00z

42+00:

20060056404 2019-08-29T18:53:

@ https://ntrs.nasa.gov/search.jsp?R

NASA Langley Research Center

Source of Acquisition

o
.

(K]

Il

T

|

o e PR

BT




NACA ACR Fo. 5A15

WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

e

AY ZXPERIMENTAL IFVESTIGATION OF SEVERAL LOW-DRAG
WING-~NACELLE COMBINATIONS WITH INTERNAL AIR FLOW

By E. Julisn Allen, Charles W. Frick,
and Myles D. Ericksen

SUMMARY

The results of an experimental investigation of several
low—drag wing—nacelle combinations, incorporating -internal
air—flow systems, are presented. The external—drag incre~—
ments due to these nacelles are between one—half and two-
thirde of those of conventional nacelle forms, This improve—
ment is accomplished with only minor effects on the 1ift and
moment characteristics of the wing. The procedure employed
to determine the external shape of such low—drag n=celles 1is
considered in detail.

The design of an efficient internal-flow system, with or

without a blower or throttle, presents no serious problems.

The energy losses in the expansion before the engine and the
contraction thereafter can be kept small,

It is believed uhau these nacelles have a wide applica—
tion in housing engine pusher—propeller units and, with some
alteration, jet—propulsion devices. It is probable that the
low externsl drags mzy not dbe realized if such nacelles are
used with a tractor propeller because of the high 1evel of
turbulence in the propeller slipstrean.

INTRODUCTION

The results of an experimental investigation of the
boundary—layer growth on the surface of & wing—fuselage com—
bination, wherein the nose of the fuselage protrudes forward
of the wing, are reported in reference 1. In that investi-—
gation it was found that although the transition from laminar
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to turbulent flow occurred far back along the surface at
points distant from the wing-nacelle Jjuncture, in the junc—
ture itself transition moved forward to the wing leading

edge.

Some additional drag must inevitadly occcur with this
forward movement of transition in the Jjuncture, This is at-—
tributadle to (1) the increased surface shear associated
with the turbdulent boundary layer, and (2) the reduced pres—
sure recavery at the tail which will accompany the thickened
boundary layer at the minimum pressure point,

In reference 2 it was contended that premature transi-—
tion to turdbulent flow in such junctures is due to the fact
that, on the forward protruding nose of the body, the air
close to the surface iz first accelerated and then retarded
as it approaches the wing. The boundary layer becomes un—
stable in the region wherein the flow is retarded so that
transition to turbulent flow occurs. It was reascned that
by making the ncse of the body and the leading edge of the
wing coincident, adverse pressure gradients near the leading
edge with consequent premature transition could be avoided..

Several wing—nacelle units incorporating this feature
were constructed and tested in the Ames 7— by 10—foot wind
tunnel (reference 2)., The wing and nacelles were so matched
that their minimum pressure points were located at the sanme
chordwise station. The experimental results of these tests
confirmed the foregoing contention, Over the Reynclds number
range of the tests, transition occurred behind the minimum
pressure point in the wing—nacelle Juncture as well as at all
other points on the surface. In consequence, the drag incre—
ments for these nacelles were between one—~half and two—thirds
that for conventional nacelles.

The nacelles of the preliminary investigation (reference
2) were streamline bodies without internal air flow, but it
was anticipated that the introduction of internal zir flow )
could be made without destroying the low—drag characteristics.
However, it was expected that some difficulties would be en—
countered in properly shaping nacelles incorparating air—
induction systenms, In this report, the results of an experi-
rental investigation of several such wing—nacelle comdbinations
with internal flow are presented. A discussion of the proper
shaping of such nacelles is included,
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DESCRIPTION OF MODELS

The NACA 35—215 wing of reference 2, the ordinates of
which are given in table I, was used again in conbdination
with the nacelles of this report. However, the method of
nounting the wing in the tunnel was changed, as 1is discussed
under the section Descripftion of Apparatus.

The nacelle shapes used in this experimental investi-
gation were derived from the NACA 132-30 nacelle shape of
reference 2, the ordinates of which are given in tadle II,

Nacelle nose shapes.— A method was developed in refer—

ence 1 for altering the nmose of a nacelle to provide a satis—
factory nose =2ir inlet. The test results, given in that
reference, showed that the pressure gradients over the for—
ward portion of a rnacelle so obtained were favorable for =all
except the lowest inlet—velccity ratios.

The method for altering the nose shape, as outlined in
reference 1, is not generally applicable and was accordingly
revised to make it suitable for the nacelles of this report.
This revised method, which is given in appendix A, was used
to develop the shape of the nose N, of the first nacelle

tested wusing the nose—~shape parameter of reference 1. The
subseguent development of noses N_, Nz, ¥y, and ¥g, and

the reasons for each change are related in the section of
this report devoted to 2 discussion of the results. Figure

1l gives a comparison of these nose shapes. The ordinates

are glven in table III, and tadle IV presents the nondimen—
sional nose—shape parameter used in the method of appendix 4.

Development of nacelle tail shapes.— Wifhin certain

limits, considered in the. section Results and Discussion,

it is desirable to bring the plane of the pusher propeller

as near as possible to the trailing edge of the wing. It is
obvious that by so doing, the zerodynamic design of the com—
bination of nacelle and wing becomes more and more criticel
because of the steep pressure recovery that exists in the
Juncture of the wing and the nacelle, If this pressure gradient
tecomes itco severe, separation of the flow from the surface
will occur with consequent adverse a2erodynamic effects. The
problem thus confronting the designer is to develop 2 namcelle
fulfilling the design reguirements of reference 2 in matching
the pressure distridution of wing and nacelle, while at the
same tire shortening the nacelle without incurring flow separation.
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Wo rational basis was known for determining to what ex—
tent the nacelle t2il may be shortened without excessive
drag increase, The tail shapes developed herein are the re—
sult of judgrment and experience gained with the test of each
succeeding shape. The first tail T, was designed for a
propeller position adbout 15 percent wing chord behind the
wing trailing edge. The contour of this tall deviates to @&
narked degree from the lines of the original NACA 133-30
nacelle, as may be seen in figure 2, Teil T, conforms more

closely to the original nacelle lines, &s may be seen from
the sarme figure, and has a propeller position adout 30 per—~
cent chord behind the trailing edge., Tail T3 represents

s shape intermediste between the firgt two contours with =
propeller position of about 21 percent wing chord behind the
trailing edge. The section of this report devoted to dis—
cussion relates the steps involved in this development.
Table V gives the ordinates of the various tails.

Qutlet and spinner desisns.— Since it was desired to

test these nacelles throughout 2 wide range of flow coeffi—
clents, it was necessary to rrovide n variable outlet area,
This was accomplished with T, and T, by using a throttle

sliding along the axis of the svyinner. This throttle was so
designed that the annular duct between the throttle and the
inside of the tail cone was of nearly constant area for any
given throttle setting to minimize any orifice loss which
night occur., ¥Flow coefficients above the 2aximunm value at—
tainable with throttle full opern were obtained by using an
axial tlower in the nose of the model to overcome the in-
ternal resistance of the duct.

Spinners of the same/shape and length behind the outlet

were used with tails T; and T, with provision for alter-—

d
ing the pointed tip to a blunt shape.

