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SUMMARY

2!7&Treport ghs the results of the second portion of an irwestigatiimh the Twenty-Foot Pro-
peller Research Tunnel of tlie Nationul Advisory Comnittee for Aeronautics, on t7tecowling ana
cooling of a “ Whirlurhi” J-6 radial air-cooled e~”ne. The fist portion, uhioh is reported in
N. A. (7.A. Technical Report No. 31S, pertains to teet~un”tha cabinfwmhge. Thh report careiw
teds with s.weralform of cowling, including “comentionul iype8, individual fairings Wind the
cylinders, indbiduul hoods orer the c@in&w8, and th. mw h? A. C. A. oimplete cowling, d! on an
open cockpit fmelage. Drag te.sh mere abo mah widh a oonmdiimal engine nacelle, and &h a
nucelle huving the new canplete cowling.

In the 8econd part of the krestigation the reeuk found h the jirst part were ewktantiated.
It m also found that the reduction in drag with h complete cowh.g over that with comeniiorud
cowling is greater with th ~der Miss than with the oiitin~ekge; in fact, tb gain in tb cue
of iii-ecompletely cowle~ nu.cel?eis ocer twice i%t tih tb &n fmela.ge. The indioiiiwalfairing8
and hood-sdid not prow ejkctice in miucing tb drag. Tib rew.h of $ight tests m an AT4A
airplizne (repoited in the appendix to N. A. 0. A. Tmhiml Report No. 913) ham been analyzed
and found to agree zery well un”tlithe results oj “thewind twnne~te8t8.

— —

LWTEODUCITON

This report mvera the second and final portion of an investigation of the cowIing and coding
of radial a&cooled engines. The first portion, which dealt with the cowling of a ‘Wh.irhvind”
engine in a cabin fuselage, has been reported in N. A. C. A. TechnicaI Report No: 313 (13efer-
ence 1).

The origimd program included 10 main forma of cowling for a “ Wl@rind” J–5 engine,
Nos. 1 to 3, on an open cockpit fusekge and Nos. 4 to IO on a cabin fuselage. The seven forme
of cowhug on the cabin fuselage ranged from the one extreme of an entirely exposed engine to
the other extreme of a totally inclosed engine. Only the first three degrees of cowling were
to have been tested on the open cockpit fuselage, and one of these included individual fairinga
behind each cylinder. During the progress. of the tests the following additions were made to
the program:

(a) The compIete cowling (No. 10 on the cabin fusehge) was tested on the open cockpit
fusekge also and called coding No. 11.

,..

(b) Testa were made with individual hoods over the cylinders on the open cdqit fuselage.
(c) Two nacelb were tested for drag, one with the compIete cowling and one with a con-

ventional cowling. A drag test was also made on the unoowIed engine by itself.

METHODS AND APPAFtATUS

The teete were made in the Twenty-Foot Propeller Research TunneI, whioh is of the open-
throat type with an air stream in which velocities up to 110 M. P. H. can be obtained. The
tunnel with its balances and other equipment is described more completely in Reference Z.

A standard 9-oylinder Wright “Whirhwind” engine developing 200 HP. at 1,800 R. P. M.
was used for the teats. The open eackpit fusehge wea similar in shape to that of a Vought
UO-1 except that the usual break in the bottom contour at the back of the cowling was filled
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~G. 9.—COWlin9No. 1
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FIG. 12.—cOWhlg No. 11

FIG, 18.—No. 1, mglm removed

FJG, M.—h’o. ~ engine renroved
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FIG, 15.—No. l% engine alone
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FIG 17,—No. 14 mtnpIete4 COWkdmcdb
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FIG. 18.—No. 14
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FIQ. 19.–CowlIng No. 2E fairInw behind cgUndm
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FIG. !33.-Hood over Copcylinder for cooling test
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Fm. 21.-fJowlfng No.%, sfx cyIfnders removed
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Fm. 22.-C!owling NO. ~ Individual hOdS with SnMkSt holw

FIG. 23.-No. 20with front section of hoods removed
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FIG. 24.--Cowltng No. 6 with round sedan exhaust ~ ring
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in and the bottom was rounded throughout the entire length. Aleo, the front cmkpit was elim-
inated, giving the fuselage unbroken lines from the en&e to the tail, except for the rear cockpit;-
The forward portion of the fuselage was rebtit to f& with the various cowlings. A UO-1
type landing gear wm used to support the fuselage for the tests, but the landing gear drag is
not included in the results.

