
REPORT No. 592

FULL-SCALE TESTS OF N. A. C. A, COWLINGS
By THIIIODORDTHEODORSEN, M. J. BRWOORT, and GEORGE ‘W. STICKLE

SUMMARY

A comprehtmsiveinvedlgaii.onhus been curried on Ah
full-scab models in the N. A. C. A. f!O#oot wind tunnel,
tlw general purpose of which h to jurntih injormution in
regard to tlw physical fundioni~ of the compode pro-
pell.ar-nawlkunit under all condiiiw of take-o~, iaxying,
and runvnuljlighi. This report deals exclwi.vely &h the
cowling charaeteristti und.m condition-sof normal $ight
and inclwdesth results of te43t8of numerw combinath.s
Ofmore ihan a dOZeng80 C.0W(%98, && a dOZ@?L 8ki?f.S,

two lWO@iV8, two sizes of IIU”%Ue,as weUm ml+ types
oj spinners and other devices.

The optimum shape oj a Lwo?rag cowling has been
determind. The shape of the Wing edge and the con-
tours of the exit paw?ageare the mum oj large b8884 when
improperly dmign.ed. The importame of providing
mean9for regulating the quuniity of cooling air to the
minimum that W? preventwnxw-ive losses at high speeh
haa be+m demorwtrated. The h? A. C. A. c5wlings
show a remarkably high efici+xwy when considered w a
pump jor the cooling air. The superiority oj a bajled
over an unbajled engine haa been uerijied and ii bus,
furthermore, been shown that ti.ghilyjilting ba~tx are
superior to the dq%ctor type.

INTRODUCTION

The general purpose of a cowling has been known for
some tinm. The original tests of N. A. C. A. cowlings
are given in reference 1 and later studies in references
2, 3, and 4. The actual design of the engine cowling
has, howeveir,been based on a very inadequate soientiiic
knowledge of its functions, owing largely to a lack of
conclusive experimental data. The two basic functions
of the engine cowlings are: (1) To provide an engine
enclosure having minimum air resistance and (2) to
act as a pump for the air that is to cool the engine or
the radiator.

The cowling is usually designed to fit tightly about
the engine unit with a rearwwd taper gradually faired
into a wing or with a slightly expanding section that
forms the front portion of a fuselage. The design of
the portion ahead of the engine has been quite hap-
hazard and often aerodynamically poor. & the cowling
has a leading edge quite similar to that of an airfoil,
it must be expected to react aerodynamically in much
the same manner. The leading edge being fairly thin,

the cowling must be sensitive to the “angle of attack]’
of the local air flow at the leading edge. This question
has, in faot, been considered as a direct consequence
of the iindings of reference 5, in which an “ideal angle
of attack” is defined.

No information has been available until quite recently
on the function of the m-ding as an air pump.

Since the summer of 1935 the N. A. C. A. has been
conducting a very extensive investigation of propellers,
nacelh, and cowlings with numerous special devices
ncluding a dozen different cowlings with a variety
of skirts. Attention is being paid b the mutual
inb”kference of the parts and to their effect on engine
cooling. This fit report comprises the results of the
teats of co-dings, nacelles, and spinners under normal-
ilight conditions.

ANALYSIS OF THE PROBLEM

As previously stated, the two primary functions of
the cowling me: (1) To provide an engine enclosure of
minimum drag and (2) to pump the cooling air through
the engine or the radiator. These functions are &tinuct
because the detite amount of work required to be
done on the cooling air is distinctly different from the
ordinary aerodynamic drag of the cowling itself. In
order ta cool the engine, a certain quantity of air Q has
to be forced through the engine per seoond at a certain
pressure diilerence Ap. A related increment is observed
in the drag D—DO at an air speed V. The work done
per second is thus QApand thework expended exclusively
for cooling is (D –DO) V, which gives an efficiency of
pumping

“= (D~;O) V

The quantity D,, which is given considerable signi.ii-
eance, is deii.nedaa the drag of a closed cowling with
major dimensions similar to those of the actual cowling
aa indicated by the sketoh in figure 1. (See also the
actual design in fig. 4, nose 19, skirt 5.)

Writing the total drag of the cowling-nacelle unit

D=~+DO

the problem is stated. It is, of course, evident that
VP sho~d be M large and DO sho~d be M SI@ M

poseible.
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Thus far the presence of a propeller has been ignored
On fit consideration one might be led to believe the
propeller to be nonessential in the sense that all con-
clusions drawn from a test without a propeller might
readily be applied. That such a procedure is not permis-
sible will be evident from the results. The main inter-
action may, however, be fairly well isolated and de-
scribed. b order to determine the pump efficiency with
a propeller, the net efficiency of the propeller-nacelle
unit will first be defined as

,.=y

where R ie the thrust of the unit and P the power sup-
plied to the propeller shaft. The value q. thus includes
the useful expenditure to cooling.

As the propeller is a secondary consideration, it will
be treated very simply as a disk capable of producing
the desired pressure difference or forward thrust. The
velocity increase and the contraction of the slipstream

ha- l.–BasIo mwlbu shaw fordetmmlnhgmfnhnmndrag.

are found to be proportional to the unit disk loading,
defined as —

Pc=gv
.

where g is the dynamic premre $ PP and S’ is the disk

Any combinations of P, S, and g (or of V) that give
fixed values of P. are therefore essentially .dmiku in
geometrical appearance of the flow field. In the study
of the effect of the propeller on the cowling, the para-
meter P. mill frequently be employed, or mther the
more convenient expression

It maybe noted that large valuea of ,1me correspond to

small contractions and vice versa.
An esprwion for the pumping efficiency of the

cowling for the power tests is obtained by recognizing
the fact that part of the apparent loss in aerodynamic
efficiency reappeam as useful work in cooling the engine.
The net e5ciency pertaining to a certain installation
has been given as v,, which is experimentally determined
for several value9 of P.. The mechanical cost of the
cooling is determined by employ@g the closed cowling
in figure 1 to obtain a series of points on the net-

efficiency curve for thi9 limiting caae of no cooling or
pumping 10ss89. This particular net efficiermy is
denoted as qO. A comparison of these net efficiencies
at a value of Pc representing a desired standard
condition gives the pump efficiency at P. as

–J&__
“- (70–%)P

Consider for a moment the produot QAp. The
engine or the radiator permits a rate of flow Q at ~
pressurediilerence Ap. For a given engine the pressure
drop across the baffles is obviously very nearly pro-
portional to the square of the volume and to the
density p. A nondirectional quanti~ can easily be
obtained. Let A be the cross-sectional area of the
portion of the main air stream in front of the engine,
which actually enters the engine as cooling air. (See
fig. 21(d).) For a given erigine or radiator the
volume per unit time AV is proportional to @; that

J
@. The constant ofis, the area is proportional to
L?

proportionality may be defined as

~–A’

J
&

. !Z

wherek is seen to represent an area. In order to obtain
B nondimensional expression, k may be expressed in
terms of
3ectional

some representative area, such as the cross-
area of the nacelle F. Thus

A
7

K=$=—

J_

(1)
L&
!l

The term K, which shall be termed “the conductivity
Df the engine,” is now a pure number. It is easy ti
visualize when Ap is equal to q: when the available

head is used across the resistance. In this case K=$

and the conductivi~ K may be defined as the fraction
Dfthe total air column with a cross section equal to that
of the nacelle that enters the inside of the cowling
when the pressure drop tiross the resistance is equal
to the velocity head g.