The third tail Tp; was tested with a constant outlst

area and the variation in flow coefficient obtzined dy vary—
ing the speed of the axiesl blower, The spinner used with
this tail was of approximately the same forn as that used
with the pusher nacelle of reference 3. Ordinates of all
spinners and throttles are given in table VI,

Internzl ducts.— It has been shown in reference 4 that

the efficient conversion of axial kinetic energy of an air
strean that possesses rotational kinetic energy as well,

ray pe made in a diffuser of puch shorter length than if the

v oA
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rotational component is not present, Further, the conversion
of the rotational kinetic energy itself may be effected by
making the diffuser cross section an annulus of increasing
area alongz the axis. )

These principles were incorporated in the design of
the internal diffuser between the axial blower and the bdaffle
plate simulating the engine. The ordinates of the surfaces
are given in tadle VII. The internal d&uct between the baffle
plate and the outlet did not require refined design except
the section along the axis of the throtitle, previously men—
tioned, since the losses suffered in a converging duct are
usually smell.

The baffle plate simulating the englne was designed to
have a conductance X of 0,25, but most tests were made
with a sufficient number of holes plugged to give a value of
¥ egual to 0,10,

Axial blower.,— The axizal blower used in these tests con—

sisted of eight blades of Clark Y section so attached to the
hut that the blade angle was adjustable., Several blade angles
were used in the tests of varlous nacelles to satisfy the re-—
quired operating conditions. Part of the tests were made with
five Clark Y section countervanes in place. For the purpose
0f the nacelle—drag tests, the fan is considered of interest
only insocfar as it was used to vary the flow, A separate re—
port on the fan operation as it affects the internal—flow
conditions and as it may be used to improve operating condi-
tiong at altitude is proposed.

In discussing the nacelles herafter, every combination
of nose and tail will be noted by grouping the designaetion
of each so that the combination of nose 2 znd tail 2, for
instance, will be given as N_T_,

4 sectional view of N_T_, |is given‘in figure 3. PFig-

ures 4 to 10 show various views of the nacelles zmounted in
the tunnel,

DESCRIPTION OF APFPARATUS

Tests of the various wing-nacelle combinations were
made in the Ames 7— by 10—foot wind tunnel. This tunnel
is of the closed—throat, rectangular—section, single-return
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type, capable of airspeeds of 300 miles per hour. The tur—
- bulence level of the air stream is such that it was possibdle
to maintain laminar flow over those portions of the wing sub—
Ject to a favorable pressure gradient up to the maximum at-
tainable test Reynolds numbdber, '

Each wing—nacelle com b1npt10n was mounted =z2s a through
nodel spanning the 7-foot dimension of the test section.
End plates flush with the walls of the test section but.
clearing the walls by a gap of 3/16 incb were nmounted on the
ends of the wing.

The internal drag of all nacelles except nacelle NgT4

was oObtained prior to the drae tests by measuring the total—

head losses and static pressure at the outlet with a rake

consisting of 45 total-head and three stetic tubes., This
rake is shown in figure 11, During the force tests of na-—

S da

celles N.T,, ¥, T,, and Ng;Tg, the internal drag was measured
with an outlet rake of nine total—head and three statiec tudbes
(fig. 8), since all tests were made with the 2xial blower
overating. '

The flow gquantities measured with the outlet rake were
used to crlitrate the orifice plate simulating the engine re-—
sistance so that the pressure drop across this plate could be
used to obtain any desired flow coefficient. Thig orifice
plate of 1/2-inch—~thick steel plate was perforated w1th 20
sharp—edge holes ranging in size from 25/32-inch to T ~-inch
diameter. UTo adjust the sinmulated engine conductance to =&
value of 0,10, a nunber cf the holes were plugged with corks.
For tests of other engine conductances, this arrangement of
corks was altered to obtain the desired pressure 4rop,

Wake surveys of the Qrag were made with a rake of 48
total—-head tubes ané three static pressure tubes., Section—
drag coefficients were computed from these date by an adapta—
tion of the Jones method which considers the effect of fluid
conpressibility and the temperature rise in the wake, - j

Boundary—layer profiles were measured with a small sur—
face rake of six total—head tubes and one static tube, Pres-—
sures over the nacelle, through the internal Aduct, and along
the wing—nacelle juncture were meqsured through O, OBO—inch—
flush or‘flces.
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TESTS AND TEST METHOD

During all tests, the surfaces of the wing and the nacelles
were naintained in an aerodynamically smooth condition. All
balance—system measurements were made with the pressure ori-
ficés sealed and filled so as to be flush with the model
surface. -

All data presented, except the pressure—distribution
results, have been corrected for tunnél-wall interference,
The corrected coefficients (primes indicating test results)
are as follows:

Cp 0.980 Cp'

Cy 0.950 Cr!

Cug/y 0:980 Cnyy,' + 0.0082 Cp!

a al + 0,298 [01' + 4 cnc/*}
J

R 1.008 R!

¥ 1.009 M!

Coefficients for the wing-nacelle combinetions are based
on a wing chord of 4 feet z2nd a wing area of 28 square feet.
Drag coefficients for the nacelles are based on their pro-
jected frontal area of 2,58 sguare feet., The pressure dis—
tributions along the wing—nacelle junctures and along the
top and bottom meridians of the nacelles are plotted against
wing—cherd stations so that the data for the various nacelles
are comparable.

The drag force due to the intermal flow in the duct was
determined from measurements of the average total head and =
static pressure at the outlet, consideration being given to
the effects of fluid compressidbility. A& calibration of the
pressure droyp across the orifice plate with various internal—
flow rates was nade to facilitate the determination of .the
flow ccefficient and the 1nterna1~drag coefficient when the
outlet rake was not installed, :

During the course of the tests when the nacelle—drag:

coefficients obtained from balance measurements were compared .
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with nacelle—drag coefficients determined from wake surveys,

it was apparent that the presence of the nacelle was influ—
encing the flow at the wing ends to such a degree as to

change the tare drag. This was confirmed by a comparison of
the drags determined by wake surveys near the ends of the

span for the wing and the wing nacelle, the wing nacelle show—
ing a decided increase over that for the wing. The effect

was snall a2t low speeds and increased when the speed increased.
This discrepancy in tare was discovered during the tests of
nacelle N, T,, For this nacelle 2nd for N, T,, NgT,, and

N T-, tares were determined by making spanwise surveys of

the distribution of drag coefficient at a flow coefficient

of 0.055, finding the nacelle drag, and computing the tare.
from the relation of this drag to that determined from the
balance force nmeasurements. The tare was then applied to the
balance—drag coefficients to obtain the variation of nacelle-
drag coefficient with flow coefficient. Two of the surveys
from which tares were determined are shown in figures 12 and
13, These exhibit the same type of spanwise distridution of
section—drag coefficient as for the nacelles of reference 2.
The reasons for the apparently abdbnormally low section—drag
coefficients near the Juncture are discussed in that report.

Since nacelle N,T, did not exhibit desiradle charac—

teristics, no tare determination was made by the tedious
momentum surveys except at the ideal 1ift OCp = 0.213. 41l

other data are based on balance measurements only.