..- “.

In the tests with the cabin fuselage the cylinder temperatures were thoroughly investigated
by means of 69 thermocouples, 47 of which were on the top of No. 1 cylinder. Since with the
open cockpit fuselage each form of cQw%g was the same back to the engine mount se the corre-
sponding cowhng with the cabin fuselage, it was not. considered necessary to repeat all of the
cooling tests. The 47 thermocouple on No. 1 cy~kder were retained, however, for checking
the previous tests and for further cooling tests with fairings behind and over the individual
cylinders.

The general procedure of teeting was the same for_the open cockpit as for the cabii fuselage,
except for the case of the individual hoods or helrneti..over .each cylinder. It was not practical

.—

.“. _

.FIG.28.-Cowllng N’o.2 with lndlvid@ tapered eXb8GStstn@s

to put individual hoods over each cylinder of the fkylinder “ Whwlwind” engine, for with the
particular design of..this eng+ne there is inmfficiegt. room between t@ cylinders. The drag
tests with hoods were therefore made with what was “ineffect a 3-cylinder “whirlwind” engine,
six of the cylinders having been removed and the cowling faired over as shown in l?iire 21.
With only the three cylinders, it. is thought that the aerodpmmic interference between them
was negligible. It was not pqible, of course, to run the engine with six cylindem removed, so
the cooling tests were made with the c,omplete enginej but with only one hood, which was placed
over the cylinder fitted with thermocouples. (Cylinder No. 1.)

The cowlings tested in the portion of the investig~tion covered in this report maybe outlined
as follows:

OPEN COCKPIT PUSELAGE

No. 1. No cowling ovar cylinders or crank case. (Figs. 1 and 9.)
No. 2, Cowling over slightiy less than one-half of each cylinder and over crank case.

(Figs. 2 and 10.)
No. 3. Same as No. 2 but with spinner. (J&a. 3.and 11.)
No. 11. Single cowling completely covering entire engine with internal cowling similar to

No. 2 over lower portion of cylinders and crank case. (Figs. 4 and 12.)



No. 12,
No. 13.
LNO.14.

3?0. 28.
No. 2b.
No. 2C.

and 23.)
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NACELLES

Engine aIone. No cowling. @g. 15.)
Conventional cowIing, nose same ae Nos. 2 tid 5. (l?igs. 5 and 16.)

—

Corupleta cowling, nose same= No. 11. @’igs. 6 and 17.)
-, —. ..—

INDIVIDUAL CYLINDEE FAEUNOS

Same as No. 2 but with individual fsiringe behind each cylinder. (Figs. 7 and 19.)
Same as No. 2 but with onIy three cyIinders. (I@. 2 and 21.)
S-e as No. 2b but with hoods completdy cowing the cylinders. (Figs. 8, 22,

In ~hecooling tests the engine was run with tie open throttle at an air speed of 80 M. P. H. --
until the temperatures became substantially constant, which usudy required about 10 minutes.
If the coding with any cowIing was not approximately the same as for the uncowled engine, an
attempt was made t.amodify the cowling until it was so.

Drag tests were run with all of the original and modified cowlings; with the open co&pit
fusekge with the engine removed and the nose rounded; and with the windshield removed and
the oockpit covered. SpeciaI tests were &o made on the engine drag with various exhaust
stacks and on the completely cowled nacde with the sIot covered.

The propulsive ficiency was found with an adjustable pitch metal propelIer (@. 31 of
Reference 1) at two pitch settings, with cowling Nos. 1,2,”3, and 11. This propdsiva eflkiency

—

imiudes the increase in drag of all parts of the body afTected by the slip stream and aIso the
effect of the body interference on the propeIler characteristics. “ -

COOLINGTESTS

It was not thought neoessary to run cooIing tests with cowling ATOS.1; 2, 3, and 11 on the
open cockpit fusdage, beoause the same forms had alI been tested on the cabin fuselage and No.
II had proven satisfactory in flight tests also. (Appendix of Reference 1.) However, che~ck

.-

testa were made on the temperatures of cylinder No. 1 with coding h’os. .2 and 3. The tem-
peratures, which are recorded in Table I, were somewhat higher than in the cabin fuselage tests,

.-——-. .—-—

probably because the cylinder was developing greater power.
Since the engine cowlings on the naceLleswere aIso the same as the corresponding forma on _.

both fuselages, no caohg t=ts were necessary and the engine was not run, the drag tests only .
being made. This eimpl.ifledthe nacelle installations great.Iy.