The term” conductivity” has been used from time to
time in various forms by other authors. It is adopted
because of a certain analogy to electrical terminology,
~ will be discussed later.

The value of Ap/q is nearly unity in baffled engines
md K normally lies between 0.06 and 0.1. Most of
ihe reported tests were conducted with tightly fitted
>affles,in which case the value of K is 0.0424. This
mlue of K is referred to as “standard baflling.” Sub-
sequent teats were run with loosely fitting baffles in
which K was 0.0909. A final series of tests was made
with the baffles removed and K, approximately 0.5.
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The great convenience of having the engine-flow
resistance given by a single number can be realized.
If the defined quantity K is used to obtain an
expression for the quantity of the cooling air

(2)

a form is obtained that is particularly convenient
inasmuch as a single calibration stices to determine K
for each engine baffle or radiator. The method of
calibration will be described later.

Introducing K in the eficiency fornnilas, there is
obtained for the nacelle tests with D= CDl’q

A an

‘p=K&
(3)

D— Do

aa the final formula for the pump efficiency. Similarly
for the propeller tests

K(&~”FVq K~+~” ~

‘P=(TO–%U’ = m-% m
or

()

Ap 312
—

(4)
l.lP=c&

where (Y=@. This formula is convenient as K .is a
“

constant, as are the disk area S and the nacelle cross-
seotional area .3’. It will later be shown that the value of

—= 1.8 has been chosen as a standsrd of reference.
&

The influence of the exit area on the flow through*
the cowling is best explained by reference to figure 2.

Fmvmi 2—Rewulls and vdodtlos for dei%dngconduokhity.

Observe that p, and V, are the pressure and velocity,
respectively, in the esit. The static pressure pj is
prtictically identical with the static pressure of the
outside flow at the slot because the flow-line dividing
the extemrd and internal fields is nearly stiaight.
The expression for the total available drop is thus

AP=Ap+Apz

where AP is the total head on the front minus the
static pre9sure at the exit. The static premure at the
exit, as will be seen from a number of pressure plots, is
usually slightly negative and may in some cases reach
a value of –0.3 q. The frontal pressure is fairly close
to q on all normal cowlings. The prcmure AP thus
ranges from approximately 1 q h 1.3 q. The right-
hand terms of the foregoing equation are the pressure
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drop across the engine and the pressure to produce the
velocity head in the exit. The preceding equation
written in nondimensional form is

AP @ Aps
y= * +~

For the pressuredrop across the engine there has already
been obtained the relation

or

()AP– Q 2
!l~

For the pressure that produces the velocity head in the
exit, there is simply

Ap~=~pV..=

as the internal-friction loss in the passage is considered

negligible. QInasmuch as VZ=X2 and & Pv, there

may be written

()AP2 Q 2_—
!Z A2V

The area of the exit of the slot A2 may be written in
coefficient form M a fraction of the maximum cross-
sectional area .3’,as K2F. Then

and for the total pressure drop the final relation ~

representing the case of two resistance in series. The
AP

prewure drop ~ corresponds to the voltage V, the

Q2
()

square of the rate of flow ~ to tie current J, and

the conductivities K to ~
A few remarks on the foregoing equation of flow

regulation may be in order. Restating, the left-hand
side is independent of air speed and is equal to slightly
more than unity. Even with the use of cowling flaps
the increase is only from about 1.1 to 1.3. The msoci-
ated increase in Q is thus of the order of 10 percent and
the increase in cooling is very slight. Indeed, if K is of
the usual small. value of baffled engines, not much is
gained by increasing also the exit conductivity K2.
Reprcmntative values of K and K2 as used in the most
efficient and satisfactory installations tested are 0.05
and 0.15, respectively. The pressures across the resist-

1
antes are therefore — —

(0.05)’ ‘d (0.~5)z’ or b the rati03

of 9 to 1. Any possible increase in K2 results in only
a negligible increase of Q.

, NobtieL?cMca18nalwY,V=.(%,) .
3For w.utant cwlfn~ tbfs ratio deweaseses the fdrSWWIincmawa
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(a) NemUe q ncse7,$klrt & Propdk B, Innermwllmg6 (7-6-B-6-O). (b) Necalle 1,nm 7,skirt 5,prcwller B, Innermwllng3 (7-6-D-3-O).

FIGUEE&—The@t eat-nP.
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The conductivity K completely represents the engine
w regards the aerodymnnic tests of the nacelle-propeller
unit.

The choice of the value of 1.8 is made strictly for
the convenience of comparison. Each individual pro-
peller was ~ted over a complete range of angles of

.
attack. A plot of the net eficiency against —

4’E

shows that the range of — extends from Oto about 3,
&.

tho net efficiency becoming zero at the latter point.
This pmtimdnr shape of the efficiency curve is, of course,
u function of the present tast set-up, which consists
solely of rm engine-nacelle unit. It is obvious that the
presenw of a wing section or of rmentire airplane would

~ propeller ~ cylitiers

Ak..a, t-%)%+I . ...... . .r.v~ ,
/AISYGH 8

“-----
“----

ard equipment is described in reference 7. The fuU-
scale cowling model was attaohed to the standard
balance frame by the supports shown in figures 3 (a)
and 3 (b). The supports were shielded from the air
stream in the regular manner to minimize tare drag.
The cowlings were built to enclose a Pratt & Whitney
Wasp engine having a maximum diameter of 52 inches.
The dummy engine used in the main series of tests
consisted of Waap engine cylinders mounted on the
front half of the crankcase (figs. 3 (c) and 3 (d)). The
engine was pivoted on an axis at the top (fig. 4) and the
force was taken by a bell orank connected to a scale
at the bottom. This arrangement permitted the direot
determination of the axial force on the engine and the
ring-cowling aasembly.

y 72-7 ,m~z “–’--
e18 t. i “/
&-at@/ Lkmny ):’~ 3 1

l.— 1- m W1.ilg2

\
----

-h

z \,.

+2-” ‘
httm I @ AUXIIIWYahfotl (b)Toil pump

Fmmw 4.—T@ model lay-out wJtbc@wllngshapes.

change the shape of the entire curve. It is fairly safe
to assume, however, that the differences in propellers,
cowlings, spinners, etc., would manifest themselves in
the same relative manner.

The condition ~ =1.8 might be more easily kept
e

in mind as a fixed slipstream contraction; it is used to
permit a comparison of the effect of the propeller on the
cowling-nacelle unit under equal or ‘similar conditions of
flow.d

APPARATUS

The cowling investigation was conducted in the
N. A. C. A. 20-foot wind tunnel, which with its stand-

4For exnrnple, tbe value l/V~. -1.8 is represented by a Whorsqmwer er@a
anda 10.fmtpmpdkr at about J&Imaw w honror by a Whomepowar engineand
an%f@ pI’o@lar at about 18)mJJmw hour.

