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TECENICAL NOTE NO, 720
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FLIGHET TESTS OF N.A.C.A. NOSE~SLOT COWLINGS

ON THE BFC~1 AIRPLANE

By George W. Stickls

SUMMARY

The results of flight tests of four nose=slot cowling
designs with several yariations in each deslign are pre-
sented., The tests were made in the process of developing
the nose~sglot cowling, The results demonsgtrate that & nose-
slot cowling may be successfully applied to an alrplanc and
that it utilizeos the increased slipstream veloclty of low=
speed operation to produce increased coolling pressure across
the engine, A sample deslign calculation using results from
wind-tunnel, flight, and ground tests is given 1ln an appen-
dix to illustrate the design procedure.

INTRODUCTION

The first fiicght tesits of an N.,A.0.A. nose-slot cowl-
Ing are deseribed in reference 1,

The subject report presents results of four designs
of nose-slot cowlings for the BFO~1l airplane in the order
they were tested. The results of the tests of each cowl-
ing are presented in the following manner: (1) A discus-
gion of the flow coandltions that were desired %o be changed;
(2) a discussion of the alterations in the cowling that
were made In an attempt to produce the desired change;
(3) & discussion of the success of the altorations in DI O
ducing the desired result.

Inasmuch as a cowling design for flight must first
give satisfactory operation of the airplane and the eagine,
thig factor was the primary consideration for the first
two nose-slot cowlings. Mosgt of the actual studies of flow
around & nose-slot cowling were made with nosc-slot cowl-
ings 3 and 4. :
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Roference 2 gives the results of wind-tunnel tests of
nosewslot cowlings that were conducted after these flight
tests were completed. This referocnce gives more complete
information on the effect of variables such as the radius
of curvature of the nose shape, the slot location, the
slot size, and the effect of engine conductivity. Some of
the special problems of applying cowling design to flight
work will be discussed in the present paper. Many dotails
that do not onter the problem when meking wind-tunnol tests
become the dotermining factors of design for flight tests.
Anything that impairs the operation of the engine or air-
plane, or that interferes with the pilot's ease of flying
the airplene, must be given serious consideration by the
designer of cowlings for flight. The designer must always

strive to obtaln a good aerodynamic design consistent with
the successful operation of the airplane.

An example of 2 design computation along with charts
to 2id in its solution is given in an appendix of this re-
port.

GENERAL APPARATUS

The airplane used for the tests was a Curtiss BFC-1
alrplane shown in figure 1. It is fitted with a Wright
SGR~1510 l4-cylinder twin-row radial engine with a propel-
lor gear ratio of 4:3, Two propellors were used in thisg
investigation: the service propeller designated propeller
C, Navy plan form 5868-11l, which has three blades, a diam-
eter of 9 feet 10 inches, and round blade shanks; and pro-
peller A, drawlng No. 30-1365, which has four blades, &
diameter of 8 feet 6 inches, and airfoil sections carried
close %o the propeller hub., Engine temperatures were de-
termined by a selective thermocouple installaetion. Line
drawings of all the cowling variations tested are shown in
figure 2.

NOSE~SLOT COWLING 1

The general lay-out of nose-slot cowling 1 is shown
in figure 2. Views of cowling 1l are shown in figures 3
and 4, The cooling alr for noso~slot cowling 1 entered
through the baffles on the eylinder barrels and returned
througzh the baffles on the cylinder heads. The service-
head baffles were reversod to accommodate the roverse flow.
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Phe paths of the entering and the returning air were divid~
ed at the radius corresponding to the thick reinforcing
fins at the bases of the heads. It would have been much
more desirable to locate the dividing wall at a larger ra-
dius but the d&ifficulties of making an airtight seal at any
larger radius determined its location. Measurements of ths
pressure drcp across each path showed that all the meagul=
able pressure drop occurred across the barrel baffles and
practically no pressure drop occurred across the head baf-
fles. This result was, of course, the reverse of that de-
sired because the maximum cooling is needed on the cylin-
der head.* The barrel baffles were then rcmoved to lessen
the pressure drop across the barrel but,. even after thils
alteration, there was still about three times as much pres-
sure drop across the barrels as across the heads. A changs
in the cowling design was therefore necessitated in order
to provide sufficient cooling for the cylinder heads.

NOSE-SLOT COWLING 2

Nose-slot cowling 2 differed from nose~slot cowling 1
in the following respects: (1) all the cooling was donse
on the inward passage of the airs (2) a duct over the
cylinder heads returned the air to the exit slot: (3) the
baffling of the engine was changed to reduce the engine
conductivity; and (4) separate openings were provided for
high- and low-speed opsration by means of & movable por-
tion of the nose adjustable from the cockpilt.