With the No. 2 cowling equipped with an individual fairing behind eaoh cylinder (figs. 7
and 19), the coohng, as shown in Table I, was about the same as with the regular No. 2 cowling
without the fairings.

IIlth the individual hood, as originally constructed, on cylinder h’o. 1 (figs. 8 and 22), the
temperatures became excessi~e in 1sss than thee minutes of fu.Uthrottle running at an air
speed of 80 M. P. H. The entire front section was then removed (@g. 23) and an equivalent
area cut in the rear, after which the temperatures still became somewhat &her than without
the hoods, but were not considered excessive. It is no doubt possible that an improved hood
couId be designed with which the eooIing would be considerably better, but the redti of the
drag tests did not indicate that the eflort would be worth vdde.

RESULTS OF DRAG TESTS

The observed drag test data are given in Table II and the results are plotted in Figures 27,
28, and 29.
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Opm Cixkpitju%elqe.

The drag of the open cockpit fuselage (without supports or kmding gear) with the various
cowlings is &wm for fi air speed of 100 M. P. H. tithe following table;

I
I Cowung

No. 1. Engine unoowIed. . . . . . . . ..--..–_
No. 2. NO 8RhnW . . . .._ . . . ..--- . . . . . . ..---.~ . . ..~=..~.
No. 8. S fnner. . . . . . . . . . . . . .._- . . . . . ..___ -—-_-—–____

8No. 11. 010p10t4CC.WHIIK......_. . . . . . .._. ___–_–__
1 No. L Engfne removed and mm rorrnded --------------------

No. Z Engfne removed md o lhder holw oloM..._.._.._ . . . . . .
7No. L Engine and wfndehief removed and eoekpft covered . . . ----

—

Veloci+y, MRH.

200
50~.70 80 80 “loo

/80

160
I I 1“ I“i--- I I I I I 1.1 II

80 I I I I 1 I
1A

601I I I I-’Id

I I I ff I 1=

20
1 I fdlage wifhou

eJghle, ~in~sbiel~ Qr &p# “?!

048” 121620 24 28
Dynomk pressure, lb./sq.ft;q

Fm. !27.-Drag of open cookpit fuselage end engfne wfth verfoue
rmwlinge

VelociYy, MPH

—.. . .

. ---

-. _.. .. . . .. . .. . .

I 1 HIIIHHI II
Dynamic pressure. lb./sq.fi, q

Fm. 28.-Drrtg of J-5 engfne wfth veriou.! naceffes

The last three items have been included in order to show the additional drag due to the
engine on this fuselage, and the last item, in which the windshield and cockpit are eliminated
as welI as the engine, also affords a direct comparison with the nacelles. It is interesting that
both No. 1 and No. 2, which had decidedly different nose shapes, had the same drag when the
engine was removed. Using either of these as a ba+s, therefore, the unccwled engine is re-
sponsible for an increase in drag of 99 pounds at 100 M. P. H. on the open cockpit fusdage,

As in the case of the cabin fuselage, the outstanding feature of these drag tests is the low
drag of the complete cowling, No. 11. The conventio,ual forms of cowling, Nos. 2 and 3, have
but a very slight effect on the drag. .

The windshield and cockpit are responsible for a drag of 14 pounds at 100 M. P. H., which
is 50 per cent of the drag of the bare closed fuselage.

The drag of the fuselage with uncowled @e but without cockpit is about 127 pounds
at 100 M. P. H., which is “ver four and one-haIf times that of the bare closed fuselage without
the engine.



.

FORMSOF COWIZNGFOR IWOIW AIR-COOLEDEINGINI1-ll 205

NaeRe$.

The drags of the thn% naceIIes at 100 M. P. H. are as folIows:

Efil&MJIl -
Drw~”

.
mwled

N6ceI.le * 100 z~
M.P.H. at lfxl

M.P.H.