A 150-horsepower, 3-phase, wound-rotor induction
motor was mounted in the nacelle behind the dummy
enghe (fig. 4). This motor was calibrated in a special
brake test over the entire range of speed and torque.
The propeller was mounted in proper relation to the
engine by an extension shaft, which replaced the engine
shaft. The speed and the power output were controlled
by resistamx in the rotor circuit. This arrangement
permitted a flexibility add accuracy far superior to those
obtainable on an engine run on its own power. Another
important reason for the electric drive is its dependa-
bility. With the complex installation comprised of
more than 100 pressure tubes and several dozen ther-
mocouples all over the unit, mechanical repairs would
have been cumbemome.
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The heat transmksion through the cylinders was struction. Noses 1 and 4 had the same size of front
obtained by the employment of a 2-kilowatt electric opening but had very different angles of attack at the
heater of fixed output mounted inside cylinder 1, which leading edge. Nose 5 differed from nose 4 by having
was completely sealed. The measured surface temper- the leading edge designed as an airfoil section. Nose
du.res thus furnished an accurate index of the coefE- 6 was identical with nose 5 except for a shortening of
cient of heat transtilon, not subject to the mdti- 6 inches in the axial length. Nose 7 was designed with
plicity of errors associated with teds of s gasoline a greater radius of curvature than nose 6, representing
engine. These temperatures will be referred to in the a cowling very neutral to the direction of the oncofning
test and tables as “index” temperatures 2’{. A short air flow. Nose 8, which was built on the baaic form

preliminary series was run on an actual engine, a Pratt of nose 1, represents a completely closed nose used for
& Whitney Wasp SIE1–G, baflled in the average man- special purposes. Nose 9 is built on nose 6 with a
ner and run by its own power. Conductivity and forward reversed curvature. Nose 15 is especially
temperature distribution were measured in sevenil designed for housing a blower attached to the propeller
case9 for reference purposes shaft. Nose 17 is a design to determine the effect of

Cowlings,-~ cowlings used in this inves~~ation reducing the main diameter of the cowling by placing
are surfaces of revolution about the propeller axis. The bumps over the rocker boxes to house them. The

N&w 1 ~OUEE 6.—Nwe sh8P of COW@B kted. No= 2

various forms are represented by proiile lines“infigure 4.
For convenience, the rear portion enclosing the electric
motor will be referred to as the %welle.” The por-
tion forward of the exit opening will be referred to as
the “cowling.” The coding may be. considered to
Conslistof threa paxts: (1) Nose, (2) center section,
and (3) skirt. The center section of the coding is
attached perm~ently to the engine cylinders (figs. 3(c)
and 3(d)). The same center section was used through-
out aIItests with the exception of the single test on the
complete cowling 17. The nose and skirt sections
were attached to the center section, care being taken
to form a continuous smooth Iine. A photograph of
ench nose shape tested is reproduced in iigure 5.

The original series comprised nose shapes 1, 2, 3,
and 4, all being of the same length and general con-

basic shape is shown in figure 4 and in figure 5. Nose
18 is a combination of a-perforated disk and nose 2.
Nose 19 is a combination of a solid plate and nose 2,

The various shapes of skirt section tested are shown
in figure 4. Skirts 5, 9, and 10 closed up the rear open-
ing b the coding. , Skirt 8 had flaps of 5-inch chord
and 6-inch span turned out in the positions shown in
figure 4.

Nacelles.-Nacelles 1 and 2, 44 and 60 inches in
diameter, re9pectiveIy, were used in this invedigution.
The leading contour of the nacelle formed the inner
surface for the cowling slot and is termed ‘Inner cowl-
ing.” Inner cowlings 2 and 3 were used with nacelle
1; inner cowlings 4, 5, kd 6 were used with nacelle
2. These inner cowlings and the nacelles are shown
in figure 4.
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Baffles,-Baf3cs of conventional shape were used in these tests. Propeller B (Hamilton Standard drawing
this investigation. (See @s. 3(c) and 3(d).) They ICI-O) has fioi.1 sections close to the propeller hub.
were in contact with the cylinder barrel fins from the Propeller C (Navy plan form 5868–9) has the round
100° position to the 146° position (see fig. 6) for the part of the shank carrying farther out on the blade and
standard-baf3e condition shown in table I. In order fairing slowly into an airfoil section. Propeller B. is

Nom 6 Fmum h-Continnti. Ncde shapesof wwlfngs ktai. Nme 7

to cover difFerentdegrees of baflling in this investiga-
tion, the baffles were moved back ~ inch for a few tests.
The baffles were removed for several tests, as shown
in table I.

Propellers.-Two 10-foot diameter, 3-blade Hamilton
Standard adjustable propellem (fig. 7) were used for

the same as propeller B except that the distribution
of blade-angle setting beyond the 70-percent radius
has been changed. A more complete description of the
propellers is given in the associated report on pro-
pellers (reference 8).



368 REPORT NO. 59>NATIONAL ADVISORY COMMITTEE FOR AERONAUTI~

Nom 18 FIOUEEh-Oontinued. Nom shapedof cowllnga tested. Now M
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Air flow
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Spinners.-Dimensioned drawings of the spinner Special devices,-several special devices were
shapes and their positions with reference to the plane tested in order to gain some insight into their effects
of the propeller are given@ figure 8. (S00 also@. 9.) on the normal arrangwnent.
Spinner 9 was the only spinner that admitted air 1. Auxiliaxy airfoil: A circular airfoil of the section
through the center. , shown in figure 4(a) was used in combination with..
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nose 7. Auxilimy airfoil 1 was tried in two positions air flowed around the cylinder. Four pitot tubes and
as shown. Auxiliary airfoil 2 had the same chord four statkpremnre tubes were placed across the exit
as airfoil 1, but the leading edge was turned down as of the baffles to determine the energy in the air M
shown in the drawing. It was tried only in position 1. that place. Sixteen pitot tubes and eight static-pres-

2. In order to investigate the possibility of dis- sure tubes were placed in the exit of the skirt to measure
chrnging the cooling air through the renr of the nacelle, the air flow through the engine. Survey tubes were
the special design shown in figure 4(b) was tested. placed at intervals outside the cowling surface to

~~

.
-—&-----
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—- - . . . . .
--

. .

spinner 9 -“- —J”

Spinner 10

—-----

(l!!!!k.
1

T

No 7
—------,

~m’ -

[

\

\

NO 6 2
No 3
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.
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—— ---’
No 1

No. 2

FIGUEECL-spinners.

Unfortunately, the resistance through the nacelle was
too large to permit a sufficient range to be covered.

Pressure and temperature apparatus.-Static-pres-
sure orifices were placed over the inner and outer
surfaces of the coding to give a sufficient number of
measurements to determine the static pressure at any
point on these surfaces. Twelve pitot tubes and
twelve static-pressure tubes were placed between the
tins on a cylinder to measure the loss in energy as the

determine the flow condition with dblerent cowling
shapes. A survey was made of the air stream at sis
locations along the aiis of the nacelle with each pro-
peller and with no propeller.

Thermocouples were placed at positions around the
cylinder corresponding to the positions of the pressure
measurements. Hot-wire anemometers were used in
the front and the rem of the cylinder to determine
the relative cooling obtaine& in each place.
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RESULTS

The top speed actually employed in the tunnel was
approximately 100 miles per hour. The V/nD values

were, however, extended to depict conditions up to
300 miles per hour at one-third the actual Reynolds
Number. The present paper is coniined to a report
on the results of the aarodynmnic properties of cowlings
at normal-flight speeds. Several of the tests were also
concerned with the cooling properties.