The conduetivity of the service-baffle lnstallation
was between Q.15 and 0.18, whick would have required ex-
cessively large return ducts and exlt openings to provide
sufficient pressure drop for cooling. By the measurement

¥Phe fact that the engine operated in flight without fail-
uwre for the condition of good barrel cooling and very lit-
tle head cooling may mean that the criterion of maximum
cooling on the head is wrong. It is possidble that barrel
cooling, especially near the head, 1s a more important fac-
tor than is usually supposed and, if this part is cooled
sufficiently to koep the oil film between the piston and
cylinder wall from failing, the engline head may be oper-
ated at much higher temperatures than is acceptable today.
Research on this problem should be conducted %o ascertain
‘the truth of this indicated result.
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of the space between the fins, it was found that close
baffling of the cylinders would reduce this value to ap-
proximately 0,08. New baffles were therefore made in ac-
cordance witlh the information ziven in reference Z; these
baffles gave a value close to that predicted., It is shown
in reforence 1 that the most efficient exit slot for high-
speed operation opens so as to discharge the air radially
at the extreme front of the cowling and that the best slot
for maximum cooling for ground and low-speed flight opeora-
tion discharges the air nearly axially farther back on the
nogse. Nose 2 combined these two features to give a cowl-
ing of maximum cooling for low-speed operation and maximum
efficiency for highwspeed operation. & line drawing of
nose 2 isg included in figure 2. Nose 2 adjusted for low
speed is shown in figure 5(a) and, for high speed, in figw
ure 5(b)e Figure 5(c) shows the internal arrangement of
the head baffles and the return ducts, which formed the
head baffles.

The result of one ground test of this cowling is in-
cluded in table I.

The averaszed results of seven flizht tests of the
gservice cowling and of nose-slet cowling 2 are given as
follows:

Cylinder-head . Average
Air  jtemperature (°F.) cylinder-—
Cowling specd barrel
(mep.he)| Average Maximum temperature
(°F.)
Service
(fig. 1) 175 454 486 273
Nose~slot:
Highesgspeed slot 183 . 413 . 447 240
Low—~speed slot 174 400 423 230

A fullwthrottle climb at 104 miles per hour up to
10,800 feet showed a maximum cylinder-head temperature of
4500 T S ) . . T .

The general operation of cowling 2 wag satisfactory;
1t gave sufficient cooling for the ground run and the take-
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off and, as can be seen from the preceding table, an in-
crease of speed of 8 mlles per hour for the high-speed
condition. The most interesting result for this installg-:
tion, however, was the large increase in cooling obtained

by rebaffling the engine, The ussful cooling power was
reduced from 50 horsepower for the service installation %o

7 horsepower for the high~spoed slot position on noss—slot
cowling 2 and yet the tomperatures of cylindsr heads wore
reduced 40° F, and of the cylinder bases 30° F. This re-
sult domonstrates the importance of uslng close baffling

on an engine, Approximately half of the increase 1in gpeed
is due to tho saving in the cooling power and half to the ,
improvement of nose-slot cowling 2 over that of the service-
cowling installation.

NOSE-SLOT COWLING 3

Nose-slot cowling 2 having given satisfactory opera-
tion of the airplane, it was vossible to begin more de-
tailed research on cowling operation. The first problem
was to study ways and means of increasing the engine cool=-
ing to as large a value as possible. The total availaeble
Pressure difference across the cowling is known to be di-
vided between the pressure drop across the engine and the
DPressure drop out of the exlit slot. The rolationship of
these pressure drops is given in reference 4 as:

( ) .]:é_:l=§2+éga. (1)
Ko a a
where AP 1is the total available pressure drop across ths
cowling.

g, the dynamic pressﬁre of the eair stream.

Q, the gquantity of alr flowing throuéh the cowling,
F; the.frontal area of the engine.’

V, +the air spesd.

K, the engins conductivity.

Koy tho exit-slot conductivity.

Ap, the pressure drop across the engineo.

Ap_, the pressure drop out the exit slot.
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Also from reference 4,

éE__(;&_
a  \EFV (2)
Substitutine:
. a
é.lf._.xagg[_;“z_}:g[ﬂ(xﬁ)]
a 4 LK K7 q a
,_ 2
é-:g:l-I’- _E.> (3)
AP a

For a given engilne installation (XK . being constant),
equation (3) shows that it is necesgary to make K ; as

large as possible if Ap is to be nearly equal to AP.

In the design of nose 2, the conductivity of the exit slot
was nearly equal to that of the engine so that the avail-

able Ap across the engine was one-half the total availaw-
ble AP across the cowling. In order to increase Ap/AP,
it was decided to increase the exit area for the low—spood
condition.

