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IN SEVERAL POSITIONS ON A 37.25' SWEFT~CK WING 

By Robert E. Dannenberg and James R. Blackaby 

wlnd-tLlnne1 tests of a jet+eIlgine nacelle on a semispen wing havlng 
the leading edge swept back 37.29 were made to determine the effects of 
the nacelle on the aerodynamic characteristics of the wing. The wing had 
an aspect ratio of 6.04 and the tip chord was half the root chord. The 
nacelle was mounted in three positions: centrally and low on the wing at 
the 31~ercen%aer&ispan station end centrally at the wing tip. 

ti comparison with the force characteristics of the wing alone, the 
addition of the nacelle to the wing in each position resulted in favorable 
interference on the maximum-lift and pitchinvnt characteristics and 
in a emall increase in drag. 

The ram+ressure recovery In the inlets was at least 95 percent of 
free+treem ram pressure for inlet-velocity ratios less than unity end 
positive angles of attack up to 7’. 

For the win-acelle combinations, the critical Mach numbers pre- 
dicted for locations corresponding to the crest of the airfoil did not 
vary with inlet velocity and were, in general, higher than those predicted 
for the crest of the airfoil alone, The crest was defined as the location 
at which the airfoil surface was tangent to the free--stream directian. 

INTRODUCTION 

Tests were reported in reference 1 of the effects cn the low-speed 
aerod 

F 
ic charaoteristics of a wing with the leading edge swept back 

37.25 produced by the addition of a nacelle in various positians on the 
wing. That nacelle was a solid ellipsoidal body with a fineness ratio 
of 5.0 end it had no provision for internal air flow. The present report 
is a continuation of the investigation reported in reference 1 and pre- 
sents a summation of the effects acompanytig the addition of a nacelle 
with internal air flow to the same swept-back wing. The nacelle was 
mounted at-the 3lercentiemispan statian of the wing in a central and 
in en underslung position and also at the wing tip in a central position, 

UNCLASSlFlFG 



2 NACA FJM A50Al3 

In accordance with the findings of reference 1, the leading edge of 
the nacelle for each nacelle position was located at or near the leading 
edge of the wing in an attempt to obtain favorable velocity distributions. 
in the wfn~acslle junctures. Two afr inlets, one normalto thenacelle 
axis and one swept nearly parallel to the leading edge of the w$ng, w8re 
tested cn the nacelle in the underslung Inboard positian. The nacelle Fn 
the central inboard position had a swept air inlet at the leading edge of 
the wing, while in the tip position the nacelle had an air inlet normal 
to the longitudtial axis, 

Force-and pressure~istribution measurements were obtained for the 
wing alone and for the wing with the nacelle In each of the three posi- 
tions. 

NOTATION 

The following coefficients and symbols are used: 

wing semispan normal to-root chord, feet 

local wing chord parallel to root chord, feet 

meen aerodynamk chord 

drag coeffioient (D/qoS) 

drag coefficient of nacelle (excluding internal drag) based on 
nacelle frontal area wq,a 

lift coeffictint (L/q,S) 

pitchlnvnt coefficient (M/q,=) 

drag, pounds 

external drag increment due to nacelle, pounds 

basic nacelle inlet diameter, inches 

nacelle frontal area, square feet 

total pressure, pounds per square foot 

. 

. 

i +. 
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r-ecovery ratio 

Uft, pounds 

pitahing moment about a lateral axis through the quarter point of 
the mean aerodynamic chord, foot+pounds 

pressure coefficient(pz~po) 

static pressure, pounds per square foot 

dynamic pressure, pound8 per square foot @pv2) 2 

wing area (semispan), square feet 

maximum nacelle diameter, inches 

velocity, feet per second 

fnlet-velocity ratio 

basic naoelle forebody length, inches 

perpendicular distance from root chord along semispan, feet 

angle of attick, degrees 

mass density, slugs per cubio foot 

Subscripts 

2 

0 

local 

free stream 

U uncorrected 

1 ' sixtim of mtifmum inlet area 

2 station of inletrake 

The model wing, of Hoot semispan, used for these tests had the 
leading edge swept back 37.25', the aspect ratio was 6.04 based on full 
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span, and the ratio of tip chord to root chord was 0.5. Normal to the 
27.0&ercent-chord line (measured streamwise), the wing had the NACA 
6k+l2 section and there was no twist. A sketch of the plan form of the 
wing is shown in figure 1, Coordinates for the NACA 641+X.2 airfoil sec- 
tion are given in reference 2. Coordinates for sections parallel to the 
direction of the free stream are presented in table I. 