It must be noted that the drags determined by wake sur—
veys are low by the amount of the induced drag resulting from
the distortion in spanwige 1lift distribution due to the in—-
fluence of the nacelle. A theoretical study indicates that
the induced—drag coefficient based on. prejected frontal area
of the nacelle is 0,001 at a 1ift coefficient of 0,23,  This
induced drag will vary approximately linearly with the 1ift,.

ince such an induced drag would vary with propeller thrust
for powered nacelles and could be adjusted to practically
zern by alteration of the chordwise dimensions of the wing
near the nacelle, it is considered that this induced drag is
not properly a characteristic of these nacelles. In conse—
guence, no induction cerrection has teen incorporated in any
of the test results presented in this report.
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RESULTS A¥D DISCUSSION

It was found in the tests of the first nacelle N,T,

that, as anticipated, laminar flow could be maintained up to
the minirmum pressure position in the wing—macelle juncture

2s well as on the other sections of the wing—-nacelle surface.
However, 2 number of undesiradble flecw characteristiecs, di~
rectly attributable to ionproper shaping of the nose and the tail
of the nacelle, were observed. In the following paragraphs
these z2dverse characteristics are discussed together with

the developnent of satisfactory nose and tail shapes.

Nose development.— The pressure distridbution over the
exterior and interior surfaces in the vicinity of the nose
¢f a nzcelle incorporating an air—inductiorn systen is a fune-
tion of the nose inlet—velocity ratio Vi/Ve. It is clear

that at a sufficiently low inlet—velocity ratioc, a low pres—
sure peak, with a2 conseguent local zdverse pressure gradient,
zust ocecur on the nose exterior. An adverse pressure gradi-—
ent on the exterior surface will promote ypremature traneition
to turbulent flow and so must be avoided if low drag is to

be obtained., One criterion, then, in the developnent of a
satisfactory nose shape is that at the lowest inlet—velocity
ratio which will cccur in high—speed flight at low altitudes,
no exterior surface pressure peak 1is permissidble. At a high
inlet—velocity ratio, a2 low pressure peak is too marked, it
will lower the critical Mach number of the conbination below
that dictated dy the minimum pressure peak in the wing—n=ancelle
Juneture, A&inother criterion, then, in the development of a
satlsfactory nose shape is that at the highest inlet—velocity
ratios which occur in high—speed flight at high altitudes,
the peak pressure on the nose interior must not be as low as
the lowest peak pressure on the exterior surface of the wing—
nacelle unit. ' ' . a

Ls a final criterion, in order to insure the attainment
¢f low drag in clinmb, the range of 1ift coefficients for low—
drag coefficients w‘th moderate to high values of the inlet—
velocity ratio should be at least as great as for the wing,

Viewed in the light of these criteria, the nose XN,

was unsatisfactory, As mav be seen from the pressure plots
of figures 14(a)and 14(b), at the wing ideal 1ift cosfficient
(about 0.2), 2 nose inlet—velocity ratio of over 0.5 was re—
quired to prevent the occurrence of an adverse pressure
gradient on the nose exterior, Although but one pressure
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orifice was located on the nose interior, the measured pres~—
sures at this orifice indicated that an excessively low pres—
sure would occur here at only a moderately high inlet—-velocity
ratio, Moreover, & pressure survey showed that for moderate
to high inlet—velocity ratios, the lift—coefficient range for
which no exterior adverse pressure gradients occur was much
less than that for the wing.

Two attempts were made to improve the nose shape with
noses YN, and Nz. The shape N, differed from N; in hav-

ing 2 somewhat larger nose radlus as well as sone increase

of thickness and camnber; the shape Nz incorporated en even
larger nose radius =s well as some further increase in thick-
ness and camber, These shapes are shown ir figure 1. The
distribution of pressure over N_,, shown in figures 15 to 19,
indicates a general improvement cver nose N;. A pressure

survey indicated that the nose radius of N; was too large,
and no further tests using this nose shape were nade,

None of these nose shapes permitted a sufficiently wide
range of 1ift coefficients for which no adverse pressure
gradients would occur at moderate to high inlet-velocity
ratios. An exemination of the pressure distributions for the.
first three nose shapes indicated a means for improving this
characteristic In the case of these noses, at the wing ideal
1ift coef f1c1ent the uprer—lip shape produced an external
low prcssure l.ee_.k before the lower lip as the inlet—velocity
ratio was reduced, Conversely, as the inlet—velocity ratio
was increased, the lower lip produced zn internsl low pres—
sure peak before the upper lip. If the nacelle axis were
curved to the shape of the wing mean—camber line, then, at
the ideal 1ift, the pressure distributions over the nacelle
upper and lower nose lip would be similar at any given inlet—
velocity ratio. In this case, the lift—coefficient range
over which adverse pressure gradients were absent for the
wing and the wing—nacelle unit would more closely correspond.

For nose shanes N; and Ng, some nacelle camber was
effectively incorporated. The lower 1lip of N, and Ng was
kept the same as for N_,, since it had been found to be
satisfactory. The upper lips of these nose shapes were ex—
tended and drocped as shown in figure 1, They differed only
in that the leading—edge radius of N, was larger than that

of Ns. An examination of the experimental pressure distri-
but i ons, shown in figures 20 to 29, shows the shape Xs to

I}
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be somewhat superior to N, although both are considered
satisfactory in light of the three criteris previously
discussed,

Teil development.~ It has been shown in reference S

“ that it is undesirable to place the plane of the propeller
closer than 15 percent wing chord behind the trailing edge
sf the wing in a pusher—propeller wing—nacelle combination
because of the adverse effects of the flaps on the propeller
characteristics. At the same time, it is desirable to bring
the propeller location as near the wing trailing edge as
possible because of the saving in welght., Accordingly, the
tail shape T, was designed to odbtainm a propeller location
15 percent wing chord behind the wing treiling edge. The
tail shape, as noted previously, was obtained by simply con—
tracting the originzl NACA 133-30 nacelle, This contraction
was so severe as to promote flow separeticn if transition
was shifted forward at very low inlet—velocity ratios, This
characteristic is exhibited by the deta of figure 30 which
show the marked hysteresis in the variation of drag coeffi-
cient with mass—Flow coefficient.

Figure 31 presents the variation of drag coefficient
with flow coefficient a2t the ideal 1ift, the only 1ift coef—
ficient for which tare was determined for NlTl. Hysteresis

did not occur and it is considered that the flow remsained
separated at all flow coefficients, In spite of thie, the
drag of the nacelle is.much less than for usual nacelles,:
his critical characteristic of the flow in the wing—-nacelle
Junecture is further indicated in figure 32 by a reduction

in the maximum 1ift coefficlent for this wing—nacelle uniy
as compared with that for the wing alone or with that for
the cther wing~nacelle combinations,

In an effort to avoid this undesiradble aerodynamic ef—
fect in subsequent developments, the ordinates of the tail
shapes from the maximum ordinste location to the nacelle
station opposite the wing trailing edge were held closely to
the vrdinates of the NACA 133—30 nacelle, which showed no
flow—separation effects. With tail T_,, for which the pro-
peller location was fixed at 30 percent wing chord behind the
wing, the contraction bpehind the station at the wing trailing
edge was slightly more severe than for the original NACA
133-30 nacelle. The test results for the N,T, nacelle,

given in figure 33, show that nacelle external—drag incre—
ments comparable with those of reference 2 were obtained and
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thaet separation was avoided,as indicated by the absence of
hysteresis in the variation of external drag with flow coef-—
ficient., TFurther, the contraction of this teil cone is not
so severe as to reduce the maximum 1ift coefficient appreci-
ably below that for the wing, as is shown by the deta of
figure 32.

