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SUMMARY

The development of new cowlings, applicable to a
short-nose radial engine, is described. These cowlings,
designated the WACA cowlings Dy and Dgp, employ a
larger spinner and a higher inlet-velocity ratlo than does
the conventional NACA cowling ©.

The pressures available for céoling and the estimated
critical lHach number were found to be higher with the new
cowlings than are usuwally encountered with the conventiocn-
2l MACA cowling C.

‘ Large—~chord propeller cuffs were found to have a sta-
biliging effect on the flow entering the cowling and re-
sulted in inecreased front pressures. Fan blades mounted
on the spinner in the inlet opening had a similar effect.

INTRODUCTION

The present trend in airplane development is toward
the atbtainment of the utmost speed at increasingly high
altitudes, This increased performance is in part made
possible by the development of more powerful engines su-
percharged to deliver rated power at high altitudes. 3Be-
cause of the increase in speed and altitude and the change
in engine-~cooling regulirements, the demands on the cowl-
ing become more difficult to meet and certain cowling
characteristics that did not require consideration in ear-~
lier cowling development become important. :

The present tests are a continuation of a previous
program that resulted in the development of a cowling es~
pecially for radial engihes equipned with long-nose
propeller—drive shafts. These tests were made at the



Langley lemorial Aeronautical. Laboratory, Langley Field,
Va. The basic work conducted on the model airplane in
the propeller-research tunnel of the NACA has not Deen
publishea' the work done in the full-scale tunnhel of the
NWACA is reported in reference 1. )

The 1nvest1gation reported herein was directed to-
ward the improvement of the conventional NACA cowling with
respect to (1) drag due to external flow, (2) drag duve.
to losses assoclated with cooling, (3) cooling, (4) crit-~
ical speed, and (5) net efficiency. ‘ ‘

The excesgs drag is belleveo to arise from various
causes. as follows. : : :

(a) Splllavs of air out of the inlet- openlng
results in a poor recovery of energy in the wake,
particularly for bodies of- low fineness. ratios,

' (b) Turbulence within the cowling causes 'a loss
in enerby that shows up as a drag increase and as'a
loss in pressure available for coeling.

(c) High local velocities (high peak negative
pressures) over the cowling surface result in high
local skin frietion and losses from incomplete trans-
formation of the velocity energy back inte pressure
energy. Critical-speed limitations are also indi-
cated.

o (d) The propeller hub and the blade shank have
been found to be a source of power loss even though
they operate in the reduced-veloclity region at the
inlet of the conventional cowling. The cooling in
‘many cases hRas not been satisfactory owing to the
low front% pressures arising from turbulence and
spillage and because of the absence of propeller—.:
shank fairings. Average front pressures generally
range vetwveen 0.8qg and 0,9q and are not uniform over
the engine, -

The methods used in this inﬁestigation to improve
"the flow conditions are outlined as follows: :

(a) With large spinners having relatively small
cowling-inlet areas, the inlet veloclty was varied to
determine the conditions necessary to stabilize the
flow entering the cowling. The external shapes were



successively modified in order to increase the crit-
. 1cal speed by reducing the external pressure peaks."

(b)) Large spinners and blade—shank fairings
were utilized to reduce the power losses of the pro—
peller and to increase the front pressures. :

(e) With a 1arser inlet area, the effect on the
flow conditions of fan blades in the cowling 1nlet
was investigated. ‘ -

The tests consisted primarily of pressure measure-
nents and flow studies made with a O.,4-scale model. The
actual eflect on airplane and engine performance resulting
from the improved flow is yet to be determined.

COWLING DESIGUATIONS

The recent development of several new cowling types
has necessitated the use of 2 suitable system of identifi-
cation. In reference 2, the term "cowling C" was applied
to the best nose-profile shape developed for the conven-
tional NACA cowling. Owing to the wide use of this pro-
file, the conventional FACA cowling is now generally re-
ferred to as "WACA cowling C." DFor convenience it has
been decided to continue the use of letters as a means of
identifying the newer types., With € for the conven~
tional cowling, the new types will be denoted by succeed-
ing letters of the alphabet in the order of their develop~
ment. linor variations of a particular type will be in~
dicated by suitable subscripts.