The semispan wing was mounted in one of the Ames 7-by 104oot wind 
tunnels on a dummy tunnel floor which served as a reflection plane sim- 
ulating a-plane of symmetry (fig. 2). The dummy floor, which separated 
the boundary layer of the tunnel floor from the model, extended 8 feet 
upstream and 9 feet downstream fram the center of rotation of the model. 
A fairing was provided around the portion of the-model between the turn- 
tables of the tunnel floor and of the d-y floor. There was a gap of 
approximately l/8 inch between the end of the model and the turntable of 
the dunmy floor to permit the forces acting on only the model to be meas- 
ured by the tunnel balance system. This gap was made amall to keep air 
leakage intothetunnelnear themodeltoaminimum. 

The nacelle was mounted on the wing in both a central and en under- 
slung position at the jl-percent-semispan station and in a central posi- 
tim at the wing tip. (See fig. 3.) In the central position, the nacelle 
axis was coincident with the wing chord plane. In the underslung position, 
the nacelle axis was 1.25 inches below the wing chord plane. Pertinent 
details of the nacelle are given in table II. 

DESIGN OF NACELLE 

The nacelle design was dictated by the size and air requirements of 
a Jet engine 39 inches in diameter. The model scale wan selected as me- 
sixth full scale for the nacelle in the inboard positions. This was 

. thought to be too large for a nacelle at the wing tip so, for the tip 
position, the scale was reduced to one-eeventh full scale. The basic 
nacelle shape was an axially symmetric body based a parameters intro- 
duced in the development of the RACA l-series nose inlets in reference 3. 
These parameters include the ratios of inlet diameter end forebody length 
to maximum nacelle diemeter. 

The maximum nacelle diameter, governed by the jetingine diameter 
plus en allowance for structuralmembersj was 7.20 inches, model scale. 
A fineness ratio of 5, based on the actual basic naoelle-body length, 
wan chosen since that value was used in the preliminary solid--body 
investigation (reference 1). The resulting basic nacelle length was 36 
inches. This was equal to about 1.6 times the wing chord at the inboard 
nacelle station and was considered to be in keeping with current high- 
speed desim practice. 
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The ratio of inlet diameter to maximtrn nacelle diemeter (d/t) was 
selected as 0.45 in order to satisfy the engrlne air requdrements for an 
inlet-velocity ratio of 0.5 
per hour at en altitude of z 

, corresponding to a true airspeed of 550 miles 
0,000 feet. The NACA l+eries design charts 

(reference 3) were entered with these desis parameters: 

0 = 0.45 

WV0 = 0.55 

end the ratio of nacelle forebody length to maximum diameter was selected 
aa 

x/t = 2.0 

yielding a forebody length of 14.4 in&e%. With these values for the 
deei@ parameters, the charts indicated that velocity peaks would not form 
over the Ups of the isolated nacelle operatlng with the desiep Inlet- 
velocity ratio, 

For the external forebody shape, the NACA l-series profile was closely 
approximated by a secondilegree curve constructed by the method of conic 
lofting described in reference 4. The RICA l--series shape at the nose was 
replaced by en arc with a radius of 0.15l3 inches. The shape of the 
nacelle.afterbody was designed to avoid severe pressure gradients and was 
tapered and then cusped near the outlet. 

