attack of 0°,
there were only small variations in inlet impact pressure coefficient
sbove sn inlet-velocity ratio of 0.45 and losses between the inlet and
diffuser varied from 0.02(H, - pg) to 0.03(Hy - pg) for the range shown.
Below 0.45, where separation losses became severe; the pressure coeffi-
clent dropped off rapldly.

The inlet and diffuser lmpact pressure coefficients in the low
Inlet-velocity-ratico range improved with increasing angle of attack
because of the aforementioned flow spllisge from the top of the inlet
and to a slight thinning of the spinner boundary lasyer in the lower
regions. The actual values of the coefficlents in the range of low
inlet-velocity ratic were difficult to determine since it is not
poseible to eveluate accurately the reglons where reversed flow is
indicated at the inlet (zero flow was asssumed for integration purposes)
and the exact extent of flow esymmetry at both rake statlons may not
have been determined with the present instrumentation. Evaluatlion of
the impact pressures cobtained at the venturi, where the duct was more
completely instrumented snd the flow was symmetrical,; however, showed
that these increases between 0° and 5° were of the right order. In
addition, measurements of the mass flow at the two stations showed
excellent sgreement. As already polnted out, figure 7 indicates that,
at the test angles of attack, the diffuser pressure coefficlents

CONF IDENTIAL
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decreased with an incresse In flow rate as flow began entering the top
portion of the inlet and then became higher with a further increase in
flow rate when separation from the top of the spilnner was eliminated.
The incresses 1n impact pressure with angle of attack at low values of
the Inlet-veloclty ratlo are obvicusly assoclated with higher external
drag. A more Ilmportant adverse effect, however, might be the influence
of the flow asymmetry on the loading of the compressor blades of a gas-
turblne-engine installation.

The effect of Mach number on the average impact pressure coeffi-
clents at the inlet and diffuser is presented in figure 8. No appreci-
able dlfferences were found in the presgsures above the knee of the
curves over the range of test Mach mumber. Below this point, however,
the variations were sometimes large. The reasons for the spread are not
readlly apparent, but are belleved to be of secondary importance since
these varlations occur below an operational inlet-velocity ratio.

Baslc configuration, propeller installed.- Representative total-
and static-pressure distributions at inlet and diffuser measuring sta-
tions with the sealed Juncture propeller operating at the design cruise
condition are shown in figure 9 for My = 0.68 at angles of attack of
0° end 5°. In general, the local impact pressure coefficlents never
attained the propeller-removed values st & = 00, except In the outer
region of the inlet annulus, because of the shank end shank-spinner-
Juncture interference effects on the spinner boundary layer (compare
with fig. 6). These effects might have been expected to cause separa-
tion at higher inlet-velocity ratiocs than with propeller removed. Such
separation did not occcur; this result 1s similar to that cbtalned in
reference 2. Propeller operation also stablilized the entering flow and
esymmetry of the total-pressure distribution was not present at 0° angle
of attack. The main effect of propeller operstion at angle of attack
was to elilminate a portion of the reversal of f£flow and the surge which
occurred with propeller removed at the low Inlet-velocity retios.

Average Impact pressure coefficients at the inlet and diffuser
with propeller operating at the design cruise condition are presented
in figure 10 as a function of inlet-veloclty ratio for the test angles
of attack at My = 0.68. At « = 09, the coefficients at the inlet
were from 0.01 to 0.06 less than with propeller removed (compare with
fig. 7) over the range of inlet-velocity ratio. The greater inlet
losses occurred at and below the knee values of Inlet-veloclity ratio,
where the shank interference effects on the spinner boundery layer were
greatest; the knee of these curves indicates the inlet-velocity ratio
below which losses due to separation Increase in severity. Losses in
pressure between the inlet and diffuser were about equal for propeller
removed and with propeller operating at inlet-velocity ratios below
the knee values. For inlet-veloclty ratios above the knee velues,
however, the losees wlth propeller operating were about twice those
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with propeller removed (from about 0.05(Hy - p,) to 0.07(Hy - pg)),
probably because of addltional mixing and growth of the thickened inlet
boundary layer inslde the diffuser section. It should be noted thet
retwisting the shank sections of the present propeller would not effect
slgnificant incremses in recovery. For a lower advance ratio design,
however, possible incremses In recovery might be obtained by lncressing
the thrust loading of the shank sections.

At the lower inlet-velocity ratios for the 2.5° and 5° engle-of-
attack cases, the average lmpact pressure coefficlent decreased with
incressing flow rate. This initisl reduction was effected by the entry
of low energy air in the upper portions of the inlet where reversed
flow was Indicated for the propeller-removed case. The diffuser pres-
sure coefficlents, however, followed the same trend as that obtalned
with propeller removed. For inlet-velocity ratios below 0.4, some
points on these curves lndicated slightly higher pressures at the dif-
fuser than at the inlet. Thls aspparent anomaly 1s due to the infiuence
of asymmetrical flow on the messurements made with the present
instrumentation.