All propellers were actually tested throughout the
blade-angle range of 15° to 45° (reference 8). The
present report includes only propellers B and C at a
blade-angle setting of 25°. The tests were actually
exiknded over the complete range of P. and it is en-
tirely for convenience that the results of this paper are
confined to a representation of a normal cruising
condition. All conclusions in regard to the results are
definitely identical with those obtainable at any other
value of Po in the cruising range. The conditions
obtained in the lower end of the speed range are pre-
sented in a separate report (reference 9). The tests, in
genqral, comprised the following mwwu.rements:

Drag, or thrust, and the power supplied.
Pressure distribution over nose, skirt, and nacelles.
Pressuresin front and rear of engine unit.
Velocities through bafflw and skirt opening.
Temperatures of heated~ylinder barrel.
Table I tsummarizesthe condensed results pertaining

to the experiments on cowlings under a cruising condi-
tion and includes pertinent related information. The
subdivisions relate to specific variables. The main
division is on the basis of conductivity with secondary
divisions for the nacelkw, spinners, and other special
devices.

Ihch unit was given a designation made up of five
numbers or lettem separated by dashes. These num-
bers refer to the parts of the unit shown in figure 4
rmd are, in order, nosat-propellekmer cowl-
ing%pinner. Thus 7—2—C-3-7 represents a test
made on nose 7, skirt 2, propeller C, inner cowling 3,
and spinner 7. A missing part is represented by the
number O. These designations are given in column 1
of table I. Column 2 is the pressure ~, in front of
the engine divided by the air+tream velocity head g.
Column 3 is the pressure in the rear of the engine p,
divided by q. Column 4 iE the difference between
columns 2 and 3, or Ap/q. Column 5 gives the values
of the conventional drag coefficient Cl==D/gF’. Col-
umn 0 gives the drag at g=25.6 pounds per square
foot, which corresponds to a speed of 100 miles an hour
at standard conditions, or the thrust at a value of l/W~.
of 1.8 at rLq of 25.6 pounds per square foot. Column
7 is the net efficiency of the arrangement at the value
of 1/~~0 of 1.8. column 8 presents the pump effi-
ciency. Columns 9 and 10 give the index tempera-
tures at the front and back, respectively, of the barrel
of the electrically heated cylinder. The index temper-

N. A. C. A. COWLINGS

aturw are the temperature differences
cylinder and the air stream.
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behveen the

The total drag for the test arrangement 7—2-O-
3-0 for a range of q up to 28 pounds per square foot
is given in figure 10. In order to have a representative
picture in a particular case of the drag distribution of
each part of the set-up, the pressure distribution over
the whole unit is shown in figure 11(a). The values
plotted are the nondimensiomil pressuresp/q measured
along the surface of the body. The recorded pressures
are plotted on normals to the surface at the point
where the oriiice was located. Both positive and neg-
ative values are plotted on the outside of the body, the
appropriate sign being indicated.

Using the same values, secondary plots (fig. 11) give
the graphical integration of the axial force with the
pressure plotted against the radius. The area under
the plots represents the pressure drag of the body.
The @urea also give the individual contribution of
each part, the momentum in the exit slot being incIuded.

80

+80
.

~m

m

o 4 8 /2 16 20 24 28
q, lb./sq.fL

FIGUEBle.-sample dragcurvefor w P~ent 7—2—oita

The actual measured drag for the unit was 72.5
pounds and the value given by the pressure plot is 57
pounds. To the latter value should be added 10
pounds, or more, estimatad for the sldn friction. The
wsential point in this comparison k not the closeness
of the agreement but the picture obtained of the rela-
tive effect of the several parts of the set-up.

The same set-up was tested with propeller B operat-
ing (7—2—B—3—O). The conventional curves of
propeller thrust coefficient C~, power coefficient CP,
and propulsive efhciency q are plotted against V/nD
in the usual manner (fig. 12(a)). Of more direct
concern in the present paper is, however, the curve of
net efficiency qn plotted against the quanti~ l/4P.
(fig. 12 (b)), both quantities having been debed in the
earlier analysis of the problem. As previously men-
tioned, the values of T. included in ta~le I were taken
from such curves of q. against 1/#P. for a value of
l/~~ of 1.8.
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PRESSURE DISTRIBUTION

As mentioned in the introduction, the drag of an
arrangement without the propeller operating is not a
safe oriterion of performance. This section and table I
show how the pressures over the body change with
propellers operating in fi-ont of the body. Under the
cruising condition reported here the eftect of the pro-

cchvlingor, more specifically, may be traced back to the
nose section. Another cause of large 10SSWmay be
traced back to an inefficient skirt section. An indirect
effect of the nose manifes~ itself in a variation of the
static prwmre on the frontal area of the engine, this
pressure being always somewhat less than the corre-
sponding total head of the air stream. This pressure
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FIGUEEIL—PESSIE% dishibutton on the test arraru~wt 7—~ and the he drag from the prmnre Uetribntion.

peller is less marked than in the condition of climb or
take-off.

From the distribution of the static pre&mreover the
entire unit as given graphically in @me 11, an impres-
sion of the relative importance of the various parts is
obtained. A study of a number of similar plots shows
that the pressure drag of the rear portion, or nacelle,
remains fairly constant, reauhing in the important
conclusion that the cause of essential differences in the
drags of the several arrangements is to be found in the

on the front of the engine must be mensured with con-
siderable care in order to obtain reasonable accuracy
in the integrated pressure drag. Au error of 0.06 g ut
a value of g of 26.6 pounds per square foot corre-
sponds to an error of 19 pounds in the pressure drng.

The pressures pf/g on the front of the engine, taken
as an average of several. simultaneous measurements
over the area, are given in table 1. The pressure
distribution over a number of individutd cowlings is
given in figure 13. The pressure distribution over a
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number of skirts tested in conjunction with nose 7 Attention will be called to the fact that care must be
is given in figure 14. The effect of a propeller on the takan to obtain the pressure distribution under the cor-
prw.sure distribution on arrangement 7—2—B—3—O rect conditions. Some noses, in particular nose 1, are
is given in figure 15 for several air speeds. The greatest very critical in regaxd to the effect of the propeller
value of such pressure plots lies in the possibili~ of slipstream. This effect has been referred to in the in-

1 1 I I 1 I 1 1 1 1 I [ 1 I 1 1 I 1 I 1 1 1 1 1 1 1 1 1 1 1 1

(a) OnrvM OfC,, G, and q aealnst V/@.

t.o

.8

&*

~.

.$

-#

(b)Om-vwof n, agafnatI/~

FIowaE u-sample auva Arrangement 7—2-l3-8-fI. Blade angle set Z“ at 0.761L

qualitatively distinguishing between desirable and production as an effect of the relative direction of the
undesirable flow characteristics. It is . possible to Ilocal air flow with respect to the leading edge or con-
associate an cffmient nose with a smooth distribution tour of the nose. It is interesting to observe that nose
of the static pressure.
evidently select nose 2,

On such a baais one would 1, which is unusually inefficient it normal air speeds,
3, or 7. approaches a reasonable eflicioncy at low air speeds.
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J-2-B-3-O -------
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.?-2-0-3- O —
2-2-B-3-O -------

2-2-C-3-0 ‘——

3-2-0-3-0 —
3-2-B-3-O -------
3-2-C-3-0 ‘——,\.

!.
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:-.$+:-: —--- -------
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----- --
7-~-c-3-(7 —— —

,/ -

l–~’
L+

l+,
4-2- 0-3-0
4-2-B-3-0 -------

{?/ i 4-2-C-3-O ‘——

I

9-2-0-3-0 —
9-2-B-3-O ------

// 9-2-C-3-O ‘——

.