It is considered that while the tail T, vas satisfac—

tory insofar as merodynamic characteristics are concerned,
the propeller position is too far behind the wing trailing
edge for most applications. With T3z the propeller loca—
tion was changed to about 21 percent wing chord behind the
wing by contracting the tazil cone more rapidly behind the
wing trailing—edge station than for T_,. The drag test re—
sults for the N_T; nacelle, given in figure 34, show egain

that low drag was obtained and separation was avoided. In
figure 32 the 1ift curve for the NgTz wing—racelle unit is
shown. It is seen that the 1ift curve for this wing—nacelle
unit is very similar to that for the ¥_T, unit.

Although I, was found to be unsatisfactory, as evi—

denced by the drag hysteresis with flow coefficient and the
reduction of the maximum lift coefficient accompanying the
addition of the nacelle to the wing, it is not believed that
T necessarily represents the shortest satisfactory nacelle
shape with external spinner. Rather, it i1s considered that
T, was contracted too rapidly in the region from the maximunm

diameter to the wing trailing—edge location, whichvpromoted
an excessively severe adverse pressure gradient in this regiom.

Using the tail contracted a2t a rate midway between that for
T, =and TI5, with 2 spinrer similar to that for T, would

. allow a propellef location adbout 15 percent wing chord behind.
the wing.. Such a nacelle would probadbly have satisfactory
aerodynamic characteristics, o

In the investigation of reference 1, several nacelles
were tested from which air was exhausted through a circular
opening at the end of the nacelle. Such nacelles might be
considered to bes representative of a jet—propulsion unit
or a propeller—propulsion unit with & submerged propeller
hub. For comparison with these nacelles, the tails Ts and
Ts were constructed. Both were formed from tail Tz by
removing the spinner and extending the skirt so as to reduce
the diameter of the exhaust opening, However, with T4 the
trailing edge was sharp dbut not cusped as with Tg, o
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The results of the tests of these tail shapes are shown
in figures 35(a) and 35(b). No indication of hysteresis of the
drag coefficient with flow coefficient was found, It is note—
worthy that the external drag of the cusped Tg tail is less
than that for the T, tail, This characteristic of cusped
tail nacelles was predicted in reference 1 and later realized
in the tests of reference 6. It is considered that the cusp-
type skirt trailing edge would be similarly beneficial for -
nage%}es with annular exhaust openings, as for tails T, T,
an 3. C . . !

Tabulated below are the external—8rag coefficlents for

the nacelles N,T,, ¥,T, NgTs, ,2nd NgT, obtained at

at the wing ideal 1lift coeff1c1e“t (0.213) and at the design
flow coefficient (0.044): ,

Nacelle N,T, Cp = 0.0325 i

Nacelle N, T, Cp = 0.0258

Y¥acelle 1\75'1":3 Cp = 0.0240

Nacelle Fg T, Cp = 0.0257
It is seen that with the exceptien of K,T,, these drag
coe‘flclents are very nearly the same and are apnroxlmately
equal to those for the nacelles of reference 2. While the
N,T, nacelle is inferior to the others, it still represents

a con51derab1e 1wprove ent over nacelles of the usual forn.
The drag coefficient for nacelle NgTs 1is not included in -
this table since the minimunm flow coefficient obtainadble was
greater than the design value even though the outlet area

was the same as for T4. This effective increase in the out—
let area is due to the cusped tail cone and was noted also . .~
in the tests of reference 6, e e

The drag coefficients of the nacelles were investigated-.
at low 1ift coefficients throughout the Reynolds number range, .
but only miner variations were found, At ©Cp = 0,325 the o
drag coefficient decreased slightly v, while at €1 = 0,525
the drag coefficient showed a slight increase with Reynolds
number, These data are not presented since thev show onlv .

these small changes.

Tests of the nacelle ﬁ4T2 through thevReynolds-numbegf:"'
range were made at low lift'coefficieniqwitp Elunt,spinne;.4
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An increase in the nacelle drag coefficient of about 0,001
over that for the pointed spinner was found.

The variation of drag ceefficlent with 1lift coefficient
for the X,T, conbinations at a Reynolds nunber of 3,700,000

is shown in figure 36, This variation was typical of all the

nacelles excepting N,T,. The peculiar variation of nacelle
drag coefficients as exhibited by these data, insofar as the
drag coefficients at Cp = 0 &and C; = 0.525 are concerned,

is understandadble if a study of the effect of the nacelle on
the pressure distridbution over the portion of the wing out—
board of the nacelle is made. The presence of the nacelle
so distorts the flow pattern in this region that a sharp
pressure peak usually appearing on the nose of the wing at
these 1ift coefficients does not occur so that the transition
point does not move forward, Consequently, these pourtions
of the wing experience lower drag coefficients then are usu—
‘ally obtained at these 1ift coefficients, so that the total
incremernt in drag due to the nacelle is less than for the
other angles of attack., This phenomenon occurred with all
the necelles tested. '

Ar investigation of the varistion of external—drag coef-—
ficient with internal—flow coefficient for nacelle N T
(fig, 33) reveals that as the flow coefficient is increased
from zero, a marked reduction in dreg is obtained, This is
attrivuted to the reduction in mean velocity over the ex—
terior of the nacelle and to the favoradle effect of increas—
ing flow coefficient on the location of transition on the
nacelle which is brought about by the reduction and eventual
elimination of the pressure peak on the nose . exterior. As
the flow ccefficient is further increased, the drag is re—
duced but at a2 lesser rate and is a minimum for the minimumnm
flow coefficient with wide—open throttle; that is, when the
ratio of the velocity of discharge to the veloecity on the
nacelle at the outlet is a minimum. When this flow coeffi~
cient is exceeded, the drag coefficient at first remains
sensibly constant then rises at an increasing rete,

It will be noted on figure 37 that for all the nacelles
except NzTs this characteristic increase in drag coeffi—
cient, which accompanies an increase in the ratio of the
velocity of discharge to the velocity over the nacelle at
the outlet, is present,
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These results were obtained with varying flow coeffi-
cient. In order to eliminate the effect of flow coefficient,
the drag characteristics of nacelle N,T, were measured at

a constant—flow coefficient ever a wide range- -of outlet
velocities by suitably varying the blower speed and throtile
opening. The results shown in figure 38, when compared with
the previously mentioned data, indicate that these data are
little affected by changing the flow coefficient, While the
characteristic increase of drag coefficient with velocity of
discharge is not well understood, consideration should be
given to this effect in the choice of the outlet areas in any
nacelle design. Cusping the tail outlet, as for N Tg, is
seen to minimize this effect for the test range of flow coef-—
ficients.

Internal drag duye to air induction.— The results of ¥
these tests indicate that the internal-flow systems of the
nacelles were satisfactory in that the losses associated
with the initial expansions up to the baffle plate (simulat—
ing the engine) and the contractions thereafter were small,
Thie is evident from figure 39 where it is shown that the
total internal—drag coefficient is only moderately greater
than the drag due to the baffle plate, There is no reason
to believe that the introduction of the dblower had & detri-
mental effect on the efficiency of expansion and contraction,
As seen in this figure, a windmilling fan does not 2dd ap—

preciably to the internal losses.