No. E?. Engine alon encoded.——.——
F# ;: 0mmF#$m3@W&______

17S 0
m

--- 43; .2

The nacdles represent the extrenm of the features found in the open and cabin fusehge
tests. The drag of the bare engine by itself is just over half that of a flat disk having the same
outside diameta-45 inches. The conventiomd rtaceIIehas 23 pounds less drag at 100 M. P. H.
than the engine aIone, but with the naceIIe having the new complete cowling the reduction is
135 pounds. Thus, the drag with the completely cowled nace~e is 112 pounds less at 100
M. P. II. than that with the conventiomd nacelle

. Veloci}y, M.P_H.

Individual fahhg8 behind cyhdtm. m
5ow70ao SK7m

The drag of No. 2a (No. 2 cowling with an
individual fairing behind each cylinder, figs. 7 ~
and 19) was found to be 134 pounds at 100 M.
P. H., or just 2 pounds ks than that of the /~
standard hTo. 2 cowling without the fakings. It
may, therefore, be said that fairings of tbh type ‘M
behind cylinders simiIsr in shape to those of the ~+
“WhirI-wind” J-5 engine, decrease the drag .t.o a ~ ~
practically m@igible extent.

60
Eoods inclosing each C@ndsr.

As stated preti~.usly, due to the small space 40
betvieen the cylinders of the J–5 engine, for the
tests with individual hoods six cylinders were Zo
removed, leaving in effect a 3-cyIinder engine
asshomin Figure 21. In the cooling tests the u ~ m. 24 26
cylinder temperatures became axcessive at 80 &ic .5&s%, 65./sq.fk, q

kl. P. H. with the original hood, which had open- FIG.~=~ ~ COW~N’&* ~~~d~ _ WId
ings in the front and rear of the same area per
cylinder as the successftd complete omding, No. 11. It was thought, however, that this type
of cowling might have some use on aiqianes having a .bigh enough speed to give proper cooling.
The drag was, therefore, measured for the hooded 3-oylinder engine with four diEerent sized
openings in the front and rear of the hoods, inchding the origimd one of 4 by 6 inches, one 5
by 7 inches, one 6 by 8 inches, and one with the entire front section removed. (F@ 8,22, and
23.)

In each case the outlet area was made equal ta the inlet area. The VSIUSSof the drag are
as fouows :

Reduction
~~ f.fhm~og-

coMfng qtu;mjj No. 2 n%

I M.P.H. ytywl
.’

I t M.P.H.

.-

.

No. 2b. No. 2 nme wltb 8 oylfnders oJeWng.._- . . ----~
No.20- Hoods wfth4by6fncho&s&----

70
—-——---i ku :

Na %. HoodawIth5 by6Luchoperdngs--- 62
No. M. Hoods wfth &by S inoh OQ_ . . . .

--
———--, :

No. %. Hoo& with front smticm removed—__-—---, E -la
No. 2. EngfrMremoved and cyllnder Med mvwed -------------- 42 m

,
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.-.=,=
-. .—.

-.
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The three cylinders add 28 pounds, or 9.3 powids per cylinder, to the drag of the bare
No. 2 fuselage, as compared with 94 pounds, or 10.4 pounds per cylinder, for the nine cylinders.
Thus, the additional interference with the 9-cylinder engine makes the drag per cylinder 12
per cent higher.

With the hoods having the smallest openings and the lowest drag, the drag is 11 pounds
lees than with the three exposed cylinders. This represents,a saving of only 3.7 pounds per
cylinder, whereas the saving over No. 2 with the complete No, 11 cowling is 7 pounds per
cylinder. With the larger holes the reduction in &wg is even less, and in fact with the largest
opening the drag was increased 12 pounds over that for the exposed cylindem, While it is
possible that hoods with considerably improved drag and cooling properties could be developed,
the results with those teded indicate that, for cylinders having a shape similar to those of the
J-5 engine, the tiort would not be warranted.

Eflkct qf t?ariuus8xhu?@ 8t(ZCk8~ dr~.
In order to make the investigation of the &ag of the “Whirlwind” engine complete, the

engine was tested with four different types of exhaust stacks as follows (see also Reference 8):
(1) Original individual stacks, l% inches in diameter and approximately 5 inches long,

projecting outward and somewhat to the rear, as shown in Fiie 9. (These stacks were used
throughout the cowling tests.)