Nose~slot cowling 3 was bullt so that the cowling

nose had 1-1/2 inches of travel instead of 7/8 inch as on
nose 2, (See fig. 2.) TFrom the drawine of nose slot 3

in figure 2, it can be seen that 1-1/2 inches of travel
gave a 1-1/2 inch opening for the low-~speed glot and a lw
inch opening for the high-speed slot. This travel of l—l/2
inches was the maximum obtalnable bhecause of the fixed disg-
tance botween the rocker boxes and the propeller blados.

Several variations of nose-slot cowling 3 were made.
(See fig. 2.) The original design was nose 3~A, which was
changed as follows:

3=B: The inner 1lip of the low~s§eed slot was
made larger,

3-«C: A filler piece was placed behind the slot
to prevent geparation of flow'from the cowling surface.

3-D: The outer lip of the high-speced slot was
made straighter., This change decreased the travel a
small amount. ' '
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. 3-B: The top part of the movable nose was .
stralghtened to change the direction of ailr flow be-
hind the slot and 2 longer filler plece attached to
the inner lip was placed behind the slot.

3-F: A new filler plece parallel to the propel=
ler axis was put on. (See fig. 6.)

Before tests of nose-=slot cowlings 3 were started, a
30~cell menometer was installed in the alrplene to measure
bressures around the cowllng and across the baffles., 4n
alrespeed meter was connected o pressure tubes located in
front of and behind the baffles to give the pilot a visual
observation of the pressure drop. The readings on those
instruments were used to compare the cowling performsnces
for the rest of the tests, No attempt was made to stabil-
1ze the temperatures for comparison with nose-~slot cowle
ings 1 and 2.

The condensed -results of the ground tests of nose-
slot cowlings 3 are included in tablé I, The countervanes
used on nose 3-F are shown in place in figure 7. In order
to prevent leakage of air out the endes of the vanes, a 2-
inch annular ring was placed in front of the countervanss.
This modification to the guide vanes reduced the availabdle
pressure drop for cooling on the ground from 10 pounds per
square foot to 2,5 pounds per sgquare foot. The reduction
in the effective opening of the cowling probably explains
some of the pressure reduction. (Sce reference 5.)

Kerosene vapor was used to study the flow of air over
the cowling. The kerosene vapor, whilch has the appearance
of smoke, 1s produced by kerosens passed fthroush an slec=
trically heated tube. Ths tube must be heated all %the way
to the tip because a short soction of unheated tube will
change the vapor back to a liquid. The vapor will burn if
a flame is held in its path., If the  flame ig removed, how-
ever, the vapor will immediately stop burning. No %trouble
was experlenced when tho kerosene vapor was ussd around an
alrplane engine. For further details of this type of smoke
generator, see refereonce §,.

The use of smoke-flow studles is demonstrated by the
following example. Figure 8 shows the smoke that has been
introduced inside cowling 3-B coming out of the slot. The
thickness of the smoke stream indicates that the flow sepa-
rated behind the 1ip of the cowling. OCowling 3-~B produced
only 12 pounds per square foot pressure drop for cooling
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with the four-blade propeller, A turning at 1,860 r.p.me.
(See tadble I.) In an attempt to prevent thls breakdown
of flow, a leler (cowling 3-C, fig. 2) was placed behind
the slot.

Figure 9 shows the smoke flow over the outside sur-
face of the cowling with the filler in place. 4 close
examination of the flow just behind the slot shows that
the breakaway occurs farther behind the exit, giving a 50~
percent incroase in the pressure drop for cooling on the
ground. This fillet was expected to give unsatisfactory
conditions of flow over the back part of the cawling, but
the problem at the time was to determine how far back care
with the design was necessary in order to obtain a good
pressure drop, On another modification, cowling %-F shown
in figure 10, there is no avpparent breakdown of flow, as
shown by the fact that the smoke flow is nearly the same
thickness all the way back on the fuselage.

A much clearer picture of the conditions of flow can
be obtained when the smoke is actually watched than from
an examination of photographs. The photographs, however,
illustrate a useful means of studylng flow conditzons on
the ground.’ : - :

The results of the fligcht tests of cowling 3 are in-
cluded in table II, For the fllight test of cowling 34,
dats were obtained only with the low-speed slot because
the o0il overheated. This overheating was due to the fact
that breakdown of flow over the rear 1lip of the low-speed
glot inereased tho thickness of tho heated layer of air
over the aftor part of the cowling and this hot air, com-
ing in contact with the oil resdiator, so decreased its
effectiveness that the cooling capacity was insufficient.
A larger o1l radiator in a separate nacelle was installed
far enough below the cowling to be free of the heated layer
of aire. (See fig. 9.)