Soundary laver.— The laminar boundary layer in the wing—.
nacelle juncture was found to be uniguely stable, as was alsp
cbserved in the tests of reference 2., The formation of a
pressure peak on the exterior surface of the nacelle nose,
sufficient to move transition very far forward on the nacelle
at points removed from the juncture, produced no change on
the laminar boundary layer at the minimum pressure peint. in -
the juncture. This effect is not understood. . .~ ‘

‘ Boundary—layer tests at the pressure minimunm ever the.
span of the model showed that the flow remazined laminar on-
the upper surface of the model 2t 1ift coefficients up tc
about O 4 to the highest Reynolds number tested, about
10, y,0CO, for a flow coefficient of 0.055. Those results
aeree well with those of the extensive transition—location
surveys presented in reference 2. ; ’ )
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Pressure distridbution,— In reference 2, it was shown

that the velocity distribution in the wing—nacelle Juncture
could be calculated with reasonable accuracy by the super—
position method of reference 7. When the nacelle is altered
to provide air induction at the nese, however, an accurate
calculation of the velocity distribtution is practically an
irpossibility. The velocity distribution may be approximated,
though, by the method of appendix B, which considers what '
changes to the effective body dimensions result from so alter-
ing the nacelle.

This velocity distribution calculated by the method of
appendix B nay be combined with that for the wing by the
superposition method of reference 7 to obtain the velocity
distridbution in the wing—nacelle Juncture shown in figure 40,

The experimental velocity distributiopgs in the juncture:
corrected to zero Mach numbder, using Von Karman's relation
of reference 8, are shown 1in figure 41 z2long with the calcu—
lated distribution,

Some variation of the velocity distribution with Reynolds
number 1is shown. This is attributed to boundary—-layer cross
flow, a phenomenon which was observed during the tests of ref-—
erence 2 and is discussed therein. The calculated curve of
velocity distridbution lies somewhat above ever the experi—
mental values for the highest test Reynolds number. The
agreenent, though, is reasonadly good,

Figure 42 shows a comparison of the juncture velocity-
distributions for nacelles X,T,, N, T_, ard ¥gT,. These are
seen to be very nearly the same, Examination of figure 43
showing the velocity distridutions over the top and dbotton
meridians of the same nacelles shows, as previously nmens*
tioned, that nacelle NIT1 has its minirum pressure at 60 -

percent wing chord. Nacelles XN,;Tg and NgTx are very
sinilar to the NACA 133—30 nacelle of reference 2, '

The pressure distributions at a flow coefficient of.
0.055 throughout the angle-of-attack range are given for na—
celle N_T_ Jjuncture and top and botton meridians in tadles

VIII and IX and for nacelle NsTS in tables X and XI.

Critical speed.— The variation of critical Mach number
as predicted from subcritical pressure measurenents is shown >
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in figures 44, 45, and 46 for nacelles N_T,, ¥, T_, and

N T4, respectively. Through the niddle range, &s expected
from the considerations of the feregoing section, Mgr in—
creases slowly with flow coefficient. The marked decrease
in the critical speed at very high =2nd very low flow coeffi-
cients results from the formation of a sharp pressure pezak
on the interior or on the exterior of the nose for these con—
ditions. This effect is more properly associated with the
inlet—velocity ratio which, for these tests, bears a direct
relationship with the flow coefficient as indicated on the
figures. As previously explained, very high inlet—velocity
ratios cause the formation of a sharp pressure pezk on the
interior surface of the nose which determines the critical
Mack nunber. The formation of a local shock in the internal
duct with a consequent loss of total head of great nagnitude
may be especially serious because of its effect on the flow
of cooling air to the engine., The design of the nose inlet
should be such as to avoid this critical condition., The
forzmation of an external pressure peak at low inlet—veloccity
ratios i1s not so serious, though it nay be influential in
limiting the diving speed. However, for some of the noses
(Kg, for instance) the exterior pressure peak did not appear
at certain low angles of attack or, if present, was not of
sufficient nmagnitude to fix the critical Mach number.

At a noderate flow coefficient of 0.0585, the critical
Mach number for nacelle NgTy is 0.61, This represents =an
appreciable increase over the value of 0,57 found for the
nacelles of reference 2, This increase in critical Mach
nunber, of course, results from the fact that when air flow
is perxzitted through the nacelle, the flow behaves as though
the fineness ratio of the nacelle were effectively increased
s0 that the external velocities are decreased,

While 2 critical Mach number of 0.61 is satisfactory

for nost airplanes employing propeller propulsion, it cannot
be considered allowadble in the usual case for those employ—
ing jet propulsion. TFor the latter cases some alteration of
these nacelles is necessary to improve the critical speed.

In the initial investigation of the wing—nacelle combinations
of reference 2, it was found that the velocity gradients over’
the nacelle top meridians were so favorable that the transi-—
tion points were loceted behind the corresponding points on
the wing, Moreover, the laminar—boundary layer &t the wing—
nacelle juncture exhibited uniquely stable characteristics
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in that it was difficult to promote transition to turdulent
flow z2head of the minimum pressure location. An experimental
investigation of the position of the transition line on the
wing—nacelle combination employing the ¥N,T, nacelle was
rmade, and it was found that the velocity gradient over the
nacelle was again more favorable than necessary. Consequently,
2 less favorable velocity gradient for the nacelle would still
ellow low drags to be maintained and, at the same time, per—
mit 2 considerable increase in the critical Mach number to be
effected. ZFor example, using a body of revolution with the
same fineness ratio but with a slightly blunter nose shape
than for an ellipse, while still providing what 'is considered
to be a satisfactory favorable gradient, would allow a criti-—-
cal Mach number of about 0,64 for & wing-nacelle comdbination
tncorperating the NACA 35-215 wing section, This critical
Mach number is nearly as high as that for the wing alone

(Mer = 0.87 fur the wing), so that any further improvement
in critical speed could most prefitably be made by reducing
the wing thickness, As a further point, the nacelles of

this report would permit the installation of large diameter
Jet units, Using smaller diameter jet units would permit

the nacelle thickness ratioc to be materially reduced so thet
further increases in critical Mach number would auntomatically
be erfected. TFinally, it was found in the tests of refer—
ence 3 that, by lowering the nacelle with respect to the wing,
& marked increase in critical speed could be obtained. It

is considered that a similar alteration for the wing—nacelle.
combinations of this report would likewise be beneficial,

CONCLUSIONS

The results of tests of the wing—nacelle combinations
of this report demonstrate that, by following the design
principles of reference 2, premature transition to turdulent
flow in the wing—mnacelle juncture can be avoided fecr a na—
celle with air induction at the nose as well as fTor a stream—
line body without internal—eair flow, The nacelle—drag
coefficient, based on the projected frontal area, for a com—
bination incorporating these principles is reduced to one—
half to two—thirds that for the usual nacelle not incorporating
these principles.

It is considered that these low—drag coefficients may bdbe
realized only with jet—propulsion units and pusher—propeller
installations, The use of & tracter propeller would probably

preclude the attainment of’lowrdrag'since the turbdulence level.v;,f'”

C Ol dpBugede], -
. [’ g B =

£
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in a propeller slipstreanm is high, so that ir the propeller
wake transition would probably move forward of the location
of ninimum pressure.