(2) Round collector ring 36 inches in mean diameter, having a circular cross section 3
inches indiametm, the ax.haustfrom all nine cylinders coming out on the left side. (Fig. 24.)

(3) Stream-line collector ring similar to the above except that it had a stream-line cross
section 2 inches wide and 5 inches long with the same cross-sectional area as that of a 3-inch
circle. (Fig. 25.)

(4) Individual tapered stacks which projected rearward and allowed the exhaust to escape
through a longitudinal slot, (Fig. 26.) .

The original short stacks had the greatast drag-. The reduction in drag from that with
the original stacks is given for the various stacks injhe foljoying table:

ieililoib#k&mJ““
%%%% Pndg

‘rYLY3Ofdenet etaek
NoWW1.$g;~.

lngov en-
,. bewfm.1 ~:wll# ~

. - —..

OrIgInal,ehort !ndlvldnrd r.ta.cke.--._.. ______ ii o
Round eection@JllecWrrir& . . . .._.. _______ !d 0
Streerdne section @kctor rln2 . . -------- 2 2
Indlvidrr.el tapa’ed dotted ateoks. . . . . . . .

-.

—------- 8

._. --- ~—--. .. ...

It is notable that there is very little difference in drag with the fit three types of stacks,
but that an appreciable reduction is obtained with @e individual tapered stacks.

RESULTS OF PROPELLER TESTS

Propeller tests were made with cowling Nos. 1, 2, 3, and 11 on the open cockpit-fuselage.
The engine could not, of course, be run withthe cowling having individual hoods, for which six
cylinders had beau removed, and the power could not have been measured with the nacelles
without reconstructing the testifu@age with its special dynamometer. Moreover, it was
thought that the effect of the nacelles on the prop-dive efficiency would be similar to that of
the open cockpit fuselage with the corresponding cowling.

The propulsive efficiencies obtained are showg in Figure 30 for a propeller blade angle
setting of 15° at the 42-inch radius, and in Figure 81, for a setting of 23° at the 42-inch radius.
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(These angIe settings correspond to pitch-diameter ratios of 0.66 and 1.02, the pitch being taken
at 75 per cent of the radius. The pitch of this propeHer is approximately uniform for all working
sections when the pitch-diameter ratio is about 0.5.)

The curves of propulsive efficiency with the conventional cowlings are d very nearly the
same, and they are also about the same as the corresponding curves with the cabin f~elage.
The propulsive dliciency with the new complete cowling on the open cockpit fuselage, however,
is about 2.5 per cent greater than with any of the others.

DISCUSSION

The drag tests afford several interesting comparisons, a few of which will be discussed here.
The drag of the engine alone is 178 pounds at 100 M. P. H., but it caused an increase of

onIy 99 pounds when entirely exposed on the nose of the open cockpit fuselage, and ordy 85
pounds on the cabin fusdage. Thus, it is evident that the huger the body behind the engine
the less is the drag due to the engine. In this connection it should be mentioned that the open
cockpit fuselage used in these tests was larger in cross motion than the fuselages of most single

..—

——

..—

.-

. .

.-.

>

.-

l’m. 81.-Pro@Iez No. 4412 (2& at 479 on varionsmwlir@
with OIWJ omk@t_ and J-6 er@rra P

place aiqjanes, and that the drag due to the engine with most airplanes of that type will ordi-
narily be greater. This tiect is so pronounced that even though the drag of the hrger body is
proportionately greater, the total drag of the body and engine is huger with the smalkm body,
as shown by the following table:

I
I

- 4’

Pme$

Body and mwllmg number Sk&g.+

at 100
3LP. H.

i $$k*iqjs&-R:z-a-ti-;-a-:::::::::::: z
,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

-,

-.,.

<.

-...—
_ .-.=
... <..-.- -.:
..+:... -.

.. . -++

The drag of the open fuselage without cockpit was obtained by subtracting from the
actual drag the 14 pounds found for the windshield and cockpit when the engine was removed
and the nose rounded. The windshield would probably have less drag in the turbulent ah
behind the engine, so that the drag given in the above table for the open fuselage is probably a
Iittle low. It should be noted that all of these drag vaIues are for a moderate degree of conven-
tional cowIing.

