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HE EFFECT OF STREAMLIWIVNG THE AFTERBODY OF
A¥ WN.A.C.A. COWLING

By George W. Stickle, John L. Crigler, and Irvean Naiman
SUMMARY

The drag and the power cost associated with the
changing of the nose of a nacelle from a streamline shape
to o conventional N.A.C.,A. cowling shape was investigated
in the ¥.,4.C.,A, 20-foot tunnel, Full-scale propellers
and naceclles were uscd., The increment of drag associated
with the change of nose shapes was found to be critically
dependent on the afterbody of the nacelle. Two strcamlinc
afterbodies werc tested. The results of the tests with
the more streamlined afterbody showed that the drag ap-
proached that of an airship form and that the added drag
due to the open-nose cowling was only one-fourth of the
drag increase obtained with the other afterbody. The re-
sults of this resecarch indicate that thce power cost, in
cxcess of that with a streamline nose, of using an ¥.A.C.A,.
cowling in front of a well-designed afterbody to enclosec
a 1,500-~horsepower engine in ar airplanc with a speed of
300 miles per hour amounts to 1.5 percent of the cngine
power. If the open-nosce cowling is credited with 1 per-
cent becausc it cools the front of the e¢ylinders, the non-
useful power cost amounts ‘to only 0.5 percent of the en-
gince power.

INTRODUCTICH

The two primary functions of an engine cowling are:

(1) To provide an engine enclosure of minimum drag.

(2) To pump the cooling air through the engine or
radiator.

Reference 1 points oumt that these functions may be treated
eparately becausec the definite amount of work required to

e done on the cooling air ig distinctly different from

e ordinary aerodynamic drag of the cowling itself.

It 1s further shown in roference 1 that the drag



chargeable to pumping the air through the cowling is equal
to the iaternal work (thot is, the wvolume multiplied by
the pressurce drop) divided by the free-air velocity and

the pumping cefficiency. The pumping efficiency is shown
to be nearly 100 percent for the high-~speed condition.
Tests with cooling air, the results of which are to be
included in another report, show that this pumping effi~
ciency can be obtained on set-uvup 2, which is the subject
of this reports It is shown in reference 2 that a 550~
horsepower engine operating with a temperature difference
of 300° F. required approximately 1-1/2 percent of the en-
gine power for internal cooling work. This internal work
igs utilized in cooling the rear of the engine cylinders.
More modern engines with improved finning and baffling
have reduced thils valuc to about 1 percent of the enginc
power.

The problem of providing an engine canclosure that
wourld have minimum drag was investigated in reference 1l..
The best design of the nose contour was determined as well
as the best method of exhausting the cooling air,. It was
stated that the drag of the basic blunt-nosc cowling shape
of an air-cooled engine has a drag somewhat in excess of
thnt of a more proporly streamlined shape, such as an alr-
ship form. In order to ascertain the reason for this in-
crease in drag, several cowling noses varying in contour
and dimcnsious were investigated to determine the variable
of the nosc shape that made the drag of the open-nosc
covling larger. At the beginning of thisg research, an
afterbody SLmllar to that of refercnce 1 was uged bdbut,
when the design was copled, the expansion angle of tho
finished nocelle was slightly larger than that of the na-
celle used in reference 1. This small change in the ex-
1’)&‘{15:‘Lo*I angle gave a critical flow over the after part of
B acelle aud the drag coefficient changed radically with
yaolds Humber. This undesirable condition focused
on on the shape of the wftorboav and work was begun
g2 an afterbody thot would not ive a critical flow

The problem of reducing the form drag of the after-
body of the nacelle is similar to the problem of designing
the exzpansion side of & venturi tube. The air must be
slowed down with the least loss of energy. If the expan-
sion angle is too large,loss in energy occurs because the
kinetic erergy 1s not transformed into potential energy
If the cxpansion angle is too gmall, skin friction over
the body will make the drag too high. Further study of



the gffect of the shape of the afterbody on the drag is
planned. If the cowling is placed in front of a wing that
has a thickness equal to or larger than the nacelle diam~-
cter, or in front of a fuselage with a diameter equal to
or larger than the nacelle diameter, the slowing down of
the air is token care of by the wing or fuselage contour,.
If the air that flows over the wing or fuselage is at no
place cxpanded too rapidly, this source of cowling drag
disappears.

he results of tests using the morc streamlined after-
body arc the subject of the present report. This report

Porbonert

shows. that, if the correct power chargeable to the drngw

Al ancall

nose opening is used, Bo ren son eXI,‘sts,

g

&awaf,ng dynanic efficicicy

______ hen it
¥ is realized, as 1s shown in references 1 and 3, that the
' open-nose cowling provides, at no measurable 1nt°r“ul pow-
er loss, cooling for the front of the cylinder equivalent
to approximately 70 percent of the cooling obtainable in
the free air strean.

gigq. Thls statem nt takes on”added sig nlflchce w

STMBOLS

V, veloecity of the frce air strean.
p, air density.
g, dynamic pressure of the air stream,  1/2 pVZ>.
D, drag of the cowling-nacellc unit.
Do, drag of streamlince sﬁape.
F, frontal area of the cowling, 14.75 square feet.
Chs drag coefficient, D/gF.
GDo’ streamline shape drag coefficient.
R, net thrust of the propeller-nacelle unit.
P, power input to propeller.