The increase in the areca of the low-gpeed exit slotb
of noge~glot cowling 3 was not so effective in increasing
the cooling pressure as was expected when the design was
made. Thig ineffectiveness is dus tc the fact that a
large slod# is much more critical than a small slot. -The
ratio of the radius of curvature of tho inner 1lip of the
slot to the slot width should not be below a certain filxed
value., For nose-slot cowling 2 with a 7/8-inch opening,
the inner lip seemed to work very satisfactorily but, when
the oponing was increased to 1-~1/2 inches, the inner-lip
radiuvs was too small and breakdown of flow occurred.
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Another change incorporated in nosewslo$ cowling 3
was the locallzation of the curveture of the cowling sure
face near the exit slot to produce & high local velocity.
It was hoped that the large negative pressure associated
with high velocity would increase the available pressure
drop.

Figure 11 shows the pressure distridbution over nose-
slot cowling 3-C for level flight., .This localigzed high,
negative=pressure rogion for the slot in the high-gpeed
vosition ie shown noar the low-speed~slot location (fig.
11(a))e When the low-spoeod slot was opened, however, the
negative pressure at the slot location nearly disappeared
(fig. 11(®)), which indicated & large decrease in the ve=~
locity due to the blocking of the air as it came out the

--8lot. The higher nogative pressures over orifices 1l and
12 (f£ig. 11(b)) do not mean that the veloclity out the slot
is higher than the velocity over orifice 10, The total
pressure of the air stream out of the glot has been great-
ly reduced by the passago of the air around the ongine,

NOSE-~SLOT COWLING 4

Nosewslot cowling 4 was made larger in diameter than
nose~glot cowling 3 to gvoid the limitation of the fixed
distance between the propeller and the rocker boxes. This
increased diameter resulted in larger exilt. openings, a
larger and smoother inner 1ip of the low-speed slot, and
generally greater freedom in the design of the cowling,

_ Nosge~slot cowlings 4-A and 4~B have three sizes of
low-speed exit slots (2-1/2 inches, 3-1/4 inches, and 4
inches) obtainadble by adjusting the outer 1lip of the highe
speed slot. (See fig, 2,) .

Nose~slot cowling 4-B differs from nose-slot cowling
4~A in the design of the outer 1lip for the high-spesd slot,.
It was thought that this change might increase the effec-
tive diameter of the cowling opening and might thus improve
the ground cooling, For nose~slot cowling 4-C, the outer
1lp of the highwspeed slot was spring-loasded so that the
high-speed slot remained closed until the movable part of
the cowling hed traveled within 1 3nch of the back posiw
tlon where a stop prevented Ffurther movement of the lipe.
Inasmuch as the sizo of the low-—sveed slot could be wvaried
without opening the high-spced slot, the effectivenecss of
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slot size and slot efflciency for the low-speed-slot condi~
tion could be studied. Pictures of nose-slot cowling 4-A
are shown 1ln flgures 12 to 14,

The results of the ground tests of nose-slot cowlings
4-A and 4-B are included in table I. Some increase in the
availaeble pressure for cooling on the ground was obtained
with propeller C over that obtained on nose=slot cowling
3. Propeller A, which provided 27 pounds per square foot
for cooling on the ground, gave the most spectacular im-
provement, This cooling was sufficient to allow the cnzine
to be run indefinitely on the ground at full power. The
advantago of a disgk in front of the cowling is apparent,
ospecially with propoller C.

The ratio Ap/n3D2 has the disadvantaze of being de-
pendent on the blade-angle setting of the propeller. The
available A4p at a constant engine manifold pressure, how-
ever, is a better criterion of ground cooling. TFor in-
stance, for cowling 3-F with propeller C and with counter-
venes, a propeller blade—angle setting of 11° at 0,75 R
gave a Ap/n2D® of 0.116 and a Ap of 10 pounds per sguarse
foot at zero manifold pressure, A blade-angle setting of
18° at 0.75 R gave a Ap/n2D2 of 0,195 and a Ap of 11
pounds per sguare foot at zero manifold pressure,

The results of the fiight tests are included in table
II. The Ap/q in climb was increassed from 0.79 for nose-
slot cowling 3~F %o 1.60 for nose~slot cowling 4-A,., Cowl—
ing 4 is the first nose-~slot cowling to give a largor
Ap?q in climbd than in level flight, which shows that the
increased velocity of the slipstream in climb is being used
to advantage to produce a larger pressure for cooling.
This fact is especially apparcnt for nose-slot cowling 4-B
with propeller 4; for this condition, the Ap/q in climd
wvas 2,06 and, in level flight, l.32., The effoct of a disk
is negligible for the climb or the level-flight condition.