IJloum 13.—l%snra dktribntlon over varfonscowling shapes.
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Seffing (r-pm.) @.&fk)

A 7-2-O-3-O 25,80

B 7-2-B-3-O ~5e 64~ .64

c 7-2-B-3-O

D 7-2-B-3-0

E 7-Z-B-3-0 835 18.15

F 7-2-B-3-O 871 21.80

B
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-

FIOUEE1%–’l?heeffmt of the pmpek on preasmedkklbntkn at S3V6UM@r speeds.
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Thus with a proper consideration of the eihct oi
Reynolds Number and the propeller slipstream, it k
concluded that the pressure distribution is an excellent
although somewhat indirect method for evol~ an
aerodynamically eflicient cowling dekign, the procedure
being to adjust the shape repeatedly until the smooth-
est preswre distribution is reached in whatever range
may be desired. Cowling 7 was directly produced as
rLresult of this type of procedure, this coding being
the least critical to changes in operating conditions,
combined with high efficiency. The high negative
pressureon the nose of the cowling is utilized in the new
nose-slot cowling (reference 10) to give a higher presure
drop across the engine for cooling.

coNDucYHvl’rY

The physical definition of the term “conductivity”
has already been given. Two measurements are needed
to determine experimentally this quantity K: the pres-
sure drop Ap/q ‘across the resistance and the rate of air
flow Q. The value Ap/q is obtained directly by a
system of pressure tubes placed over the front and the
rear areas of the engine unit, the averages being given
in table I. The rate of flow is determined by a number
of permanent installations for velocity surveys across
the exit opening, a total of 24 tubes, 16 impact and 8
static, being used. As previously mentioned, the
conductivity is obtained by the formula

Q
K=~—

J
AP

7

It is to be noted that, thus defined, the quantity K is
entirely a function of engine-baflie design. That this
assertion is strictly true was coniirmed by tests of a
given bafEIearrangement with a variety of difhrent
noses and skirb, all resulting substantially in the same
value of K. Independence of the Reynolds Number
was similarly established by tests over the entire range
of air speeds. This independency of the Reynolds
Number is explained by the fact that the pressure loss
in the baflles consists primarily of the exit 10SSand is
therefore nearly proportional to the square of the
veloci~.

Three values of conductivity are used in the present
investigation:

~ (1) K= O.0424,representing the case of the baflk
fitting tightly against the cylinder
barrel.

(2) K= O.0909,representing the case of the bafli~
moved back ~ inch, giving a somewhat
diverging channel along the back of the
cylinder barrel.

(3) K=about 0.5, representing the case of an un-
ba.flied engine, the pressure drop being
too small to be measured with SufEcient
accuracy.

The accuracy in determining the valuea (1) and (2) by
the above-described method is within 1 percent.

These conductivities cover the useful range, M the
value of the conductivity for an actual engine with
commercial type of baflks of satisfactory design had
been determined in the preliminary test as K= O.06.
Deeper iins and more cylinders in parallel, as used in
2-row radials, might increase this value to as much as
0.15.

In regard to the optimum conductivity of the engine-
baftleunit, it is to be observed that a minimum quantity
of air is necessary to carry rnvay a given quantity of
heat. The maximum temperature difference between
the air and the cylinder is of the order of 400° l?. By the
reduction of the quanti~ of cooling air, a condition is
soon reached in which the effect of the reduced tem-
perature difference more than offsets other advantages.
A reasonable increase in the temperature of the cooling
air on passing through the bafiles is of the order of 60°
to 60° F. The corresponding air quantity may bo
considered the minimum and tha related conductivity
the optimum. ‘

The “apparent conductive@” of the skirt exit open-
ings, defined as AJF, is found to be large compared with
the conductivity of the engine. The pressure drop
through the skirt is therefore small in comparison with
the pressure across the engine, except for the narrowest
skirt 3. This condition is diflerent for the unbaflled
engine. In such an engine the pressure drop is largely
used to create velocity in the exit opening. It may, in
consequence, be seen from table I that a value of very
nearly lq is available for cooling under ordinary con-
ditions.

PUMP EFFICIENCY

It has been shown in the first part of the paper that
the pump efficiency is given by formula (3)

for the case of the propeller off. Similarly, formula (4)

()

@ 3/2
—

?lP=C*

isused for the power tests. The values of CDOand qo,
which quantities relate to the closed basic contour indi-
cated in figure 1, were dekrmined by tests of the actual
shape 19—5-0-3-0 as C~o= 0.112, or o drag of 42
pounds at 100 miles per hour, and by tests of the shape
19-5-C-3-O as qo=74.2 percent.

For propellem B and C the values of the constant U,
representing KF/SPC, in formula (4) at the standard
value of l/~ of 1.8 me ().046 ~d 0,099 for the con-
ductititia K of 0.0424 and 0.0909, respectively,

The e~erimentally determined pump efficiencies are
given in table I. These efficiencies are in strict accord-
mce with the definition given in the introduotmy
malysis and in complete agreement with one adopted
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in reference 11. The drag obtained on the closed basic
cowling shape (fig. 1) is to a certain extent arbitrary,
thus permitting efficiencies in excess of unity as may
be noted in a few cases. It must be realized that such a
definition permits efficiencies in excess of unity, ex-
plainable by the fact that some duct arrangements
improve the flow to some extent, which condition might
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o 123 456 7x10~8
.%irt opening, sq. in.

Flaurm 16.-Prxnp effkknoy ti &&t exit area for mveral skirts.

be expected to occur on somewhat inefficient forms,
that is, forms with poor streadining.

The table shows widely varying pump efficiencies
from almost zero to more than unity Q.e., 100 percent).
Some of the results are reproduced in @urea 16,17, and
18. In figure 16 the pump efficiency is plotted against

Condmfivify, K

therefore, does not necessarily attain the optimum
eficiency at each skirt size. This fact h particularly
true for the small and the large skirt openings. Notice
that skirt 2 yields efficiencies of from 50 to more than
80 percent for normal conductivities of baffled engines,
and of 100 percent for the unbaffled engine. As might
be expected, the pump eficiency is seen to increase

120

Kv o / -
2 / : + y
8 ~ b

—
Skirf opening, *in

~GmE l&—PrrmP effkhoy a@nst skirt exit mea.

with increase in flow veloci~ through the exit opening,
indicating that the major loss is of the nature of mixing
or impact loss occurring along the nacelle.

Figure 17 is a cross plot of figure 16, the efficiency
being plotted against the conductivity, each curve repre-
senting a given skirt. Note, in particular, that the

FIw ongle. &gres
FIomm 17.—Pnrnp@Mermy agahst mndnctivity for ncse .