●
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The drags of the three closed bodies with the N. A, C. A. complete cowling areas follows:

—.. . ---,
I

I&duct[on”
i.;%, i .Tr&UJ- P:~ti~:e

Body end CQWIIIUnurdq I i+t1~ ~ engine,1 M. P. ~,

I I

pounds %%3:
---at 100
M. P. FL

I t 1“==-1---+--1 , : “.
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It is seen from this table that the smaller the body behind the engine the larger is the
reduction in drag with the complete cowIing. In fact, even the percentage reduction of the drag
due to the uncowled emzineis m-eatarwith the smaller bodies.

L90

60

/40

y/m

3
Q/m

3
~’ *O
c

FQ60

40

20

0 / 234567
Ftneness rafrn

FIG. 82.-The exprwsion ‘open cockpit with eockplt covered” meann
tbnt the dras of the mkpit and windshbid has been dednctsd so that
the W& ere compemble with the necelle teste

.The drag of the open cockpit fuselage
with the complete cowling and the cockpit
covered, it wi.l!be noticed, is 69 pounds, ascom-
pared with only 43 pounds for the nacelle with
the complete cowling. Since both have the
same identical forward portion and the same
maximum cross section, the difference seems
rather large. It may be partially explained
by the fact that the rear half of the open
cockpit fuselage was covered with fabric and
w-asnot very smooth,

,!The drags of several streamline airship
bodies of various fineness ratios are plotted
in -e 32; the data being obtained from
high Rgynolds number tests in the variable”
detity wind tunnel. The drag values are
all for bodies of the same maximum cli~meter
as the completdy cowled nacelle and open
fuselage (46 iuches), and for an air speed of
100 M. P. H. The drag at any fineness raiio
may be considered an ideal with which to
compare the drag of a fuselage or nacelle of
the -e finenessratio, and with this h. “view, - -”
the drags for the various nacelles and open
fuselages with cockpit covered have also been
plotted on Fgure 32.

The drag of the completely cowled nacelle is ~nly about 22 pounds greater than that of a
good airship shape having the same maximum diameter. and fineness ratio. The further poa-
sible improvement is therefore slight compared with the 112 pounds improvement over a good
conventional nacelle, especially considering the fact that the engine must be cooled, The
22 pounds may be looked upon as the cost of cooli& the engine with the present completely
cowled nacelle. Baeed on the difference in drag between the completely cowled fuselages and
the fuselages without the engine, the cost in drag to cool the engine with the open cockpit fuse-
lage is 31 pounds, and that with the cabin fuselage is 3~pounds all at an air speed of 100 M. P. H.

EJect oj std.

When the slot was originally designed for the completa cowling it was hoped that it would
tend to reduce the drag because of its effect on the boundary layer. A tmt made on the nacelle
with the slot covered, however, ahowed that the drag ia 10 pounds less at 100 M. P. H. without
the slot. The nacelle with the slot covered had only about 60 per cant more drag than the airship
body, which seems remarkably low considering the blunt nose with the open pocket in the center.
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During one of the drag runs with the completely cowled nacelle with the slot open, a rough
survey was made of the air flow coming out of the dot and elm of that just outside the slot.
It was found that the vebcity of the air coming out was fairly constant across the slot and had
a value of 9 per cent lower than the velocity of the tunnel air stream. Outside the body but
close to it, the vehity of the air was also constmt for a distance of severed inches and had a
value .of 11 per cent greater than the tunnel velocity. The velocity of the air immediately
outside of the slot was, therefore, 22 per cent higher than that coming out of the slot, and the
change from the Iow to the high velocity took place within one-half an inch or 1sss. The bound-
ary layer of the outside air at the slot is apparently small on a body of this form, and no great
reduction in drag couId be expected from the slot, even if it were of the best possible propor-
tions. It is likely that the cooIing air could be collected after it had passed the cylinders, and
directed out to the outside flow through one or two openings, my at the bottom or both sides,
with no increase in dreg over that with the annular slot. The annular slot is, however, a very
convenient means for getting the used cooIing air back to the general outside flow.