The addition of the nacelle to the wing resulted in only
minor effects on the 1lift and moment characteristics of the
wing, The rate of variation of the quarter—chord—moment
coefficient with 1ift coefficient was incressed and the maxi-
nun 1ift was slightly decreased. '

The critical Mach nunmber, as determined from suberitical
pressure measurenents in the juncture, was increased over that
for the low—drag wing-—nacelle combinations of reference 2,

The effect of air induction was found to have some influence
on the velocity distribution over the nacelle, dincreasing the
critical speed with increasing flow coefficient, until, when
the flow coefficient was excessive, the critical speed was
deternined by the low pressure occasioned at the inner lip of
the duct cpering,

The use of superposition in predicting the velocity dis—
tridbution in the wing—nacelle juncture was found to give too
high velocities. This 1s believed due to the difficulty in
accounting for the effect of air induection on the velocities
over the nacelle, as well as to the effective thinning of the
wing profile at the Juncture due to boundary—layer cross flow,

Ames Leronautical Laboratory,
National Advisory Comnmittee for Aeronautics,
Moffett Field, Cealif.
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APPENDIX A
METHOD FOR DERIVING NACELLE NOSE SHAPES

The following more general method for deriving nose
shapes for nacelles is based on the more restricted gethod
evolved in reference 2, The procedure is as follows: Using
the known guantity of air required for cooling, the mass flow
coefficient 1s calculated, This coefficient is given by -

p .
Po¥Vy
where
pQ nase flow rate
Ps | air mass density in the free strean
F naxinoun cross—sectionalra;ea of the nacelle
Vo free—stream velocity

The ratio of the nose air—inlet dianeter to the maximun
diameter of the nacelle is then found from

pQ
P FV

—8 = —_—2 .0
Dmax. i Ps
-vo pOQ

where TV3i/V, is the ratio of the nose air—inlet velocity to
the free—stream velocity, and pi_/po is the ratio of the

density of the air at the nose air inlet. to that of the free
strean. : 3

¥ .
The value of —=t 2 -will depend on the range of alti-
0 Py ‘

tudes and speeds to be encountered in flight, When the wing
operates at its ideal 1ift coefficient, the desired valuée of .
v . - ] - : i Yol
?i %l will usually lie between 0.4 and 0.5, In the design

e Fg : D B T S [
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of the nacelles of this report, & value of 0,5 was chosen.

Using the method of reference 1 for reshaping the na—
celle nose, the nacelle is shortened by =n amount l =s
shown in figure 47, In order to retain the same nose loca—
tion relative to the station corresponding to the minimun
pressure position (which is very nearly coincident with that
corresponding to the maximum diemeter station), it 1s neces—
sary therefore to lengthen the basic nacelle shape by the
anournt 1 before the method is applied,

To this end, from the basic nacelle shape (fig, 2) the
value of x, = x,' corresponding to y, = ¥o'!' = 1.34 r is
found, where x, and y, are the axial and radial co-

ordinates of the basic nacelle and r is the radius of the
nose opening (i.e., d/Z).

The length 1 1s then given by

X’
z=<--—-°———\ nolo

moLofxo'/

where ngl, 1s the axial distance from the nose to the

station at the maximum diameter for the basic nacelle as
shown in figure 48. '

The ordinates for the extended nacelle forward of the
zaxinun dianeter station are calculated using the relations

Te T ¥,

' 1
= + _ 1
Teg 3 (1 moIo> Yo —

The distance along the axis of the ducted body from the
nose opening to the point where the nose ordinstes fair into
ordinates of the extended nacelle, shown in figure 47, 1is
designated X =and is given dy '

X = 1.172( 2 )moLo
Dmax

The ordinates of the nacelle.between, X

it
o
®
o
[e ]}
H
L}
b

are
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vy =ve =Y (ygr)

where Y 1is the nose—shape paraneter which is 2 function of
x/X.

The nose—shape parameter Y for the nacelle N, was

obtained from the corresponding values givern in reference 1.
The nose—shape parameters for all the nose shapes discussed
in this report are given in table IV, It should be noted
that all the noses were developed for the same value of X
ané from the same extended version of the NACA 133-30 nacelle.

APPERDIX B

The velocity distribution over & nacelle, designed to
incorporate internal air flow by the method of appendix 4,
may be calculated as indicated in the following (211 symdbols
are defined in appendix A):

The basic nacelle of length L, 4is increased to
Le=Lo+I

where 1 1is the nose extension determinead by the method of
appendix 4. '

Moreover, the internal air flow effectively reduces the
cross—sectional area of the nacelle to

Fe = F_pQ/pov

so that the effective diameter becomés‘

De = Dy JT;PQ/PQFvﬁ

The effective diameter—length ratio is thénr

De Dy |J/1-pQ/p ¥V,

Le Lo ] + =
Lo

The increment by which the velocity at any point on a
streacline body_exceeds that of the free streanm e roughly: - vt o
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proportional to the diameter—length ratioc of the dody. Hence,
fur the nacelle incorporating the nose air inlet, the veloc—
ity at any point behind the maximunm ordinate station

- - ¥V
_LL-1+|/__‘ ]JIPQ/poo
'VO O’Q< 14-._.1_.
Lo
vhere
%L velocity at =Xxg = X, on the nacelle with the nose
O .

air inlet

(;Li velocity at x5, on the bdasic nacelle

At stations ferward 57 the maximum ordinate station the
velocity given by the same equation applies st a point

LS mOLD/

rather than xg = X,.

These calculated values will apply except at stations
close to the nose opening where the velocity curve must be

faired to U/V, = 0O at the nose opening.
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TABLE I.- ORDINATES OF NACA 35-215 WING a = 0.50

,25<

Upper surface

Lower surface

X Y N A , y o
Distance along . Distance along | O
chord ' Ordinate chord ' Ordinate
Percent Percent ' Percent - Percent i
chord |Inches chord [Inches chord jInches chord |Inches -
0 0 0 0 0 o 0 o -

« 376 18 1.137 «55 .624 -« 30 -.999 -.48
1.087 .52 10828 -88 10415 . o68 -10534 “074 7
2.308) 1l.11 2.544 1.26 2693 1.29 -2.,026 | =1.,01 -
4,784 2.30 3.711 1.78 5.214 | .2.50 «~2.829 | -1.36
70276 5049 40554 2.18 7.‘722 3-71 i "3;546 "1061
90777 4.69 50215 2.50 10¢225 4-91 "30765 -1081

14’788 7,10 60328 5004 15.212 17030 "4.432 "'2015
12,809 Fe51 7.200 346 20,191 9.59 ~4,952 | =2.38
24,838} 11,92 | 7.889. | 3.79 25.162 | 12.08 =5.361 1 =2,57 .
29,873 14.34 8.408 4,04 30,127 | 14.46 =-5.672 | =2.72 -
34,913 16.76 8.770 4.21 35,087 | 16.84 -5.884 1 -2.82
35.958! 19.18 8.967 | 4.30 40,042 | 19,22 5,995 1 -2.88"
45,0091 21.60 8.977 4,31 44,9281 21,60 ~5.,981 | -2,87
50,077 24.04 8.732 4419 40,923 | 23.96 -5,782 | -2,78
55,1301 26.46 8,109 3.89 54,869 | 26.34 -5.323 | ~2.56 oo
60.150) 28.87 7.262 3.49 59.850 128,73 -4,700 | =2,26 . | .
68,1501 31.27 6.283 3.02 64,8501 31.13 ~3,993 | -1.92 2
70,137} 33.67 5.228 2.51 £9.863 | 33,54 | =3.,246 | -1.56 1
75.113 ] 36,05 4,140 1:28 74,888 | 35.95 -2.488
- 80.088] 38.44 3.062 1.47 79.914 | 38,36 =1.,756-{ =.84 |
85.056| 40.83 | ‘2.042 .98, 84,944 | 40.77 | -1.084 |- --.52 | =
90.0281 43.21 1,134 | .54 89,871 43.19 -.520 =25 11
95.009| 45.60 | .424 | .20 94.991 1 45.80 | . =.136 | =.07 |~
100.00 48.00 o - c 100.00 | 48.00 | O f-Q;,»*,?