7. Eachmrm lsforapartfcular akfrL
Fmumr l&—The afkt of lla~ eppfkl to .qkfrt8 for w armngemant7-s & K-WM2L

the area of the exit opening; each of the three curves
relate to a constant conductivity. Note that the pe~
officiencics increase with the conductivity and occur
at successively larger exit openings. It is to be notid
that the pump efficiency depends to a considerable
estent on the ahape of opening and not only on its
cross-sectional area. The curve. for each conductivity,

smaller skirt openings yield considerably higher effi-
ciencies at the low conductitities corresponding to
standard type bafllm The dotted curve obtained on the
large nacelle 2 with a small skirt opening, shown in this
figure for comparison, gives an efficiency of from 80 to
90 percent in the same range of conductivity, indicat-
ing definitely a beneficial influence from the i.ncre~e
in nacelle diameter.
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Figure 18 refem to the large nacelle, 2. Note that
the efficiencies exceed those from the tests of the small
nacelle, all lying in the range from 70 to 100 percent.
These tests were obtained with skirt 6, the exit opening
bei.qg varied by increasing or decreasing the actual
length of the skirt. k skirt 6 is cylindrical, the exit
area was varied without changing the external contour
of the body. .

The effect of flaps on the pump efficiency is shown in
figure 19, in which the pump efficiency is plotted against
the flap angle in degrees. The steep slope of the curve
at small anglescon.iirmsthe importance of careful stream
lining in order to attain the highest efficiencies. These
tests were obtained on skirt 8, which was successively
bent in the shapw indicated in the main drawing (fig.
4). It is of interest to note that the available pressure
drop is increased only very slightly by the flaps (table

ing iigures 21(b-e) serve to illustrate the direction of
the flow limw in front of the engine and the mtitude
of the conductivity. The value of the conductivity
obtained from the location of the streamline outlining
the flow into the coding is in expected agreement with
the calculated value; this particular streamline corre-
sponds very nearly to the smoke line shown in figure
21(d). In figure 21(c) all the smoke flows outside,
while in 21(e) all the smoke flows deil.nitely through
the cowling. Note the closeness of the smoke nozzle
to the axis. These figures also demonstrate the
instability of the flow around the nose of a cowling, as
the smoke stream oscillates alternately in and out of
the cowling.

COOL~G

The photographic smoke-flow studies show a violent
large-grain turbulence in front of the engine. This
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I), the maximum increase amounting to less than 20 per-
cent and associated with a decrease in pump efficiency.

STUDYOF FLOW LINES

In order to gain a quantitative insight into the con-
dition of the flow around amdinto the cowling, the actual
flow lines were determined as shown in figure 20 (the
method used will be described in a later paper) and a
photographic study of smoke flow was carried out.
Fiie 21 shows rLgroup of smoke pictures taken with a
moving-picture camera. A study of th~e h in
slow motion reveals several interesting details. There
seem to exist certain fairly -wJ1-deiined main flows
ahuost stationcny in character. The flow appears, on
the whole, extremely turbulent with disturbances of
large size. I?igure 21(a) shows the flow in front of the
engine. Notice the very disturbed flow. The remain-

fact must be kept in mind when analyzing the results
of the cooling tests. These results are given in com-
pact fop in the main table I. The kmperatures given
are the temperatures of the front and the back of the
cylinder barrel. Figure 22(a) is an example of the
actual distribution of the temperature around the
electrically hemted cylinder, the front being indicated
by the OO. This test refers to the standard bafIle
arrangement shown in cross section in figure 6. The
temperatures plotted are the differences between the
cylinder temperature and that of the tunnel air stream.
The electric heat input mas held constant throughout
all tests at 1.75 kilowatts so that the index temperature
is a direct measure of the local heat transfer. All
heatAransfer tests are taken at a tunnel speed of 100
miles per hour.
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(c)8mOkeflow intothe cowling outsidethe drmmlIne with the pmpellm
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(e) Smoke tlow Into tbe mwllng foslde the stmemllne wfth the propeller
OPtJW.

Fmm+m21.-Oonthmed. Smoke tlow areand mwllngs.
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A reference point for the indes temperatures tabu-
lated in table I is obtained by comparing any given case
with the temperature given for the test arrangement
7—2—B—3-O, which copies an actual power run of a
similar engine of 55o horsepower tested at the same
tunnel velocity of 100 miles per hour and using the
same external coding arrangement. This engine
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showed a maximum cylinder temperature of 400° F.
above that of the air stream. The index temperature
of 73° shown in table I for this particular test repre-
sents, therefore, exactly the same condition of cooling;
that is, a rmr temperature of more than 73° may be
considered unsatisfactory in the same sense as a tem-
perature in excess of 400° F. above that of the sur-
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FmuEE 24.-Re3r fndex ternfxatnre agofmt AP forthe vm%na- for now 7with
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roundings in the actual. case. Other plots of tempera-
ture distribution around the cyIinder barrel are shown
in ligures 22 (b) and (c). It is to be noted that the
cmdition constituting sufficient cooling on the Pratt
& Whitney Wasp SIHI-G might be too conservative.
It is entirely possible that a reference temperature of
80° F. or even of 90° F. might represent sufficient
cooling on improved designs.

Figures 23, 24, 25, and 26 illustrate the dependency
of the rear index temperature on the pressure drop
across the engine, plotted on logarithmic scales. The
slope of the line that seems to fit the experimental
results the closest is —0.31, or Tl= CAp431. Figuro
23 shows results for the WU@us nose shapes using skirt
2 and no propeller; figure 24, the results for vrwious
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skirts in conjunction with nose 7; figure 25 gives the
results for a number of combinations of propelh nnd
spinners on noses 2 and 7; and figure 26 shows the
remits for the conductivity 0.0909 both for the large
and the small nacelles. Two main conclusions moy be
drawn from these results:

(1) That the rear index temperature for a given con-
ductivity depends only on the pressure drop through
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the baffle. All points lie reasonably close to the aver-
age line drawn in the figures.

(2) That the increaaed conductivity has a detrim-
ental effect on the heat trammission. It is seen by
comparing the results in figures 25 and 26 representing
the conductivities of 0.0424 and 0.0909, respectively,
that the temperature is increased from 78° F. to 102°
F. at a given pressure drop of Ap= 10 pounds per
square foot.
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In figures 27 and 28 the index temperature is plotted
against the ne: efficiency q., in iigure 27 for the stand-
ard conductivity K= 0.0424 and the small nacelle, and
in figure 28 for the large conductivity K= 0.0909 for
tests on both the small and large nacelles. Thwe
charts give in a compact form the entire results of this
investigation. The cost of the cooling is represented
by the distance between the particular point 7. and
the ordinate representing the ideal efficiency at ~0=74.2
percent. The temperatures me seen to range from 54°
F. to more than 100° F. The curves drawn in the
figures me considered to be curves of constant
performance. They are obtained by the following
reasoning: If overcooking &sts in n certain test,
there is a possible and permissible gain in the net
efficiency, which can be realized by using a narrower
skirt. Assuming a constant pump efficiency there exist
the following relations:

The index temperature Ti=Ap+l constant and the
work done TO—V=Ap31Zconstant and thus, by elimina-
tion of Ap, T*= (qO—q.)~ constant or Tf is nearly
proportional to the inveme of v-. Thus it is seen
that the change in T, due to a regulation in the quantity
of cooling air can be predicted on the basis of the net
efficiency. A given increase in index temperature is
thus associated with a ddnite increase in net efficiency.

Although the rear cylinder temperatures seem to
depend in a very regular manner on the pressure drop
Ap, the front temperature shows no such relationship.
It is rather remarkable that the fi-ont portion of the
cylinders cools, on the whole, just as mill as the bathed
portion. The very unstable three-dimensional flow in
fkont of the cowling is obviously very beneficial to the
heat tmms=lon. As the present investigation is
restricted primarily to the matter of cowling design,
only a few remarks will be made here. It is noted
(fig. 22(rL))that an unbafiled engine is overcooked on
the front and overheated on the rear, demonstrating
conclusively the technical value of the baflles. A
comparison of iigures 22(b) and (c) shows the apparent
value of a spinner in improving the frontal heat tmms-
mission. A study of the main table I reveals several
cases of good tint cooling. Spinner 3 appears to show
a very low fkont temperature.