A nacelle of this basic desis would not ordinarily be mounted 
dnboard an the swept wingwith its nose at the leading edge of the wing 
without modifications to the inlet. With the nacelle In the central 
position on the wing at 31 percent of the semispan, the inlet was swept 
to cohcide with the wing leading edge (figs. 3(a) and 4). This sweeping 
was accom@ished by translating the lofting control lines of the basic 
forebody shape fore or aft 80 that the plane of the nacelle leading edge 
corresponded to a plane at the wkg leading edge perpendicular to the 
winwhord plane, 

Further modification of the inlet was necessary for the nacelle in 
the underslung position. In order to avoid acute angles between the 
nacelle and the wing near the wing leading edge, and, at the seme tti 
to keep the position of maximum thfclmese relative to the wing chord 
the same as for the nacelle In the oentralposition on the wing, the 

. 

forebody length of the basic deai@ was reduced. Thus, at 31percent . 
of the semIspan of the wing, the plane of the nacelle entrance was 
located at the lwrcent-ohord station. The nacelle entrance was normal 
to the air atream (figs. 3(b) and 5). To avoid extensive filleting of 
the lower surface of the wing-nacelle junctures, the upper portion of 
the basic nacelle ~8% allowed to extend above the upper surface of the 
wing (fig. 2(b) >, and the cross section of the nacelle Porebody between 
the nacelle reference plane (fig. 5) and the lower surface of the wing 
was altered slightly so the nacelle surface would Intersect the lower 
surface of the wing nearly at right angles. With the nacelle in this 
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position, the jet engine would extend through the wing but probably would 
not interfere with the front wing spar. 

For a modification of the underslung desi@, the forebody elements 
were translated fore or aft so that the plane of the air inlet of the 
nacelle was swept along a line at 10 percent of the wing chord measured 
in the streamwise directian (figa. 3(c) and 6). 

For the nacelle at the wing tip, the size was reduced to me-seventh 
full scale while the design shape wao maintained. The inlet was placed 
at the wing leading edge. (See figs. 3(d) and 7.) 

No attempt was made to desim proper internal ducting downstream of 
the inlet rakes. (gee figs, 4 through 7.) The basic design, exempllfled 
Fn the central inboard and tip positions, included a simulated jet-engine 
accessory housing. However, In the underslung positions, an asymmetric . 
duct was employed as shown In figures 5 and 6. 

Measurements of lift, drag, pitching moment, rwressure recovery,. 
and surface pressures at various angles of attack weremade at a test 
Mach number of 0.16 and a Reynolds number of 1,880,OOO.based on the mean- 
aerodynamic chord of the wing. In addition, drag data for the model at 
en angle of attack of zero and an inlet-velocity ratio of zero were 
obtained for various-test Mach numbers up to 0.33, and a Reynolds number 
of 3,700,000. Tunne1~l.l corrections to the force measurements were 
applied according to the methods discussed in reference 5, with modifica- 
tions to account for the effects of sweepback: 

CD=% + 0.020 ci&' 

The effects of the boundary layer of the dummy floor and of air leakage 
between the wing root and the floor plates on the characteristics of the 
model were not determined. These effects are believed to have been amall. 

Force measurementsand pressure-distribution data were obtained 
separately. During force measurements, the ~nternalatiflowwasreg- 
ulated by changipg screens in the nacelle duct behind the entrance rake. 
Figure 8 shows the variation of inlet-velocity ratio with angle of attack 
with screens providtig nominal Inlet-velocity ratios of 0.3 and 0.6 and 
with the screen8 removed to permit maxImum flow, Force and pressure 
studies for an inle%velocity ratio of zero were made with a flush plug 
and with a faired plug in the tail pipe as shown Fn figure 9. 

During pressure-distrlbutia measurements, air flow through the 
nacelle was maintained by a variable--speed centrIfuga1 compressor outside- 
the wind-tunnel test chamber. A flexible rubber hose, fastened to the 
nacelle tail pipe, was used to connect the naceJ.le to the suction system. 
The= quantfty of internal air flow was measured by a calibrated orifice 
meter. 
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The duct-entrance losses were mea-d by rakes of total- and static- 
pressure tubes. The rake location6 are shown in ffgures 4 to 7. The 
pressure distribution over the upper- and lower-surface center lines of 
the nacelle and in the wing+acolle junctures was measured by flush 
orifices connected to multiple-tube manometers. The mancmeter readings 
were recorded photographically. Tuft studies of the flow over the upper 
surface of the model were made tith the nacelle in each positian. In 
conjunction with the force measurements, the total~ressure losses through 
the nacelle duct were measured by means of a rake of pressure tubes mated 
independently of the model at the tail+pipe exit as shown In figure 10. 
The pressure-loss data were then utilized to compute the internal drag of 
the nacelle for each position. The external drag due to the addition of 
the nacelle to the wfng was obtained by subtracting the drag of the plain 
wing and the internal drag from the totalmodel drag as measured by the 
scale system. Since the external drag of the nacelle was small compared 
to the total drag of the model, there was considerable scatter in the 
external nacelle drag results. 