Figure 1 shows the three types of cowling that have
been developed to date. Cowling D is characterized in
general by an annular inlet opening through which air is
atnitted at a relatively high inlet velocity with respect
to the flight speed. The present paper deals with the de—
velopment of two forms of this type, Dy and Dgp, in
which the subscript s refers to a deslgn applicadble to
short-nose engines and f indicates the use of a fan at
the cowling entrance. The subscript 1 in Dz, shown
in figure 1, indicates a design suitable for long-nose
engines, : : ‘ c

Cowling E employs a hollow sPihner through which



both cooling and accessory air may be admitted. The ex-
ternal profile of this cowling is designed to eliminate
completely the occurrence of a negative pressure peak,
thereby permitting a high critical compressibility speed.
A previous -development referred to as a "nése blower™
(reference 3) was similar in that air was admitted through
a hollow spinner. The external lines for cowling E may
be ogbtained from reference 4. In designs in which the
spinner is large enough relative to’ the. propeller, cufxs
may not be reguired with cowling B.

. SYIBOLS
H/q total-~pressure coefficient
p/q static-pressure coéefficient
AP/pn®D® pressure-drop coefficient with propeller oper=
: ating .
v/V velocity:ratio
L/F .. duct area in terms of engine frontal area
K  conductivity of engine or orifice plate
(i) '
TV/Ap/q
V/nD advance-diameter ratio of propeller‘
Cp power coefficient (P/pn®D3)
R+Ds‘b
cTn net thrust coefficient
: : B TN
: et efficiency (-—& —)
Nn ‘ n £ 013' vy (C D
Ap pressure drop through a resistance
a dynamic pressure in free streanm
: S total preésure measured above free~stream

sbtatic pressure

[N



v . - freewstrean veloéity'

v veloclty in a duct'

P nass density of alr

A duct area

F engine frontal area

Q voluhe»rate of internai.flow.per'unit time

n propeller*re%glutions.per ﬁhit tinme

D propeller diaﬁeter |

P . power applied to propeller"v

h: I resultant force in thrust direction measured
during test

Dyg 'irag of model with streamline nose

- Subscripts i and e refer, respectively, to aver-
age conditions at the air inlet and at the alr exit.
Subscript t refers to average conditions in the duct at
the location of the front tubes, (See fig. 5.) '

APPARATUS AND METHODS

The experiments were performed in the propeller~
research tunnel of the NACA.

The modified O.4-scale model of the pursult airplane,
on which the tests were nade, ig shown in figure 2. In the
course of the preliminary runs, the sides of the model were
altered as shown in figure 3. With the sides altered, two
adjustable doors were used for the cooling-air exit in
order not to interfere with the oll-cooler and carburetor-
air gsystems. The inlet-velocity ratio was varied by chang-
ing the opening of these doors. ( '

A calibrated electric motor inside the model turned
the right-hand, three~blade, 4—-foot~diameter metal propel-
ler shown in figure 2., The geometric characterigtics of



the propeller blade and of the cuffs are shown in figure 4.
The cuffs were of sheet metal with a symmetrical section

at the spinner tapering to a section fitting the propeller
at the 0,5 radius.

The engine was simulated by an orifice plate having a
large nunber of J-inch-diameter holes distributed over an
area similsr to the area within which the cooling air ace—
tually enters the cylinder-baffle system of the full-
scale airplane. ©The conductivity of the orifice plate
was 0,10, Details of the orifice plate are given in fig-
ure 5, which also shows the pressure~tube arrangement for
measuring the cooling-air flow. . The front tubes of figure
5 were used to give an indication of the cooling-air flow
distribution around the entrancée. The tubes for measuring
the pressure on the front of the plate were located as
shown in figure 5 relative to the holeés in order to avoid
erroneous readings due to flow angularity. The rear pres-
sure was obtalned from s tube in an undlsturbe& region -
back of the plate. -

In addition to the provisions for engine-~cylinder.
cooling, inlet openings were provided for air to an oil
cooler, a carburetor, and two intercoolers. TFrom egch of
these inlet openings the air was conducted through a screen
and then out through. an adjustable slot. The primary ob-
jeect of these auxiliary-air systems was to provide inlets
in suitable locations in order to simulate the actual con-
ditions of operation for the cowling. Little attempt =
was nade to simulate .the internal .ducts required for an
actual installation. ZXach of the auxiliary-air systems
had a total-pressure and a static-pressure tube immediate-
ly ahead of the screen to indicate. the guantity of air
flowing, a total-pressure tube in the entrance, and .a
total-pressure tube back of the screen,