In regard to the cost of the cooling on the front, it is
observed in table I that the drag of the basic cowling
shape is 42 pounds at 100 mile-sper hour and that the
drag of the better streamline form employing nose 8 is
only 32 pounds. It seems necessary to conclude that
the difference of 10 pounds represents the cost of the
comparatively poor aerodynamic shape of the nose of
the conventional type coding, which, on the other
hand, reappears as a beneficial effect in regard to the
cooling of the front of the cylinders. It might be
expected that the reasonably large spinner might re-
claim a certain fraction, at least, of the 10-pound drag
loss. The various spinners tested have been described
(fig. 9). It is quite interesting to observe that several of
these spinnem show a large beneficial influence on the
front cooling, particularly the flat spinnem 1, 3, and 6.

Table II shows the front temperatures obtained on
various spinners.

Figure 29 shows the pressure distribution obtained
on nose 7 in the presence of three @pical spinners. In
this group the plot (b) for spinner 7 is of the most
interest, ow@ to the fact that this test represents the
most efficient arrangement obtained throughout the
6ntire series (Cf. iig. 27.) The high net efficiency
and the good cooling are in this case definitely attribu-
table to the spinner. The relatively small dimensions
of this spinner make possible the practical realization
of these gains.
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There is, finally, another problem that will be touched
upon. It concerns the matter of baffle dwign. The
present investigation coniined itself to tests on a single
baffle as described. Pitot tubes installed between the
fins of the cylinder permitted the determination of the
energy loss along the flow path. Results obtained in
parallel with the temperature curves just presented
(in fig. 22) are given for the total pressuresin figure 30.
Figure 30(a) shows these curves for the two lowest
conductivities. It may be seen in figure 6 that the
baffle covers about 45°, extendhg from 100° to 145°
for the tightly fitting baffle. It is interesting so
observe that only about one-third of the energy lost

N. A. C. A. COWLINGS

takes place inside the
The baflle transposed

385

bdle and two-thirds behind.
rearmmd one-half inch and

forming a diverging channel appeam to provide a more
efficient dwign, the exit loss being fairly small. The
next iigure 30(b) shows several cases with bafflca
removed. The low pressure in front of the cylinder
with nose 3 is rather noticeable. The standard baflle
k shown again in figure 30(c). Notice the slight
effect of the propeller. Figure 30(d) is of interest
as it refe~ h the test arrangement 7—2—C-3-7,
which represents in every respect the best combination
discovered in the investigation.
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hgulor posifionaround cylinder,degrees

.8
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‘.4
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(a)SeveralCMS withnopropeller.
(b) SaVmd ca% withno pmpellmand with haaks romoti.
(o) Referencamm with no propellerend with Prordk B; K4KH!24.
(d) Candltimr mqndlng to mmt amckrrt mollrrg; K-MMM.
(e) flbmparkonatthedlfbrentmndrrctlvitk..

I I I I I I I I I I I I I I I I 1 I I

o 45 90 135 150
Frmt Rear

Angular position oround cyfhde< degrees

Fmwm ?al-Totalp~ dlstiibrrtionoromdtheoglindem
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GENERAL CONCLUSIONS

1. lt has been found that the basic bluntaose
coding shape of an air-cooled engine has a drag
somewhat in exce9s of that of a more properly stream-
line shape, such as an airship form. It vvas shown
that the blunt nose is the cause of an instability in the
air flow in front of the cowling that sets up a large-
scale turbulence. This turbulence accounts for the
remarkably good cooling on the front of the engine.
The mechanical cost of this particular coo%g compares
favorably with the pressure coolhg obtained on the
rear of the engine.

2. The pumping eiliciency, the ratio of the internal
work done to the work expended by the corresponding
increase in drag, has been found to rsmge from almost
zero to more than unity. The pump efficiency is
largely dependent on the flow velocity and the shape
of the exit passage.

3. The leading edge of the coding should be given a
smooth, vary rounded form, such as nose 7. The
diameter of the cowling inIet nose opening was found
to be of Iittle signihmce, either in regard to drag or
in regard to cooling. As a general rule, the larger the
opening, the better, care being taken onIy to provide
rLproper d.@.gn of the nose contour. In this connection,
it is worth keeping in mind that the flow immediately
in tint of the cding is almost ra.dkd. A too straight
cowling gives rise to a condition of breakdown of the
flow at the tint edge of the cowling. This effect was
demonstited in the present investigation in the case
of cowling 1. .

4. It has been found that a smooth contour line for the
skirt design is a primary requirement. The rear
edge of the skirt should not project into the air stream.
The necessary exit opening should be obtained by n
retraction of the inner coding. The design of the
inner cowling is less critical.

5. The most obvious method of varying the pressure
across the engine is to vary the area of the exit opening.
If this increase in area is accompanied by an outward
flare of the trailing edge as is accomplished by the
use of cowl flaps, a slightly greater increase in the pres-
sure difference can be obtained than that resulting horn
a simple increase in area.

6. It is obvious from theoretical considerations that
in a normal cruising condition the propeller causes only
a slight contraction of the strmmlines around the nacelle
and that therefore no important effects of any kind are
to be expected. This e%ect waa amply verified by the
test results. The propeller actually shows a blocking
effect that gives a slight decrease in cooling. Spinners
influence the stabili@ of the flow around the front of
the cowling and do, in some cases, improve the over-all
performance of the combination. Spinner 7 on cowling
7 showed both an increasein net efficiency and improved
cooling. The condition at low air speed is discussed in
reference 9.

7. Tests performed on the combination with the
larger afterbody showed a consiskmt increase in per-
formarice, demonstrating the importance of a smooth
merging of the contour lines of the tint and afterbody
and the value of a better exposure of the exit opening
of the unexpanded and stabler air stream.

8. The main result of the cooling problem studied in
this investigation is that a tightly baffled engine is
definitely superior in regard to cooling efficiency, The
results obtained at the minimum conductivity K=
0.0424 are in eveq- respect better than those ob@ined
at the conductivity K= 0.0909 or on an unbaflied en-
gine. Another important result is the observation that
the inherent large-scale turbulence occurring in front of
the coding accounts for the good cooling on the ex-
posed frontal area of the engine. This effect should, of
course, be used to the fullest extent in the design of
baflles.

9. It is of interest to note that, although increaaed
conductivity of an engine is beneficial to pump efficiency,
the detrimental effect on cooling is so much greater that
no compromise is possible. In other words, u tightly
baffled engine is superior in over-all performance in
spite of an inferior pumping efficiency. With a new
type of nose-slot cowling greater pump efficiency is ob-
tained at low conductivities.

LAIWLEY MWORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COIWUITEIJ FOR AERONAUTKM,

LANGLEY FIELD, VA., May 18, 18$6.



FULL-SCALE TESTS OF N. A. C. A. COWLINGS 387

LIST OF SYMBOLS

PJ, pressure in front of the engine.
p,, pressure in rear of the engine.
Ap, pressure drop across the engine, Ap=pTp,.
D, drag of the cowling-nacelle unit.
DO, drag of a smooth nacelle entirely enclosing the

engine.
g, dynamic pressure of the air stream.
p, density of the air.
F, frontal area of the engine.