RFSULTS MD DISCUSSION 

Force Characteristics 

Plain w&~&-The lift and pitohinwoment coefficients of the plain 
wing are shown 3n figure ll for the test Reynolds number of 1,880,oOO. In 
addition, the force characteristics of the same wtig for a test Reynolds 
number of 2,7OO,OOO, obtafned from reference 1, are presented. Inspection 
of the figure tidicates that in compariscol with the results of reference 1, 
the data from the present test, at the lower Reynolds number, show some 
reduction in the lift-curve slope at the higher angles of attack and a 
reduction of the Uft coefficient at which the pitching moment became 
unStabl6. 

Wing with nacelle.- The lift and stabilfty characteristics of the 
wing with the nacelle jn the various positione are given in figures 12 
through 15, and some of the characteristic6 are sumnarized in table III. 
A study of these data reveals that the nacelle in its various positions 
produced only -11 effects an the lift end m the static longitudinal 
stability of the wing. Fhe slope of the lift curve of the wlngwas only 
slightly affected by the nacelle in the inboard positfons, but was 
increased somewhat by the nacelle 3n the tip positian. Zn all the posl- . 
tione, the nacelle delayed the unstable break in pitching moment to lift 
coefficients slr&tly higher then for the wing alane, At lift coeffi- 
cienta beyond the beglnning of the stall, all the configurations were 
unstable. TJp to the highest test angle of attack, 20°, maxirmnn lift had 
not been reached.for the wing or for any of the wlnwacelle combinaticna. 
The lift and stability characterietios were found to be practically inde- 
pendent of fnleGveloo1ty ratio. 
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The total-drag polars are presented in figure l.6 for the wing and 
for the wing with the naoelle In the various poslticms with a faired tail- 
pipe plug to provide an inle%velocity ratio of zero. The variation of 
the naoelle drag coefficient In the different positions, based on the 
nacelle frontal area, Is shown in figure 17 for inlet-veloolty ratios of 
zero and 0.6. The data show that, for en inlet--velocity ratio of 0.6, 
naoelle position had but little effect on the varlatlm of the external 
drag coeffioient with lift coefficient. Values of nacelle drag ooefff- 
cient are presented in table III, 

For zero inlet velooity, the effect of a flush tail-pfpe plug was 
investigated. In compariscm with the fafred tall-pipe oharacterlstics, 
the only appreciable effect attributable to the flush plug was an lncre- 
ment of drag coefficient. For the naoelle In the central inboard position, 
a representative case, the following increments in drag coefficient (based 
on wing area) were observed: 

c, c!D Increment 

4.1 0.0007 

0 . 0009 

915 .0009 

-30 .0005 

For lift ooefflcients greater than 0.35, the drawoefficient increment 
was 0.0002 or less. 

The variaticm of drag ooeffioient with Reynolds number for the wing 
and for the wing with the naaelle In the various positions is presented 
in figure 18 for an angle of attack of 0' and an inlet velocity of zero. 
It is shown that the addition of the nacelle to the wing in any one of the 
positions caused a drag increment which was relatively cmstent throughout 
the range of Reynolds jnumbers lhvestigated. 

