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Tegts of second representative bomber nacelle on a
low-dragz wing at a large valus of the Reynolds number were
made in the NACA two-dimensional low-turbulence pressure
tunnel, Results show the drag and interference of .the
nacelle on the low-drag wing to be small.

INTRODUCTION

Tests in the NACA two-dimensional low-turbulence
pressure tunnel of a representative bomber nacelle on a
moderately thictk low-drag wing have been reported in ref-
erence 1. The tests of this first nacells show the drag
and interference to be small,

The tests reported herein are of another nacelle
mounted on the same wing as reported in reference 1 and
represent a continuation of the program of tests of sever-
al typical manufscturers' nacelles mounted on low—drag ,
wings., This program does not contemplate complete tests
of the various nacelle combinations. It is hoped that tiae
results will be of sufficient value, however, to warrant
more thorough investigations of proposed militsry applica-
tions. '

APPARATUS

The tests were conducted in the NACA two-dimensional
low=5urbulence pressure tunnel, which has an air stream
of very low turbulence and which permits the attainment o
large values of the Reynolds number.

Wing.~- The model nacelle was mounted on an X
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GENe oot o= R0N 6, Thinfedl gection baving a chord of L5
inches and a span of 3 Ffeet (tunnel test-section width).
The wing was set at an aag%e of incidence %o the thrust
line of the nacelle of 1/2

Nacelle.~ The model tested was a scale model of the
Vega Ventura twin-engine bomber nacelle and was dbuilt by
the Vega Airplane Company. The nacelle as received was
filled, faired, and painted; it was finished for the tests
by sanding with No. 400 carborundum paper. This finish
gave .a surface that was intended to be aerodynamically
smooth, that is', further smoothing would result in no de-
crease in drag. Three conditions of the nacelle model
mounted on the test wing are shown in figure 1. It can be

en in figure 2 that the nacelle has a short afterbody
which terminates at the trailing edge of the wing,

Internal-air flow.- Cardburetor air taken in through
the scoop at the top of the cvwl was ethuqtea through
the stack, which can be geen in:figures 11 (a) and 3{a).
Oil-cooler air was taken irn throusgh the scoop at the bot-
tom of the cowl and c¢xhausted through two side exits on
the bottom portion of the afterbody (fig. 2(a)). For the
model in its original éondition, engine cooling air was
exhausted through an annular exit interrupted only by the
carburetor-scoop fairing and the oil-coolsr duct entrancse.
Both of the other .conditions of the model left this annu-
lar engine-cooling-air exit broken only by the oil-cooler
duct entrance (fig. 1(b)) ‘or by the afterbody fairing at
the same point (fig. 2(B)).

The entrance.aand exit erecas of the model we
and the engine pressure drop was simulated by me
perforated plate. his plate was designed for. a
drop through the engine of 4Ap = 12 inches of water for
fullethrottle operation at 350 miles per hour at an alti-
tude of 25,000 feet. The pressure-drop ratio from theso
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ssumed values is then An/qo = 0.46 where g, 1s the
frce~stream dynamic preasuru. The pressure-drop ratio
assumed for the oil cooler was Ap/q, = 0.34. Intcernal-

flow measurements and corresponding drag increments for

the tests are given in tabdle I with the use of the fellow-

ing symbols.

A model exit areca, square inches

Nl Vi ratio of exit velocity to frec-stream velocity




JaN: A ratio of total-pressure loss at exit to free-stream
dynamic pressure

ACIF coefficient of drag dve to internal loss
¥ Cpp coefficient of total drag and interference
CDF coefficient of external drag and interference

(s .
Valvues of the drag coefficient CDF are based on the model frontal

area, 24.90 square inches.
TEST METHODSL

Drag measurements were obtained from wake surveys at a series
-of spanwise ctations. Points were taken far encugh outside the nacelle
disturbance to esteblish the section drag of the wing. The integral,
against spanwise location, of the curve of section profile-drag
coefficient (fig. 3) in excess of the section drag of the wing Cay

was then teken as the total drag and interference of the nacelle.
Internal-drag measurements were made by making total~head and static-
pressure measurements in the exits. The method for calculating the
drag due to internal losses is given in reference 2. The external drag
end interference is then the total drag and interference minus the drag
due to internal losses.

All 1ift and drag section coefficients are based on the wing chord
of 15 inches. All tests reported herein were run at a wing Reynolds
number Ry of 6.5 million. Angles of attack shown are those of

the wing ay.
RESULTS AND-DISCUSSION

Values of CDF for the nacelle in three test conditions are given
in figure 4 and corresponding drag increments ACDF due to intermal

losses are given in table I. The value of the external-drag coefficient
for the nacelle in its original condition is Cpp = 0.084. The removal of

*At the time this report was originally published, some of the
correctlons required for reducing the test data to free-air conditions
had not been determined. The values of section lift coefficient cy
(fig. 5) should be corrected by the following equation