The shape of cowling D arrived at in the tests is

shown in figures 6 and 7. Flgufe 8 shows the arrangement
for tests using fan blades to equalize the distribution
of flow into the inlet slot. This cowling arrangement was
identical with Dy arrangement except for the decrease
in spinner. radlus near the. inlet and the conseguent ine
crease in inlet area of about 50 percent. The . openings
for oil-cooler, carburetor, and intercooler air are shown
in figures 6 and 7, The ordinates for the. cowling lines
of figures 6 to 8 are given in tadble I, :



Flush pressure orifices were installed along one side
of the cowling and along the top of the carburetor-air-
duct outer cover to give the pressure distribution near
the 1lip of the cowling,

The operating conditions assumed for the fullescale
alrplane were

v

i

350 miles per hour or 513.5 feet per second

i

iltitude = 16,000 feet

For the engine,

K = 0,10

Ap = 8 inches of water or 41,7 pounds per square foot
- 2

T = /4 (4)° = 12.57 square feet

For the oil cooler,

K

i

0,46 (based on full-scale 10-inch-diameter oil cooler)

Ap 8 inches of water or 41,7 pounds.per square foot

The volume rate of flow was assumed to be the same for the
0il cooler as for the carburetor, It was estimated that
each intercooler would use an amount of air egual to 80
percent of the amount of air supplied to the carburetor.

The corresponding values.for the 0O.4~scale model are
then

For the engine,

0416 X 12,57 = 2,01 square feet

T =
op/q = (a1.7) (2) - 0.2
- (0.002378) (0.6088) (513)
Q = XATV ,/'Ap/q = 0.1 X 2,01 /OB V = 0,09407
'A" = -—QL., = 0-094:0 N : -
l. vi Vi

For the 01l cooler,



- Q 0,46 n/4 (10/12) =.0.01887.
Tor each 1nteroooler, | '

Q = 0.80 X 0,0188V = 0,0150V
RESULTS AND DISCUSSION

Testg with no propeller.- A number of gcowling-spinner
combinations of the Dy type were tested over a wide range
of inlet~velocity ratios. The most promising combinations
were tested more thoroughly, the tests including externgl=-
pressure~distribution measurements to indicate the probable
critical speeds, The results of the tests of only the most
effective arrangements are presented in this report.

In order to obtain satisfactory ground cooling, the
inlet opening was located at as great a radius as possible
without increasing the negatiVe peak pressures over the
cowling lip.

Stabilized flow at the inlet was obtained with cowling
Dy when the inlet-velocity ratio was 0.5 or greater. Re-
duction of the inlet velocity or modification of the spin-
ner in such a way as to increase the thickness of its Dbound-
ary layer caused a flow breakdown in the diffuser, The
pressures on the front of the orifice plate also dropped
from 1,0q to about 0.8q.

The splnner ‘was given a reflex curvature in order to
thin out the boundary layer and to obtain as favoradble a
pressure gradient at the entrance as possible. Figure 9
gives the pressure distribution measured on the spinner
surface, The front portion of the spinner surface was
nade to approximate a spherical surface that would permit
the front part of the cuffs to be closely fltted.

The extremes in velocity 1nd1cated by the front tubes
of figure 5 are shown in figure 10, If the velocity dis-
tribution around the inlet were uq&form at this section,
the maximum atd the minimum v/vy would be equal and
would have a value greater than unity because of the radi-
al velocity variation in the inlet. These data show that,
at inlet-velocity ratios below 0.5, the flow is not uniform
for either spinner. Above an inlet-velocity. ratio of 0.5,
the flow is more nearly uniform for the short spinner than
for the long spinner.