Internal Pressure Recovery 

The variation of ram+mesmre recovery inside the entranue of the 
nacelle is shown In figures 2.2 to 15. For inlet-velocity ratios greater 
than zero and less than unity, at least 95 peroent of the free+tream ram 
pressure was recovered in the nacelle for positive angles of attack up to 
Tofor the nacelle in eaoh position. The best recovery characteristics 
were obtained with the nacelle ti the underslung inboard position with the 
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inlet normal to the air stream (fig. 13). 5 effect of inlet--velocity 
ratio on the ram-pressure recovery was small, except with the nacelle in 
the central Inboard position (fig. 3.2). 5 Increase In the entrance 
losses at the higher angles of attack was found to result from stalled 
flow on the inner surface of the inboard portion of the duct lip. 

. 

External Pressure Distributim 

5 pressure distribution over the center lines of the upper and 

lower surfaces of'the nacelle and in the wing-nacelle junctures for the 
nacelle in each position is presented.3.n the following figures for 3nle-L 
velocity ratios of 0 and 0.6: 

Center lties 
Nacelle positicm rrpper mr 

f3urface W&ace Upper Dower Qper Low-m 

Central inboard 19(a) 19(b) 19(c) 19(d) 19(e) 19(f) 

TM.erslung inboard with 
normal inlet 20(a) 20(b) 20(c) 20(d) 20(e) 20(f) 

tMl.erslung inboardwith 
swept Inlet 21(a) - 21(b) - .21(c) 

TIP 22(a) 22(b) 22(c) =(a> 22(e) 

5 uppe-tiace pressure distribution for the nacelle in the underslung 
inboard positim with the swept inlet is not presented s111ce, for all 
practical purposes, it was the same a8 that for the nacelle in the same 
position with the normal inlet. 

5 pressure distribution over the nacelle In each positi= shows the 
existence of localized regions near the duct entrance over which the veloc- 
ities were dn excess of the maximum velocities over the plain wing at 31- 
percent semispan (fig. 11). However, behdnd approximately 5 percent of 
the nacelle length, the velocities over the nacelle wore less than those 
over the plain wing at 31*ercent semispan. The saddle in the pressure 
distributim on the upper surface between 5 and 10 percent of the nacelle 
length for the nacelle In the underslung Inboard positfan (fig. 20(a)) 
was due to the nacelle extending above the wing as shown In figures 2(b) 
and 5. An ticreased velocity was noted over the afterbody of the nacelle 
in the tip positicrn as shown in figure 22(a). 
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Studies of the pressure distribution over the nacelle in the various 
positions on the wing were made with Inlet-velooity ratios of 0, 0.3, 0.6, 
0.9, and 1.2. Only the results for KleGvelocity ratios of 0 and 0.6 are 
presented. The major effect of increasing inlet-velocity ratio was a 
decrease 'in the velocities over the leading 15 percent of the nacelle 
length. Behind about 15 percent of the nacelle length, or 20 percent of 
the wing chord in the junctures, the pressure distribution was affected 
only slightly by inlet-velocity changes. 

Crltioal Mach Number 

The variations of the predicted minimum critical Mach number with 
angle of attack for the upper surface of the nacelle and in the wing- 
nacelle junctures for all the test Inlet-velocity ratios are shown in 
figure 23. The oritical Mach numbers for these curves were predicted 
from the test values of the mInImum ppsFe coefficients for each test 
condition by the application of the Karman-Tsien hodograph method as 
discussed In reference 6; no correction was applied for the effects of 
sweepback. 

Tn table IV, values of critical Maoh number are tabulated for the 
range of low+rpeed pressure coefficients obtained in the present test. 
5 data of figure 23 and -able IV can be used to determine the minimum 
low-speed pressure ooefficient for any angle of attack and Inlet velocity 
ratio. 5 minimum pressure coefficient can then be utilized In inter- 
polating or extrapolating between or beyond the pressure-distribution 
curves g;'esented for inlet velocity ratios of 0 and 0.6 in figures 19 
through 22. 

Ftrcm~analyses of experimentalhigh-speeddata,Feferences 7and8 
have shown that the Mach number for which sonic velocity occurs at the 
ore& of an aMoil (the chordwise statfm at which the upper surface of 
the airfoil Fs tangantto the free-streamdireoti~) maybe a better 
estimstlon of the Mach number for whioh the abrupt superoritical drag 
rise begins than is the Mach number associated with the initial occurrence 
of sonic velocity on the airfoil. A similar cc~~clusion was reported in 
reference 9 from high-peed tests of the wing of the present investigation. 