CZ(corrected) = 0.965¢; + 0.006




the carburetor scoop and exhaust stack reduced this value
to Cpp, = 0.066, a reduction of about 21 percent. TFur-

ther reduction in drag resuvlted from removing the oil-
cooler scoop and fairing in this portion of the afterbody
(fig. 2(b))., The value Opy = 0,057 for the nacelle in

this smooth condition is a total reduction of 32 percent
from the original condition, This value of the external-~
drag coefficient for the nacelle in the smooth condition
can be scen to be higher than that for the nacelle report-
ed in reference 1. However, these values do not represcnt
true drag differcnces because values for the nacelle test-
ed herein are based on a smaller frontal area.
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The adverse pressure gradient over a nacelle after-
body is superimposed on the adverse gradient of the wing
if the nacelle is terminated at or near the trailing edge
of the wing. The resulting pressure gradient will be more
severe than for either wing or nacelle alone. The fact
that the nacelle reported kherein has an afterbody terminat-
ing at the trailing edge of the wing may make these pres-
sure gradients steeper than the optinmum.

In regard to the large drag increments of the scoops,
clean-up investigations made at the Laboratory have shown
that excessive drag increments commonly result from the
addition of protruding scoops. .In other words, the re-
sults of this investigation tend further to confirm the
conclusion that external scoops and appendages as means
providing air inlets and discharges should be avoided.

Figure 5 shows a 1ift comparison of the wing alone and
the wing with the nacelle in the original condition and in
the smooth condition, It can be seen from this comparison
that the slopes of the 1lift curves are essentially the sane
but, that the addition of the nacellc has resulted in a
small loss in lift at a given angle of attack. Suech a loss
of 1ift, if large and localized near the nacelle, could
lead to 1ift disturbances which would result in an increasso
in indueed drag. Inecidentally, a comparison of the 1lift
eurve of the wing alone with the corresponding curve given
in reference 1 shows that the curve given hercin Has been
redueed by an,increment of cy = 004, 'This seduchion is
due to checks on the 1ift nmeasurements made throughout
these tests, which removed a large part of the error mén-—
tioned in reference 1
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Pressure-distribution measurements over
the cowl in the smooth condition for a range
attaek arec presented iIn figure 6 iIn terms of

coeffiecient & adefined as

S:H-p
%o
where
E free-sfream total pressure
P local static pressure
9o free~strean dynamic pressure

cr' o ot

From the magnitude of the peak pressure at the

gle of attack, the criticzal Mackh number of
reasonably high.

It may be concluded that, after the appendages are
erence is ob-

tained for both this naceclle and the nacelle on the same

removed, a reasonably low drag and interf

low~drasg wing, reportcd in reference 1.

Langley Memorial Aeronautical Laboratory,

the

3 o+

+-
¥

5]
top of
angles of
© pressuro |

design an-
cowl sc¢ems

National Advisory Committee for Aecronautics,

Langley FiQTd Weal s

&, Macen C,, Jr
f a Representat
Winze . NAGA “C.8., May 19423

5., Becker, John ¥V, Wind-Tunnel Tests of

s Seéme Lift.and Drag 'l
ive Bomber Nacelle on &

AN T

Qutlet Openings on a Streamline Body

Nov, 1940,

ea
L o)

suréments
w-Drag



TABLE I

INTERVAL-FLOW MEASUREMENTS AND DRAG INCREMENTS

Ae Yalv AEdap & Cpp
Model : o A
condition e = 5 ' 4Cpy | CDp
(a) W o) [ Ke) | (o) (b) | (e} | (o) | €0) | (e) | (ad | CB) 1 (e)
Original 1,28 1016 io.bro 0,66 {0.63 {0.66 (0.51 |0.59 ;0,81 ;0.020{0.003{0.012{ 0,119 | 0.08L
Carburetor '
scoop and , . , |
exhaust 1ebl 4 516 ] oo 70 | 63| —== 1 51| 59| -—-} .027| .003| —-—- .096 | .066
stack o ‘
removed |
|Smooth (B b SRR, T & 2T (o SO TR I AR RV R TR B i R e 084 057
| B Pal SEAC |
8FBneine-cooling-air exit.
P0il-cooler~air exit.
CExhaust-stack-air exit. -
969-1




NACA Fig. 1

(A) MODEL WITH CARBURETOR SCOOP, OIL=COOLER SCOOP,
AND EXHAUST STACKe. (ORIGINAL CONDITION)

(B) MODEL WiTH CARBURETOR SCOOP AND EXHAUST STACK

REMOVED,

(c) MODEL WITH CARBURETOR SCOOP, OfL=COOLER SCOOP,
AND EXHAUST STACK REMOVEDe. (SMOOTH CONDITION)

FIGURE |e= FRONT VIEW OF NACELLE MODEL ON LOW=DRAG

WING SHOWING TEST CONFIGURATIONS,
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Fig. 2

(A) NODEL WITH CARBURETOR SCOOP, OIL=COOLER SCOOP,

AND EXHAUST STACK,

{(8) MODEL WiITH CARBURETOR SCOOP, OIL=GUULER SCOOP,
AND EXHAUST STACK REMOVED,

FIGURE 2.~

THREE~-QUARTER VIEW OF UNDER SIDE OF NACELLE
MODEL ON LOW=DRAG WI NG,
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