Figure 15 presents the varlations of Ap/g with cowlw
ing position for cowlings 4-B and 4~C. The two curves for
level flight are not comparable in magnitude owing tc the
larger opening for flight 32 but the general shape of the
curves is significant., The intermediate points on the
curve for cowling 4-B are for the condition in which both
slots were partly opon. For the 'tests of cowling 4-C, the
part of the curve from O to 26 turns is for the low—speed
slot alone; tho high-spced slot romained closed because of
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the spring-loaded l1ip. These curves can be extended to
zZero Ap/q where the low-speed slot would be entirely
closed, as shown by the dotted curve. This curve shows

the great effectiveness of a small increoase in the slod
area for small slot oponings and the decrease of the effecw
tiveness as the slot opening becomes larsze., The change in
effectiveness is especially apparent for the level-flight
condition where the curve becomes almost level at ths low-
speed position. The same effect was found in reference 2
where it is discussed in more detail.

Figure 16 shows the variation of alr speed at constant
power in level flight with Ap/q as obtained with cowling
4-0, Since all the points for both slots lie on 2z smooth
curve, it seems that the efficiency of the slots must be
approximately egual., A single adjustable slot located in
the position of the low-speed slot would apparently bde
equally as good as a itwo-slot design.

CONCLUDING REMARKS

1. 4 practical spplication of the nose-slot cowllng
to an airplene in flight has bsen developed.

2, A nose~slot cowling, if properly designed, wakes
use of the inereased wveloclty of the sllpstream for low—
speed high-vpower operation to produce increased cooling
pressure. Values of Ap/q of 1.60 in climd and of 1.12
in level fligh% were obtained for one cowling,

3. The location of the highwspeed slot is not oriti-
cal in regard to high-gpeed efficiency.

4, The design of the exit passage for large slot
openings requires .that the radius of the inner lip of the
slot be large enough to preveont breakaway of the air flow.
If broakaway occurs, the drag of the cowling ls greatly
increasod.

5, Exhausting the cooling air from the cowling into
& low-pressure high-~velocity region requires that more care
be exercised in the design of the cowling lines back of the
slot than for a conventlonal N.A.C.A. cowling., Convergent
cowline lines increase the angle of attack of the local alr
flow over the cowling surface and, if they are too con-
vergent, will cause the cowling to be sensliiive to slot
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openinge. On one installation in flight, breoakaway occurrod
for large slot openings dut no separation was presont for

small slot openings,

Langley Memorlal Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 5, 1939,

APPENDIX

DESIGN CALCULATIONS

An example of a design computation for nose-slot
cowlings is presented along with curves to aid in the so-

lution,
Given:

Engine characteristics

Power output - - - ~ - - - -

Indicated horsepower - - - -
Altitude = = = = = = = =« - -
Taeke-off power = ~ = - - — -
Mexlmum engine diameter =~ -

Rated engine speed = = = = =

1
[}

Propeller gear ratio - -

Number of cylinders - =« - =

1

Engine~baffle conductivity.

Ap requlred for cooling at
rated powor and altitude -

Distance from trailing edge
of the propeller at maxi-
imum pitch setting to the
front of ongine rocker-
box coversg = =f- - - - =

850 hp.

1,100

0 to 10,000 f£f%.
1,100 hp.

45 in,

2,200 Tepeme

3:2
14

0.10

40 1b./sq. ft.

10 in,
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Diameter of o0il cooler re-

guired = = - ~ - = - - = 10 in,
Conductivity of oil cooler - 0.55

Indicated horsspower at 75
brake horsepower = = - -~ = 150

Propeller characterlstics
Type «0f control = = = = = — Gonstant speed
Normal range of control - - 20°
Number of blades = = = = - 3
Diameter = = = = o = = = = 11 f£t.

Blade~angle setting at top
epeed and rated eltitude - 32° at 0.76 R

Speed at rated engine speed 1,467 r.p.m.
Blade—angle. setting for full-

power c¢limb at minimum .,

elinmbing espeed = = = - = = 22° a% 0.75 R
Minifum blede-ancle setting 15° at 0.75 R
Power absorbed at 1/2 rated

speed and minimum blade-

angle setting on the

Zround = = = = = =~ - - - 75 hp.

Airplane characteristics

Top speed at rated altltude
of the ongine = = = ~ ~ - 230 m.psh.

Dynamie presesure at top
speed and rated altitude - 100 1b./sq. ft.

Gruising spesd = = = = = = = 209 me.peh.

Minimum eclimbing speed — = -~ 110 m.p.h.
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Dynamlc pressure for climb-
ing speed at soa level - - 31 1b./sqe. ft.