(7D=$ o

—

Q, quantity of the air flowing through the cowling.
V, velocity of the air stream.

QAp
VP= ~v~ pumP ticiency, without propeller.

R, nit for~ on the thrust balance with propeller on.
T=R+D, propulsive thrust.
P, power supplied to propeller.---
q.=fi~~ net efficiency of propeller-nacelle unit;

s, propeller disk area.

Pc=q&p unitdiskloading.

~0)net prope~er-naceue efficiency obtained on same
set-up as used for Do.

~.=*
~ pump efficiency with propeller oper-

ating.
A, area of the free air stream entering the cowling.

‘= ?G

A
F

K=;=—

{
Al)

t conductivity of the engine.

Y

pa,static pressure at the exit of the slot.
V,, velocity in the exit of the slot.
Apz,pressure drop through exit passage.
A,, area of exit of tho slot.

Ap= Ap+Apz, total prwsure drop across cowling.
K,, apparent conductivity of the exit slot.

%=6812$+*1’‘da’on‘f ‘nduc’ti’w‘f
engine and slot exit.

n, revolutions per second of the propeller.
D, diameter of the propeller.

CT=&J thrud Codkkd.

CP=-#jE9 power coefficient.

~) advancwliameter ratio of

Tv
~=~~ proptilve efficiency.

Ti, index temperature.

the propeller.

W, work don; by the cooling air.
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.427
.247

am.Im
........

.mo--------

.1616
.--- .-.-,

.1323

. 24(@

.192

.091

.552

I

BUMPED 00~Q

17—o-o —2-o.-.-_-.._.__. a 916 asag aoso a ~q,g
17—o-o ~fi::::.:__ . . . . . . .8&5 .W1

47.6 . . ---------- -- . . . . . . -._-.-- --..-..-
.IM5 ---------- 256.0

17-10-0
a 716 ----.-.- . . . ----- --------

- ---------- . . . . . ..- ---------- . . . . . . . . .-
17—10-0 —2-o. _ . . .._-_ . . .._ . . . . . . . . .-------------------- ..-:!!??-

46.5 . . . . . . . . ..- -------- . . . . ---- ------.- h-mD;W@ off.
256.0 .734 -------- . . . ----- -------- .
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TABLE L—CONDENSED EXPERIMENT RESULTS-tintinued

: : T:‘f~~l;;:lw‘:‘m’
Ddrgmtlonofmnnwnmt

~g$j

ZUJA3

NAOELLE 2-STANDARD BAFFLES-CONDUCTIVITY 0.0424

19-9-0 -e-o ---------- ------- --=-%. ._. Erti- Qllm
7— 74 -4-o_.._–.—— CL962

426 ----------- ..– . . . . .--E.6. ..-E-G. Zero air.
10LO .-.. --i.iG- am

7– 7–B~--------- .6s9 –. m L 146 --:??? 21B.O .3s4 9L O 07.0
7— 7-o -4-o_ .._ —______ .= –. !Ul :g --–:i%- mo
7— 04 +—O—------------ .967

.3$7 ---ii-i- -.....-.
.m .240 .___!!l .602 6-7.0 1.7-ln@hoLmnlng.

7– O-Ba-6–O-------------- .m .075 .E03-7=. 230.0 . .077 .- do 740
7— e-o -&-o_.___-––– .973 .Om .947 05s --__-:E- .597 F3.o ;; g 2.&-lncboPonln4!.
7— o-Br-5-0– _______ :~ .?89 -..-:iti- %0 .627 Ial o
7— e-o —&–o___________ –: E .Wa 70.0 .----. -:%-
7– o-Bx-&-O—---------- . S1 –. m

. 5E2 ------- .----:-. 3.9-lMb osmnh3.
.914 -------- mo

7— o-o +—-------- .963 –. lm L 102
.643 -------- --------

.2070 no ----------- .610 –...... --------
7— 6-0 +_._. _._.- -m .Om .934 .1749 66.0 __--.:%-

)

.617 . . . . ---- -------- ~~.~ - ~W.
7— 6-B~. _________ .677 .024 :~ .–-:iG- m. o
7— e-o a._–––.__– .983 .147

.674 . . ------ --------
6L 5 ___--.i..- .fL36 .-..-... ------– ~J@& r- oprd~g.

7— o-Ba-o-O ----------- .761 . ..-.=- 24L0
7— 8-o -o-o __________ :%

.699 ------- -- . . . . . .
–:% L236 169.0 ..-. ---:Z7.

7— 8-B,—C-0 ___________ .672 –. 42S
.172 . . . ----- -------- 2-ind#nr@

L297 –--:Ek_ 16&o
7— 9-0 -6—o ___________ .W .—------ --–--..–

.230 -------- -------- .

7— 9-o -o-o—_–____
46.0 ------------ ------- -------- --------

.6W --------- ---------- ---------- 2SLO .7ZJ -------- .-- . . . . . --------

SPINNERS

7— 8-0 +1—-.—–.--.–– am -------- --------- -------- 21Q.o
7— 9-o 4-1.--..-.-.--—— .ar2 --------- ---------- --------

Qm –.... -- -------- -------- Pc410n 1.
24Lo

7— 9-O -o–L-----------
.691 –. —-. -------- -------- Pmlt.ion3.

.267 -–-–---- .-.-.-.--- ---------- m. o .079 ------- -------- -------- Pcdlon 4.

NAOELLE 2—BAFFLES BAOK M INOH-OONDWcT~y Om

.
7— 04 -6—o— ------—.– a- :% 0.633 a 1.m7 blo ------------ 0.S%5 ~; MO

#

810 1 -Inobmar PP.
7— 04 -6-o ---------- .979 .7W . 17bs 67.0 ------------ :~ -lrmbrmr IYIP.
7— e-o -o-o __________ .m .394 .539 . mm euo ––.–.–-- $; ao 1 -Inchrear mP.
7— 04 -e-o _________ .976 .240 .733 .1733 as __..i-%i- .919 720 Z-fn$o-olr gap.
7— O-Ba-@-O_—_____ .&39 .241 .Ozs _.-:i=i- mao .m Sio 97.0
7— 0-0 -3–0--------- .985 .151 .s36 7L0 ------------ awl @o no 2Wn& rear gap.

TABLE IL—FRONT CYLINDER TEMPERAT~6
OBTAINED WITH VARIOUS SPINNER6

I–2—C-3-9-----
2-2—0-3-3-----
2—~_
7—2-o -3—1-..
7—2-B*L .-.
7–2-o-3-l___
7—2-B—3-2_-..
7–2-0-3-2-----
7—2-0 -3-3. _..-
7—2—B–2–3____
7–2—c-3-3----
7–~—---
7—2-0-3-2 & 3— .
7—2-B-3-2 & 3—
7—2-O -3-6-----
7—2—~ --
7—2-c-3-2---
7—2-0 -3—7---
7–2-c—3-7____
7—2—c–3–9___

63
84

$6

es
67
02

112
w

z
.—------

&b
&l
:
C5
65

L lCn3
LM
L323
lMm

i%
L032
L&5

:E2

i%
—-------.

.&m

.039

.673

i%!
L202
.047

RmnBrka