The inlet Impsct pressure coefficlent obtained with the sesled
shank propeller operating over the test range of Mach number, advance
ratio, end blade angle is presented in figure 11 for an angle of attack
of 0° ;3 corresponding results of propeller-removed case are lncluded for
comparigon. Only a silight effect of Mach number 1s noted with the
propeller operating at the deslgn cruise condition (ﬁF 63. l
Br = 62.3%; V/nD = 4.2). A reduction in advance ratio to 3.5, " with
resultant higher root angles of attack, caused small increases Iin the
preesure coefficlents ag might be anticipated from low-speed data
(ref. 2). The increased root angles of attack, however, might slso be
expected to ceuse additional shock and shock~boundary-leyer effects at
the higher Mach numbers, and the data for an advance ratio of 3.5 indi-
cate a tendency toward an increased cgmpressibility effect. At the simu-
lated high-speed condition (Bp = 67.4°; PR = 66.6°; V/nD = 5.25), the
Mach number effect became more pronounced and the pressure coefficients
did not increase wlth increases in shank loading as the advence ratio
wag reduced from 5.25 to 4.2. It is apparent that thinner shank sections
will be required to obtein any significant increases in lmpact pressures.
This conclusion is in sgreement with the data of references 6 and 7,
in which the section charascteristics of several two-dimensional 16-series
airfoils, with varyling thiclmess ratios are reported. Reference 6 indi-
cates that, for airfoll sections in the range of thickness of the present
shanks, the 1ift is markedly reduced and the drag lncressed by increases
in thickness ratio. Reference 7 .urther points out that the only prac-
tical method of reduclng compresslbility losses is by decreasing the
section thickness ratio.
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With the platform-type Juncture installed, only a slight effect
of Mach number on the inlet impact pressure (fig. 12) was noted for
the entire test range of advance ratio aund blade angles. The reduction
in the adverse compressibllity effects for the platform-Juncture con-
figuretion as compared with the sealed shank propeller 1s probably due
to the following factors: At the crulse blede angle, where the propeller
shenks and the platform Juncture were alined, some rellief of the pressures
on the suctlion face of the blades may be efforded by the gap. For the
high-speed condition, where the compressibility effects for the sealed
shenk configuretion were most pronounced, in addition to the gap effects,
the angles of attack of the fixed platform sectlions were less than
those for the comparable shanks of the sealed Juncture configuration
inasmuch as the platforms remained fixed at the cruise attitude. The
possible generation of vortices at the juncture gap (see ref. 8) may
also have been Influential at the high-speed blade angle.

Average limpact pressure coefficlents obtalned with the two propeller
shank-gpinner juncture configurations esre compared in figure 13 at the
deslgn Mech number. Although the effects of compressibility on the
impact pressures were smaller for the platform juncture (compare figs. 11
and 12), the coefficients were generslly reduced as compared to the
sealed juncture propeller (fig. 13) in the operational range of inlet-
velocity ratio.

For the design crulse blade angle, the impact pressure coefficlents
sbove the knee of the curves were about L4 percent of the stream impact
pressure less than those for the seeled juncture propeller; the reduc-
tion In coefficients, of course, was a result of the flow through the
gap. Similar losses were also obtalned at the high-speed blade angle
for Mach number below 0.79. For this condition, the decrease in pres-
sure coefficlents was apparently due to the reduced blade angle in the
region of the fixed platform as well as to the gap flow. At My = 0.79,
the coefficients obtalned with the two configurastions were in better
agreement (see fig. 13) because of the adverse effects of compressibility
on the sealed Juncture configuration.

For the previous low-speed investigation (ref. 2), a juncture gap
one-half ag large as the present one waes considered and the impact pres-
sure coefficilents for the sealed and the platform junctures compared
more favorably over the entlire test range. It has been determined,
however, that the former gap was not & practical one (ref. 9) and it
was increased, therefore, for the present test. Because of the effects
of gap size on the pressure coefficlents, 1t is indicated that some
type of seal that would not cause disturbances to the entering flow
would be advantageous. This fact 1s most obvious at the cruise blade
angle where the advantages of the gap flow, from the standpoint of
decreased compressibllity effects, are small compared to the pressure
losses. At the high-speed blade angle, where the compressibility effects
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for the sealed Jjuncture became greater (Mg = 0.79) and some relief is
afforded by the platform-juncture configuration, the over~all influence
of a gap seal 1s not so apparent.