The preliminary tests indicated that the entrance
area could not be reduced much below that shown in-Ffigure
6 without increasing the losses in the -diffuser to a pro=
hibitive extent. Two angles of divergence between the
inner and the outer duct surfaces, 5% and 80, were tried.
The 5° angle appeared to be the most favorable for this
particular cowling and was used for all the ensuing tests,
The expansion was increased rapidly in the last quarter
‘0of the distance from the inlet to the orifice plate in
order to cover the engine cylinders.

Figures 11 and 12 show the pressure distribution on
the front of the plate for both spinners., With no propelw
ler and no losses from the boundary layer on the spinner
or from diffusion in the inlet, the curves would all be at
a. p/q of 1,0, From these figures it appears that, for
inlet~velocity ratios below 0.54 for the long spinner and
0,52 for the short spinner, conditions are not uniform
around the spinner., Iither the pressure distribution on
the plate or the uniformity of the velocity measurements
in the inlet gives an indication of the quality of the
flows On the basis of the pressure distribution on the
orifice plate, there is not, however, as much improvement
indicated by the use of high inlet-velocity ratios as was
indicated 'by the velocity megsurements in the inlet. This
difference 1s to be expected, of course, because the front
pressures show the net effect of the unifornity of the en-
trance flow plus the losses in diffusion, which increase,
approximately, as the square of the inlet velocity,

The pressure distribution on the plate is more near-
ly uniform and the pressure is higher for the short spine
ner than for the long spinner at any given inlet-velocity
ratioe The peak pressures on the cowling, however, would
have to be taken into account in choosing between the two.
Figures 13 and 14 show the effect of the spinner shape on
the pressure distribution over the cowling surfaces. The
spinner size has a pronounced effect on the pressures over
the cowling., The long spinner gave the lower pressures,

In order to lower the peak pressures shown in figure
13, the carburetor-air-duct lip was lowered to get the ef~
fect of s reduction in the angle of attack. The surface
was then progressively reworked to the shape given in ta-
ble I, The pressure distributions for the reworked shape
are shown in figures 15 and 16,

The effect of a 10° anéle of attack on the pressure
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distribution over the top of the cowling is shown in fig-
ure 17. Figure 18 shows that the angle of attack had
only a snall effect on the pressures over the 51de of the
cowling. ‘

Tests of cowling Dg with propeller.- The long spine-
ner was used for the propeller test's because the short
spinner, being built of wood and plaster of Paris, could
not ve. used with the propeller, Two. flight conditions
were simulated in the final tests, In order %to repregent
the highwespeed condition, a propeller setting of 37,1 at
the 0,75 radius was used with an angle of attack of the
thrust line of 0 ., The oil-cooler and the carburetor-
air exit flaps were set for approximate inlet-velocity
ratios of 0,5 at the highewspeed V/ng. For the take-off
condition, ja propeller setting of 20" and an angle of at-
tack of 10 were used, The. oil~cooler exit flap was
opened to a 20° position,, The cooling-air exit doors
were seb approximstely 40 to the model surface.

Figure 19 shows that, with the propeller operating,
the pressure distribution on the plate does not change
much with the inlet-velocity ratio over the small range-
covered. On the basis of the indicated inlet-velocity:
variation as shown in figure 10 or the pressure distridu~
tion on the orifice plate, the effect of the propeller
is to permit operation at a lower inlet-velocity ratlo
than appeared desirable from the results obtained without
the propeller, The exit area was adjusted on the basis of
the indicated inlet-velocity variation to a value which
b7ve an 1nlet-ve1001ty ratlio of 0,54 at the high speed
V/nDh

For the high-speed condition, figure 20 gives indiw-
cated values of pressure drop through the screen and ve-
locity and total pressure in front of the screen for the
auxiliary internal-air systems., Figure 21 shows the
cooling~air pressure-drop coefficient and the correspond-
ing inlet-velocity-ratio curve, Curves for the front
pressure on the plate and the pressure drop are also given
in terms of the free-stream dynamic pressure, The pressure-

~drop and the inlet-velocity curves are determined by the
pressure- drop coefflclent at any g2iven value of V/nD.

The relations for determlnlng the curves are

~
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The pressure distribution on the front of the orifice
‘plate is given in figure 22 for a V/nD of 1,5. Over
nost of the orifice-plate area the cuffs have increased
the total pressure by more than the amount lost in the dif-
fuser shead of the plate.