Nn, net efficient of the propeller-nacclle wnit, RV/P.
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Mg, net efficlency of the propeller-nacelle unit on
the basic nose shape. ’

S, wpropeller disk area.

Po, disk-loading coefficlient or unit disk loading, -

P/qSV.
ACp, effective change in drag coefficient caused by
the nose shape, (ng - mn) Pe 3,
F
3 3
1/4 Ps, propeller disk-loading coefficient, V g% .
APPARATUS AY¥YD METHODS
The investigation was conducted in the ¥.A.C.A. 20-

foot tuanel, which with its standard equlbmeqt is described
in refercnce 4.

Figure 1 presents a line drawing of the arrangcnments :
tested, with the designotions of the noscs and the nacelles

used in cach arrangement,. Set-up 1 was used in reference

1; set-up 2 was used in the present investigation. The ’
nose shapes that were used in reference 1 are ghown in fig- ’
ures 2 to 4. The results presented in this paper wcre ob-

tained with a pointed tall as shown in figure 1 and not

with the tail pump shown in figure 3. Figures 5 to 7 show

the nose shapcs used in the tests for this report. The re-
sultg(}p thig report were obtained with all slotsmgyg§gi

and faired.,

Because the engine-nacelle installation for a tractor
propeller is located in the slipstream of the propeller, it
is nccessary to study the naceclle with the propeller operat-
ing to obtain the possible secondary effects of the propecl-
ler. In order to include as many details as possible with
a reasonable number of tests, thres sclected 10-foot-dianm=-
eter propellers were tested over a range of blade angles
from 20° to 55° at the 7b-percent raldius. Propeller B is

Havy plan form 4893 with airfoil sections near the propel-

ler hub; propeller C 1is Navy plan form 5868-%2 with the
conventional round blade shanks near the hub., Both propel- B
lers B and C have a constant pitch distribution when

set at a blade angle of 15° nt the 75-perceant radius. Pro-

peller Cy is the same as propeller C cxcept that it has .
a constant pitch distribution from the 50-percent radius to

the tip when set at a blade angle of 350 at the 7b5-percent

radius. Flgurc 8 shows one blade of each of the three 10~
foot-diomete ~blade propelloars.



All the tests were made with zero air flow through
the nacelle to eliminate the effect of cowling pumping
efficiency on the results. The struts were shielded from
the air stream as shown in figures 2 to 7. Because the
tare drag remained constant for each set-up, the results
are not corrccted for this effect. The results are cor-
rected, however, for the effect of horizontal buoyancy
becavse this effect varies with the body shape and the
location of the test arrangement in the tunnel. The nag-
nitucde of the offcct of horizontal buoyancy can be secn
in table I. Set-up 1 was located 2 feet farther forward
in the tunnel than set-up 2. Inasmuch as the static pres-
sure in the alr stream increases toward the entrance conec,
the buoyancy corrections for set-up 1 were larger than for
set-up 2.

DISCUSSION OF FIGURES

The condensed results of the drag tests are given in
table I. This table shows that the more streamlined aftcr-
body reduced the drag increment chargeable to the open-
nose T.A.C.A. cowling, CD - CDo’ from 0.0350 $o0 0.0081.

The net efficiency was computed from the net force
on the tunnel Dbalance. The net efficiency for each test

3 365 N
was plotted against 1/ /P, <= v -%; >.Envelopes were

drawn from the composite of all the propeller tests for
each arrangement, The net efficiency envelopes are shown
in figures 9, 10, and 1l1. A comparison of the envelopes

for any propeller at constant values of l/f’/PC shows the
power cost of the front opening of the cowling when in the
presence of that propeller.

These propellsr results strictly apply only to the
ratio of P/S wused in the test arrangement. If the value
of F/S were larger, the effect of the nose opening would
be somewhat greater than noted and, if smaller, the reverse
would be true. Since the present trend is to put more
engine power into the same engine diameter, this ratio has
been decreasing because the greater engine power reguires
larger propeller diameters. The test arrangement is near
the upper end of the range of F/S used and, consequently,
the effect of the nose opening discussed in this report is
larger than ‘will be experienced in most modern installations.