Cliecl Z@weenwind tunnel and flight test%.
The appendix to the report on the first part of this investigation (Reference 1) describes

flight tests on a Curt& AT-5A airplane with the N. A. C. A. compIete cowling. The origid
cowling was similar to No. 1, with the engine entirely exposed, but the fuselage was smaller in
cross section than that of No. 1. The airphme had a 200 HP. Wright “Whirlwind” J–6 engine
similar to the one used for the cowling tests in the 20-foot wind tunnel.

The maximum sea-level speed of this ~irpkme was increased from 118 M. P. H. with the
origimd cowling to 137 M. P. H. with the complete cowling, an incresse of 19 M. P. H.

It is interesting to compute from the flight tests the difference in drag required to cause
this increase in speed, and to compare this with the results of the wind-tunnel tests. Part of
the increase in speed is due to the lower induced drag at the higher speed, and part is due to
higher propulsive efficiency. According to fti scaIe wind-tunnel tests on the identical pro-
peller used in the flight t~ts, the propulsive efEciency would be 2.8 per cent greater at 137
M. P. H. than at 118 due to the higher pitch, and as shown by the tests in this report, a further
increase of 2.5 per cent would be obtained due to the complete cowIing. The propulsive effi-
ciencies (including body interference and slip-stream effect) are given below aIong with calcula-
tions of the drag with each cowling:
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The difference in induced drag due to the two diflere.nt angles of attack, when reduced to
a speed of 100 M. P. H., becomes

AC#- (0.00551– 0.00302)X 25.57X 250=16 pounds.
There are other diilerencw in drag due to the fact that the complete cowling covered cer-

tain fittings and a portion of the landing gear struts, which were exposed with the original
coding, but in. a comparimn of the AT-5A results with the wind-tunnel redts these di&r-
ences approximatdy balance the difference between the tapered eshaust stacks used on the
AT-5A and the cylindrical stacks used in the wind-tunsiel testi.
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The reduction in drag at 100 M. P. H. due to the oomplete cowling is then
(348–234) – 16 = 98 pounds.

In Figure 33 the corresponding reduckioriin drag at 100 M. P. H. is plotted for three of the ‘
wind-tunnel tests, on the basis of the cross-sectional area of the bodies behind the exposed
engine.

The point calculated from the flight trots, it will be noticed, falls on the curve through the
wind-tunnel points. The fact that the flight-tat point falls exactly on the curve is merely

fortuitous, for the calculated drag reduction can
~cn~~.$ “not be”cixpectad”i.o be more than approxiniately

Q3&/20 co,mect. Within the limitations of the calcula-
-+.C$
Oo tions, however, the agreement between the
& t ~ flight ‘tid wind tunnel tests is excehnt, and the
~o:.. increasg in m&imum speed of 19 ~. P=. is
@ g

b4~@
subst+tiated by the results of the wind-tunnel

‘s ~.~
testi.

bll ~ CONCLUSIONS ...
.~ :C
>+”+ Q 4 8 /2 -E 20 24 1.: The results and conclusions given .jn the~Q$

+U
Maximum c~- -oecfionol oreo <f originol

body behind uncowled engine, m sq. R.

.—

report covering the first part of this investig~

Fxa33.-Oomparlson d Sight and wind ttmnal tests tion including the tests with a cabin fugelage
(Referenoe 1) are substantiated.

2. Individual fairings behind cylinders having a form similar to those of the J–5 engine
have no appreciable effect on the drag.

3. Individual hoods over each cjliiider restit in but a slight reduction in drag when used on
cylinders similar in shape to those of the J-5 engine.

4. The only large reductions in drag were obtgjned with the new complete cowling on
Nos. 11 and 14. The reduction in drag with the complete cowling on the nacelle was remarkable,
being more than twice as great as that found with the cabin fuselage, and being 76 per cent of
the drag of the totally exposed engine alone.-

5. The reduction in drag obtained with the complete cowling is greater for the smaller
original bodies behind the exposed or partially exposed engine.

6. The reduction of drag as computed from flight tests with the complete cowling on an
AT-5A airphme is in exodlent agreement with that foynd by the wind-tunnel tests.

LANGLEYMEMORIALi%ERONAUTIOALLABOBATOBi,
NATIONAL ADVISORYCOMMCMEEFort AERONAUTICS,

Decmdwr 17, 1998.
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