Tae pressure- drop coefficient and the entrance~
velocity ratio are given in figure 23 for thé take-off con-
dition, The derived curve of Ap/q 1is drawn in at the
higher values of V/nD Flgure 24 was prepared from the
pressure-drop-coefficient curve of figure 23, since the
quantity -Ap/q Dbecomes meaningless at low speeds " Fig-
ure 24 applies only to the geometrically similar full-
scale airplane with a 10-faet propeller. The pressure dis-
tribution over the frout of the plate at 2 V/nD of 0,65
is given in figure 25. The propeller has a large effect
on the pressures on the front of the orifice plate, as
would\be expected., The variation in pressures around the
orifice plate ig caused by the angle of attack of the mod-
el, which has the effect of increasing the local angle of
attack of the cuff sections going down on the right side
and decreasing the angle of attack of the cuff sections
going up on the lefst 31de.

It wmay be 1nterest1ng to note that increasing the an-
gle of attack from 0% to 10° decreased ‘the pressure be-
hind the Dbaffle plate by 0.3q. This effect may be ac-
counted for by the low pressure field of the wing extend-
ing to the doors. ’ ’

Tests with axial fan to prevent reverse flow, cowl-
ing Dgr.- For the cowling Dgy arrangement it was intend-
ed that, at the high-speed condition, the fan blades mount-
ed on the spinner should control the flow into the inlet
rather than help force thé air through the cooling systenm.
It was assumed that, if the blade angle were adjusted to
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approximately zero 1ift under the high-speed operating
conditions, the power absorbed by the fan blades would be
very snall and that any loecal deviation from uniform flow
into the inlet would change the angle of attack of each
blade as it passed the disturbed section in the direction
to oppose the deviation while it was still small, The re-
sult should be to stabilize the velocity around the inlet
Yo a vniform value.

The axial fan would also be advantageous in increas-
ing the cooling flow for the ground and the climbing con-
1tions, inasmuch as the angle of attack of the blades
would 1ncrease as the quantity of coollng air decreased.

Tne larger inlet area of cowllng Dsf was obtalnea ,
by using the same outer cowling as for the Dy cowling
tests with smaller spinner and inner-diffuser surface
diameters. Mo alteration of the outside surface to obtain
the lowest peak pressures for the Dgy cowling was ate
tempted.  Satisfactory measurements of the velocity dis-
tribution at the inlet were not obtained because of the
difficulty in setting the front tubes of figure 5 relative
to the .flow back of the fan blades. ZThe pressure distri-
bution on the plate was therefore used to indicate the
quality of the flow in the cowling. :

Figure 26 shows the pressure-drop coefficient in the
highespeed condition for two fan-blade settings with dif-
ferent values of the exit area. Values of exit area are
given in figures 26 to 32 to sevarate the effects of the
fan blades from the effects of internzsl-flow changes re-
sulting from exit-aresa changes. The lines of constant
Ap/q are included to give the pressure-coefficient curves
added significance. The An/q .curves are not plotted
from test data since, for fixed values of Ap/q, a curve

of Ap/pn®D? is determined. The 35° setting mppears to
be on the low side _as it decreases the flow over most of
the range, The 45 setting increases the flow over most -~
of the range. It appears that a fan-blade setting of 40
would have given the desired effect of no change in flow
caunsed by the blades in the high-speeducondition.

FPigures 27 to 29 give the pressure dlstrlbutlon on
the plate at - V/auD =-1,5 for various conditions of fan-
blade setting and inlet-velocity ratio. ~Figures 27 and 28
shov improvement of the pressure dlstributlon on the plate
for both fan-blade settings with the 45° setting: giving
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the highest pressures, indicating that the fan /did help in
stablllzlng the flow for low inlet velocities, - The pres=
sures can exceed ¢ even with no fan blades since the
cuffs were in place for all fan tests. TFigure 29 shows an
increase in front pressure as the exit area is reduced.
This résult follows from the fact that a reduction in the
amount of flow increases the angle of attack on the fan
blades and on the inner end of the cuffs,.