The change in the net efficiency may be defined as

: ACD F
Mg = Ninp = — —
o) n P, S
wvhere AC is the effective change in the drag cocffi-

cient caused by the nosc shape. The curves used as the
basis of comparison are designated mng curves. The Mo
curves for propellers C and Cy were obtained with

nosc 4, and the mno curve for propeller B was obtained
with nose 5 and spinner 1 because the spinnef for nose 4
would not fit propeller B. The change in drag coeffi-
cient ACp 1s a combination of the increment of drag of
the body and the change in the propeller efficiency caused
by body interference and by the drag of the exposed pro-
pellcr hub and blade shanks.

In figure 12, the effective ACp caused by the nosec
shapcs is plotted against 1/ %Ps. TFor small values of
1/ %P., the main cffect is the change in body drag pro-
duced by high velocities over the nacelle; for larger val-

ues of 1/3/PC, the main effect is the change in propel-
ler efficiency.

The preceding fact is illustrated in figure-12(Dd) in
the ACp curve for nose 5 without spinner, This arrange-
ment has the smallest value of ACp for any nose tested

with this propeller for values of 1/ /Pe below 2.0 and

the highest value of ACp for values of 1/ ¥P, of 3.4
or morece. The fact that the values of ACp wup to

1/ 95: = 2.0 are low shows that the slipstream~drag ef-
feect 1s small. The fact that the values of ACp at

1/ ¥P, = 3.4 or more arc high shows that the power ab-
sorbed by the propeller hub and thc blade shanks in the
relatively high-velocity air stream of nose 5 without
spinner is large.

The addition of spinner 1 to nose 5 decreases the
powerféﬁsorbed by the ianer part of the propeller and
makes the arrangement of nose 5 with spianner as good as
any tested in the high-gpeed range, except nose 4.



GEIERAL DISCUSSION:

The results of tests without propellers show that the
increase in the drag coefficient due to replacing a stream-
line nose with am open-nose N.A.C.A. cowling is equal to

.0081., The propeller tests were made with a 10-foot-
dizsmeter propeller and a 52-inch-diameter nacelle, which
gives o value of F/S = 0.188. The maximum power that can
be efficiently utilized with a 10-foot-diameter propeller
at a specd of 300 miles per hour is approximately 750
horscecpower., These conditions give a value of

1/ /P, = 2.68. TFrom figure 12(b), the value of Alp for
a0se 1 at 1/ ¥ P, = 2.68 is 0.0094. This value of ACp

includes the effect of the nose opening and the change in
the propeller efficiency caused by exposing the propeller
hub and the round blade shanks. The change in ACp caused
by ﬁhleldlgg the hub and the blade shanks with spinner 1

on nose 5 is equal to 0.0033., A similar application of a
sp14“or with nose 1 would result in a reduction of ACD
from 0.0094 to approximately 0.008, the value obtained by
the drag tosts. '

From the definition of 'ACD in terms of propeller
efficiency, a ACp of 0.008 gives a change in propellecr
efficicacy of 2.9 percent at l/ﬁ P, = 2.68 and F/S=0.188,
If the same ACp were applied at the same value of 1/9 Pe
to o l4-foot-diameter propeller and a 52-inch-diameter na~
celle, the percentage change of propcller cfficiency would
be lebe This example would apply to a 1,470-horscpower en=-
gine and a spced of 300 miles per hour.

This same result may be caleculated from the drag re-
sults in the following manner., A 52-inch-diameter cowling
in an air stream of 300 miles per hour with a drag coeffi-
cient of ACp = 0.008 absorbs 22 horsepowers. This power

amounts to 2.9 percent of the engine power for a 750-horse-
power enginc or to 1.5 percernt for a 1,500-horsepower en
Zinc. ‘

As stated previously, about 1 perccnt of the engine
power is required for internal work in cooling the rear of
the engine cylinders. Since the open-nose cowling provides
suf11c1bnt cooling for the front of the cylinders, its
asrodynanic power cost should be credited with 1 percent



for this uscful work. Thus, only 1.9 percent of the en-
gine power is chargeable to the open-nose cowling at 300
miles per hour for a 750-horsepower engine and 0.5 per-
‘cent for a 1,500~horsepower engine.

The total percentage of power chargcable to the in-
stallation of & radial englnc with N.A.C.A. cowling in
front of a thick wing or a fuselage is egqual to that
nower cnarge@bl to the nose opening plus the power charge-
able to cooling the cylinders. Thus, at 300 miles per
hour, this installation cost is 3.9 percent of the ocngine

nower for the 750~ ~horscpower cnginec and 2.5 perceant for
tbe l,500~horsopower enblne.

Although the preceding rosuwlt is extremely important
as regards radial-cngine installations, it is even more
important in its general applicantion to airplance design.
The greatest drawback to radial-engince installations,
namely, the supposedly high nerodynamic drag of the large
frontal arexz, has been eliminated.