Tn order to indicate an equitable evaluation of the effect of the 
nacelle of the present test CXI the Mach number associated with the abrupt 
supercritical drag rise of the wing at hi& speed, local (or sectional) 
values of both the minim= critical I&oh numbers and the critical Mach 
numbers at the airfoil cr$et,have been predicted. They have been pre- 
dicted by utilizing the Karman-T&en method (table IV) to extrapolate the 
low-speed pressure coefficients to values aesooiated with the occurrence 
of local sonic velocities. The effeote of sweep on the critical pressure 
coefficient, as disoussed in referenoe 9, were not inoluded in tLe calculi- 
tions since insufficient data were obtained to permit a determination of 

. 
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the isobars on the wing and nacelle combination. The variatfons of the 
minFmum critical Mach number and of the orit+al Mach number at the crest 
with angle of attack for the wing at 31 percent of the semispan are shown 
infigure ll. Corresponding curves for the wing with the nacelle In the 
various positions are shown In figures 19 through 22. A comparison of 
the data indicates that the critical Mach numbers predicted from pressure 
coefficients for the wing-nacelle combinations at stations corresponding 
to the crest of the airfoil are, in general, higher than those predicted 
for the plainwing. Therefore, it appears that the addition of the nacelle 
to the wing in the various positions would cause no decrease in the free- 
stream Mach number at which the abrupt drag rise would begin in high-speed 
flight. In addition, a study of the critical Mach numbers at stations 
corresponding to the aFrfoi1 crest indicates that the effect of varying 
inlet-velocity ratio should have little effect on the Mach number for drag 
divergence. 

Tuft Studies 

Photographs made during tuft studies are included in figure 24 to 
show the flow over the upper surface of the x¶ng with and without the 
nacelle. The results for only cne of the underslung inboard nacelle 
de&-s are presented slnce the flow over the upper surfaoe of the.model 
was similar for the two desips. The tufts indicate that the addition of 
the nacelle did not greatly affect the stall pattern or the progression 
of the stall with increasing angle of attack. 

CONCLUDIXG - 

A nacelle with an inlet in its nose at or near the wing leading edge 
had little effect on the lift characteristics of a model wing with its 
leading edge swept back 37.25'. The drag increment due to the nacelle, 
based on its frontal area, was of the order of 0.045 for the nacelle at 
31 percent of the semispan and 0.035 for the nacelle at the wing tip. 
The addition of the nacelle -increased the static longitudinal stability 
slightly over that for the plain wing and generally increased the Uft 
ooefficient at which an unstable break in the pitching moment occurred. 
Changing the inlet-velocity ratio had little effeot on the lift and pitch- 
ing mcunent. Tuft studies indicated that the addition of the nacelle to 
the wdng had.Httle effect on the stall pattern. 

Increasing the inlet--velocity ratio reduced the local velocities 
over the nacelle lips, thereby increasing the predicted mInImum critical 
Mach numbers for the win~acelle combinations. However, the critical 
Mach numbers predicted for the wing-nacelle combinations for stations 
corresponding to the crest of the airfoil were nearly independent of 



il.2 NAi?A RM A5OAl3 

inlet-velocity ratio and they were generally higher than those predicted 
for the crest of the plain wing. 

For positive angles of attack up to 7', and for inlet-velocity ratios 
less than unity, the rsm-pressure recovery inside the nacelle entrance wa6 
at least 95 percent of the freelstream ram preseure for the nacelle in each 
position. 
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COOKDl3A'I!ESFORAIRFOIL 
SECTIONS PARALLJE LTOFREEAIRSI'REAM. 