-1019_—’ b ‘ .
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TABLE II.~ ORDINATES OF NACA 133=30 NACELLE  -. -~ - = .

s = N (R ) e s TR

»

| x;. ;1." o ;Ji;l&ﬂf:';,.ﬁfn;; ;?”j"'.
Distance along :
center line -

fin, e, TR

Percant Pefcent

Inches

’N*»f”iomoo;

length - length
0 0 o 0
10250 090' ‘ 3.518
2.500 1.80 4.680
5.000 3.60 6598
7 500 5.40 8.043
10,000 7.20 117 9.238 -
15.000 10.80 11.164
20.00 14,40 ©12.656
25.00 18,900 - 13,789
30,00 21.60 - 14,573
35,00 25.20 15,002 . -
40,00 28,80 15.098
45,00 32, 40 14,919
50.00 - 36.00 14,532
BSQOOJ 39060 B ’13.991 i
50,00 43,20 13,329
65,00 46.80 12,563 -
70.00 50.40 . - 11,697 -
75,00 54,00 10.725
180,00 57,60 9.626 - -
85.00 o ‘ 61.20 . \ ‘8.360;;'.‘ _» e
90,00 64.80 || 6.8417 | 4.93
95,00 68,40 ||~ " -4.846 | .49
o w2,00- || TRpl . U gt

3637
4.75
- BJ79
y 6065’,’
8604‘>
.;, 90111,’
10049 .3
10.80
IOQBV.n
10074 »A 
- 10446
10.07

. 9.05 . .
8;42_‘_Jb_
g-_7.725%!f
 f '60937f ’Q
- 6.02

© . Redius G|
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5,39

9.60':f*if.ir*tf7~
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. TAELE IV.- NOSE-SHAPE PARAMETER, Y _

28

x Outside Inside -
X E, K, X, N, K, K, ¥, ¥, L N,
«0,0228 | ~---= |---=- |==-=- 1,088 [—mmee || mcmee jmmmmm |omnes 1,08% | —--~-
».022 | ~---m [oemem [oe-e- «980 | 1,125 || ~~--= |o-m-m |=m--- 1.15L ]| 1.125|
020 | ~=--- |---- ol 930 .367 --------------- 1.204 | 1.205]
w015 | Temees [msmss Pemers . 3% B R L B el Sttt 1.259 | 1.260
=o01l0 | comme | memem e «75 2782 || —=mm= momem -2 110274 120271
=.005 | ----- emm | e 0692 1 (726 || memes [oeome e 1,281 1.222
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NACA ACR No. 5A15

TABLE VII.- ORDIFATES OF INTERNAL DIFFUSER INCLUDING FAN SPINNER

7

Inner Cowl. - -

Inner shell . :
Station{Ordinate|| Station|Ordinate || Station|Ordinate |Station|Ordinate/. ~..
(in.) | (in.) “{in.) | (in.) (in.) | (in.) (in.) {"(in)) | " ¢
2.00 .00 2.50 7.01 <1.25 0o - 19.50 L2
2.50 .00 25.50 7.19 -1.11 .71 20.50 | L.59
5.00 L.oo 26.50 7.46 -.86 1.16 21.50 LT
OSO hooo 2 .50 go 2 -.61 1.67 . 220 o h.?g y
.50 | L.09 || 28.50 8.%2 0 1.91 23,50 5 ,
50 | L9 29.20. 8.98 1L | 1.97 24.50 | 5.29
050 .’.&.. 0 : 29. 3 9.09 .6)4 2.17 2 . 0 Qh?’
9.50 b, 30.00 9.12 1.6 2.31 26.50 o652
10.50 | L.S 31.00 9.12 2.00 2.21 |.27.50 5.3 -
11.50 | L.74 i} 32.00 9.12 00 | 2.3 -28.50 | 2,05;4
13.50 Bl - | === s 5.00 2.31 30.50 h.gz :
14.50 | 6.2 || ----- I 50 | 2,31, 31.50 | L.37
l 050 50&2 ————— -—— - .SO 2. 7 52050 h’27
16.50 5.59 I —— g. 0] 2. Z (Baffle Plate)
15-50 577 || ==ee- ———— .50 2.2 ------ ———-
18.50 2.9h ..... s 9.50 | 2.67 | ----- N
19-50 012 ----- -— 10. Q ’ 2081 - -———
20.50 6.30 || ——oe- —— 11.50 2.98 | e e
21,50 6,48 || —eee- —— 12,50 3,16 | —---- _—
22.50 .66 || -—--- — 13,80 | 3.3 | ----- ke
23,50 6.83 || ——ee- —— 1 .;o 5.22 3 ——
..... AP s i . s 15.50 3,69 | oo L
——— SV | I ——— 1 .58 4 i.87» ...... pet I
...... i ————— N 17. .05 - ——— ———s
_____ o 1 18.20 . h.zg S PRI G




NACA AOR No. 5415

TABLE VIII.- EXPERIMENTAL VALUES OF (U/V)® FOR N,T, WING-NACELLE JUNCTURE® .
- REYNOLDS FUMBER = 3,59 x 10® MACE KUMBER = 0.13 /T