The effect of the fan blades on the propeller charac-
terigtics is shown in figure 30. The GT and the - T
curves are of little significance because the exit-door
settings were changed and because the model was in a more
carefully prepared condition for the drag test with the
streamline nose than for the propeller tests -with fan
blades. It is also probable that the cuffs were not set-
at the optimum angle, The important conclusion to be drawn
from figure 30 ig that the fan blades may be used with g
negligible power expenditure. ' ,

For the take-off condition, figure 31 ghows a slight
increase in pressure coefficient for the 35° fan-blade
setting and a consgiderdble increase for the 45 setting,
A poorer plate pressure distribution with fan blades is

indicated in figure 32 for the take~off condition, al-
though the average pressure and the volume of alr flowin
are definitely higher for the condition of blades sebt 45
than for the condition of no blades. This uneven pressure
distribution may be accounted for by the angle of pitch,
which has the effect of increasing the angle of attack of
the blade and cuff sections going down on the right side’
and decreasing the angle of attack of the blade and cuff
sections going up on the left side.

Comparison of cowlings Dg and Dgr.- It has been
shown from these tests that, with no propeller, stable
flow at the inlet may be obtained by the use of a high
inlet-velocity ratio. The tests of cowling Dg with the
prapeller operating were made with an inlet-velocity ratio
high enough to insure stable flow without the effect of
the propeller cuffs, The possibility of using a-lower
inlet-velocity ratio with propeller operating was not in-

estigated on cowling DS. The inlet-velocity ratio for
cowling Dgpy, hovever, was consideradbly lower than for
Dgs and the results obtained without the fan blades may
be compared with the high inleft-velocity results of cowl-
ing Dy with propeller. This comparison is not strictly
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valid since the optimunm cuff setting for a ¢owling with
1ow 1nlet—veloeity ratio would not be the optimum setting
for a cowling with high inlet-velocity ratio.

‘The pressures on the front of the plate are given in
figures 33 and 34 for both the high-speed and the take-—
off conditions. The flow of air was substantially the:
same for the two cowlings. Tor the high-speed condition:
figure 33 shows that cowling Dge without fan blades
gives pressures on the front of the plate that approach in
uniformity and magnitude the pressures obtained with cowle
ing Dy, even though the inlet~velocity ratio is in the’
neighborhood of 0.3, In the take~off condition figure 34
shows the pressures with cowling Dgy without fan blades
to be higher and more nearly uniform than with cowling
Dg o The. pressures exceed q. .for both cowlings because of
the effect of the cuffs. The reason for the lower prese
sures with cowling Dy is that, with the. higher inlef-
velocity ratio, the losses in diffusion ahead of the plate
are greater,

igures 33 and 34 show that the effect of the fan
blades on cowling Dgy was to increase the pressures on’
the front o6f the orifice plate for both the high-speed and
the take=off conditions. In the take~off condition, how-
every, the effect of the fan blades is also to make the
pressure distribution on the plate less uniform,

Although no measurements were made of the surface
pressures with cowling Dsf' it seems probable that the
critical speed for cowling Dgs, either with or without
the fan blades, could not he reduced to values obtainable
with cowwling Dg.

CONGCLUDING REMARY

Flow and pressure studies leading to the development
“of NACA cowlings Dg and Dgy, designs that are applica=-
ble %o short-nose radial engines, have been descrlbed.

Cowling Dg providedvhigher pressures for cOQling at
the front of the engine and had a higher estimated critie-
cal compressibility speed than is conmonly expected with
the conventional C-type cowling. These improvements were
brought about through the use of a large spinner, a modi=-
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fied cowling shape, diffusion passages ahead of the engine,
a relatively high inlet-velocity ratio, and the use of
large~chord propeller cuffs,

Without the’ pfopeWIer, an inlet-velocity ratio of 0.5
was required to give stable flow into the cowling. With
the stabiliging effect of the propeller equipped with
large~chord cuffs, satisfactory pressure distribution on
the front of the orifice plate was obtained with a larger
inlet opening and an inlet-velocity ratio as low as 0.3,
With the larger inlet opening, the pressures on the plate
for the take-off condition were higher than with the small«
er inlet opening owing to the decreased diffuser losses
resulting from the lower inlet velocity.