[Stations ma ordinates given In 
percent of alrfoilchora] 

Upper Surface 
station Ordinate 

0 0 
9465 -908 
0733 1.103 

1.275 1.411 
2.644 1.961 

lo:859 py 

2.754 

3.846 3.355 
16.279 4.614 
21.647 5.175 
26.959 
32 -213 

;%; 

37.413 ::g; 
42.555 
;xg 51816 

&49 62.569 

$2: 
68 

Lower Surface 
staticm Ordinate 

0 0 
-647 - .a20 
-935 - .979 

1.504 -1.221 
2.905 -1.632 
5.679 4.196 

11.153 a .426 4.608 4.939 
16 I555 -3 A39 
21.890 -3.794 
27.163 A.035 
32.378 
37.534 2::; 

. E-2: -41165 

ge 1674 
57.618 62.512 

z-3 

21297 
76:9m -1.954 -1.471 

al.701 81.616 -1.003 
g-;zi 1.662 

95:497 ‘:% 

E-z 

95:473 

- - -216 .573 

-022 
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Nacelle position 

Eentral inboard 

&derslmg Inboard 
with normal inlet 

LMerslmg inboard 
with swept inlet 

TABLE II 

Inlet Exit lWSltd 
area area area 
sq in.> (69 in.1 hl In.1 

8.12 .- 9.08 40.715 

8.12 9.08 40.715 

a.12 9.08 40.715 

5.81 6.70 29.913 
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30.85 

liameter 

on.> 
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6.17 

Model 
scale 

l/6 

l/6 

l/6 

l/7 
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TABIE Iv . 

VALTlEs QF cRp1qAL MACE I-nmER As - 
BYTHEKARMAWTSDZI?HCIDERAPEMETHCD 

a?RI!mmEmE6 

Critical 
Mach 

number 

Pressure coef- 
flclent for 
Machnumber 
appr-h~ng 
zero 

1.000 0 
- 932 -. 05 
.884 -. 1 
.645 -.15 
.816 -. 2 
0769 -. 3 
-730 -. 4 
.W3 -. 5 
.670 -. 
.622 8" 
9583 -20 
l 5ll -1.5 
.461 -2.0 
.394 -3.0 
.349 -4.0 
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Whg urea ~8.283 square feef fsem/spu@ 
Aspect rafio=6.04 (bused on full span) 
Fs20.736 inches (purule/ to roof chord/ 
Tupef fafio = 0.5 

?i+nme//e c4nfef he 

17 

NACA 64,-212 
Oif foi/ secfion 

25-pefcenf chord 
of aiffol/ secflon 

2ZO6 percenf chord 

3bpefceni wing semispon 
(sponwise iocafiim of 
naceiie center iinel 

Figure I.- Hun form of mode/ wing. 





NACA RM A5OAl3 19 

a) Front view of wing with nacelle in underslung inboar 
position. 

b ) Upper surface of wing with nacelle in underslung InBox 
position. 

Figure 2.0 Installation of wing with nacelle in inboard po0ition in one 
of the Ames 7-by U-foot wind tunnels. 
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(a) Central inboard 
poeition. 

(b) Underslung inboard 
position with 
norEm inlet. 

(c) Underslung inboard 
position with 
swept inlet. 

w 
A-13440 

Figure 3.- Nacelle in various positions on the ting. 
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fii 4.- ConhA line drowihg for nacelle iested In central hboord poslth 
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9 fiaia~ frontot ma, 4(1?15 squam 

Legend: 
A Tangent 
d P 
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tntersec ton of tongent lines 

01 Shoulder point 

f/gum 5 - Cootrot line drawing for oocelle ttsted in understung inboard position witi normal Met. 
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Oulbmnf b*arshwbAv l&e 
7 

ond utng tower wfoce om formed of 
lines normal to IWC& refrrsncc plane 
ond tongsnr to the holfbmtxtth 

P. Wboord tuternal Ilnss fomurd of aiolibn QJ 
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ifi?zmT 
Oreo, 40.715 sqvcas inclra 

6 Jet-lbw ently apprarhwt~ stotb I?5 

A Tong& point 
+ Intersection of tongent tines 
8 Shouki~pobV 

Lmw-sorfam center bkm 

Figure 6. -Control ttne drm&g Ibr nacelt# tested In uno3mtung tnboord poattton with swept Met. 