USE = = = = = = = = = =~ - Military
Type = - - -~ = - = = = - ~ Landplane
Location of engine - - - - In nose of fuselage

Maximum dlameter of fuselage |
behind engine -~ - - - ~.~ B4 in,

Calculations:

Equivalent leak area of englne is

0.10 x 45°2 x g = 159 sq. in.

Equivalent leak area of oil cooler is

0.55 x 102 x g = 43 aq. in.

Additional area for'ven%ilator duct to accesgory com-
rartment 1ls 12 sq. in,. '

Total equivalent leak area is 214 sqg. in,

In order to prevent.excessive losses in the return
ducts, it is advisable to make the area of the return ducts
approximately 2~1/2 times the equlvalent leak area, or

2.5 x 214 = 535 sq. in.

Area ingside the engine diameter between the rocker boxes
is approximately

14 x 15 = 210 sq. in.
Area required to provide space for the oil~cocoler, the
carburetor-air, and the accessory-compartment ventilator
ducts 1s 135 gq. in. Area nocessary to be provided out-
side engine diameter is

535 + 135 - 210 = 460 sqg. in,.
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Frontal area of the cowling. F . fequifed is
45° x T *+ 460 = 2,050 sq. in. = 14.21 sq. ft.

Minimum diameter of cowling is 51.2 inches. Necessary di-
ameter of cowling to allow for structural blocking is 52
inches, Since the diameter of the fuselage behind the en-
gine is 54 inches, the cowling diameter regquirements need
not be crowded., Geometric conductivity of the installa-

—'2"%.'% = 0.10.
. 52 4
As the distance between ths trailing edge of the pro-

peller at the maximum blade-angle setting to the front of
the rocker-box covers is only 10 inches, 1% is convenilent
to use the ordinates for nose 2 from reference 2 for this
deslgn. The ordinates for this.design are given in the
following table, where a 1s twice the distance from the
propeller axis to the point and. b is the axial distance
from the leading edege of the nose to the point. The loca-
tion of the slot (slot 2 of reference 2) is a = approxi-
mately 49 inches and b = 2,39 inches. The maximunm diam-
eter of the front opening i1s 38 lanches.

tion based on the cowling grea ig

Station (ii;) (12.)
1 40,0 0.
2 44,8 «52
3 46,6 1.04
4 48,7 2,08
5 50,2 3.12
6 Bl,.2 4,16
7 51.8 5,20
8 52.0 .24
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The ordinates of thils nose shape in fractions of the

diameter A

of the cowling are:

Station a/d b/A
1l ‘0.769 0
2 .862 .01
3 .896 .02
4 « 937 + 04
5 365 06
6 « 384 «08
7 .996 .10
8 1,000 W12

The values of the power coefficients P, and 1/3/P,
for use with the data of reforence 2 are next computed.

Climd
_ 850 x 375
© 21 x 95 %X 110
E‘—l_—_—_' = 0,97
v B
4 = 31 1b./sq. ft.
Ap = 40 1Db./sq. ft.
Ap/qg = 1.29
From
ence 2,
q
Ap _

= 1.10

High speed

950 X 375 - 0.163

100 X 95 X 230

1.83

100 1b./sq, ft.
40 1b./sq. Tt

0.40

figure 17, which is a cross plot of data from refer-
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From figure 18, which is taken from refersnece 2,

X _ -
A;7f = 0.58 1.656
0.58
S1 3 = §§-§- = 2, » «84 in, ’
ot opening Zon 4 in 0 n

A slot opening of 2.4 inches for the climbing condi-
tion at 110 miles per hour is slightly too small owing to
the smaller ratio of cowling diameter to propeller diame-
ter of the design installatlion as compared with the in-
stallation of reference 2, This error, however, is not
large and the air speed for climb is lower than will be
usually eXperienced with this airplane; conseguenitly, the
computed slot opening may be used with confidence.

The ground condition presents a slightly different
cooling problem. I} isg necessary to warm up the engine
and the oil thoroughly before take-—off is attempted, but
too little information is available on how much cooling is
necessary to prevent the overheating of soms parts before
other parts become warm, In order to zain some information
on this subject, approximate relations of Ap and horse-
power as obtained in reference 7 will be glven. It was
found that the Ap required for constant temperature dif-
ference varied approximately as the (indiéated horse-

power) *?® for the engine in reference 7. If this same
relationship 1g used and it is desired to know how much
Ap will be regquired at one-hzlf the rated engine speed
and the power absorbed by the propeller at this speed for
the lowest blade angle and ground condition, there is ob-
tainsd

i.hp. = 40 x 150

1.75 o )i.vs
i. hp. N 1100

= 1.2 1be/sq. ft.