Istination of the critical speed from the peak nega-~
tive pressures measured without the propeller gave a’
critical Hach number of 0,70 with the large spinner and
an inlet-velocity ratio of 0.5 as compared with 0,63 for
the C-~type cowling,

Auxiliary ducts with inlets built into the cowliang
lip were found to provide full dynamic pressures without
incurring surface pressures greater than those for the
basic cowling,

Cowling Dge had a larger inlet area than cowling
Dy and had fan blades mounted on the spinner in the annu-
lar inlet, The fan blades had the same general effects
as the cuffsy they provided stable inlet flow at an inlet-
velocity ratio as low as 0.25 and increased the cooling
pressures available in all flight conditions. The fan
blades could be adjusted to absord very little power in

the high~gpeed condition.

This investigation should serve as a background for the
development work necessary to each particular engine in-
stallation. The external shape required to give the low-
est possible peak negative pressures varies with both the
inlet sige and the inlet-velocity ratio. The determination
of this shape should, if possible, be made with propeller
running for the design operating coadition of each particu-—
lar case. The effect of the spinner shape and size on the
internsl front pressures appears to be worthy of further
experinentation and should be studied in the presence of
the propeller.

Langley liemorial Aeronautical Laboratory,
Tational Advisory Committee for Aeronautlcs,
Langley Field, Va.
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‘NACA ‘ TABLE I : ’ ~ Table. 1
SPINNER AND COWLING ORDINATES OF COWLINGS Dg AND Dge

[A11 ordinates given in 1nche€]

Spinner and inner cowling radii ~ Cowlin
. Long Short Long spinner Carburetor air
- pistancc®] spinner, | spinner,} with fan duet ordinates | Ciroular-section
cowling }cowling | blados, cowlw | in plene of radil
Dy Dg ing Dge symmetry '

Inside | Outside | Inside } Outside
010.87 0 ’ | ewow Q : wean wene ssoe | eece
«10.5 50 e 50 vee | owee | weaw cnme
«10.0 1.14 cene 1.14 ———- coeo | | eee= -
“9‘0 2029 - 2.29 - oo ] wmne onwee Sane
8.5 2.75 0 2.75 T e B
«8,.0 3.15 97 3,15 ——— wome | wmee ——
=740 3.79 2.22 3.79 T e R
6.0 L1033 3,14 L.33 IR SO BT e
«540 L.77 3.83 Le77 co~e - r— . eme-
Lo | 5.2 L31 5412 emme | mmme | eeme | eene
‘300 5”43 h.?l 5’14'3 - on - o -,... -—ate
«2.0 5.68 5.23 5,68 . een | wess R
=1.0 5490 5.82 5.86 - -—- ———- ——ee
woly R e ceow cwee 8.43 8.L3 srni | wees
-3 ome crmw o= 8.40 8.65 came | | ea=o
o2 N It mece 8L | 8,78 | mems | wee-
wol PR cune . - 8‘57 o 8‘90 -'n-,h:'o cowa
0 6436 6.36 | 5499 8,65 | 8.981 7.30! 7.30

.l BRI omm- : ———e ——eo oo 719 7.54

2 | me-- —m—- Sum- cman .- 7.19 .

R ceee | eeee | T2L} 7.7
o5 ety oy ==o= 9.02 9.36 | 7429 7.9
1'0 6065 6065 6006 905‘4 . 90& 70“4 8.30
3.0 6.73 . 6.73 5.97 10.15 10,LL | 7.66 9420
Lo | 6.60 6.60 5.82 10,2 | 10,71 ] 7.6 9147

540 6.39 6.39 5.62 10,62 | 1091 | 7.57 9,66
6.0 5.62 5.62 5.35 10,77 { 11.0k|  7.97 9.7
6.3 5926 5026 ’ 5.26 L DL | eeowe 8025 hdadd d
7.0 ———— —eew ——n- evee | 11,15 ——aw come
8.0 o e o= ———- 11,23 - cen=
940 ——-- — — ceee | 11,30 | weem ] eeme

10.0 anee e cee= | 11,35} -eon] L owe-

8pistances are measured along the thrust center line from station O. Those
distances given es negative are measured forward from station O. :
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Figure 25,~ Pressure distribution on orifice plate for take~off condition.
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Figure 28,~ Effect of fan blades on orificexplate pressure distribution
for cowling Dgr. Propeller set 37,1%; angle of attack, 0°;
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