The fact that the power cost of the blunt nose is so
markedly affected by the afterbody helps to cxplain why
many test results of cowling installations on airplancs
have shown the power cost to be of the order of 25 per-

ent of the engine power. This high power cost means that
the nacelles produced some bad flow condition. The test
resuTts in this report also explain how some modern air-
plane-engine installations have given speeds much higher
than can be computed from existing cowling~performance
“data. The installations that gave the high-speed perform-
ance were frece from bad flow conditions and consequently
gave results comparable with those discussed. in this re-
port. More cxact information on this problem in relation
to modern airplanes is an important subject for further
rescarch, ' :

CONCLUSIONS

1, The idncrcase In drag of 2o conventional W.A.C.A.
open~nose cowling over that of a streamline nosc is great-
ly affected by the shape of the afterbody. 0f the two
strecamline afterbodies tested, tho more strcamlined aftcr-
body showed the increoment of drag associated with changing



the nose to be about ons-fourth of that with the other
afterbody.

2. The results show that the drag measurements ob-
tained without the use of the propeller on a neutral aft-
erbody need not be corrected in applying them to the con-
dition of the propeller operating.

3. The results from this investigation indicate that
the power cost, in excess of that with a streamline nose,
of using an W.A.C.A. cowling in front of a well-designed
aftcrbody to enclose a 1,500-horsepower cngine on an alr-
planc with a speed of 300 .miles per hour amounts to 1.5
percent of the cngine power. To this value must be added
1 percent for the internal work of cooling the rear of the
engine cylinders, giving a total installation power cost
of 2.5 percent. If the open-nose cowling is credited with
1 percent because it cools the front of the cylinders, the
nonuseful power cost of the ¥.A.C.A. installation amouats
to only-0.5 percent of the engine power.

Langley Mcmorial Acronautical Laboratory,
Hational Advisory Committee for Aecronautics,
Langley Tield, Va., April 28, 1939.
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TABLE I

Results from Tests without a Propeller

CD D D-Do
at v at
Set-up|Nosej Nacelle fégnggiiggzigl Cn “bqizf.ft CDTCDO,lb 725.§t Remarks
. 4.y jed Ve e/ S{. .
buoyency) (1b.) {1b.)
B 8 1 0.0861 0.0739 =7.9 Streamline shape
o T for set-up 1.
ot kol 19 1 L1115 .1011 38.2 0.0272 10.3 ‘
1 2 1 .1193 .1089 41.2 .0350 13.3 |
1 7 2 .1193 .1085 41.0 .0846)  13.1 |/
1 19 2 .1126 .1013 38.3 0274 10.4 -
Adreera. 2 4 1 .0710 - .0670| 25.3 Streamline shape
! for set-up 2
2 4 1 L0728 .0688 26.0 .0018 7 Spinner off
2 5 1 0744 .0709 26.8 . Q032 1.5 | With spinner 1
2 5 "1 .0728 0693 26.2 .0023 .9
b2 3 1 .0802 0762 8.8 .0093 3.5
2 3 1 L0773 0733 _7.7 .0063 2.4 ®With spinner 1
— 2 1> 1 .0809 .0751 2B.4 .0081 317
2 2 1 .0840 .0780 29.5 0110 4.2
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(solid di
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AN
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<= 0.5])D -~>~
i

Nose 8+

FR. 2872

Figure | .- Line drawing-cof the test arrangements.
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Pigs. 2,3

Figure 3.- Set-up 1, nose 2, nacelle 1 with propeller and tail pump
in place. The resulis discussed in this report were obiained
with an afterbody having & pointed tail, as shown in fig. 1.



H.4.0.4, Figs. 4.5

B AR

Figure 5.~ The streamling ghape used with set-up 3 with the
propeller in plaoce.



Ee&aeeﬁa : Figgc @gg?

Figure 7.~ Set-up B, nose i, nacellie 1 with e 133- -inch slot opening.
The resulids discussed in this report were obtained with
&ll slots clozed and faired.



N.A.C.A.

Figure 8.- One blade of each of the three 10-foot-diameter

3-blade propellers used.



N.A.C.A. Fig. 9
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Figure 9.- Net-efficiency envelopes for noses 1,3,and b
with propeller B.



N.A.C.A. Fig. 10
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Figure 10.- Net-efficiency envelopes for noses |, 3, 4,and 5
with propeller C.



N.A.C.A. Fig. I
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Figure 1l.- Net-efficiency envelopes for noses 3, 4, and 5
with propeller Cy .



N.A.C.A. Fig. 12
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(@) Noses | and 3; nose 5 with spinner | used as basis. Propeller B.
(b) Noses 1,3 and 5; nose 4 used as basis. Propeller C.
(c) Noses 3 and 5; nose 4 used as basis. Propeller Cy.
Figure 12.~ The variation of the effective ACpy with | /YP. obtained from
the differences in the net efficiencies. :