This procedure extrapolates the relationship given in
reference 7.far below the tested range but it gives some
indication of the amount of Ap required.

_ The Ap available for this installation will now be
roughly estimated. ) .
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Figure -19 shows the O4p/n°D® obtained for nose 2,
slot 2 with a 4=1/2 inch axial movement of the slot and a
propeller similar to the design propeller at a2 blade-
angle setting of 20° at 0.756 R as a function of the cowl=-
ing conductivity. For & conductivity of 0.10, Ap/nBDa =
0.000077,

From table I, the addition of a disk increased the
value of Ap/n3D® approximately 50 percent, giving a

‘value of Ap/n®D2@ of 0.000116, This value applies to a
ratio of cowling opening to propeller diameter of 0.282,
The maximum value obtainable for the present investigatlon
is 38 inches/132 inches = 0.288. These values are so
close that the discrepancy may be neglected.

In order to correct Ap/n®D2 for a decreass in the
blade~angle setting from 20° to 150, reference is made to
figure -4 of reference 5. This figure showes a reduction

in Ap/n8D8 of approximately 10 percent. The corrected
value 1is then

AD
— = (,00010
naDa

or

ADp = 0.00010 x 12.2% x 11® = 1.8 1b./sq. ft.

This result indicates that satisfactory coolling would be
obtained on the ground.

It is usuelly easier to measure this Ap at full en~
gine gpeed on the zround, which would give a- value four
timos as great, or approximately 7 pounds per square foot.

The size of the disk to be used on this installatilon
is obtained as follows:

Total area of front opening is 28% x ¥ = 1,130 sq. in.

Free area required is 2.5 times the equivalont leak
area of the ensine, 0,10 X 45° X F x 2.5 = 400 sq.in.

Area required for openings of olil-cooler, carburetor-
air, and accossory~compartment vontilating duct i1s.
135 sg, in,

Area of disk is 1,130 = 400 - 135 = 595 aq. in,
Diameter of disgk ig 27 in,
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X.4.0.A. Technioal Note Xo. 730 TABLE | Tablas
OROUND TEST3
_{| Pro-! Fumber Biede- Propeller p at
cg:é pel-l of Diamster e AP aspeed at Anm en~
ler| blades | (£5.){in.)[ smettl Y zerc engline| gine man— 8lot Rerarys
a.? ds.??& n"D manomater | ometer iposition
Be
{z.p.n.) {1b./8q.1n.)
2 ] g 10 26.1 |0.250x207Y 1,120 -
3.B| & i ] 4 1k i 1,860 12 -
-0 A L & 6 1% .260 1,860 18 -
-0{ @ 3 9 10 11 .06 1,800 ; -
-D| A & [ 28 .36 1,310 3 -
L[ ¢ 9 10 26.1 1 .152 1,120 5 -
r| S g o nt| s 1150 '
3F| o 3 1o 1 1116 1,200 10 ~  WitE countervanes.
3-r| G g 10 11 029 1,800 2.5 - lit!d:. Em:. t:{':n:l:g
an -in. a’ -
Hig| 3|3 B B |® | u B | ma RBoEEE
. U Q-8 BK.
aal e 3 10 23 2306 1,160 11 ¥id Do.
Lsf o 3 9 10 23 388 1,160 14 Forwerd Do.
x| ¢ § 9 10 2 .16& 1,160 [ Back
Laj e 9 10 2 .19 1,160 7 uid
| G g 9 10 2 .go 1,160 9 Forward
4B} o g 10 . 1,160 [ Back dge diek.
LBl ¢ i 9 10 2 . 1,160 11 Htd Do.
4-B | ‘A E) 6 28 903 1,310 21 - do - Do.
LBl & 4 8 [3 28 787 1,310 7 - do -
TABLE II
FLIGH? TESTS
muglda; 8lot S8lot  pttituds Q
Pro- e o -3 *
Flight |Cowling|pel- lbigiz;gn location position . o_‘ (1b./eq.in.)| Ap/q Remarks
ler|(at O. rplune
(deg.)
1 -k [+3 - fow speed | Level 0.58
ol s | sl B - fraeeilat| B 88
AE-RR1N R e & | 2
1 = - - p- .
ER-AR1 S EI
1 - - - .
1 -0 ¢ 23 - — do.- ég .
1 D i 25 - Olimb g .
1 3-D A 28 - Lavel .
1 _g ry ag - - g:.- Eg .
1 rs z - - 4.~ .
1; -D A 5& - - do.— 28 R
18 -r [} 26.1 - Clinb 25 .7%
18 -F c 26.1 - Lavel is5 &
20 [} 2 Middle Climd - 28 1.49 | Squars-edge disk.
20 ﬁ [+] gg -d0 - Level 6; 1.% &
20 C - - - do.~ . .
21 Ly [} 2 - 3 - Olimb ;z 1.%9 | Round-edge disk.
az% t;.‘ g g; - & - Level gg 1.13 .
& - - - 00— o .
22 | ba | o Fosmard aith 28 178
22 Aa Q - do.— Level g_; 1.12 | Round-sdge disk.
22  —ry c 2 g - do. - E Do.
2 L Wy 0 Beck Olixb 28 1. Do.
2 LY a - d0.— Level g 1.12 Do.
2 Ak ] - a0 .- - do. — .g‘r -
2 b2 a - d0.- Climb 28 1.51
ah kA [ 2 - d0.— Level 66 1.09
2k H.a ] 2 - do.— - do. = %0 .30
25 [ ory a Middle Climb Eg 1.
2 Loy "] 23 - do - Level 1.
2 Loa [ 23 |- do - - do - g .
La [ g Forward OLimb 1.21
26 x| 9 2 g S 2 tes
29 48 | ¢ 2[Rt Giimb 1.28 | Round-edge disk.
25 h-B [} 2 - do - Lavel 6; 1.08 Do.
29 -3 [} - do - - do - 5 .82 Do.
25 5B [ 23 - do - - do - 70 .18 Do.
23 B [ 25 |- do - - do - g . Do.
30 kB i 28 |uiddle nb 2. Do.
0 4B A 26 |- do - Level 66 1.32 Do.
0 ] A 28 |- do - - do - g o Do.
1 B A 28 |- 0 - Olimb 1.
i 4.8 A 28 |- do - Level 62 1.
1 3B A 28 |- do - do - .Z. .
52 50 [] 23 - Glimd & 1.
50 [ 2 - - do - 28 1.
,% 50 ] 2% - - do - 28 1.1
A0 c 23 - - do - -] .82
;g ] c - Level &b 1.
2 kg (] 2 - - do - 66 1.10
el 2] : T HEE B
P : ezl B 6
-0 [ 23 - - do ~ 31 «71