Effect of variations in Inlet height and internal diffusion.-
Representative distributions of total- and static-pressure coefficlents
measured at one of the inlet rakes of each of the four cowllings with
the NACA 1-51.6-094.4 spinner are presented in figure 1i for en angle
of attack of 0° at a Mach number of 0.3. These distributions and
those at the other rake stations (not shown) indicate that the boundary-
layer thickness at comparable inlet-velocity ratios was similar for
all conflgurations until sepsratlon occcurred ahead of the Iinlet. These
effects are alsc shown In figure 15 where the boundary-layer thickness,
defined as the normal distence from the surfasce toc the point where
gi———%g = 0.95, is presented ss a function of inlet-velocity ratlo.

= Po
The "knees" at the lower values of Inlet-veloclty ratic where the thick-
ness begen to Increase rapidly are indicative of the onset of separation.
It is apparent from these data that the separation wvalue of inlet-veloclty
was not significantly affected by varlastion in inlet helght for helghts
as low a8 0.055D. or rate of Intermal compression. The representative
boundary-layer thicknesses shown for each configuration were within
10.03 inch of the values measured at all inlet rakes for inlet-velocity
ratios above 0.39. Below this point, the flow esymmetry became severe
and surging wes noted around the annulus.

The inlet and diffuser average impact pressure coefficlent for
the four cowling conflgurstions 1s shown in figure 16 as s function of
inlet-velocity ratic for angles of mttack of 0°, 2.5°, and 5°. As
would be expected, the inlet coefficients improved with Increasing
inlet helght inasmich a&s the boundary lasyer, which ig similar for all
cases, filled a smaller part of the total area. This fact 1s especially
true in the diffuser where the boundary layers from the inmer- and outer-
duct walls were in closer proximity for the smaller inlet and greater
mixing of the two boundary reglons occurred.

The results obtalned with the NACA 1-69.8-077.7 cowling with and
without & diffuser, indicates that there is a negligible difference in
inlet impact pressure recovery for the entire range of inlet-velocity
ratic. At the diffuser station, however, the internal pressure rise
at low inlet-veloclty ratios effected Internal separation for the dif-
fuser configuration; greater total-pressure losses resulted from this
separation. When internal separation was eliminated (Vi/Vb =~ 0.50 for
a = 00), the recovery for this confliguration equsled or was higher then
the case with no internsl compresslon due to reduced skin-friction
logses. An inlet-velocity ratioc greater than this value is required
to aveold a pressure peak on the 1ip of any NACA l-series cowling usable
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with this spinner and designed for a critical Mach number of 0.80 and
above (see fig. 99 of ref. 1).

The sngle-of-attack effects were similer to those previcusly dis-
cussed in connection with the basic configuration with propeller removed.
At the low inlet-velocity ratios, the diffuser recovery was often higher
than that at the inlet for 2.5° and 5°. As previously pointed out, this
is apparently due to the effects of flow asymmetry on the measurements
made with the present instrumentation.

CONCLUDING REMARKS

An investigetion has been conducted to study the effects of com-
pressibility at Mach numbers up to 0.8 on the internal-flow character-
istics of ean NACA l-series cowling-spinner cormbination equipped with a
dual~rotation propeller. Two ak-percent—thick shank propellers were
studied; one had & sealed propeller-splinmner juncture and the other hed
e raiped-platform airfoll-shaped juncture. The effects of inlet height
and rate of Internal compression, with propeller removed, was also con-
sidered. The more important conclusions are as follows:

1. The effects of compressibllity on the baslc configuration with
propeller removed are negligible for the entire test range.

2. The propeller caused no sppreciable compressibility effects on
the internsl impect-pressure when operating at the design crulse con-
dition. With incresses in shank loading, however, shock and shock-
boundary lasyer intersction effects caused reductions in impact pressure
at & Mach number of 0.8 for the sealed shank propeller.

3, Imstallation of the platform-type propeller-spinner juncture
configuration investigated with a blade-platform gap height of 0.02 inch
(approx. 1/8 inch full scele) casused a reduction in inlet impact pres-
gure coefficlent of about 4 percent for the propeller design cruilse
blade angle.

4. Inlet height (as low as 0.055D; where D, 1s maximum dismeter
of cowling) and rate of internal compression had no significant effect
on the inlet-velocity ratio at which separation from the spinner occurred.

Langley Aeronsutical Laeboreatory,
Nationsl Advisory Committee for Aeronautics,
Langley Fileld, Vs.
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(b) The 24-percent-thick shank propelier installed. Ideal juncture.

Figure 2.- Continued.
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(e¢) Front view of model showing tube arrangement.

Figure 2.- Concluded.
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Figure 5.~ Platform~type Juncture. Airfoil platform ordinates same as
basic sealed Juncture propeller. All dimensions are in inches.
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Figure 16.- Effect of inlet-velocity ratio and angle of attack on the
average impact pressure coefficient 2t the inlet and diffuser stations

of the several cowling configurations.
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Propeller removed; My = 0.3.
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