\\\\\\CL -0.252 | «0.012 | 0,107 | 0.22L [ 0.343 [ 0.686 |1.120 | 1.370 |1l.h15| -
£ Coord A -3 S B 0. 1 2 s | 9 13 15
Opper surface ) wo ® Ry
e 0 . 0.273 0.02 0.016 {0 0.048 | 0.618 | 2.152 | 4.018 u.727>x
050 5016 .18 055 .558 o? 106 5 3.1‘.21 0327 509 7 -
1.00 .12 .36k <954 -gg . 1.847 |3.469 329 2-173_.
1.50 .2% .502 .5631 . 1.09% | 1.92 5,310 [ L.58 .995
2.50 '% oL | .900 |1.092 |1.301 | 2.088 | 3.301 | L.gp7h | L.B1d
5000 . 1 . s} 1.157 1.} 5 10510 2;160 5.059 5.919 b,.128 e
10.00 .90 1.166 1.?1 p 3 1,566° | 2.016 |2.687 | 3.2 5.283 ‘
15.00 1.093 1.288 | 1.1 1.518 {1,815 | 1,984 |2.505 | 2.891 |2.868] -
20,00 1.206 1. 82 .47 1,875 11,665 | 1.967 [ 2.400 | 2.670 |2.587).
25.00 1,318 1.46 1.275 1.647 | 1.711 1.98% o 24360 | 2.4 2.369
30.00 1,431 1.563 | 1.671 1.72 1.g§1 2.048 |2.352 | 2.368 (2.160
5.00 1,495 1.811 | 1.71 1. 1,81% “2.038 2.30L | 2.163 1.375 :
0.00 1.275 1.68L 1.&8 1. gé 1,880 | 2,080 |2.280 . 1.30 1.823}
45.00 1.640 1.749 | 1.8%1 1.8 1.912 | 2,089 |2.2%33 | 1,808 1.227-
50,00 1.Zgh 1,790 1;822 1.312 1.236 2,071 | 2.121 | 1.699 |1.655]-
5.00 l.62l | 1.700 1;Z 7 |31.800 |1.815°( 1.910 {1.8L2 | 1.633 }[1.630)
0.00 1.843 1.60 1. 1.6 g 1.622 1.7&& 1.225 ‘1.62 1.639
65.00 1.455% 1. 1. 1,5: 1. 1.55 1.675. | 1.6 1.6653 :
gg.oo 1.380 1.39% 1,Blh' 1.530 1.258 1.E n 1.652 1.649 11.622¢ ]
.00 1.155 1.182 | 1.205 }1.208 | 1.229 1.531 1.31 1.535 [ 1,575 "
< : Lower surface ' -
0.50 1.12 0, 0.286 | 0.22 0.088 | 0.016 lo.u91 |1.12 1.462
1.00 1.&5? .ggg 634 .hsg 26 ,008 ..080 .ugg .683
1.50 1.559 1.037 .803% .39& Lo .056 1 .016 .220 353
2.50 1.712 1.231 .996 .80 .602 .201 .032 .160 056
5.00 1.Zhu— 1.368 | 1,173 | 1.00[ 836 . 2112 .008 0ié
10.00 1.672 1,39% | 1,261 | 1l.12 .988 683 33 AT 145
%g.gg i.g%g i'hsz 1.5%; %.gos 1.09% |- .8;2 ,200 o 52 .ag;
. N3 . 1. . 1.180 . % . .
. - 25.00 1.672 1,506 1.3&6 1.532 1.273 | 1.320- . go .Zgz .570
.1 35,00 . 1.720 1,579 | 1.526 | 1.446 | 1.350 | 1.165 *925 .768 ,..57 :
S 40.00" 1.720 1.887 A1.238 1.478 1.398 1.229 |1.005 | .BL9 I .B76
L5.00 1.752 | 1.682 [ 1.807 1. g 1.462 1 1,301 |1.092 :.9hg 972
50.00 . 1,752 | 1.660 | 1.623 |1,55 1.486 | 1.3 |1.148 |1.02 1.0681..
.00 ] demmes ] e mmwoe | mme- ) eemew | eeevme | ees it o m—
g,oo, T, 25 ©1.h90 | 1.478 |1.lak | 1.365 [ 1.260 |1.116 |1.028 1,092} -
£5.00 ‘1.E 3 1.401 1.588 1,333 1,310 | 1.221 }1.08L |1.,0%37 [1.052
0.00 1.350 1.304 | 1.285 |1.2L5 }1.221 | 1.1i49 |1.037 |1.012 |1.036
0.00 1.190 1.142 | 1.1285 |1,092 |1.085 | 1,036 957 .972 - 996

; fi‘!bese data are uncorrected for tunnel-wall errec:.»,?'f[’f’
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NACA ACR No. 5A15 ’ -

MRIET
FONPEDENPER T,

TAELE X.- EXPERIMENTAL VALUES OF (U/V)® POR NsTs WING-NACELLE JUNCTURE
B ‘ REYNOLDS NUMBER = 3.59 x 106 KACH NUMBER = 0.1 .

7

L -0.2%1 |-0.007 0.110 | 0.22 0.347 10.685 | 1.101 | 1.35 L A I
c 8 L 68 350 | 1.4 2
% Chord 8 -3 -1 0 1 .2 5 9 13 15 .
Upper surface A =T
0 0.263 0.040 0.024 | 0,048 |0.120 | 0.67 2.222 .951 | L.560
.50 . .0586 .215 .37 .562 .781 1.662 3,309 .Zoo 3.329 .
1.00 T .159 .39 .57 779 | 1.00 1.821 | 3.340 | L. 73 763 -
1.50 .255 .51 599 | .892 {.1.10 1.885 | 3.140 | L.22 L. 67
2.50 .222 : .7ig .920 1.200 {1,299 | 2.025 | 3.130 { L.x0L | L.293
.00 .661 +94 1,060 |1.22 1387 | eceel | 2ococ ] mceee ] ceeal
13.00 .92 1.% 6 1.293 1.&38 1.?58 1.978 | 2.608 .| 3.029 | 2.990
15.00 -1.060 1.260 Ys gz 1.495 [ 1.878 | 1.907 | 2.415 | 2.682 | 2.559 | -7
20.00 1.179 1.348 1.362 1.550 1.22; 1.399 2.319 | 2.490 a.zgs s
25,00 1.267 1.327 1:526 1.215 1.67L F 1.915 | 2.280°§ 2.312 1.3 2 W
35.00 1.379 1.539 1.615 | 1.695 |1.754 [ 1.962 | 2.280 | 2.138 | 1. g fo= 5k
5.00 1.3 1.570 1.6L5 | 1.720 1.330 1.962 | 2.222 | 1.911 | 1.680° -
0.00 1.&93 1.535 1.703 1.327 1. 2, 1.970 | 2.191 1.266 1.593 |
45.00 1.2 8 1.699 1.760 | 1.824 1.83 ‘1'983 2.151 | 1.639 | 1.539 "
50.00 1. El— 1.Z§6 1.808 1.825 1,889 1.3 6 | 2,088 | 1.550 | 1.515§ .
5.00 1.578 1.666 1.720 1.Z 0 1.28 1. gu 1.801 | 1.519 | 1.515 5%
0.00 1,506 1.586 1.62%3 | 1.663 |1, 72 1,687 | 1.681 | 1.5%35 | 1.530 7
65.00 1.[26 1.2 ; 1.51 1.5&5 » 1.? L [1.523 | 1.619 | 1.559 | 1.555
0.00 1.339 | .1.3 1.313 1.430 |1, 1.250 1.55 1.575 | 1.570
0.00 1.171 1.20% ] 1.2213 | 1.237 {1.243 | 1.311 | 1.363 1.%12 1.655
84.00 1,115 1.1L 1.165 - 1,180 1.130 1.240 | 1.28% [-1.08B 1.539
. Lower surface v ’ E
?'88 < },1%8 0. gg o'%;ﬁ o.iug o.ggo 0.8 % o.%gg 1';82 1.2;2 !
;.gg 1.390 .981 771 586 .40 .09 .032 257 | .322 0 -
5,00 | ~--e- 1,322 1.142 980 .953‘ .%55 136 .0L8 |0
10,00 1.616 1,340 r.221 |1i.ix7 . . 72 . .35 .222 213L
15,00 1.601 1.380 1.293 | 1.197 |1.091 .81 .21 .38 «290
20.00 1.601 1.1:35 1.350 {1.277 |1.171 926 .66 .51 | .L16
25.00 1.609 1.460 1.;98 1.528 1.227 | 1.004 .g 7 .602 .2
R nhr (bwe LB b LB R |
. . . . . - . . . 4 Y
0.00 1.665 1.27 1.522 1.462 }11.386 | 1.217 | 1.012 .882 ,.gho
L5.00 1.690 1.50 1.659 [1.500 |1.0h2 {1,272 |1.091 .988 .9kL2
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