. 1,8
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Figure 3.~ The BFC-1 airplane equipped with nose-slot ocowling 1.


http://www.abbottaerospace.com/technical-library

¢ Cylinders

o

481" o

s

Noss 4-B

djueiment

Nose 4-A

Adjustment

Nose 3-E

Nose 4-C

]

48" diam.
484" diam

Noga 3-F

¢ Cylinders

Low-speed position
_______ High- speed posilion

Figure 2.- Layout of cowling shapes

used on the BFC-1 airplane,
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Figure 4~ Close-up of nose-slot oo;ling 1. Figure 5a. Close-up of noge-glot cowling 3. Adjusted for

low speed.
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Figure 5b.- Cloge-up of noee-slot cowling 3. Adjunted for Figure 5c.- Oloss-up of nose-slot cowling 2. Ring removed
high speed, to show internal arrangement.
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Figure 8.— Close-up of the nose-slot ocowling 3-F in the low-speed position.

- =T e = o R s gy

——— e e W G -, e I o L e e e

Figure 7.— Nose-slot cowling 3-F with countervanee in place on the BFC-1
airplane.
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Figure 8.- Smoke flow coming
out of the slot.
Nose-slot cowling 3-B.

Figure 10.- Smoke flow over
nose-slot
cowling 3.7,
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Figure 9.- Smoke flow being introduced shead of the propsller,
Nose-slot cowling 3-0.
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(Q_ON

o~

(2)

Pl =/

(b)

_

plg =/

Figures 1la,11b.~ Pressure distribution over nose-slot cowling

3-C. Level flight. (a) High-speed position.
(b) Low-speed position.
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Tigure 12,- The BFC-1 airplane equipped with nose-ulot cowling 4-A in the low~speed position.
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¥.A.C.A. Technicsl Hote No. 720 Figs. 13a,13b

3

. aavh N U
Figure 13a.- Close-up of nose-slot cowling 4-A in tne low-apeed position.
gux Square-edge disk in place. P PO on
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Tigure 13b.,~ Close-up of nose-slot cowling 4-A in the low—-péed position.
Round-edge disk in placs.
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N.A.C.A. Techniocal Note No. 730 Figs. l4a,14d

Tigurs 14b.- Side view of nose-slot cowling 4-A. High-speed position;
round-edge disk in place.
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N.A.C.A. Technical Note No. 720 ' Figs. 17,18,19
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Figure 18.- Variation of Ap/AP with -A—KTF- (reference 2j.
2
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Figure 17.- Variation of AP/q with 1/ Po Figure 18.- Variation of
(reference 2). Ap/m2D2 with engine conduc-

tivity (reference 2).
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