I. Nacelle Is o My aF mvohdh 
2. &mind hhes simlghi between 

tmged po4ts 
3. All dihmsti gihv in inch 

modal scale 

4. At- mn? cmt#-J opl%4wbfy sialion 
6.0 

d Nocelle f?vtM area, 29.913 
sqwm inches 

A Tongent point 
0 lnmmec%m of ttmgecf lines 
q SiharMsr poi57t 

Figwe ir - Controf line &owing for nacelle Zest& uf wing tip. 
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.8 

0 
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I I 

4 -2 

I I 
A t I ' 

Central inboard 
Naceflt? p2wwns -- 

--- - -- Underslung inboard with normaf inlet 
--- Ik?derskmg inboard with swepf inlet 
---- Tip 

0 2 4 6 8 f0 
Angle of aftock, CI, t&g 

Fi&re 8.- H.&t& of inlet-v&city rai/b with angle of attack &ring force tests 
for the nacelle in the vorhws posi/ions on the wing. 
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(a) Open. 

(c) Faired plug. v 
A-12041 

(b) Flush plug. 

Figure 9.- Detail of tail--pipe outlet. 

. =-es7 
Figure lO.- Detail of tail-pipe pressure rake. A-12081 
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2 I I I Id’ 
> .4 
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-4 0 4 8 I2 I6 20 24 
Angle of attack, u, deg 
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92 

0 -03 
Gl 

I I I 

‘62 0 
I I. I I I 
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Percent wing chfd 

Figure Il.-Lift and pifching-moment cbaracterMcs of ttm plah wky and the upper-surface 
pressure dist.riButhn ar& critical Mach number at the 0.31~percent semlspon station. 
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Angle of ottuck, l , deg 

we i2.-Lift, pitchkrg-momenf, and ram-recovery char&erMcs d the wing and nocefle 
wlH, the naceHe k, the central inboard positin. 
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Angle of attack, II, deg 
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Fhpre 13.-Lift, @ch!bg-moment, and ram-nm)very chwacter&ics of lhe wing and naceh’e 
with the nacelle it the underslung Moard posit&n with notmat inlet. 
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figure I4.-Lift, pifcting-moment, and ram-remvery cbatacfe&ics of #e kg clnd nacelle 
with the noceld in Hie unkrsfw position with swspf Hst 
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Figure IS- Lift, pitching-moment, and ram-recovery characteristics of the wing and nacelle with 
the nacelle in fhe f& position. 
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0 .o/ .a2 .a3 .04 .os .06 .07 .08 .09 JO 
z8f-0 0 0 0 0 0 

for 0 q Q A ‘I 

Drug coefficient, CD 
-Qgg7 

0 Wing u/one 
Wihg with nacehfe 

0 c6#ffO/ hbo0fd possm 
Q Uhdershng inboard posifion wifh normaf i&f 
A Undershy inboqd postion wifb snvpf h/et 
v np poslfion 

Figure /6.- Total drag chumcteristics of the wing and 
wing- nocei/e com&inafions. I$ /I/o , 0. 

ffocelfe posilion 
0 Cenfral inhard 
b Uvdershg inboard witi norma/ in/ef 
; L$dersfung tMoord uifh swepf /n/et 

0 -2 ,4 -6 

.08 .08 

.04 .04 
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0 .2 .4 .6 

Lift coefficient, CL 

Figure /Z- Drag chufucfefisfics of the nucel/e. . 
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0 Mhg done 

8 Cenkal inboard position 
Q Underslung hboard posHion with normal inlet 
A Undershtng inboard postion wi#. swept inlet 
v Tip position 

I 2 3 4 
Reynolds number, R x IO'" 

Figure B.- Variation of drag coefficient with Reynolds number for the wing 
and wing- nacelle combinations. Y/v,, 0 and a, 0’. 
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(a) Wing alone. 

uzl, x0 

%r 14O 
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(b) Wing with nacelle in the tip position. 
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QI, 16’ 

Figure 24.- Tuft studies over'the upper surface of the wing and of the wing with xiacelle. T@&7 
A-12761 





(c) Wing vith nacel3.e in the central inbowd positian. 

mgure 24.- c!ond.uded. 

au? 10” %Y rQ” % 14O 

(a) Wing with nacelle in the uudereluag inboard poeition 
with nurlml inlet. 
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